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1. SCOPE

1.1. Identification. This Software System User's Manual (SSUM) establishes the operat-
ing and user procedures for the computer software configuration item (CSCI) idertified
as the Integration of Very High Speed Integrated Circuit (VHSIC) System Functional
Design and Design for Testability tools, to be known as the Test Engineer's Assistant
(TEA) system.

1.2. Purpose. The Architecture Design and Assessment System (ADAS®) provides a
graphic schematic capture capability to VHSIC designers. TEA provides a design
automation system for the incorporation of design for test (DFT) and built-in test
(BIT) techniques into VHSIC digital hardware which is described by using ADAS and
VHSIC Hardware Description Language (VHDL). TEA provides the methodology and
the tools for evaluating proposed designs for hard-to-test constructs, for recommending
alternative constructs, and for identifying hierarchical BIT techniques to increase the
overall testability of a hardware system. TEA is designed to aid users at the board,
subsystem, and system levels. TEA estimates the costs associated with the BIT tech-
niques to allow the designer to make informed choices about BIT incorporation. A
library of reusable BIT modules supports TEA and enables the designer to simulate
the testable system in VHDL. ADAS provides the interface to VHDL from the graphic
connectivity schematic.

This document should be used in conjunction with the Reference Manual for the Test
Engineer’s Assistant System. The reference manual will help the user prepare for use
of the TEA tools; this user’s manual will aid in the mechanics of the use of the tools;
the reference manual will be useful in the analysis of the outputs of the tools and in
identifying the direction that the user should take depending on that output.

The main purpose of this document is to present TEA from the user’s point of view.

1.3. Introduction. This SSUM specifies the computer operation procedures for the
VAXstation II/GPX (Section 3) and the user specifics for the TEA system (Section 4).

ADAS is a registered trademark of Research Triangle Institute.

TEA: The Test Engineer’s Assistant, SSUM, p.1




2. REFERENCED DOCUMENTS

The following documents are considered useful to the user of TEA:

o TEA Reference Manual

o ADAS User Manual - Version 2.3 or later

o TEA Installation Guide - Version PROTO.TYPE/Contract

o Software User’s Manual for the VHSIC Silicon Compiler System
o Software User’s Manual for the ADAS/VHDL System

These documents are available by contacting the Research Triangle Institute (RTI)
ADAS marketing coordinator at

Research Triangle Institute

Center for Digital Systems Research
P. O. Box 12194

Research Triangle Park, NC 27709

Phone: (919) 541-7436

o MicroVMS Workstation User’s Guide, May 1986
o MicroVMS Workstation Software Installation Guide, November 1986
o VAXstation II/GPX Hardware Information Manual, 1986

These documents are available by writing to

SSG Publications ZK1-3/J35
Digital Equipment Corporation
110 Spit Brook Road

Nashua, NH 03062-2698

TEA: The Test Engineer's Assistant, SSUM, p.2




3. COMPUTER SYSTEM OPERATION

Separate installation instructions are provided with the TEA distribution tape.

This section will provide pointers to the documentation provided with the VAXstation
[I/GPX (TEA workstation) by Digital Equipment Corporation rather than try to
rewrite this information. Information concerning computer system preparation is
found in the hardware manual. Operating procedures are found in the user’s guide.
and software installation and testing procedures are found in the software installation
guide. The following paragraphs will summarize the information found within these
three information sources.

The Digital Equipment Corporation’s VAXstation II/GPX Hardware Information
Manual (dated 1986) is divided into six parts:

Part I: Base System Installation — describes how to unpack, install, and test the VAX-
station II/GPX.

Part II: Operation — describes the operation of the VAXstation II/GPX.

Part III: Option Installation — describes the hardware options for the VAXSstation
[I/GPX and gives installation information where applicable.

Part IV: Troubleshooting — describes how to isolate a problem and decide what to do
next.

Part V: Appendixes — provides VAXstation II/GPX system specifications. Appendix
B lists related documents.

Part VI: Glossary — defines computer terms that are italicized at first use in the text
as well as other common computer terms.

The Digital Equipment Corporation’s MicroVMS Workstation User’s Guide (dated May
1986) is divided into three chapters and four appendices:

Chapter 1: Getting Started — provides an overview of the workstation functions and
introduces some of the terminology used in the guide.

Chapter 2: The Workstation Options Menu — describes the functions of the Worksta-
tion Options menu.

Chapter 3: Using Windows — explains window-management tasks such as creating,
moving, and resizing windows.

Appendix A: VAXstation Support for Tektronix 4010/4014 Terminals — describes
VAXstation support for Tektronix 4010/4014 terminal emulation. TEA users will not
specifically need this information.

Appendix B: Additional Features of the VT220 Terminal Emulator — provides addi-
tional setup information for VT220 terminal emulation.

Appendix C: Compose Sequences — provides information on compose-character
sequences, including tables for both the multinational and the national character sets.
TEA users will not specifically need this information.

TEA: The Test Engineer’s Assistant, SSUM. p-3




Appendix D: National Keyboards for VT220 Emulation — illustrates the keyboard
character configurations for the various languages supported by the VAXstation. TEA
users will not specifically need this information.

The Digital Equipment Corporation’s MicroVMS Workstation Software Installation
Guide (dated November 1986) is divided into three chapters and one appendix:

Chapter 1: Installing on a VAXstation I, VAXstation II, or VAXstation II/GPX —
describes how to install workstation software on the VAXstations.

Chapter 2: Installing on a Local Area VAXecluster — describes how to install worksta-
tion software on the VAXcluster.

Chapter 3: VAXstation Management and Tuning — provides information on tuning
the workstation software.

Appendix A: Files Installed by MicroVMS Workstation Software — lists files installed
by the workstation software.

TEA: The Test Engineer’s Assistant, SSUM, p.4




4. INSTRUCTIONS FOR USE — TEA

This section has been labeled as Chapter Z — TEA: The Test Engineer’s Assistant and
could be added as a chapter in the user’'s ADAS documentation.

TEA: The Test Engineer’s Assistant, SSUM, p.5



CHAPTER Z — TEA: THE TEST ENGINEER’S ASSISTANT



INTRODUCTION

The Test Engineer’s Assistant (TEA) is a set of software tools and utilities that help a
digital hardware designer design testable systems. These software tools and utilities
have been integrated into the ADAS user interface and have been combined with
several existing ADAS functions to provide all that is necessary to accomplish the goal.
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ASSUMPTIONS ABOUT USER KNOWLEDGE

TEA makes some assumptions about the user’s knowledge. The tool is designed to be
used by a system design team with little or no testability experience. Such a team
might include system specialists and /or hardware systems designers. Thus, a familiar-
ity with hardware design terminology is assumed.

Although TEA operates on the assumption that the user is not a testabilit, eucineer,
it does assume that the basic terminology of testability is known. The following list
describes some of the basic testability terms with which the user must be familiar.
Consult the TEA Reference Manual for a complete description of these and other test-
ing terms.

a. ambiguity group (AG),

b. built-in test (BIT),

BIT techniques,

design for testability (DFT),

deterministic and pseudorandom test patterns,

mean time to test,

test pattern application, and

I -V

test pattern generation.

The designer must have experience using ADAS to capture a design.
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TEA RESTRICTIONS AND LIMITATIONS

o TEA only executes on a non-empty ADAS hardware graph data base.
¢ Window scaling minimum of 6 locations by 6 locations; maximum of 600 lo-
cations by 600 locations.

¢ Maximum of 100 user-defined macros active at once during a TEA session.

e Several colors are available for graph nodes and arcs. The ADAS User
Manual, Version 2.3 or later, lists the colors in the ADAS palette.
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TEA MENU SYSTEM

The TEA menu system retains the basic format of the ADAS graph editor, EDIGRAF.
An additional option, however, has been added to better suit the interactive tools in
TEA. The TEA menu system allows one of two types of selections to be made from a
menu:

a. single item selection or

b. multiple item selection.

Single Selection Menus

A single select menu is identical to the ADAS EDIGRAF menu selection. One entry
selection is allowed per menu. Once the selection has been made, the graph editor
automatically cycles to the next level in the menu system or invokes the required tool
functions.

Multiple Selection Menus

A multiple select menu allows the user to select multiple entries in a menu. Each
selected item in the menu is highlighted to distinguish between selected and
unselected items. A multiple select menu is identified by the presence of the %done
option which is always located at the top of a multiple select menu. The menu
remains displayed until the user has selected the %9done option. Once an item has
been selected on the menu, the item may be selected again to unselect that item from
the current menu. In some multiple select menus, an %all option is available which
automatically selects all menu items in the current menu. The %5all option requires
that 9%done be selected to indicate that all highlighted menu items are to be used as
input. The user is always reprompted after making a selection (other than %done)
from a multiple select menu.

Figures 1 and 2 show typical single select and multiple select menus used in the TEA
tools.
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TEA MENU SYSTEM, Cont.

=== menu ===
%help

%self
fllel.hwg
file2.hwg

\\¥Compare: Select the comparison graph:

Figure 1. Typical Single Select Menu

%done board3 boards
%help board4 board9
%all boards
boardil board6
board2 board7

Figure 2. Typical Multiple Select Menu
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TEA TOP-LEVEL MENU

The top-level menu contains menu options to access all the TEA tools and utilities as
well as the ADAS functions available in TEA. Figure 3 shows the terminal display for
the TEA top-level menu.

N\

quit brt log file hardcopy
save bit_cost window script
edlt placeblit environ macro
move compare stats reload
dft ag_name subgraf help
Command%

~

Figure 3. TEA Top-Level Menu

ADAS Functions

a.
b.

= T T - P

—
.

— s
<

edit — modify graph, node, arc, bus, and template attributes,

environ — change the display parameters for the graphics window,
hardcopy — generate a plot of the graphics display on a hardcopy device,
macro — a single name representing commonly used command sequences,
move — relocate an arc, bus junction, node, or block of graph components,
quit — exit TEA,

reload — reload the design graph from the data base files,

save — save data base to disk,

script — execute a predefined set of menu option commands,

stats — display individual node, arc and bus statistics,

subgraf — expand the subgraf associated with a particular node, and

window — zoom in and out on the current graphics display.
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TEA TOP-LEVEL MENU, Cont.

TEA Tools

a. dft — Design for Testability Guideline Checker,
b. brt — BIT Recommendation Tool,

bit_cost — BIT Overhead Summary,

placebit — BIT Placement Recommendation, and

(<]

o

e. compare — System Summary.

TEA Utilities

a. ag _name — assign ambiguity groups,
b. log_file — view and print report files, and

c. help — access on-line user support system.

Special Characters
a. Thelp — short description of the menu commands,

b. .cancel — skip the command being entered without executing it and return
to the top-level menu,

c. lescape — exit temporarily to the operating system without leaving TEA, and
d. *page — circulate to the next menu page if more items exist.
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ADAS FUNCTIONS USED IN TEA

Existing ADAS Functions

TEA utilizes several ADAS graph editor (EDIGRAF) functions in the TEA top-level
menu. The menu option names as well as their functions are identical to the ADAS
options. The unchanged ADAS functions which are utilized by TEA are:

edit,

environ,

hardcopy,

macro,

move,

quit,

reload,

B e e oop

script,

-
.

stats,
j- subgraf, and
k. window.

A detailed description of these options is provided in Chapter 7 of this document.

Modified ADAS Functions

The save ADAS function has been modified to accommodate TEA-specific operations;
however, the ADAS option name has been retained.

Save

The save function provides a method for the user to write changes made to the
“current view’’ data base files to disk. The TEA save function differs from the ADAS
function by allowing the user to save a separate copy of the current graph and associ-
ated subgraphs under a new filename. By retaining previous versions of the hardware
graphs, multiple combinations may be analyzed at a later time. TEA will also allow
overwriting of the existing file. The save function is invoked by selecting the save
option from the TEA top-level menu. Figure 4 shows the terminal display after save
has been selected.
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ADAS FUNCTIONS USED IN TEA, Cont.

=== menu ===
new_copy
overwrite

SAVE: Save a copy or overwrite the current graph?

Figure 4. save Function Menu

Generating a Copy

A copy of the “current view’’ hardware graph data base can be made by selecting the
new_copy option. A new_copy is a copy of the ‘‘current view” hardware graph
stored to a new file on disk. A copy can be made at anytime while at the TEA top-
level menu. There are two types of copies that can be made when using the
new_copy option:

a. current — for generating a copy of the currently displayed graph only and
b. hierarchy — for generating a copy of the hierarchy from the current graph

up to and including the root level graph.

Figure 5 shows the terminal display for the save new_copy menu.

=== menu === \

current

hierarchy

SAVE NEW_COPY: Current graph or hierarchy as well?
SAVE NEW_COPY: Indicate a fllename for the copied graph. 4//

Figure 5. save new_copy Menu

Filename Selection

If save new_copy current has been selected, the user is given the option of indicat-

ing the new filename of the copied file. Any valid VMS filename is accepted. If the

name of an existing file is used, a message indicating the existance of that file is

displayed along with a prompt to enter a unique filename. The user is continually

reprompted until 2 unique filename is given or the user escapes from the menu by tyvp-
(IR

ing “.”. Figure 5 also shows the prompt for the new filename. At the completion of
the copy. program control is returned to the TEA top-level menu.
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ADAS FUNCTIONS USED IN TEA, Cont.

If save new_copy hierarchy has been selected, the names for the new graphs are
automatically generated. The new filenames consist of the originai filename with a two
digit number appended. The two digit number is incremented to generate a unique
new filename each time a copy is made. Hardware graphs along with the hardware
graph templates are copied. After all graphs in the hierarchy have been copied, pro-
gram control is returned to the TEA top-level menu.

Overwriting Existing Graph(s)

The overwrite option replaces the existing file(s) on disk. There are three options
available for overwriting:

a. current — for overwriting the currently displayed graph,

b. hierarchy — for overwriting the hierarchy from the current graph up to the
root level graph, and

c. full — for overwriting all graphs and subgraphs connected to the root level
graph.

The current and hierarchy optivus are identical to the ADAS options, however; the
full option has been added to TEA to allow copies of complete :ystem graphs for later
examination and comparison. Figure 6 shows the terminal display for the save
overwrite menu.

=== menu ===
current
hierarchy
full

SAVE OVERWRITE: Overwrite the current graph, hierarchy or all graphs °?

Figure 8. save overwrite Menu
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TEA TOOLS AND UTILITIES

The following sections describe the operation of TEA. TEA supports the following
specific tools:

a. Design for Testablity Guideline Checker (dft) — identifies hard-to-test and
untestable structures and recommends alternative struectures,
b. BIT Recommendation (brt) — divides a board into ambiguity groups for fault

isolation testing and recommends a class of BIT techniques for each ambiguity
group,

c. BIT Overhead Summary (bit_cost) — calculates the approximate hardware
overhead associated with a particular BIT technique,

d. BIT Placement Recommendation (placebit) — generates a new schematic of
the board with a specific implementation of the given technique, and

e. System Summary (compare) — itemizes the incremental hardware overhead
attributed to added testability.

TEA supports the following specific utilities:

a. Ambiguity Group Names (ag_name) — identifies user-selected ambiguity
groupings,

b. Report Access/Generation Facility (log_file) — generates and provides view
capability of output reports of the various tools, and

¢. On-line User Support System (help) — information to support user’s under-
standing of TEA. This function is called help on the TEA top-level menu.

The above functions and utilities are detailed in the paragraphs chat follow. TEA is
an EDIGRAF-like tool in that it uses the ADAS user interface, data base, and graph-
ics. It is invoked by the following command:

tea file.hwg [-d graphics_device -s script_file]

The graphics device may be specified in an environment variable and may include null.
[t must be initialized for TEA to execute. The script file is optional and works the
same as ADAS scripts (see Chapter 4 for further information about scripts and graph-
ics devices). TEA only executes on a non-empty ADAS hardware graph data base.
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TEA TOOLS AND UTILITIES, Cont.

The user interface is menu-driven, ailowing the user to make selections with the termi-
nal keyboard or to pick from the graphics menu or graph itself by using a mouse or
data pad. Chapter 4 describes the ADAS user interface in greater detail. The follow-
ing paragraphs will describe the TEA menu hierarchy as it pertains to individuai com-
mands on the top-level menu that are unique vo this tool. Figure 7 shows the terminal
display for the TEA top-level menu.

f=== menu === \

quit brt log file hardcopy
save bit_cost window script
edlt placeblt environ macro
move compare stats reload
aftv ag_name subgraf help
Command%
N J

Figure 7. TEA Top-Level Menu
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TEA TOOLS AND UTILITIES, Cont.

Design For Testability Guideline Checker

The Design for Testability Guideline Checker (dft) is used to identify hard-to-test and
untestable structures in a digital board design. The design topology and functions are
compared to predefined guidelines. Any violations are reported to the user. An ADAS
hardware graph description is used as input to the dft tool. The connectivity of the
hardware design as well as specific attributes in the ADAS data base are used to deter-
mine if any violations exist. The dft tool includes options for graphically identifying
several types of structures as well as an option which explains the various standard
TEA guidelines. The dft tool is invoked from the TEA top-level menu by selecting the
dft option.

The Design for Testability Guideline Checker has three subfunctions:

a. analyze — for isolating hard-to-test and untestable constructs in a design at
the board level and recommending alternative structures,

b. identify — for graphically identifying structures in a design, and

c. explain — for on-line descriptions of predefined guidelines.

Each subfunction may be invoked by selecting the appropriate command from the dft
Options single select menu. Figure 8 shows the terminal display for the dft options
menu.

(=‘—‘= menu === \

%help
analyze
identify
explalin

Pttty

\DFT: Select a DFT option to be executed: J

Figure 8. dft Options Menu
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DFT Analyze

The analyze command is the main dft function which isolates predefined types of
untestable or hard-to-test structures at the board level. In addition, recommendations
are given on how to make the design more testable when a violation has been detected.
The analyze command invokes a menu representing the types of guidelines the user
may choose to invoke on a particular board or set of boards. There are two categories
of guidelines from which to select:

a. standard TEA guidelines and
b. user-defined guidelines.

Either category may be invoked by selecting the corresponding option irom the guide-
line menu. Figure 9 shows the terminal display for the dft guideline menu.

=== menu === \

%help
standard
user_rules

DFT: Select the type of rules to use: j

Figure 9. dft Guideline Menu

Standard TEA Guidelines

If the standard TEA guidelines option is selected, a list of predefined guidelines
appear on the menu. The standard TEA guidelines represent all the guidelines pro-
vided as part of the TEA dft analyze guideline data base. These guidelines have
been divided into two basic groups:

a. aid test pattern generation and

b. aid test pattern application and fault isolation.

The user may select any number of these guidelines to be executed on a specific board.
There are no restrictions on invoking test pattern generation or test pattern applica-
tion guidelines simultaneously on the same board. A typical case would be to invoke
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DFT ANALYZE, Cont.

all the test pattern generation guidelines, either individually or in groups, and then
proceed to the test pattern application guidelines. Figure 10 shows the terminal
display for the dft select guildeline menu.

/=== menu === \

%done gl_02 g1_o08 gl_14
%help g1_03 gi_o09 gi_15
%all gl_04 gl_10 gl_16
%all g1 g1 _05 gl_11 g2_01
%all g2 gl_06 gl_12

gl 01 gl1_07 gi_13

Enter °*’ to vliew additlonal menu items

\DFT: Select the guideline(s) to be executed: ' J

Figure 10. dft Select Guideline Menu

The user has several options for invoking specific guidelines. The most basic option is
to select a particular guideline from the menu. Since this is a multiple selection menu,
any number of guidelines may be selected. If a guideline has been selected it will be
highlighted on the menu display. Any selected guideline may be deselected by select-
ing the highlighted guideline from the menu again.

To simplify the selection of multiple guidelines, three grouping options have been
incorporated into the menu selection. All of the aid-to-test-pattern generation guide-
lines may be selected with one menu option, %all_gl. This single selection will
highlight all of the aid-to-test-pattern generation guidelines. All of the aid-to-test-
pattern application guidelines may be selected in a similar fashion via the %all g2
menu option. The %all option indicates that all of the aid-to-test-pattern generation
guidelines as well as all of the aid-to-test-pattern application guidelines are to be
invoked. Selecting %all from the menu will highlight all guidelines in the menu.
These grouping options are particularly useful when most guidelines of a particular
type are to be invoked. Rather than selecting each guideline individually, a grouping
selection may be made followed by a deselection of individual guidelines to produce the
desired list.

Since this is a multiple selection menu, the %9done option must be selected to indicate
that the currently highlighted guidelines are the ones to be invoked. The %%done
option also invokes the next menu which isolates the particular subsystem or subsys-
tems to which the guidelines will be invoked.
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DFT ANALYZE, Cont.

Subsystem Selection

Since the TEA guidelines operate at the board level, the user is only given the option
to chose boards to be evaluated with the selected guidelines. To specify a particular
board, the subsystem must first be identified. The subsystem menu contains all the
valid subsystems for the current graph hierarchy. When a particular subsystem is
selected, all the boards from that subsystem will then be displayed on the next menu.
The % done option invokes the next menu which is a list of all the boards from the
previously selected subsystems. Figure 11 shows the terminal display for the dft select
subsystem menu.

(/f;¥= menu ==; <\\

%done
%help subsys2
%all subsys3
subsys1 subsys4
\\»DFT: Indicate the subsystem(s) of interest: )

Figure 11. dft Subsystem Select Menu

Board Selection

Only those boards which reside on the previously selected subsystem(s) are included in
the board menu. Any combination of boards may be selected from the menu. A
grouping option %all has been included to ease the selection of all the boards or a
large portion of the boards. Once the %%done option has been selected, the dft
analyze tool is automatically invoked. Figure 12 shows the terminal display for the
dft select board menu.

/,7;;= menu === <\\

%done board3 board8 boardi3
%help board4 board9 boardil4
%all boardb boardi10 boardi5
boardi boards boardil boardi6
board2 becard7 boardi?2
\\¥DFT: Indicate the board(s) of interest: 4;/

Figure 12. dft Select Board Menu

TEA: The Test Engineer’s Assistant, SSUM, p. Z-16
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The user-selected boards are analyzed using the user-selected guidelines. The analysis
is done in Prolog; therefore, the graph must be converted to a format that can be used
by the Prolog guidelines. This process takes a few minutes. Figure 13 shows the ter-
minal display for a typical dft analyze execution output. The boards are treated
independently.

[compiling project: [tealgraph.pl...]
(graph.pl complled 236.780 sec 78,996 bytes]
[compiling project:[tealcontrol.pl...]
[(control.pl compiled 1.950 sec 632 bytes]
Run analyze rules

running gi 01

Figure 13. dft analyze Execution Qutput

The output lines indicate that the ADAS graph is being converted to Prolog format
and is then compiled. If a graph has been compiled once and is not modified, it will
not recompile during the current session (e.g., a guideline executed on boardl can be
executed on board2 without having to wait for the graph to be recompiled). The sub-
system and board selections are also converted to Prolog format and compiled. The
currently executing guideline is listed on the output display.

Report Selection

Upon completion of the selected guidelines, the user is prompted for a filename in
which to store a report of the results for later examination. A default filename will be
provided if the user chooses not to name the file. The default name used in dft
analyze is dft_Ol.rpt. The two digit number is included to provide a unique filename
if multiple runs are made using the default filename. If the user types nl: at the
prompt, no output file is created. If the user selects an existing filename, a new ver-
sion of the file is created. Program control is then returned to the TEA top-level
menu. Figure 14 shows the terminal display for the dft analyze report prompt.

Enter <cr> or YES to accept dft _O1.rpt as the default filename
Or enter desired output filename :

Figure 14. dft analyze Report Prompt
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User-defined Guidelines

The user-defined guidelines represent those guidelines which the user has specifically
generated. TEA does not provide any user-defined guidelines. The user-defined
guidelines work in the same fashion as the standard ones; however, they are not
divided into any specific categories. Standard TEA guidelines and user-defined guide-
lines can NOT be invoked simultaneously. If both standard TEA and user-defined
guidelines are to be invoked, each type must be invoked independently.

TEA looks at the VMS logical tea_rules to find a filename where the user-defined
guidelines are listed, one per line. If the logical has not been set, the file tea_rules is
used. Refer to the TEA Reference Manual for instructions on adding user guidelines
to TEA.
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DFT Identify

The dft identify function allows the user to graphically isolate a particular schematic
component (e.g., all memory elements) on the current view display. The selection of
identify from the dft options menu invokes the function by displaying the subsystem
selection menu.

Subsystem Selection

The user selects the subsystems of interest from the current menu display. The sub-
system menu contains all the subsystems for the current graph hierarchy. The
%%done option invokes the next menu which is a list of all the boards from the previ-
ously selected subsystems. Figure 15 shows the terminal display for the dft identify
select subsystem menu.

K::: menu === : \

%done subsys2
%help subsys3
%all subsys4
subsysi subsysb
\\‘DFT: Indicate the subsystem(s) of interest: <,/

Figure 15. dft identify Select Subsystem Menu

Board Selection

Only those boards which reside on the previously selected subsystem(s) are included in
the board menu. Once the %9done option has been selected, the dft identify func-
tion is invoked. The user-selected boards are searched for the requested construct.
Figure 16 shows the terminal display for the select board menu.
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/::: menuy ===

%done board3
%help board4
%all board5s
boardl boardéb

board?2 board7

board8
board9
boardi1o0
boardil
boardi?2

\\‘PFT: Indicate the board(s) of interest:

boardi3
boardi4
boardis
boardié6

Figure 16. dft identify Select Board Menu

Identify Selection

Figure 17 shows the terminal display for the select identify menu.

r === menu ===

%help fanout>5
attribute flipflop
blt_mod loop
counter memory

node
one_shot
primaries
processor

\\‘DFT: Select an item to be l1ldentlifled:

reglster
scan_reg
test_polint

Figure 17. dft identify Select Item Menu

Additional Selections

dft identify contains a set of predefined structures which may be identified in the
current graph hierarchy. Some structures require additional information to correctly

identify them in an ADAS hardware graph (i.e., loops, attributes).

Loops may be identified by selecting the loop option from the identify menu. The
user must specify what types of loops are to be identified. There are three types of

loop occurrences:

a. loops within a specific board,
b. loops between boards, and

c. loops between subsystems.
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Figure 18 shows the terminal display for the dft identify loop menu.

/=== menu === \

%help

on_board
brd betw
sub_betw

kDFT: Indicate the extent of the loops: J

Figure 18. dft identify loop Menu

On-board loops are closed circuits which contain only nodes with the same values for
both Tboard and Tsubsystem.

Loops of nodes between boards (or brd_betw) are closed circuits which contain nodes
from two or more of the selected boards of each selected subsystem (refer to values of
Tboard and Tsubsystem).

Loops of nodes between subsystems (or sub_betw) are closed circuits which contain
nodes from two or more of the selected subsystems on selected boards (refer to values
of Tboard and Tsubsystem).

NOTE: The loop routine is in Prolog which introduces a response delay if the graph
has not yet been converted to Prolog and compiled.

ADAS attributes with the same value can be identified by selecting the attribute
option from the dft identify menu. The user must specify what attribute is to be
identified. The list of attributes is determined by the ‘save_status’ value for each
attribute. If the ‘save_status’ value is set to ‘S’ then that attribute will appear in the
identify attribute menu list. Figures 19 and 20 show the terminal displays for the
dft identify attribute menu and the dft identify attribute value menu respec-
tively.
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Tag name Tchip_ maxfan Thw_module Tselftest
Tag_test Tconflg Tlogic family Tsp _ag name
Tag_test_time Tcount_blts Tloglic type Tstates
Tasynch Tdevice_type Tnode_spec_type Tsubsystem
Tbit Tfault_cov Tnode_type

Tboarad Tgroup Tscan

Enter '*’ to view additional menu items

\\»DFT: Select an attribute to highlight: A/)

Figure 19. dft identify attribute Menu

//7¥== menu === _ “\

%help

colori
color2
color3

\\kDFT: Select one of the values of the attribute: ‘//

Figure 20. dft identify attribute Values Menu

Any of the other options are invoked immediately after their selection from the iden-
tify menu (i.e., no submenus).

Report Selection

Upon completion of the selected identify option, the user is prompted for a filename in
which to store a report of the results for later examination. A default filename will be
provided if the user chooses not to name the file. Program control is then returned to
the TEA top-level menu. Figure 21 shows the terminal display for the dft identify
report prompt.
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Enter <cr> or YES to accept dft_Ol.rpt as the default filename
Or enter desired output filename

Figure 21. dft identify Report Prompt
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DFT Ezplain

The dft explain function allows the user to see all the on-line information available
about a particular guideline, including the purpose of the guideline and any recom-
mended alternative constructions. The selection of explain from the dft menu
invokes the guideline menu. The two types of guidelines are

a. aid to test pattern generation (g1) and
b. aid to test pattern application and fault isolation (g2).

Selecting gl invokes the next menu which contains each specific guideline pertaining
to test pattern generation. Selecting g2 invokes a menu which contains a list of the
guidelines pertaining to aiding test pattern application. Figure 22 shows the terminal
display for the dft explain type menu.

=== menu === \

%help
gl
g2

DFT: Select the appropriate guideline group: j

Figure 22. dft explain Menu

Guideline Selection

A single guideline may be selected from the guideline menu. The guideline name is
used to access the On-line User Support System (also accessible from Zhelp) data
base for the appropriate information. Figure 23 shows the terminal display for the dft
explain guideline menu.
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%help g1l 05 gl 10 gL 15
gL _o1 g1 06 gl 11 g1 16
g1 _02 gl_07 g1_12
gl 03 gl1_o8 gl1_13
g1_04 gL 09 gl 14
KDFT: Select the specific guideline to be explained: j

Figure 23. dft explain Guideline Menu

Report Selection

Prior to displaying the information, the user is prompted whether or not to store the
explanation to a file for later examination. If the user selects yes, then the informa-
tion is written to a file (the filename is chosen as shown in Figure 25). If the user
selects no, then the information is only displayed on the terminal. Figure 24 shows the
terminal display for the dft explain filename prompt.

=== menu === \

%help
yes

DFT: Store the explanation to a fille? J

Figure 24. dft explain Filename Prompt

Figure 25 shows the terminal display for the dft identify report prompt, if yes was
selected from the previous menu.

Enter <cr> or YES to accept dft_O1.help as the default filename
Or enter desired output filename :

Figure 25. dft identify Report Prompt
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BIT Recommendation Tool

The BIT Recommendation Tool, brt, aids the user in determining whether determinis-
tic or pseudorandom test vector oriented BIT techniques are advised for an ambiguity
group. Brt determines the test method for each node from heuristics, divides a board
into ambiguity groups, and then makes its general BIT technique recommendations.

Subsystem Selection

The brt function operates at the board level, so it is necessary that the user provide
the name of the specific board on which the BIT recommendation is to be made.
Selecting brt from the TEA top-level menu invokes the subsystem selection menu.
The menu contains only those subsystems which exist in the current hardware graph
hierarchy. Only one subsystem may be selected for brt and the next menu invoked
contains the various boards located in the selected subsystem. Figure 26 shows the
terminal display for the brt subsystem selection menu.

/,7=== menu === ‘\\

%help subsys4
subsysl . subsysb
subsys2 subsys6
subsys3
\\kBRT: Indicate the subsystem of 1interest: .

Figure 26. brt Subsystem Selection Menu

Board Selection

Only those boards which are contained within the selected subsystem are displayed on
the brt board selection menu. A single board selection identifies which nodes are to
be involved in the BIT recommendation. Selecting a specific board invokes the next
prompt which requests the maximum ambiguity group size. Figure 27 shows the ter-
minal display for the brt board selection menu.
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K=== menu === \

%help board4
boardl boardb
board2 board6
board3
K\‘BRT: Indicate the board of interest: <1/

Figure 27. brt Board Selection Menu

Ambiguity Group Size Requirement

In order for brt to determine an optimal ambiguity grouping for the nodes on a board,
the maximum number of nodes in ambiguity group must be known. The ambiguity
group size can be any integer value greater than zero. The user is prompted for the
group size requirement as shown in Figure 28. A value of zero indicates that a
minimum number of ambiguity groups of unrestricted size is to be recommended.
Ambiguity group is abbreviated AG in menus and reports.

BRT: Enter desired AG size:

Figure 28. brt Ambiguity Group Size Limit Prompt

Once the maximum ambiguity group size has been specified, the user is asked whether
an altered cost function should be used. If the user responds with yes, then certain
groups will be rewarded or penalized (altered weighting factors) for testability features
or hard-to-test structures. See the TEA Reference Manual section 2.7.2 for details. If
the user responds with no, then all enumerated groups are weighted strictly on con-
nectivity. Figure 29 shows the menu for this selection.
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%help
yes
no

BRT: Alter cost function to account for testabllity?

Figure 29. brt Cost Function Menu

Report Selection

Upon completion of brt, the user is prompted for a filename in which to store the
results of the tool. A default is provided if the user chooses not to enter a specific
filename. Program control is then returned to the TEA top-level menu. Figure 30
shows the terminal display for the brt report prompt.

Enter <cr> or YES to accept brt 01.rpt as the default filename
Or enter desired output filename:

Figure 30. brt Report Prompt
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BIT Overhead Summary

The BIT Overhead Summary function, bit_cost, determines the approximate cost of
implementing a particular BIT technique. Included in the computation is the number
of BIT modules and additional I/O that will be needed to incorporate a specific imple-
mentation of a BIT technique. The costs are itemized in an output report file.

Subsystem Selection

The bit_cost function operates at the board level so it is necessary that the user pro-
vide the name of the specific board where the BIT cost estimate is to be made. Select-
ing bit_cost from the TEA top-level menu invokes the subsystem selection menu.
The menu contains only those subsystems which exist in the current hardware graph
hierarchy. Only one subsystem may be selected for bit_cost. A selection invokes the
next menu which contains the various boards located in the selected subsystem. Fig-
ure 31 shows the terminal display for the bit_cost subsystem selection menu.

=== menu === \

%help subsys4
subsysi subsysb
subsys2 subsys6
subsys3
\\>B1t_cost: Indicate the subsystem of 1interest: A_//

Figure 31. bit_cost Subsystem Selection Menu

Board Selection

Only those boards which are contained within the selected subsystem are displayed on
the bit_cost board selection menu. A single board selection identifies which nodes are
to be considered. Selecting a specific board invokes the next menu which requests the
BIT technique(s) to be used in the Overhead Summary. Figure 32 shows the terminal
display for the bit_cost board selection menu.
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(/7;== menu === —\\

%help board4
boardi board5
board?2 boardé
board3
\\kBit_cost: Indlicate the board of 1nterest: <//

Figure 32. bit_cost Board Selection Menu

BIT Technique Selection

The user must select the BIT technique(s) to be considered. The user is prompted for
the technique(s) to be used as shown in Figure 33.

=== menu ===
%done %all tp_sa scan_set
%help det_tp boundary gen_sa

Bit_cost: Select BIT technique(s):

Figure 33. bit_cost Technique Selection Menu

The menu options represent the following BIT techniques:

TEA: The Test Engineer's Assistant, SSUM, p. Z-30




E S ) B T A WD B R ) =R A T B @

BIT OVERHEAD SUMMARY, Cont.

a. det_tp — test point monitoring on a cycle-by-cycle basis, while applying ei-
ther deterministic or pseudorandom patterns at the board primary inputs.
Patterns are assumed to be generated by using the BIT modules such as
“Testing-Switch,” “BILBO,” and other available test pattern generator
modules,

b. tp_sa — test point monitoring with compression of the test output results,
while applying either deterministic or pseudorandom patterns at the board
primary inputs. Compression of the test output results is assumed to be per-
formed by using “BILBO’ modules as parallel signature analyzers,

c. boundary — boundary scan using special registers at the primary inputs and
outputs of a board,

d. scan_set — board level scan-set technique using scan-set BIT modules that
are distributed over the board, and

e. gen_sa — test pattern application and response compression technique using
“Testing-Switch” modules that are distributed over the board.

Any combination of techniques may be selected. The %%all option provides quick
selection of all techniques. When the desired techniques have been selected and are
highlighted on the display, the 29done option must be selected to proceed to the out-
put report name prompt. The costs for multiple techniques are calculated indepen-
dently. TEA does not provide automated support for multiple off-line BIT techniques
on a single board.

Report Selection

The user is prompted for a filename in which to store the results of the BIT Overhead
Summary. A default is provided if the user chooses not to enter a specific filename.
The designation of a file invokes the tool and produces an output report. Program
control is then returned to the TEA top-level menu. Figure 34 shows the terminal
display for the bit_cost report prompt. High level information is shown in the “.rpt”
file. Detailed information is placed in the “.dwg” file.

Enter <cr> or YES to accept bitcost_01.rpt as the default filename
Or enter desired output filename:
Enter <cr> or YES to accept bitcost_01.dwg as the default filename
Or enter desired output filename:

Figure 34. bit_cost Report Prompt
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BIT Placement Recommendation

The BIT Placement Recommendation function, placebit, indicates to the user where
to place BIT modules and/or test point outputs to implement a particular BIT tech-
nique. BIT Placement Recommendation is invoked from the TEA top-level menu by
selecting the placebit option. Selecting placebit invokes the BIT technique selection
menu.

BIT Technique Selection

In order for placebit to determine placement of modules on a single board, the
specific technique which is to be applied must be known. The user is prompted for the
technique to be used as shown in Figure 35.

=== menu ===
%help tp_sa scan_set parity
det_tp boundary gen_sa compare

~

Placeblt: Select a BIT technique:

Figure 35. placebit Technique Selection Menu

Only a single technique may be applied at a time. Selection of the desired technique
invokes the next menu. The techniques available are

a. det_tp — continuous test point monitoring,

b. tp_sa — test point monitoring with data compression,

¢c. boundary — board-level boundary scan,

d. scan_set — scan-set,

e. gen_sa — test generation and response compression,

f. parity — on-line fault detection using parity generation/checking, and
g. compare — on-line fault detection using equality comparison.

Example Implementation Selection

TEA will provide an example implementaion if the user requests it. Selecting yes from
the Example Implementation menu will cause the tool to generate a properly
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BIT PLACEMENT RECOMMENDATION, Cont.

connected implementation. The no option will bypass this example implementation
and general iastructions are given in a file whose default name is placebit_n.help.
Figure 36 shows the terminal display for the placebit example implementation menu.

//f=== menu === <\\

%help

kPlacebit: Do you want TEA to attempt an example implementation? J

Figure 36. placebit Example Implementation Menu

Subsystem Selection

The placebit function operates at the board level, so it is necessary that the user pro-
vide the name of the specific board where the BIT placement recommendation is to be
made. The menu contains only those subsystems which exist in the current hardware
graph hierarchy. Only one subsystem may be selected for placebit, and its selection
invokes the next menu which contains the various boards contained in the selected
subsystem. Figure 37 shows the terminal display for the placebit subsystem selection
menu.

[~ === menu === )

%help subsys4
subsys1 subsysb
subsys2 subsysé6
subsys3
\\¥P1aceb1t: Indicate the subsystem of 1lnterest: ) #//

Figure 37. placebit Subsystem Selection Menu

Board Selection

Only those boards which are contained within the selected subsystem are displayed on
the placebit board selection menu. A single hoard selection identifies which nodes are
to be involved in the BIT placement recommendation. Selecting a specific board
invokes the next prompt which requests whether the wiring list should be automati-
cally placed or printed to an output file. Figure 38 shows the terminal display for the
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placebit board selection menu.

//f=== menu === 4‘\\

%help board4
boardi1 boardb
board2 board6
board3
\\‘Placebit: Indicate the board of interest: A/)

Figure 38. placebit Board Selection Menu

Manual Wiring List/Autoplacement Option

A wiring list, generated by placebit, indicates the proper connectivity of the BIT
modules with the nodes on the selected board. autoplace will automatically update
the ADAS data base with BIT modules and/or test points. Three options are provided
for obtaining these results:

a. autoplace — for automatic placement and connection of the BIT modules on
the current board,

b. wirelist — for printing a wiring list for manual placement and connection of
the BIT modules on the current board, and

c. %all — for performing both an automatic placement as well as providing a
wire list.

Figure 39 shows the terminal display for the placebit wirelist menu.

/’7=== meny === 4‘\\

%done
%help
%all
autoplace
wirelist

\Placebit: Place and/or supply manual wiring list? J

Figure 39. placebit wirelist Menu
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BIT PLACEMENT RECOMMENDATION, Cont.

When selections have been completed, the %6done option invokes the output report
filenamc prompt.

Report Selection

The user is prompted for a filename in which to store the resuits of the BIT Placement
Recommendation. A default is provided if the user chooses not to enter a specific
filename. The designation of a file invokes the tool and produces an output report.
Program control is then returned to the TEA top-level menu. Figure 40 shows the ter-
minal display for the placebit report prompt if autoplace is chosen. A “‘.dwg’ will
not be created if autoplace is not selected.

Enter <cr> or YES to accept placebit O1.rpt as the default filename
Or enter desired output filename:
Enter <cr> or YES to accept placebit 01.dwg as the default filename
Or enter desired output filename :

Figure 40. placebit Report Prompt
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System Summary

The compare utility provides a method of accessing the System Summary tool and
compares attributes from two ADAS hardware graph data bases. The specific attri-
bute information includes incremental changes in

a. node counts,

b. I/O counts,

¢. mean time to test, and

d. mean ambiguity group size.

Directory Selection

The compare utility is invoked from the TEA top-level menu using the compare
command. The comparison will always involve the currently displayed hardware
graph. The other graph may reside in some other directory and therefore must be
identified by the user. The first prompt provided after selecting compare from the
main TEA menu is a request for the directory of the second graph as show: in Figure
41.

Enter directory path to search.
<cr> or YES search current dir:

Figure 41. compare Directory Search Prompt

File Selection

Entering a valid directory (or using the current as default) invokes the compare menu
which includes only the hardware graphs from the specified directory. The user must
supply the filename which indicates the hardware graph to be compared with the
current view graph. An additional option, called Z%self in the menu, allows compare
to run only on the current view. The Zself option will always be present as a selec-
tion no matter which directory is specified at the start of the utility. Figure 42 shows
the terminal display for the compare options menu.
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K=== menu === ﬂ

%help
%self
filel.hwg
file2.hwg

KCompare: Select the comparison graph: J

Figure 42. compare Options Menu

Selecting a single file invokes the compare utility. Two output files are generated
from the compare utility:

a. general output report (file.rpt) and
b. additional information report (file.dwg).

Report Selection

The user is prompted for filenames for each report. Default filenames have been pro-
vided. Figure 43 shows the terminal display for the filename prompts.

Enter <cr> or YES to accept compare Ol1.rpt as the default filename
Or enter desired output filename :
Enter <cr> or YES to accept compare Ol.dwg as the default filename
Or enter desired output filename :

Figure 43. compare Output Filename Prompts

High-level summary information is placed in the *“‘.rpt’ file. Lists of detailed informa-
tion is placed in the ‘“.dwg’ file.

The user is notified if any errors were detected in the comparison graphs, and program
control returns to the TEA top-level menu.
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Ambiguity Group Names

The Ambiguity Group Names utility, ag_name, is used to access the ambiguity group
(AG) name of any node. These can be viewed and/or edited. Ag name provides the
ability to create, view, and edit special ambiguity groups. Special ambiguity groups
are user-defined groups of one or more nodes which are to be grouped as a single ambi-
guity group. There is no limit on the number of special ambiguity groups as long as
there are available nodes. A node may be assigned to only one group.

Subsystem Selection

The subsystem of interest must be selected. Since the ag_name utility operates on a
single board at a time, only one subsystem may be chosen. Selecting a subsystem
invokes the next menu which is a list of boards for the selected subsystem. Figure 44
shows the terminal display for the ag_name select subsystem menu.

(/V;;= menu === <\\

%help subsys4
subsys1 subsysb
subsys2 subsys6
subsys3
K\‘Ag_name: Indicate the subsystem of interest: 4,/

Figure 44. ag name Select Subsystem Menu

Board Selection

Only those boards which reside on the previously selected subsystem are included in
the board menu. Only a single board may be selected from the menu. Selecting a
board invokes the next menu which is a list of ag_name options. Figure 45 shows the
terminal display for the select board menu.

TEA: The Test Engineer’s Assistant, SSUM, p. Z-38




AMBIGUITY GROUP NAMES, Cont.

(=== menu === \

%help board5 board10 boardi1s
boardi boardé boarditi boardi16
board2 board7 boardi2
board3 board8 boardi13
board4 board9 boardi4
\\>Ag_name: Indicate the board of 1interest: 4//

Figure 45. ag name Select Board Menu

AG Name Selection

The ag_name utility allows the user to force special nodes in a hardware graph to a
particular ambiguity group. In addition, regular ambiguity group nodes, which have
been determined by the brt tool may be modified using the ag_name utility. The
only restriction involved is that all nodes in an ambiguity group (regular or special)
must be connected. A connectivity checker is used to determine if a new or modified
group of nodes can form an ambiguity group.

Any category may be invoked by selecting it from the menu. Figure 46 shows the ter-
minal display for the ag_name type menu.

(::: menu === \
%help

spcl_ag

reg ag

conn_check

KAg_name: Modify speclal or regular AG: J

Figure 46. ag name Type Menu

Special Ambiguity Groups

A special ambiguity group is a collection of nodes that the user wishes to be in a group
together for testing. If spcl_ag is selected from the ag_name type menu, then a list
of all the currently defined special ambiguity groups is displayed on a menu along with
an option to add a new special ambiguity group. Adding a new group requires a
unique ambiguity group name. Modifying an existing group is done by selecting the
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group from the menu. Figure 47 shows the terminal display for the select spcl_ag
menu.

=== menu === w

%help
%add_new
spag_1
spag_2

\\»Ag_name: Indicate the speclal AG of 1nterest: 44/

Figure 47. spcl_ag Select Menu

Add New Special AG

A new special ambiguity group name must be unique to the existing ambiguity group
names. Once a unique name has been entered, the next menu is invoked which gives a
lisi of all the nodes for the currently selected board. Figure 48 shows the terminal
display for the spcl_ag add_new name menu.

' Ag name: Input the name for the speclal AG:

\

Figure 48. ag name Prompt

Nodes in New Special AG

The user is prompted to select those nodes from the selected board which are to be in
the new special AG. The nodes listed in the menu do not represent any form of con-
nectivity. When all nodes have been selected for the new group, and the %done
option has been selected, the utility invokes the connectivity checker to verify that the
entered nodes represent a valid (connected) group. If the group is valid, and creating
it did not disturb the connectivity of the other AGs on the board, then program con-
trol is returned to the TEA top-level menu. If the group is invalid, however, a report
is output and then control is returned to the top-level menu. Figure 49 shows the ter-
minal display for the add_new spcl_ag menu.
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F::: meny ===

%help
%done
node 1
node_2
node_3

KAg_name: Indicate the node(s) of interest:

Figure 49. ag name Node Menu

Modifiy Existing Special AG

Any of the existing special AGs may be edited by selecting the existing AG name from
the special AG menu. The special AG menu contains all of the specially defined AGs

for the current board. When exiting, the connectivity checker will run.

Regular Ambiguity Groups

Nodes which have been previously assigned to ambiguity groups via the brt tool may
be reorganized by selecting the group from the ag name group menu and the nodes to
be included in the AG from the ag_name node menu. Figures 50 and 51 show the

terminal display for the ag_name group and ag_name node menus, respectively.

%help
ag 1
ag_2
ag 3
ag 4

KAg_name: Indicate the AG of interest:

~

Figure 50. ag_name Group Menu
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(/V=== menu === )

%help node4
%done node5s
nodel nodeé
node2 node7
node3
\\¥Ag_name: Indicate the nodes of 1lnterest: -

Figure 51. ag_name Node Menu

The choices will be checked for valid connectivity. Ag name does not allow for the
addition of new regular AGs.

Report Selection

Upon completion of ag_name spcl_ag add_new, the user is prompted for a report
name in which to store the results of the tool if there is an error in the connectivity of
the ambiguity groups. A default is provided if the user chooses not to enter a specific
report name. Program control is then returned to the TEA top-level menu. Figure 52
shows the terminal display for the ag_name report prompt.

Enter <cr> or YES to accept ag_name_Ol.rpt as the default filename
Or enter desired output filename :

Figure 52. ag name Report Prompt

Connectivity Check

This option allows the user to check for connectivity between ambiguity groups.
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Report Access/Generation

The log_file utility allows the user to access the results of any of the TEA tools.
Selecting log_file from the TEA top-level menu invokes the Log File Type selection
menu.

The log_file utility provides two main functions for any on-line TEA tool reports or

wiring diagrams:

a. view — for displaying a report, help, or wiring diagram on the terminal
display and

b. print — for producing hardcopy reports on a local printer.

Figure 53 shows the terminal display for the log_file menu.

=== nmenuy ===
%help
view
print

Logfile: View or print report?

Figure 53. log_file Menu

Viewing Reports

Any report may be viewed if the user has proper access. Selecting view from the
log_file type menu invokes a prompt for the directory to be searched for report files.
The default is the current directory and is used only when a ‘yes’ response or carriage
return is entered in response to the directory prompt. Figure 54 shows the terminal
display for the directory prompt.

Enter directory path to search.
<cr> or YES searches current dir:

Figure 54. log _file Directory Search Prompt

TEA: The Test Engineer’s Assistant, SSUM, p. Z-43




REPORT ACCESS GENERATION, Cont.

Indicating the appropriate directory invokes a search of that directory for report files.
Those report files are displayed on the next menu. Figure 55 shows the terminal
display of report files from a particular directory.

(/7=== menu === ﬁ\\

%help
fllel.rpt
flle2.help
file3.dwg

\¥Lng_f11e: Select a report: <4)

Figure 55. log_file Report Options Menu

Selecting a report file from the menu displays that file in page lengths on the terminal
screen. The user may scroll through the file by entering a carriage return after each
page is displayed. The view option is identical to a VMS type/page command.

Printing Reports

Printing a report is similar in operation to viewing except that the print option is
selected from the log_file menu. The sequence of menus and prompts is identical.
The printer used is the user’s default printing device. Alternate printers may NOT be
accessed via the TEA log_file utility.
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On-line User Support System

All TEA selection menus provide on-line user support via the %9help menu option.
Selecting %ohelp provides default information which corresponds to the most useful
information based on the menu currently being displayed. The %help function
operates identically to the VMS help facility. The user always has the option to access
any part of the %help on-line information by typing a *‘?” at the topic prompt. A
“?” will display the current areas of help which are available. A carriage return will
either back the user out of the help hierarchy by one level or exit help if the user is
already at the top level. Typing the name of a selection followed by a carriage return
selects that information and any subtopic items will be displayed. Figure 56 shows the
terminal display of on-line topics.

f Information available: \

Functlions Libraries Menus Tools Utllitiles

KTopic? J

Figure 56. TEA On-line Topics Menu

From the On-line Topics menu, the user may proceed to any desired on-line informa-
tion. On-line help is NOT provided for TEA prompts which do not generate a menu.
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ALPHABETICAL LIST OF TEA ERROR MESSAGES

The following list of error messages is sorted alphabetically by command code (columns
6-7) and numerically by error number within a command. Each entry lists the mean-
ing of the error message and the action that must be taken to correct the error. The
standard ADAS error message format is explained the ADAS User Manual, Version 2.3
or later.

*** 7ZAG 002A. — Out of memory.
Meaning: The computer’s available memory has been exceeded.

Action:  Re-run with more computer memory.

*** ZBB 001E — No valid nodes to make ambiguity groups.
Meaning: There are no valid nodes in the current graph.

Action:  Check subsystem and board attribute values.

¥¥* ZBB 002A — No solution found.
Meaning: Nodes cannot be formed into ambiguity groups.

Action: Contact RTI for assistance.

¥** 7ZBB 004A — Could not set up initial basis for simplex.
Meaning: Could not form nodes into AG’s of size one.

Action: Contact RTI for assistance.
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*k* ZBM 000W — Invalid directory path path
Meaning: Specified directory path does not exist.

Action: Re-enter correct path.

*** ZBR 001W — Can'’t access BRT library.
Meaning: The location of the BRT library has not been properly identified.

Action: Check TEA_BRT define in TEA setup file.

*** ZBR 002E — Illegal ambiguity group size.

Meaning: The integer entered for ambiguity group size
must be positive.

Action: Re-enter the ambiguity group as a positive integer.

*** ZCA 001E — Node name could not be interpreted.
Meaning: The node selection was incorrect.

Action: Re-enter the node name at the keyboard or select the name from
the display menu or graph.

*** ZCA 002E — Node (or bus) location could not be interpreted.
Meaning: The given coordinates contained an error.

Action: Re-enter the location.
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*¥* ZCA 003E — Arc could not be interpreted.
Meaning: Arc selection was incorrect.

Action: Re-enter name.

¥¥% ZCA O04E — An error occurred. Please check the input.
Meaning: An unspecified error was found.

Action: Check the input and re-enter.

*** ZCI 001E — Command is not a unique name.

Meaning: The command cannot be selected from the command list because
there are ambiguous choices.

Action: Re-enter the command with enough information to make a unique
selection.

¥*¥¥ ZCI 002E — An error occurred in your selection. String is an
incorrect response. Please reenter this item.

Meaning: Command entered was not on menu or was an incorrect response.

Action: Re-enter command.

*** ZCM 004A — File name cannot be found.
Meaning: Source graph listed on the command line cannot be found.

Action: Check graph filename or location.
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*** ZCO 001E — Too many repetitions requested.
Meaning: The upper limit for repeating a command was exceeded.

Action: Re-enter a smaller number.

*** ZDB 001A — There are no more unused graph descriptors.
Meaning: The graph is full.

Action: Contact RTI for help.

*** ZDB 003A — The template file cannot be accessed.
Meaning: Cannot open data base file for reading.

Action: Check read access of graph file.

¥** ZDB 005A — Premature end-of-file encountered while reading template
file file.

Meaning: It is likely that the file has been damaged, since part
of its data is missing.

Action: Examine the template file using EDIGRAF. If it has been
damaged, recreate it. Periodically creating backup

copies of important data base files limits the extent
of this kind of damage.

*** ZDB 006A — The template file cannot be read.
Meaning: The template file’s contents are not interpretable.

Action: Make sure that the proper template file is being used.
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**x ZDB 007A — Not enough memory to expand graph.

Meaning: Expanding this graph would exceed the computer’s
available memory.

Action: Divide the graph nodes into subgraphs.
Contact RTI if further help is needed.

*** ZDF 000A — Can’t start prolog servant.

Meaning: The prolog code can not be invoked.

Action: See local ADAS administrator for proper prolog installation.

**x ZDF 001W — Can'’t create control file in current directory.

Meaning: A prolog control file is needed and it cannot be
written in this directory.

Action: Check write access in this directory.

**x ZDF 002A — Can’t open user rules file.
Meaning: The user’s prolog code can not be accessed.

Action: See local ADAS administrator.

***x 7ZED 001E — Value name has an invalid format.

Meaning: Format of the attribute value is inconsistent with its
data type. Spaces and tabs are not accepted.

Action: Correct the information and retry.
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*** ZED 002E — Value name is out of range.
Meaning: Value of a numerical attribute is out of range.

Action: Correct the information and retry.

¥*x ZED 003E — Attribute att is not modifiable.
Meaning: The modification status for the named attribute does not
permit the value of the attribute to be changed in the editor
(i.e., ‘N).

Action: Use the edit status command to change the status.

¥*x ZED 004E — Value name is not a valid name.
Meaning: Name is not a correct ADAS graph element name.

Action: Check the ADAS User Manual, Version
2.3 or later, for correct name rules.

*** ZED 005W — Status of attribute att for graph element
is not modifiable.

Meaning: The modification status for the named attribute does not

permit the value of the attribute to be changed in the editor.

Action: Use the edit status command to change the status.

*** ZED 006W — Special characters -,+,~ ignored.

Meaning: The special characters are not used in the current
edit mode.

Action: Enter a new value, cancel the edit session, or go on
to the next selection with a <RET>.
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*** ZED 007W — There is no port_type number for node name.
Meaning: The port is not of this type.

Action: No action required.

**¥* ZED 008W — Count more attempts. Try again.

Meaning: Count more attempts at modifying the current
attribute will be allowed before going on to the next
attribute.

Action: Refer to the ADAS User Manual, Version 2.3
or later, for proper values of the current attribute.

**¥* ZED 009W — No more attempts. Continuing edit.

Meaning: After previous attempts to modify the current attribute
have failed, the editor is moving on to the next attribute.

Action: See the ADAS User Manual, Version 2.3
or later, for the valid attribute values of the current
attribute and attempt to edit the attribute again.

*** ZED 010W — No port types/junctions/connections for node/bus name, skipping.

Meaning: The node/bus name does not have any ports of the
named type.

Action: No action required.

¥*¥* ZED 011W — No arc on port_type number of node name, skipping.

Meaning: The node/bus name does not have any ports of the
named type.

Action: No action required.

TEA: The Test Engineer’s Assistant, SSUM, p. Z-52




ALPHABETICAL LIST OF TEA ERROR MESSAGES, Cont.

¥** ZED 012W — Attribute att for graph element,
is not modifiable.

Meaning: The modification status for the named attribute does not
permit the value of the attribute to be changed in the editor.

Action: Use the edit status command to change the status.

*** ZED 013W — Attribute att is not present in the template data base.
Meaning: This data base does not have an attribute of this name.

Action: Check attribute name.

*** ZGD 001A — Can'’t create graph.pl.

Meaning: graph.pl is the prolog data base of the ADAS graph
hierarchy and the file cannot be written.

Action: Check write access in this directory.

*¥* ZHC 001A — Can’t reinitialize current graphics device dev.

Meaning: After the hardcopy device was initialized, an error occurred
in reinitializing the normal display device.

Action: Begin a new TEA session.

¥¥% ZHC 002E — Can'’t initialize hardcopy device dev.
Meaning: The initialization of the hardcopy device failed.

Action: Make sure the hardcopy device is plugged in, turned on,
and properly initialized.
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*** ZHC 003E — Can’t open hardcopy file name.

Meaning: The file containing the current list of valid
hardcopy devices cannot be accessed.

Action: Check with the local ADAS administrator.

*** ZHE 001E — Can’t open help file file.

Meaning: The specified help file either could not be found
or could not be read.

Action: Check with the local ADAS administrator.

*¥* ZIN 001E — Input exceeded maximum line length of linelength.
Meaning: Too many characters were given at the keyboard.

Action: Re-enter.

**x ZIN 002E — Input line ignored.

Action: Re-enter.

*** ZIN 003E — T .ta tablet error occurred.
Meaning: An error occurred in the data tablet.

Action: Try again, or contact local systems help or RTI.
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**x ZIN 004E — Unspecified error from graphics package.
Meaning: An error occurred in a graphics device.

Action: Try again, or contact local systems help or RTIL.

*** ZIN 005A — Unexpected end of input encountered.
Meaning: The input to the program terminated unexpectedly.
Action: If the keyboard or data tablet was in use when the error
occurred, no action is necessary. If the input was from a
script file, the file contains errors and should be checked.
If the input was from a file other than a script file,

check for the proper session termination commands,
e.g., quit nosave.

*** ZMA 001A — Unknown option name.
Meaning: The command line option name was invalid.

Action: Re-enter the correct command line.

*** ZMA 002A — No graphies display specified.
Meaning: No graphics device was specified.

Action: A graphics device must be specified.
Re-enter the correct command line.

¥**% ZMA 004A — Couldn't open graphics device name.

Meaning: A valid graphics device was specified but is
either inoperable or in use.

Action: Either use a different device or try again later.
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**x ZMA 005A — No data base specified.
Meaning: No data base was specified on the command line.

Action: Specify the correct data base.

***x ZMC 001E — Macro not added. At maximum number of macros.
Meaning: The maximum allowable number of macros already exists.

Action: Either remove a current macro to add another, or do not try
to add a macro.

*** ZMC 002E — Macro name not valid. 1st character non-alphabetic.

Meaning: The first character of any macro command must be a
letter of the alphabet.

Action: Choose another macro name that is acceptable.

*** ZMC 003E — Macro name is already in menu.
Meaning: The macro name is in conflict with another identical name.

Action: Use a different and unique name.

¥¥* ZMC 004E — No macro name provided.
Meaning: When defining a macro, the name was not included.

Action: Re-enter using a specific and unique name.
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¥*¥ ZMC 005E — Too many macro parameters provided.

Meaning: There is a limit to the number of parameters that a macro
definition may have.

Action: Re-enter the macro definition.

*¥* ZMC 006E — Macro is undefined.
Meaning: An error was found, and the macro was not defined as a result.

Action: Redefine macro.

*** ZMC 007E — Macro not added. Menu item limit exceeded.
Meaning: There is a limit to the number of menu items that are allowed.

Action: Delete a macro in order to add a new one.

**¥* ZMC 008E — No macros to be deleted.
Meaning: The macro list is empty.

Action: None.

¥*¥% ZMC 009E — No macros to be listed.
Meaning: There are no macros currently defined.

Action: None
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*** ZMN 001A — Out of memory.
Meaning: TEA ran out of memory.

Action: Contact RTI for assistance.

*** ZMN 002E — Insufficient memory to create menu.
Meaning: TEA ran out of memory.

Action: Contact RTI for assistance.

**x ZMN 003E — Can't delete item name: not in menu.
Meaning: Deletion cannot be performed since item is not present.

Action: None.

**¥* ZMN 004E — Item item_name is already in menu.
Meaning: The item name is not unique.

Action: Rename the item with a unique name.

*** ZMS 000W — Reloading graph graphname.

Meaning: The graph graphname is being reloaded from
the disk file.

Action: No action.

TEA: The Test Engineer’s Assistant, SSUM, p. Z-58




ALPHABETICAL LIST OF TEA ERROR MESSAGES, Cont.

**x ZPB 000A — Fatal template load error.

Meaning: The template file correspending to the current
graph cannot be loaded properly.

Action: Make sure that a template file exists in the proper
directory corresponding to the current graph.

**x ZPO 001E — Port mismatch between node name and subgraph name.

Meaning: A graph output has been assigned to more or less
than one node.

Action: Adjust subgraph consistency.

***x ZPO 002E — Too many node ports on graph port number in subgraph name.
Meaning: There is a graph port with too many node ports.

Action: Remove the extra ports or adjust subgraph consistency.

***x ZPO 003E — No arc connected to graph port number in subgraph name.
Meaning: There is a graph port with no attached arcs.

Action: Add arcs to graph port, appropriately remove graph port, or
adjust subgraph consistency.

¥*x ZPS 000A — Can’t open BIT template file.

Meaning: The template file associated with the graph is not
present or cannot be accessed for some reason.

Action: Make sure that the template file has the correct name
and proper read/write permissions.
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*** ZPS 001E — Arc template not found. Can’t reroute port port#.

Meaning: The arc template of the arc being rerouted is not
present or cannot be accessed for some reason.

Action: Make sure that the template file has the correct arc
template.

**% ZPS 002E — Arc template not found. Can’t intercept port port#.

Meaning: The arc template of the arc being intercepted is not
present or cannot be accessed for some reason.

Action: Make sure that the template file has the correct arc
tewnplate.

*¥x ZPS 003W — Node nodename had Tag_name and Tsp_ag_name set.

Meaning: Both attributes are set in the current graph.

Action: Delete one attribute entry so that there is only one set.

*** ZRE 001E — Can't access subgraph data base file.

Meaning: The data base file associated with the subgraph is not
present or cannot be accessed for some reason.

Action: Make sure that the file has the correct name
and proper read/write permissions.

*¥** ZRE 002E — Can’t read subgraph data base name.
Meaning: There was an error in reading the file.

Action: Contact RTI for assistance.
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*** 7RE 003E — Premature EOF encountered while reading subgraph data base name.

Meaning: It is likely that the file has been damaged since
part of the data is missing.

Action: Examine the file using EDIGRAF. If it has been
damaged, recreate it. Periodically creating backup

copies of important data base files limits the
extent of this kind of damage.

***x 7RE 004E — Not enough memory to read in subgraph data base.

Meaning: Expanding the subgraph would exceed the computer’s
available memory.

Action: Divide the subgraph into lower level subgraphs.

*** ZRE 005E — Error in reading subgraph data base name.
Meaning: There was an error in reading the file.

Action: Contact RTI for assistance.

*¥* ZRE 006A — Can'’t reinitialize graph data base.
Meaning: The in-memory data base could not be initialized upon reloading.

Action: Contact RTI for assistance.

*¥** ZRE 007A — Can'’t access graph data base name.

Meaning: The data base file associated with the graph is not
present or cannot be accessed for some reason.

Action: Make sure that the file has the correct name
and proper read/write permissions.

TEA: The Test Engineer’s Assistant, SSUM, p. Z-61




ALPHABETICAL LIST OF TEA ERROR MESSAGES, Cont.

*** ZRE 008A — Can’t read graph data base name.
Meaning: There was an error in reading the file.

Action: Contact RTI for assistance.

*** ZRE 009A — Premature EOF encountered while reading graph data base name.

Meaning: It is likely that the file has been damaged since
part of the data is missing.

Action: Examine the file using TEA. If it has been
damaged, recreate it. Periodically creating backup

copies of important data base files limits the
extent of this kind of damage.

¥*¥* ZRE 010A — Not enough memory to read in graph data base.

Meaning: Expanding this graph would exceed the computer’s
available memory.

Action: Divide the graph into subgraphs.

***x ZRE 011A — Error in reading graph data base name.
Meaning: There was an error in reading the data base.

Action: Contact RTI for assistance.

*** ZRE 012W — Reloading subgraph name.

Meaning: The current subgraph is being reloaded from its
external file.

Action: None
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*** ZRE 013E — Can'’t reload subgraph name.
Meaning: There was an error in reading subgraph file name.

Action: Contact RTI for assistance.

*** ZRE 014W — Now editing parent graph name.
Meaning: Parent graph name is the current graph.

Action: None

*** ZRE 015W — Reloading graph name.

Meaning: The current graph name is being reloaded from its
external file.

Action: None

**x ZRG 000A — Make report can’t open filename.

Meaning: The file filename cannot be opened by the
report generator.

Action: Check access permissions in the directory.

*¥*x ZRG 001W — Can'’t create output file filename.

Meaning: The file filename cannot be opened by the
report generator.

Action: Check access permissions in the directory.
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**¥ ZSA 001W — Updated graph name.
Meaning: The current graph data base was saved.

Action: None.

*** ZSA 002W — Created new graph name.
Meaning: Current graph saved under a new filename.

Action: None.

*** 7ZSA 003W — Cannot open graph data base name for writing.

Meaning: The data base file and/or directory associated with the graph
does not have write permission.

Action: Make sure that the data base file and/or directory has the
correct name and proper write permissions.

*** ZSA 004W — Graph data base not saved.

Meaning: The current graph and results of this session were
not saved.

Action: Run TEA again.

*** ZSA 005W — Template data base file not saved.

Meaning: The current template and results of this session were
not saved.

Action: Run TEA again.
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**x 7ZSA 006W — Created a copy of name as namel.

Meaning: A new copy of the graph has been stored as
requested.

Action: None.

%% 7Q A 00S8E — File name does not have a valid extension.

Meaning: File names must have a hardware graph name,
including extension (.hwg).

Action: Check the filename.

**x ZSA 009W — File name already exists.
Meaning: A file with this name already exists.

Action: Choose a unique name.

*** ZSA 007E — File name was incorrectly copied.
Meaning: Report of unsuccessful termination of save.

Action: Retry save or check write access.

*** 7SC 001E — Input exceeded maximum line length of maz length.
Meaning: There is a line length limit that was exceeded.

Action: Re-enter using shorter string.
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¥** ZSC 002E — Input line ignored.
Meaning: An error occurred or the input line was irrelevant.

Action: Check input and command prompt.

*¥* ZSC 003E — Cannot open script file name.

Meaning: The script file name does not exist or does
not have the proper read/write permissions.

Action: Check for the file's existence and proper permissions.

**x ZSC 004E — Due to an input error all script files have been closed.
Meaning: An error has occurred in a script file.

Action: Fix seript file.

*** ZST 001A — Out of memory.
Meaning: TEA ran out of memory.

Action: Contact RTI for assistance.

*** ZSU 001E — At maximum depth in hierarchy.
Meaning: Only 20 levels of hierarchy are allowed.

Action: Change the structure of the graph so that
fewer levels are required.
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*¥* ZSU 002E — No subgraphs found in this graph.

Meaning: The subgraf command cannot be issued since
there are no subgraphs associated with the current graph.

Action: Use EDIGRAF to alter the structure of the graph.

*x* ZTC 000W — File filename cannot be found.

Meaning: The second graph involved in the compare cannot
be isolated according to the name entered.

Action: Check the filename and location of the second graph.

***x ZTR 001E — Couldn’t open subgraph name.

Meaning: While trying to expand the root graph, a subgraph
was encountered that exists but could not be opened.

Action: Check the permissions of the file containing the subgraph
data base to see if it is readable.

*** ZTR 002E — Premature end-of-file while reading subgraph data base name.

Meaning: TEA hit end-of-file while reading the subgraph
data base.

Action: Examine the template file using EDIGRAF. If it has been
damaged, recreate it. Periodically creating backup
copies of important data base files limits the extent
of this kind of damage.
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*** ZTR 003A —- Ran out of memory trying to read subgraph data base name.
Meaning: Graph too big.
Action: Reduce the size of the main graph by dividing it into

subgraphs. Simulate individual subgraphs; then propagate
information upwards by editing the parent nodes’ attributes.

¥*¥X ZTS 001A — Can’t find prolog results file.
Meaning: The results posted by prolog are not available.

Action: Check that prolog is properly installed and running.

¥** ZTT 000A — Data base attribute errors.

Meaning: Some or all of the required attributes for TEA
have not been entered for the current graph.

Action: Edit all required attributes and fill in the appropriate
values.

¥** ZTT 001W — Attribute attr value missing for node node.

Meaning: A specific attribute is missing for a particular
node.

Action: Edit the node attribute and fill in the appropriate value.

¥*¥2ZTT 002W — Attribute attr_value missing for port port#.

Meaning: A specific port attribute is missing for a particular
node,

Action:  Edit the port attribute and fill in the appropriate vaiue.
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**% ZTT 003W — Attribute attr_value missing for arc arc_name.

Meaning: A specific arc attribute is missing for a particular
arc.

Action: Edit the arc attribute and fill in the appropriate value.

*** ZXX 001A — Not enough memory.
Meaning: There is not enough memory for the graph.

Action: Reduce the size of the graph.

**¥ ZXX 002W — Invalid filename extension ezt on file file.

Meaning: The extension on the indicated file (e.g., .swg)
is invalid.

Action: Change the filename extension.

*** 7XX 003E — Can't access template file name.

Meaning: The file name does not exist or does not have the
appropriate read /write permissions.

Action: Check for the file's existence and proper permissions.

¥** ZXX 004E — Can't initialize template data base.

Meaning: The maximum number of internal data bases has already
been reached.

Action: Contact RTI for assistance.

TEA: The Test Engineer's Assistant, SSUM, p. Z-69



ALPHABETICAL LIST OF TEA ERROR MESSAGES, Cont.

**x ZXX 005E — Can’t read template file name.

Meaning: The template data base name is not in the expected
format.

Action: Contact RTI for assistance.

**x ZXX 006E — Premature EOF encountered while reading template file name.

Meaning: It is likely that the file has been damaged since
part of the data is missing.

Action: Recreate the file.

¥*x ZXX 007E — Not enough memory to read in template file.

Meaning: There is not sufficient memory to create an internal
template data base.

Action: Contact the local ADAS administrator.

**x ZXX 008E — No source ports for are.
Meaning: No nodes have an available input port.

Action: No action required.

**x ZXX 009E — Error in reading template file filename.
Meaning: There was an error in reading the template file.

Action: Try again with the same or different file, or contact
RTI for assistance.
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¥k ZXX 010W — No template file: creating new template data base name.

Meaning: A template data base is being created for the new subgraph data base.
The template data base will have name name.

Action: No action is required.

**x ZXX 011E — No nodes or partitions found in this graph.
Meaning: There is no node or partition to choose.

Action: No action is required.

¥*x ZXX 012E — No buses found in this graph.
Meaning: There is no bus to choose.

Action: No action is required.

**x ZXX 020E — No filenames defined.
Meaning: No filename is listed by the attribute chosen.

Action: Check attribute value.

*¥* ZXX 022E — The file, name, does not exist.

Meaning: The filename listed by the attribute cannot be
found.

Action: Check existence of file and read access.
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*** 7XX 023W — Nodes with the same attribute value for name have
different node templates.

Meaning: More than 1 node matched the attribute value and
they have different templates.

Action: Correct inconsistency.

*rx ZXX 024W — Default filename name already exists.
Meaning: A file with the default name value exists.

Action: None required.

*¥* ZXX 025E — Graph contains no nodes.

Meaning: No nodes found in graph of this class
specification.

Action: None required.

*** ZXX 026E — Invalid node class for name.

Meaning: A node must have a class of value (internal,
leaf, inport, outport, or biport) to be recognized.

Action: Check class value.

*** ZXX 027E — name is not a valid node name.
Meaning: Name is not a valid ADAS node name.
Action: Correct the entry and retry. Check the

ADAS User Manual, Version 2.3 or later,
for correct name rules.

TEA: The Test Engineer's Assistant, SSUM, p. 2-72




ALPHABETICAL LIST OF TEA ERROR MESSAGES, Cont.

**x ZXX 028W — Error allocating memory.
Meaning: TEA cannot access enough memory.

Action: Contact RTI for assistance.

¥*¥ ZXX 029E — Graph attribute name does not exist.

Meaning: This graph data base does not contain attributes
of this value.

Action: No action required.

*x* ZXX 030E — Unable to access directory name.
Meaning: Error reading directory.

Action: Check name.

*** ZXX 031E — No eztension files found.
Meaning: Error creating the menu of files.

Action: Check entry and retry.
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1. SCOPE

1.1. Identification. This Reference Manual provides operational information for users of
the computer software configuration item (CSCI) identified as the Integration of Very
High Speed Integrated Circuit (VHSIC) System Functional Design and Design for Tes-
tability tools, to be known as the Test Engineer’s Assistant (TEA) system.

This document should be used in conjunction with the Software System User’s Manual
for the Test Engineer’s Assistant system. This reference manual will help the user
prepare input for the TEA tools; the User’'s Manual will aid in the mechanics of the use
of the tools; this reference manual will be useful in the analysis of the outputs of the
tools and the direction that the user should take dependent on that output.

1.2. Purpose. The Architecture Design and Assessment System (ADAS) provides a
graphic schematic capture capability to VHSIC designers. TEA provides a design
automation system for the incorporation of design for test (DFT) and built-in test
(BIT) techniques into VHSIC digital hardware described using ADAS and VHSIC
Hardware Description Language (VHDL). TEA provides the methodology and the tools
for evaluating proposed designs for hard-to-test digital hardware constructs, for recom-
mending alternative constructs, and for identifying hierarchical BIT techniques to
increase the overall testability of a hardware system. TEA aids designers at the board,
subsystem, and system levels. TEA estimates the costs associated with the BIT tech-
niques to allow the designer to make informed choices about BIT incorporation. A
library of reusable BIT modules supports TEA BIT techniques and enables the
designer to simulate the entire system in VHDL. ADAS provides the interface to
VHDL from the graphic connectivity schematic.

The main purpose of this document is to present helpful information about the TEA
methodology of testable design, the purpose and use of the TEA tools and utilities,
how to prepare ADAS graphs for use with the TEA tools, and the library of reusable
BIT modules. The designers of the system have identified procedures and hints for use
and compiled them into this document.

1.3. Introduction. This Reference Manual contains background information on TEA,
describes the TEA design methodology, and fully documents the TEA tools. It will
instruct in the use of the tools and the analysis of the results. An example will be
illustrated and demonstrated in the final section. The doppler filter card of the signzl
processing subsystem of the Firefinder Radar system is used as an example of the use
of the tools.

1.4. Background.

1.4.1. Army Maintenance Approach. One of the major goals of the Department of
Defense is the implementation of a 2-level maintenance policy for next generation
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electronic systems. Broadly speaking, 2-level maintenance is performed at two levels of
organization or two locations, usually at the system in the field or at a depot, with
essentially no maintenance performed at any other level. There are three primary
prerequisites for the 2-level maintenance concept to be feasible.

a. The line replaceable units or modules should have high mean failure time and
relatively low cost.

b. Fault detection and isolation must largely be a system-embedded function that
is comprehensive and free of false alarms.

c. Line replaceable units or modules should be modular in design, easily accessi-
ble, and supportive of a hierarchical testability approach.

To achieve these prerequisites, a system must be implemented using highly reliable
components and integration techniques, and testability/diagnosability must be con-
sidered as design requirements of equal importance to performance, size, and cost. To
meet testability/diagnosability requirements in the VHSIC era, within the 2-level
maintenance constraints, the system designer has to rely more on design for testability
and built-in test approaches rather than external Automatic Test Equipment (ATE).

Design for testability and built-in test approaches exist at the chip and board levels.
Unfortunately, while DFT techniques and BIT approaches are available for incorpora-
tion into higher levels of VHSIC system designs, this activity is not methodical and, in
most cases, is separate from the functional system design process. In general, testabil-
ity schemes are incorporated into the design after the functional design is completed.
This practice is due partly to the lack of a unified system design for testability metho-
dology and supporting tools.

1.4.2. Advanced CAD/E for Systems Testability (ACST). RTI developed a generic,
top-down design for testability methodology that results in improved testability
through judicious use of BIT and through use of design for testability at different lev-
els of the system design abstraction. The developed design methodology is supported
by a BIT implementation scheme to achieve, with high confidence, fault detection and
fault isolation to a predetermined number of modules (e.g., chips, boards, or subsys-
tems). The final report describes alternative approachcs for using BIT at the board
level to achieve the testability required to isolate a fault to an ambiguity group cf
chips. Additionally, an implementation of a board level BIT technique is also
described. The proposed technique uses a special test module, designed and imple-
mented by RTI, that performs tests on ambiguity groups with minimal outside inter-
vention.

Finally, the proposed board level design for testability methodology was demonstrated
on the AN/TPQ-36 (Firefinder) radar system. ADAS was used to obtain a hierarchical
description of the doppler filter section of the signal processor to verify system func-
tionality and to gain insight into system operation.
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Testability analysis was used to determine the ambiguity group sizes of the board
design under consideration, as well as the mean time to isolate a fault in these ambi-
guity groups. This was done assuming that tests are applied at the primary inputs of
the board and the existing test points on the board are only monitoring points (i.e.,
not control points). In addition, fault simulations, assuming both pin level and gate
level classical stuck-at faults, were performed to determine the fault coverage one can
obtain using the existing design with test vectors provided by the manufacturer.

The design then was modified to meet certain ambiguity group size requirements that
were lower than what the testability analysis revealed for the existing design. The
new design was performed using the developed design methodology, and a BIT tech-
nique that can be implemented with the BIT module developed by RTI was recom-
mended. The redesign approach taken demonstrated that ambiguity group size and
mean time to isolate parameters that are specified as design requirements can be met
when a structured DFT/BIT methodology is used. Furthermore, fault simulation
results demonstrated that the fault coverage obtained with the BIT technique used
during redesign was, in general, better than the results obtained when the
manufacturer’s test sets were used.

The design penalties, in terms of hardware and time overhead in using the proposed
BIT technique, were also presented and different design configurations of the proposed
test module were discussed with a goal of minimizing the design penalty for different
applications with varying design requirements.

The structured design methodology provided by this effort allows the designer of Army
systems to incorporate testability features into this design using a systematic
approach, thus producing systems that are testable by construction. The single-chip
test module developed and demonstrated by RTI can be used in a variety of board
level BIT implementations of signature analysis that can cover a wide range of applica-
tions. TEA uses this module in an example implementation of a BIT technique for test
pattern application and resultant data compression.

The work described here supplied the incentive and background for the work done on
TEA. ACST provided the start for the TEA methodology development. During TEA,
the ACST methodology was expanded and automated to meet the testability goals
defined during ACST. This methodology will be deseribed in Section 2.

1.4.3. _Architecture Design and Assessment System (ADAS). A well-integrated set of
tools is the key to improving system designer productivity. Tools are needed to sup-
port designers’ activities, from conceptualizing the system to completing a chip.

ADAS, developed by the Center for Digital Systems Research at RTI, is an integrated
set of computer-aided engineering tools which supports the synthesis and analysis of
electronic systems in several ways. During synthesis, ADAS provides an interactive
color graphics environment for creating and manipulating high level hardware and
software designs. During analysis, ADAS provides detailed simulation results and per-
formance analysis for verifving and evaluating the design. ADAS performs consistency
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checks on both hardware and software graphs. ADAS uses both simulation-based and
analytical techniques to calculate performance characteristics. ADAS supports top-
down design and bottom-up analysis of systems. A common data base integrates the
ADAS tool set, supporting the synthesis, analysis, and refinement of both software and
hardware at high levels in the design process.

The ADAS graph data base provides the necessary attributes and structural informa-
tion to support a wide range of simulation tool interfaces. These tools build functional
simulators from ADAS graphs and functional module descriptions written in an associ-
ated language. A current contract supports the addition of interfaces to the VHDL
tool set. For access to ADAS information from other systems the ADAS data base
library provides a full set of documented data base access routines.

At the highest system levels, ADAS graphs capture an operational model of the system
architecture, allow successive partitioning of software and hardware tasks, and provide
performance information including software and hardware, component utilization,
response times, and potential bottlenecks.

In an effort parallel with TEA, RTI has been working to integrate ADAS with the
DoD’s VHDL and Silicon Compiler System’s Genesil software. The resulting CAD sys-
tem is called the VSC or VHSIC Silicon Compiler. Together, the three components of
the VHSIC Silicon Compiler support most of the activities required to design working
application-specific integrated circuits.

At the highest system levels, ADAS graphs capture an operational model of the system
architecture, allow successive partitioning of software and hardware tasks, and provide
narrative information on system functionality. Performance information can also be
obtained on component utilization and load balancing, timing, and potential
bottlenecks.

Once hardware structure has been determined, modules can either be selected from
the VHDL library or custom designed when necessary. At this point, VSC can provide
estimates of chip power dissipation area and pinout, as well as predict system perfor-
mance and functional correctness based on the selected VHDL modules.

When a satisfactory design has been achieved, the component and connection informa-
tion is directed to Genesil to create complete fabrication specification information.

The design checks performed by Genesil are based on the creation of five chip models:
physical layout, power dissipation, function, performance, and logic.

Once the chip layout demonstrates satisfactory behavior, a pattern generation tape is
created with the fabrication process specified by the designer. At the present time,
there are over twenty fabrication processes available from which designers may choose.

1.4.4. VHSIC Hardware Description Language (VHDL). VHDL has been fostered by the
Department of Defense and adopted as the required hardware design system for use
with VHSIC technology. VHDL provides a standardized, computer-assisted methodol-
ogy to specify, verify, and archive hardware designs.
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VHDL supports the design, description, and simulation of hardware from a behavioral
level down to the gate level. A design environment that includes support tools such as
a syntax-checking analyzer, a simulator, and a design library has been developed for
the Air Force.

ADAS supports simulation in VHDL from hierarchical hardware graphs. TEA provides
VHDL descriptions of BIT modules that are to be added to a design to increase testa-
bility.

1.4.5. Tester Independent Support Software System (TISSS). TISSS has a VHDL-to-
fault simulation capability which TEA needs to assess the value of its recommenda-
tions. TISSS is currently coded to handle 7.2 VHDL.




2. TEA METHODOLOGY

This paragraph describes the Test Engineer's System (TEA) system, including the
TEA methodology as implemented by the TEA utilities and tools.

To aid the user, Architecture Design and Assessment {ADAS) tools (e.g., EDIGRAF,
the ADAS graph editor) will be shown in all capital letters, and functions within the
tools (e.g., edit) will be shown in bold typeface.

The user is directed to the ADAS User Manual, version 2.3 and updates including the
User Manual for the VHSIC Silicon Compiler System for information concerning ADAS
tools besides TEA.

2.1. TEA System Overview. Utilization of the TEA system methodology and
computer-aided design (CAD) tools enables testable digital hardware design to occur in
parallel with system functional design and results in systems that are maintainable at
a lower life-cycle cost.

Design for testability (DFT) techniques are available for incorporation into the board
and subsystem levels of system designs and TEA provides a methodology and a sup-
porting CAD system allowing the system VHSIC designer to meet predefined testabil-
ity requirements. This is accomplished by supporting DFT and built-in test (BIT)
techniques at all levels of design abstraction.

The methodology and tools support the concept of testable boards as building blocks
of testable subsystems; these subsystems, in turn, can be used to create testable sys-
tems. The TEA methodology supports design for testability, choice of BIT technique
for a board, which is also supported at the subsystem and system levels, and augmen-
tation of the system function with predefined BIT modules to increase board testabil-
ity.

Figure 2-1 depicts a system design methodology. The concurrent functional and
testable design methodology addresses testability issues at all stages of systems design
(i.e., preliminary, detailed, final) and at each level of the system hierarchy. As shown
in Figure 2-1, the requirements analysis identifies those attributes that the system
must meet. During preliminary design, hardware resources must be identified. At this
stage in the system design process and in contrast to traditional design practices, test
resources must also be determined. This is the area where TEA begins to have an
effect. During detailed design, the specific functionality of system resources must be
identified and verified through simulation and checked against system requirements,
including testability. Trade-offs are made at this point to ensure that system require-
ments are met.
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Figure 2-1. The System Design Methodology Used by TEA
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Figure 2-2. The User’s Roadmap Through Detailed Design Using the TEA Tools
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As noted in Figure 2-1, the TEA system is primarily used to support the detailed
design phase of the methodology. Figure 2-2 shows the steps involved in using the
TEA tools. This is a high-level description; however, the emphasis on design process
for testable boards is shown as iterative loops in the figure. TEA system tools are
shown in parentheses. [

There are five newly developed tools. Design for Testabilitv Guideline Checker identi-
fies untestable structures and recommends alternative structures that are more
testable. BIT Recommendation divides a board into ambiguity groups for fault isola-
tion testing and recommends a class of BIT techniques for each ambiguity group. BIT
Overhead Summary calculates the approximate hardware overhead (i.e., BIT support
modules and additional I/O) associated with the implementation of a particular board
level BIT technique. BIT Placement Recommendation generates a new schematic of
the board with a sample implementation of the given technique. The three comple-
mentary BIT tools are shown in Figure 2-3. System Summary itemizes the incremental
hardware overhead attributable to added testability.

BIT technique

BIT BIT BIT
__’IR dati > Overhead Placement (—o>
 assign ccommendation) :.sG? d Summar i Recommendation|® wiring
special AGs signe Y |® approximate O info
® complete o testing costs of
attributes techniques implementation
] recommended N
e interate
to find
acceptable

configuration

Figure 2-3. TEA BIT Recommendation Tools
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The TEA user does not need to capture his design in any restricted way. TEA does
not need to have each board described on an individual graph or even on graphs at the
same level of ADAS hierarchy. TEA does, however, assume that “‘leaf’’ nodes are chips
and makes recommendations accordingly.

Utilities enable the user to add his own guidelines for identifying untestable structures;
to select special ambiguity groups; and to obtain on-line help about user functions, tool
data bases, and tool outputs. TEA provides the user with a color representation or
“current view” of the design and a menu-oriented user interface. These tools and util-
ities will be discussed in detail in Paragraphs 2.6 and 2.7, the user interface in 2.5.

The TEA system accepts an ADAS schematic of the system, which has been function-
ally verified using VHDL, as its input. After BIT has been added to the system using
recommendations from the TEA tool, the TEA methodology supports resimulation of
the system in VHDL with the added BIT features and test modes by providing VHDL
descriptions of the BIT modules (see Paragraph 2.3.3) and by instructing in the use of
the modules under normal and test modes.

TEA’s concept of a testable system is illustrated in Figure 2-4. TEA aids in the design
of testable boards such that any on-board built-in test reports to an on-board mainte-
nance node which controls test application and reporting. To close the loop, the
maintenance node communicates with a subsystem test control unit (TCU) via a sub-
system test bus and a system TCU via a system test bus, which may be identical in
certain applications. The system TCU may communicate with automatic test equip-
ment (ATE) to receive inputs or process outputs.

TCU functions include
a. self-diagnosis
b. initialize and control the test of boards/subsystems
c. interpret test results
d. communicate test results to system TCU/ATE

Depending on the level of BIT implemented and fault detection/isolation capability
required, automatic test equipment may or may not be needed to supplement the sys-
tem level TCU. TEA recommends each of the features shown in Figure 2-4, but its
primary function is leading the user towards testable board designs.

TEA handles both structured and unstructured logic within the same environment;
therefore, the design can contain both unique and off-the-shelf components. TEA aids
a designer, who is not necessarily a test expert, to meet a fault isolation requirement
by identifying ambiguity groups (AGs) (An AG is the smallest interconnected unit to
which a fault can be isolated.) which have heuristically similar test characteristics.
When a fault is isolated to an AG, then all components of an AG are replaced and
testing is restarted. Non-ambiguous isolation to an AG can minimize the cost and
time of parts replacement.




- = " = = = = = e = = R e e e = e e T T - - ——

Subsystem-1

@_‘ _@ E?f’:;f Subls‘ir::em
Bus
B s A Control
N ] Unit
J
Subsystem
3 Test Bus
(e.g., TM)
Test 1/0O System
Test Bus
1 L or Mission
A ' Y A BUS
System
Subsystem-2 Subsystem-N Test
Control
Unit
"""""""""""""" System _CpTTTTTTTTTTTTTTTTT
MN: Maintenance Node Au?;‘: tie
BIT: Built-in Test Equioment
TM: Test and Maintenance Bus quip

ETM: Element TM Bus
JTAG: Joint Test Action Group

Figure 2-4. TEA's Hierarchical View of a System

2-8




—— g me— we—

2.2. The TEA Workstation and Requirements. The workstation on which TEA was
developed and delivered is a DEC VAXstation II with GPX graphics. This workstation
uses the DEC VMS operating system version 4.6. Some of the TEA tools output
graphical information; this information is lost if the user’'s monitor does not support
color. The DEC C compiler version 2.3 was used to prepare the code for delivery. The
user needs Quintus Prolog version 2.0 to run the Design for Testability Guideline
Checker and to add any guidelines to the Design for Testability Guideline data base.
To run simulations using VHDL, the user must know how to use those tools. TEA
supplies a BIT support module library written in both version 7.2 VHDL and 1076
VHDL. ADAS supplies a tool to obtain an ADAS template from a IEEE standard 1076
VHDL code segment, called TEMPGEN. VHDLGEN generates IEEE standard 1076
VHDL code for a simulation from IEEE standard 1076 VHDL code segments whose
data flow is represented by an ADAS hardware graph.

If the user does not need to change any of TEA, then he just needs the machine,
operating system, compiled TEA code, and Prolog. If the user needs to produce large
ADAS-VHDL simulations of his system, a larger machine is recommended for that por-
tion of the development. If speed of operation is a concern, a larger VAX could be
used for the C-oriented portions of TEA (This excludes the Design for Testability
Guideline Checker, which is written in Prolog.).

The user of TEA is not expected to be a testing expert, but is assumed to be a system
and/or board designer competent with ADAS and its data base structure. A working
knowledge of EDIGRAF is necessary to capture the design for use with TEA. The
EDIGRAF supplied with TEA is different from the EDIGRAF commercially available
currently with ADAS. TEA's EDIGRAF allows buses and 256 inports/outports/biports
per node. The user is directed to RTI to obtain more information about these
features. TEA ignores biports, but uses buses. The user is strongly encouraged to use
ADAS buses instead of fanout nodes to show a signal propagating to multiple destina-
tions. In general, TEA will give unpredictable results if fanout nodes are used. A mes-
sage, is given at the start up of TEA if fanout nodes are detected.

*X%**XWarning

****x**This graph contains fanout nodes.

*¥*¥¥:¥*TEA may generate unpredictable results.

¥*****Buses are recommended for replacement of fanout nodes.
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2.3. Inputs to TEA. The user communicates the features and connectivity mapping of
his design by capturing the schematic in ADAS and by associating appropriate attri-
butes to each node in the description. Nearly all information needed by TEA is held
in the ADAS data base. Exceptions are noted in Paragraph 2.3.4.

2.3.1. _ADAS Hardware Graphs. Just as other ADAS tools operate on a graphical
representation of the user’s system, called a graph, TEA needs a set of hierarchical
hardware graphs from which to draw conclusions about the testability of the system.
TEA is primarily concerned with digital circuit boards, but there is no inherent reason
why the design for testability guidelines (Paragraph 3.2) could not be extended to the
non-digital testability arena, if graph patterns and guidelines could be identified. Only
synchronous digital BIT techniques are supplied with TEA.

To identify the partitioning of syst.ms into subsystems and boards, two attributes are
assigned to each node, Tsubsystem and Tboard. An alphanumeric string is
expected in each of these to uniquely identify each node with a particular board. All
nodes with the same values for Tsubsystem and Tboard are assumed to reside on
the same board and should be considered together for identifying a coherent testability
method for the board.

Other information about a node, which is normally a representation for a chip at the
lowest level of description, is communicated via the node and port attributes.

2.3.2. _ADAS Data Base Attributes. Each node, bus, and arc in an ADAS graph has
attributes attached to it. Some obvious attributes include color, width, and height.

TEA has a unique set of node and arc attributes not used by other ADAS tools. These
are listed here along with a table of particular attribute values and their associated
meaning to the TEA tools. These values are very specific, but the case is ignored. All
TEA attributes begin with a capital ‘T".

To make these attributes ‘‘visible”” to EDIGRAF and TEA, the save status must be set
to *‘S” using the edit command. Not all TEA tools need each of the attributes, but all
are necessary for the accurate completion of the methodology. There is a checker run
at the initiation of TEA to make sure the attributes are in the data base (they do not
have to have values).

Note: Each node should have been assigned to a uniquely named board and subsys-
tem. There is no check for this, but board names must a'l be unique -- even across
subsystems. One of the tools to be described below can be called on multiple subsys-
tems simultaneously and if two boards are named with the same name, an unresolved
command interpreter conflict arises and unexpected results occur. Identical subsystem
names result in the tool understanding that there is only one subsystem (with that
name) and all boards assigned to it belong to the one subsystem. Board and/or sub-
system names can not be left blank, as “‘null” is not a valid value (it would be imprac-
tical to select a *’" from the menu). The board and subsystem names of leaf nodes
have precedence over internal nodes. TEA supports the concept of ADAS buses. but

2-8

- ek A g S e -




all buses are assumed to be a single bit in width. Most of the TEA tools work on “flat-
tened” graphs. Hierarchy is lost and “‘fanout” node {and bus) connectivity becomes
transparent. {Agzuin. fanout nodes are not recommended.) TEA ignores biports.

Further notes on buses: since buses are a new feature to even the most expert ADAS
users, a few points need to be made. An ADAS bus does not represent a protocol or
directionality. An ADAS bus is a way to connect multiple inports/outports/biports of
multiple nodes together. For instance, a ‘‘clear” signal generated by one node can be
“bussed”’ to every flip-flop on the board without the need for the outdated “fanout”
node concept. Each instance receives an identical copy of the original signal.

ADAS buses can have multi-bit widths, but TEA assumes that a bus represents a sin-
gle bit.

ADAS buses must have at least one input. If a bus has no input, it is ignored, and
TEA may give inaccurate results.

For accurate results, TEA users should label any pertinent arc attributes on the arcs
that provide input to the bus. For example, if a test point is provided on a bus, an
input arc to the bus should have its Tdft_io attribute set to test_point. If only out-
put or sink ares are labeled, TEA may give inaccurate results. If two or morc input or
source arc. to a bus are primary inputs, they should each have their Tdft_io set to
primary input.

An ADAS bus cannot be directly connected to another ADAS bus. Watch out for this
when subgraphs are created.

Table 2-1 shows all TEA attributes. Table 2-2 shows valid syntax for the TEA attri-
butes.

Table 2-1. Meaning of Fach TEA Attribute

Node attribute

Meaning

Tag_name
Tag_test
Tag_test time
Tasynch

Tbit

Thboard
Tchip_maxfan
Tconfig
Tcount_bits
Tdevice_type
Tfault_cov
Tgroup
Thw_module
Tlogic_family
Tlogic_type

set by BRT, name of the AG to which this chip belongs

set by BRT. AG test scheme

time or test vectors needed to test this AG

does the user intentionally use this chip asynchronously?
is this a node that contributes to the BIT?

to which board does the node belong?

max lines to which any output can be connected

set by BRT, holds name of specific scan configuration
how many bits in this counter?

analog, digital, mix

user-provided fault coverage for Ttest len vectors
set by BRT, uode grouping scheme

number of gates of node

to what logic family is the node’s I/O compatible?
combinational, sequential
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Tnode_spec_type
Tnode_type
Tscan

Tselftest
Tsp_ag_name
Tstates
Tsubsystem
Ttest

Ttest_len
Ttri_state

specific device type

general type of node

is this chip scannable?

is this chip self testable?

name of the “special” AG to which this chip belongs
number of single-bit memory, not including RAM/ROM
to which subsystem does the node belong?

set by BRT, node test scheme

number of user-provided test vectors

is chip tristateable?

Arc attribute  Meaning

Tarc_type data/control/clock
Tdft_io is this a primary I/O or test point?
Ta_d is this an analog or digital signal?

AG: ambiguity group

BRT: Bit Recommendation Tool

Table 2-2. Valid Syntaxes for Each Attribute

Node attribute Syntax
Tag_name Alphanumeric
Tag_test Alphanumeric
Tag_test_time Integer
Default =0
Tasynch Alphanumeric
Affirmative = async, asynch, asynchronous, y, yes
Tbit Alphanumeric
BIT scheme = ps,dt
Maintenance Node = mn, m_n, maintenance
BIT Support Node = bit_dt, bit_ps
Node with BIT = deterministic, dt, ps, pseudorandom
scan support modules = bit, yes
Tboard Alphanumeric
Tchip_maxf :n Integer
Default =0
Tconfig Alphanumeric
Tcount_bits Integer
Default =0

Tdevice_type

Alphanumeric
Recognized options = a, analog, d, digital, mix
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Tfault_cov

Tgroup
Thw_module
Tlogic_family

Tlogic_type
Tnode_spec_type
Tnode_type
Tscan

Tselftest

Tsp_ag_name
Tstates

Tsubsystem
Ttest
Ttest_len

Ttri_state

Default = digital

Integer (1 - 100)

Special case = 100 means ‘‘adequate coverage”

Default =0

Alphanumeric

Integer

Alphanumeric

Recognized options = cmos, ecl, gaas, iil, nmos, ttl, other
Alphanumeric

Recognized options = comb, comb_logic, combinational
Default = sequential

Alphanumeric

Alphanumeric

Alphanumeric

Recognized options = etm, etm_sup, jtag, jtag sup, vhsic,
vhsic_sup, scan, scannable, y, yes ’
Alphanumeric

Affirmative = bist, bit, self, selftest, vhsic, y, ves
Alphanumeric

Integer

Default =0

Alphanumeric

Alphanumeric

Integer

Default =0

Alphanumeric

Affirmative = tri, tristate, y, yes

Default = not tristateable

Arc attribute  Syntax

Tarc_type

Alphanumeric

Recognized options = clk, clk_gen, clock, clock_generator
Recognized options = cntrl, control, ctrl, d, data
Default = data
Tdft_io Alphanumeric
Recognized options = pi, po, primary_input, primary_output
Recognized options = tp, test_point
Recognized options = tpo, test_point_output, test_pt_output
Ta_d Alphanumeric
Recognized options = a, analog, d, digital
Default = digital
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In EDIGRAF or TEA, the edit command will allow the user to view and/or change the
value for an attribute. Stats on a node will allow the user to view attribute values.

Besides connectivity, TEA uses attribute values to decide how to handle a node in a
given situation. Attributes provide valuable insight into the function and purpose of a
node. Since TEA tries to evaluate schematics from just this topological information,
completing attribute values accurately is extremely important for accurate tool results.
If attributes are not assigned, not assigned completely, or not assigned with
proper syntax, the tools will, in general, give unpredictable results. Following
are lists of attributes that should be completed for acceptable results from the given
tools.

Table 2-3. Attributes and Syntax Needed for
Design for Testability Guideline Checker

Node Attribute Rule Meaning
inport_id gl 01 clear, clr, pre, preset
gl 02 clear, clr, pre, preset

gl 03 dsel, dselect, strobe

gl 04 tetrl, trictrl

gl 05 enable, hold

gl_06 add_latch_en, address_latch_enable, ale, chip_sel, chip_select

gl _06 cs, rd, read, read_write, readwrite, rw, wr, write
gl 07 bus, bus_control, bus_ctrl, bus_node, busnode, ctrl, cntrl,
control

gl 14 clk, clk_gen, clock, clock_generator
g2_03 clock, clk, clk_gen, clock_generator
node_name all rules alphanumeric
outport_id all rules  alphanumeric
g2 01 clk, clk_gen, clock, clock_generator
g2 03 carry, carry_out, co

Tboard all rules alphanumeric
Tchip_maxfan g2 05 integer
Tcount_bits g2 03 integer
Tdevice_type gl 12 a, analog, d, digital
gl 13 a, analog, d, digital
Tlogic_family g2 04 ttl, iil, ecl, cmos, nmos, gaas, other
Tlogic_type gl 07 combinational, comb, comb_logic
gl_08 combinational, comb, comb_logic
Tnode_spec_type gl 09 alphanumeric
Tnode type gl 01 count, counter, ctr, ff, flip_flop, flipflop,
gl 01 reg, register, shift_register, shiftregister, sr

gl 02 counter, ctr, ff, flip_flop, flipflop,
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gl 02 shift_register, shiftregister. sr, reg, register

gl 03 multiplex, multiplexer, multiplexor, mux

gl _05 microprocessor, U_proc, up, uproc, processor

gl 06 dram, fifo, mem, memory, prom, sram, ram, rom

gl 07 bus, bus_control, bus_ctrl, bus_node, busnode, ctrl, cntrl,
control

gl 10 fanout, copy, null

gl 13 da, data_acquisition, mix

gl 14 clk, clk_gen, clock, clock_generator

gl_16 one_shot, oneshot

g2 01 clk, clk_gen, clock, clock_generator

g2 03 counter, ctr, count

g2 05 fanout, copy, null
g2_06 dram

Tsubsystem all rules alphanumeric
Ttri_state gl 04 tri, tristate, y, yes

Tasych

gl 11 tristate, tri, y, yes
gl 14 asynchronous, y, yes, async, asynch

Arc Attribute Rule Syntax

Tarc_type gl_14  clk, clk_gen, clock, clock_generator
Ta d gl _12 a, analog, d, digital
gl 13 a, analog, d, digital

Table 2-4. Attributes Used by Design for Testability Guideline
Checker to Determine Primary Input Controllability

Node Attribute  Syntax

Tnodetype scan, scannable, scan_reg, scan_register, hi, lo,
gnd, one, vdd, vcc, ves, vss, zero, gronnd, constant
Tlogic_type comb, combinational, comb_logic
Tboard alphanumeric
Tsubsystem alphanumeric
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Arc Attribute

Syntax

Tarc_type
Tdft_io

d, data, ctrl, entrl, control
pi, primary_input, po, primary_output, tp, tpo,
test_point, test_pt_output, test_point_output

Table 2-5. Attributes Used by Design for Testability Guideline
Checker to Determine Primary Output Observability

Node Attribute  Syntax

Tboard alphanumeric

Tlogic_type comb, combinational, comb_logic

Tnodetype scan, scannable, scan_reg, scan_register, ff,
flip_flop, flipflop, ctr, count, counter, reg, register,
shift_register, shiftregister, sr

Tsubsystem alphanumeric

Arc Attribute  Syntax

Tarc_type
Tdft_io

d, data, ctrl, cntrl, control
pi, primary_input, po, primary_output, tp, tpo,
test_point, test_pt_output, test_point_output

Table 2-6. Node Attributes Set by BIT Recommendation Tool (BRT)
Attribute Meaning

Tag_name set by BRT, name of the AG to which this chip belongs
Tag_test set by BRT, AG test scheme

Tconfig set by BRT, holds name of specific scan configuration
Tgroup set by BRT, node grouping scheme
Ttest set by BRT, node test scheme
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Node Attribute

Table 2-7. Attributes Needed
for BIT Recommendation Tool (BRT)

Meaning

inport_id
output_id
node_name
Tasynch

Thbit

Tboard
Tdevice_type
Tfault_cov
Thw_module
Tlogic_family
Tlogic_type
Tnode_spec_type
Tnode_type
Tscan
Tselftest
Tsp_ag_name
Tstates
Tsubsystem
Ttest_len

label for the input port of an ADAS node

label for the output port of an ADAS node

name of ADAS node

does the user intentionally use this chip asynchronously?
is this a node that contributes to the BIT?

to which board does the node belong

analog, digital, mix

user-provided fault coverage for Ttest_len vectors
number of gates of node

to what logic family is the node’s I/O compatible?
combinational, sequential

specific device type

general type of node

is this chip scannable?

is this chip self testable?

name of the ‘‘special’’ AG to which this chip belongs
number of single-bit memory, not including RAM/ROM
to which subsystem does the node belong?

number of user-provided test vectors

Arc Attribute  Meaning

Tarc_type data/control/clock
Tdft_io is this a primary I/O or test point?

Ta d

is this an analog or digital signal?

Table 2-8. Attributes Needed for BIT

Overhead Summary and BIT Placement Recommendation

Node Attribute

Meaning

node_name
Tag_name
Tboard
Tnode_type
Tsp_ag_name
Tsubsystem

name of ADAS node

set by BRT, name of the AG to which this chip belongs
to which board does the node belong

general type of node

name of the ‘‘special’’ AG to which this chip belongs
to which subsystem does the node belong?
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Arc Attribute  Meaning
Tdft_io is this a primary I/O or test point?

Table 2-9. Attributes Needed for System Summary
Node Attribute Meaning

node_name name of ADAS node

Tag name set by BRT, name of the AG to which this chip belongs
Tag_test_time time or test vectors needed to test this AG

Tbit is this a node that contributes to the BIT?

Tboard to which board does the node belong

Tfault_cov user-provided fault coverage for Ttest_len vectors
Tsp_ag_name name of the “special” AG to which this chip belongs
Tsubsystem to which subsystem does the node belong?

Ttest_len number of user-provided test vectors

Arc Attribute  Meaning

Tarc_type data/control/clock

Tdft_io is this a primary I/O or test Lunt?
Ta d is this an analog or digital signal?

2.3.3. VHDL Descriptions of ADAS Nodes. ADAS provides a facility for functional
simulation of a system using VHDL. ADAS will provide the VHDL code of an entire
system given the code segment for each node/module in a graph and the graph
describing the connectivity of the modules. VHDLGEN uses attribute entity name
to find the entity description for a node and arch_name for the architecture body for
that node.

TEMPGEN, another ADAS utility, creates an ADAS node template from a VHDL code
segment. An entity description file is used as input and a hardware template data
base is created. EDIGRAF’s merge function can be used to get all the necessary
hardware templates into a single template data base for TEA.

The TEA methodology encourages users to have a functionally correct description of
their system before entering TEA so that when TEA has completed its task of suggest-
ing changes to improve testability the user has a functionally correct target to bench-
mark. TEA provides a library of built-in test support modules, including pseudoran-
dom test pattern generators, built-in logic block observers, and scannable registers,
that could be placed in an ADAS hardware graph to implement a particular technique.
The BIT tools know about these modules and use them to implement the BIT tech-
niques which are known to the system. So that the user can resimulate his system for
functional correctness, TEA provides VHDL code segments and ADAS templates for
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each of these modules.

This manual is not intended to instruct in the use of VHDL or ADAS utilities other
than those used in TEA. Other supplemental reference materials are required for this.

2.3.4. User Information via VMS Logicals. There are two very specific instances
where additional information is provided to TEA outside the ADAS data base.

When the user wants to add his own design for testability guidelines to those known
by the Design for Testability Guideline Checker (Paragraph 2.7.1), he must set a logi-
cal, tea_rules, to point to the file that contains the names of the available guidelines,
one per line.

When the user wants to provide information about specific integrated circuits for the
BIT Recommendation (Paragraph 2.7.2) tool to use in making decisions about how to
group chips into ambiguity groups, he must set a logical, tea_brt, to point to a file
that contains the name of the file where the library resides. The format and further
information concerning this file is found in Paragraph 2.7.2.

2.4. TEA Output. TEA is a knowledge-based system that tries to match graphs against
patterns known to inhibit testability. TEA will not try to work ‘“behind the user’s
back” and change the user’s schematic because an arbitrary pattern was matched.
Rather, TEA will inform the user via output reports that certain configurations had
been noted in the schematic and that the user has the option to do something about
these features so that testability will be increased.

In later paragraphs, the specific tools will be described along with the output reports
because this is TEA’s primary means of disseminating information to the user. This is
a design feature that affords the user flexibility and input into the solution of any tes-
tability inhibitors. TEA is not designed to be an arbitrator, but as a checklist for
adherence to known ‘“‘good’’ testability guidelines. It is hoped that this method of gui-
dance will encourage cleverness on the part of the designer/test engineer rather than
strict conformity to rules.

The only tool that has an option to change a user’s graphs is the BIT Placement
Recommendation tool, and then no change will be made to any graph except at the
option of the user. BIT Placement Recommendation will add BIT support modules to
a user’s design to support an implementation of an on-board BIT technique.

This philosophy applies not only to the graphical version of the schematic, but to the
data base. TEA will only change data base attributes as necessary to communicate
from one tool to another. For instance, BIT Recommendation will fill in the node
attributes that indicate the ambiguity group to which the node has been assigned and
how that ambiguity group is to be tested.

TEA is designed to keep the user as well informed as possible. The on-line help infor-
mation system is driven by the ‘‘position” of the user in the menu hierarchy. This is
TEA’s attempt to ‘‘keep a finger in the right place in the manual” for the user. The
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written documentation is designed to supplement and expand on the on-line informa-
tion.

2.5. The TEA User Interface. TEA provides the user with a color schematic or *‘current
view” of the design and a menu-oriented interactive user interface, which is identical
to the ADAS user interface. The user is prompted for choices at each step of the pro-
cess and the user either chooses menu options from the graphics display with the
mouse or types in his selection (only as many letters as necessary to uniquely identify
the selection) at his keyboard. Many of the menu selection items on the TEA top-level
menu are identical to EDIGRAF options. Refer to the Software System User Manual
for TEA for more details on menu options.

As in ADAS, TEA users communicate with the data base through tools and utilities
attached to the user interface. The user interface formats all requests and inquiries of
the data base and receives all responses from the data base. As the user answers
inquiries, the user is prompted for more information needed to invoke a tool or, finally
the tool is invoked. When an action has been completed, process control is returned to
the top-level TEA menu and another action can be initiated.
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2.6. The TEA Utilities. Utilities enable the user to view and print output reports, to
select special ambiguity groups, and to obtain on-line help about user functions, tool
data bases, and tool outputs.

For the following discussion, menu selections and attributes (start with “T'") are
shown in boldface type. Unless otherwise stated, program control is returned to the
user interface and the TEA top-level menu at the completion of the program’s execu-
tion.

2.6.1. _Ambiguity Group Names (ag name). The Ambiguity Group Names (ag_name)
TEA utility has three functions:

a. to check connectivity of ambiguity groupings.

b. to access the ambiguity group name of any node as input to the BIT Overhead
Summary and BIT Placement Recommendation tools. The user may view and
edit these groups.

c. to maintain a list of special ambiguity groups as input to the BIT Recommen-
dation, BIT Overhead Summary, and BIT Placement Recommendation tools.
The user may view, add, and edit these groups.
2.6.1.1. Connectivity Check (conn check).

Conn_check is a validity check for ambiguity groups. All nodes in a valid ambiguity
group must be directly connected. Conn_check is automatically called by both
reg_ag and spcl_ag.

If nodes in an ambiguity group are not connected, then it will be very difficult to test
those nodes as a group, and it will be extremely difficult to isolate faults to the group.
If the user finds that the groups he has selected are unconnected, he should consider
multiple groups or consider adding intermediary nodes to the group to maintain con-
nectivity.

This utility should be run each time the user alters the grouping of a board’s nodes.
The BIT Recommendation Tool will only recommend groupings of nodes connected via
data paths.

Inputs.
The user inputs the board and subsystem of interest via the user interface.

Processing.
This paragraph contains a high-level description of the process called conn_check.
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get nodes on Tboard and Tsubsystem
find all ambiguity groups
check connectivity of each group
output message
if ok

issue ‘‘no error’’ message
if not ok

issue ‘‘error’ message

Limitations.
ADAS data base graphs must have been previously created before TEA is entered.
Biports are ignored.

TEA supports the concept of ADAS buses, but all buses are assumed to be a single bit
in width.

Conn_check works on a “flattened’ graph so attributes set on non-leaf nodes will be
ignored. Attributes assigned to “fanout’’ nodes will also be disregarded.

Outputs.
Conn_check will issue a message to indicate whether it found errors or not.

Conn_check will create an output report using the report generator. The following is
a sample output report from conn_check. The standard header is shown here, but
will not be repeated in further example output reports for the sake of brevity.

The standard header shows the date and time of creation, the user, the graph name,
the data base filename, and the output report name. The body of the report shows
that an error in choosing ambiguity group ‘‘foo’” has occurred. The user needs to
select nodes which are connected by some direct path to form an ambiguity group.
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Test Engineer’s Assistant (TEA) Output Report

ADAS/TEA Version: PROTO.TYPE
Research Triangle Institute

P.O. Box 12194

Research Triangle Park, NC 27709

Date/Time: Thu Oect 15 09:04:35 1987

User: JIH

Graph:
Current View Graph: Avionic_System_Hardware
Current View Filename: system.hwg

Output Report Filename = ag_name0l.rpt

AMBIGUITY GROUP NAMES

(ag_name conn_check)

AG ‘foo’ containing the following nodes is not connected
n3
nl0

ag_name conn_check completed

Error Message/Action.

TEA will allow the user to continue even if unconnected groups exist. The user should
carefully consider the results of this action.

Additional Information.

See paragraph describing

a. report generation (Paragraph 2.6.2)

2.6.1.2. Regular Ambiguity Groups (reg ag).

The purpose of reg_ag is to allow the user to
a. conveniently view nodes which are in regular ambiguity groups
b. edit the Tag _name of any node assigned to a regular ambiguity group

The Tag _name attributes are assigned by the BIT Recommendation; reg_ag influ-
ences the BIT Overhead Summary and BIT Placement Recommendation tools by
allowing changes to the output of BIT Recommendation. The user may assign nodes
from special ambiguity groups to regular ambiguity groups, further affecting the out-
put of BIT Recommendation. Conn_check is automatically called at the completion
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of reg_ag.

Inputs.

The board and subsystem are input to reg_ag. The user must input the ambiguity
group to Le edited. The next menu shows all nodes on the board. Those that are
currently assigned to the regular ambiguity group are shown in one color (yellow), ones
assigned to special ambiguity groups are shown in another (magenta), those assigned to
other regular ambiguity groups are shown in a third (orange), and all others are shown
in white.

Each ambiguity group on a board has a unique name. If the ambiguity group is ‘‘regu-
lar” (i.e., assigned by BIT Recommendation), the name is stored in Tag_name. If the
ambiguity group is ‘‘special” (i.e., assigned by the user), the name is stored in
Tsp_ag_name.

The Tag_name attribute of each node assigned to an ambiguity group is updated to
reflect the ambiguity group name. If a special ambiguity group node is switched to a
regular ambiguity group, the Tsp_ag_name attribute is cleared and the Tag name
is set appropriately.

Processing.
This paragraph contains a high-level description of the process called reg_ag.

get_user_input (Tsubsystem) = TSUBSYSTEM
get_user_input (Tboard) = TBOARD
display Tag_names of nodes on TSUBSYSTEM and TBOARD
get_user_input (Tag_name) = TAG_NAME
display nodes with TAG_NAME in colorl
display nodes with any Tsp_ag_name in color2
display other nodes in color3
while get_user_input (node_name) = NODE_ID
if color (NODE_ID) = color1l
color (NODE_ID) = color3
color node NODE _ID in colorl
if get_user_input (done)
while nodes that are colorl :
Tag_name (node_name) = TAG_NAME
if node_name (Tsp_ag_name)
Tsp_ag_name (node_name) = null
exit
endif
endwhile
endif
endwhile.
conn_check.

Limitations.
ADAS data base graphs must have been created prior to entering TEA.

Ambiguity groupings are required to have unique names on any one board. If boards
are divided among graphs, then reg_ag will have to be executed once per graph to
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fully itemize all regular ambiguity groups.

The user may not edd any new ambiguity groups with reg_ag.

Nodes that are part of a special ambiguity group cannot also belong to a regular ambi-
guity group. Tsp_ag name gets cleared.

Only one ambiguity group may be edited or viewed with a call to ag name. If the
user needs to edit or view multiple groups, multiple calls must be made.

Outputs.

The Tsp_ag_name and Tag_name attributes are updated.

The following is a brief report that shows that conn_check is run after reg_ag is run
to make sure that the user has not destroyed the connectivity that needs to be present
for ‘ppropriate addition of a BIT technique. A repost will only be generated if
conn_check finds a connectivity error. Here, ambiguity group ‘‘agl” has become
disconnected. Nodes assigned to ‘‘agl’’ are bitl, FF1, CTR1, bit3, and CTR2.

***Insert STANDARD HEADER here***

AMBIGUITY GROUP NAMES
(ag_name conn_check)

AG ‘agl’ containing the following nodes is not connected
bitl
FF1
CTR1
bit3
CTR2

ag_name conn_check completed

Error Message /Action.

Additional Information.

See paragraphs describing
a. data base attributes and valid syntaxes (Paragraph 2.3.2)
b. conn_check (Paragraph 2.6.1.1)

c. output report header information (Paragraph 2.6.2.1)

2.6.1.3. Special Ambiguity Groups (spcl ag).

The purpose of having special ambiguity groupings is to influence the BIT Recommen-
dation, BIT Overhead Summary, and BIT Placement Recommendation tools. The user
has control over these special groupings and can change them using spcl_ag to see
how these groups affect the outputs of these tools.
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The user introduces special ambiguity groups because he has nodes that he wants to
test as a group. These can arise because of computed test vectors or error analysis.
The designer may have unique insight gathered from a previous design, or he may be
more comfortable with predetermined groupings.

When the BIT Recommendation Tool recommends groupings, function is not con-
sidered very significantly. As an example of a special ambiguity group, the user may
wish to combine address decoders with input latches as a standard practice. This is
done using ag_name spcl_ag before running the BIT Recommendation Tool.

The purpose of spel_ag is to
a. allow the user to conveniently view nodes in specific special ambiguity groups
b. add special ambiguity groups

c. edit the Tsp_ag name of any node assigned to a special ambiguity group.
Note that the output of BIT Recommendation is invalidated if the user makes
changes with spcl_ag. The user may assign nodes from special ambiguity
groups to regular ambiguity groups, thus further affecting the output of BIT
Overhead Summary.

Inputs.

The user inputs the board and subsystem names. If the user wishes to add nodes to a
new group, the user will have to signal the tool with the name of the new group. The
next menu shows all nodes on the board. Those that are currently assigned to the spe-
cial ambiguity group are shown in one color (violet), ones that are assigned to any
other special ambiguity groups are shown in another (magenta), ones assigned to regu-
lar ambiguity groups are shown in a third (orange), and all others are shown in white.

The Tsp_ag_name attribute of each node assigned to an ambiguity group is updated
to reflect the special ambiguity group name. If a regular ambiguity group node is
switched to a special ambiguity group, the Tag name attribute is cleared and the
Tsp_ag_name is set appropriately. Conn_check is run to make sure that all ambi-
guity groups are connected.

Processing.
This paragraph contains a high-level description of the process called spcl_ag.

get_user_input (Tsubsystem) = TSUBSYSTEM
get_user_input (Tboard) = TBOARD
display Tsp_ag_names of nodes on TSUBSYSTEM and TBOARD
get_user_input (Tsp_ag_name) = TSP_TAG_NAME
display nodes with TSP_TAG_NAME in colorl
display nodes with any Tsp_ag_name in color2
display other nodes in color3
while get_user_input (node_name) = NODE _ID
if color (NODE_ID) = colorl
color (NODE_ID) = color3
color node NODE _ID in colorl
if get_user_input (done)
while nodes that are colorl
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Tsp_ag_name (node_name) = SPTAGNAME
if node_name (Tag_name)
Tag_name (node_name) = null
exit
endif
endwhile
endif
endwhile.
conn_check.

Limitations.
ADAS data base graphs must have been created prior to entering the TEA.

Ambiguity groupings are required to have unique names on any one board. If boards
are divided among graphs, spcl ag will have to be executed once per graph to fully
itemize all special ambiguity groups.

Nodes that are part of a special ambiguity group cannot also be part of a regular ambi-
guity group. Tsp_ag name get cleared.

Biports are ignored.

TEA supports the concept of ADAS buses, but all buses are assumed to be a single bit
in width.

Only one ambiguity group may be edited or viewed with a call to ag name. If the
user needs to edit or view multiple groups, multiple calls must be made.

Outputs.
The Tsp_ag_name and Tag_name attributes are updated.

Error Message /Action.

Additional Information.

See paragraphs describing

a. conn_check (Paragraph 2.6.1.1)

2.6.2. Report Generation/Access (log file). Output from TEA is available from the
“Report Generation/Access”” routine. Each TEA tool generates a slightly different
form of output during execution. The purpose of the report generator is to collect all
significant data and generate a useful output report. Dft is different from the other
tools, as it creates an intermediate file and the report generator transforms it into a
‘“normal” output file. The log_file (report access) option of the TEA top-level menu
is used to either view the report or print the report on a local printer.
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TEA reports are created in files with extensions
a. rpt
b. dwg
c. help

depending on the tool and contents. The report access routine will only be looking for
files with these extensions.

2.6.2.1. Report Generation. This is a unique TEA utility because it cannot be accessed
from any menu; it is automatically called at the end of each tool run.

Inputs.

The “current view”’ ADAS data base, operating system variables, output from a TEA
tool, and the TEA menu data bases are the inputs to report generator. The ‘“current
view” data base and TEA menu data base provide intermediate information to the
report generator.

Information from the operating system (e.g., user’s name), needed for the output
report header, is obtained directly from the operating system.

The results.tmp file contains all information that identifies violations found by dft.
The format has been defined such that the TEA report generator, written in C, can
access the results of the dft Prolog code. This file is removed by the report generator
after it has been transformed into a ‘“‘normal” output report.

Each dft guideline executed inserts a predefined header to identify to the report gen-
erator which guideline violations are to follow. This is represented in the file as
'*g1_02*’. The violations are then listed in one of two ways

a. single node violations,
b. list of node violations.

A single node violation is represented in the results.tmp file as a two line entry. The
first line is the standard guideline header, "*g1 _02*’, and the second line identifies the
specific node in violation of the guideline along with the specific type of violation, the
port, and any other specific node information required to generate the output report.

A list of violations is represented in the same way as single violations, however, multi-
ple nodes are listed after the guideline header instead of one.

In addition, information for the output report is contained within the results.tmp file
which is not part of the violation. These are lists of nodes which represent a certain
type or function. The information lists are represented by unique header, such as
"*gl_02_ff ctr_sr_list*’, on a single line, followed by the list of nodes. Each node in
the list is on a separate line and enclosed in asterisks so that the node is not
highlighted, like nodes involved in violations.
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A sample results.tmp file:

*DFT_Analyze*

*g1 02*

*gl _02*

U22 rl port=7 clear
*g1_02*

U24 r1 port=7 clear
*gl 02*

U25 rl port=7 clear
*g1 02 ff ctr_sr_list*
*U10*

*U11*

*U12*

*U13*

*U14*

*U15*

*U16*

*U18*

*U2*

*U22*

*U24*

*U25*

*U4*

*Us*

*UG*

*U7*

*Us*

*Ug*
*done_report_list*
*g1 02_END*

Explanation:

Node “U22” has a violation of guideline g1 02 at port 7. The inport_id (or name) of
this port is “clear.” The violation is “‘r1’”’ which states that the “clear” inport of node
“U22"” is not primary input controllable. Node “U22” is highlighted.

A list of flipflops, counters, and shift registers found in the ‘“‘current view.” Asterics
indicate that the node is NOT to be highlighted.

Processing.

The following presents the high-level algorithms, special control features, and error
handling features of the report generator.
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AskUserForFileName(Tool_n.extension)
If(FileName.extension EXISTS)
IncrementVersionNumber(n)
If(Tool = dft)
Open(results.tmp)
If Open(results.tmp) = NULL
Write(results.tmp: can’t be opened)

Exit
Open(File.extension)
GetHeaderInfo
Print(Header)
_ Case Buffer
' Tooll/Optionl:
Call Print_Tooll_Option1()
Tooll/Option2:
Call Print_Tooll_Option2()
°
°
)
EndCase
Close(File.extension)
End.
Limitations.

The report generator is unaccessible via any TEA menu. At the completion of a TEA
tool’s execution, the process is started and a report is generated in the local directory.

An appropriate filename extension (.rpt, .dwg, .help) will be added to user-specified
filenames, if they are not specified.

Outputs.

At the completion of report generator, a file is generated in the current directory for
use by the report access routine. The filename is (by default) toolname_n.rpt, where n
is the next higher integer of any other report file from the same tool. Wiring diagrams
will be output by placebit and compare (see Paragraphs 2.7.4 and 2.7.5). These files
will have the filename format toolname_n.dwg. dft explain (see Paragraph 2.7.1) will
output files of the format rule_name.help. Examples of a output reports will be illus-
trated in the discussions of the TEA utilities and tools in Paragraphs 2.6 and 2.7.

If colors are changed on the ‘“‘current view’ as the result of tool output, original node
and arc coloring can be restored by using the window utility, selecting the center of
the screen and a scale factor of 0.

If the user does not want to receive one or more of the output reports, he should insert
nl: in response to the prompt.

All output reports will have a standard header as shown in Figure 2-5. The standard
header shows the date and time of creation, the user, the graph name, the data base
filename, and the output report name.
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Test Engineer’s Assistant (TEA) Output Report

ADAS/TEA Version: PROTO.TYPE
Research Triangle Institute

P.O. Box 12194

Research Triangle Park, NC 27709

Date/Time: Thu Oct 15 09:04:35 1987

User: OTOOLE

Graph:
Current View Graph: Avionic_System_Hardware
Current View Filename: system.hwg

Output Report Filename = system.rpt

Tool name
(options list)

Figure 2-5. Example of Generated Report Header

Error Message /Action.

Message Action

The results.tmp file does not exist Make sure that dft results are
available
The output file cannot be opened  Check read/write privileges
Report Generator is not available Check input
for <undefined function>

Additional Information.

2.6.2.2. Report Access (log file).

Inputs.

The user must select log_file from the TEA top-level menu. From the submenu, the
user selects either view or print. The user must then select the directory and file to
be displayed.

Processing.

If the tool is in view mode, log_file will use the type/page VMS command. If the
tool is in print mode, log file will use the VMS print command with no options.
The default printer is used. All files ending in .rpt, .help. and .dwg in the chosen
directory will be listed.
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Limitations.
Outputs.
Data is either spooled to the terminal or the default printer.

Error Message /Action.

Additional Information.

See paragraph describing
a. report generation (Paragraph 2.6.2.1)

2.6.3. On-line User Support System {(help / %help). The On-Line User Support System
is a readily-available reference for the user of the Test Engineer’s Assistant. The
material which can be referenced by the user has information about each of the tools
and utilities, especially the User Interface. The on-line material references hardcopy
documentation when available. Special attention is paid to each of the design for tes-
tability guidelines (e.g., statement, how they add to testability, alternative constructs,
and attribute syntax).

Most menus associated with the User_Interface will have a %help choice available;
this allows the user to indicate that he wishes further information. Depending on the
menu from which %help is chosen, the user will be directed to the material most per-
tinent to the tool and to the submenu he had been investigating. In this way, the
material that is most useful or timely will be provided first. TEA’s top-level menu has
a help option instead of Z%6help like all other menus.

The storage of the on-line documentation is hierarchical; therefore, if the information
provided initially to the user is not what is needed, the user can either step further
into the hierarchy (more specific information) or back out (less specific) and take
another path. Zhelp is a short-cut into the on-line documentation. When %help is
chosen as the menu option, the user is returned to the calling menu when the on-line
documentation is exited. The explain option of the Design for Testability Guideline
Checker allows a shortcut to the information concerning each of the guidelines imple-
mented.

Inputs.

The user must chose Zohelp from a menu, any of the Design for Testability Guideline
Checker (dft) explain options, or placebit <technique>> no to access the library.

Process Control.

Three possible process control scenarios can occur:

a. when a user selects %phelp, he has unlimited access to the on-line user docu-
mentation until he exits, then the process control is returned to the calling
menu
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b. when'a user selects dft explain, he has unlimited access to the on-line user
documentation until he exits, then process control is returned to the TEA
top-level menu

c. when a user selects placebit <technique> no, he will get general informa-
tion about tle chosen technique dumped to a file called placebii_n help by
default .

Processing.

Refer to Chapter 8 of the VAX,/VMS Utility Routines Reference Manua!. April 1986.
Limitations.

ADAS data base graphs must already have been created before TEA is entered.
Outputs.

No files are created by the On-line User Support System. If the user indicates that he
wants to save the output of an dft explain session. the User Interface invokes the

Report Generator. The Report Generator is automatically invoked if placebit
< technique> no is selected.

Error Message /Action.

Additional Information.

See paragraph describing

a. dft explain output report example (Paragraph 2.7.1)

2.6.4. Save (save).

The save function provides a method for the user to write changes made to the
“current view’’ data base files. The TEA save function differs from the ADAS save
function in that the user is allowed to save a copy of the current graph and associated
subgraphs under a new filename. TEA will also allow overwriting of the existing file,
just as ADAS does. The new feature allows the original graph data base to be
retained, if desired. This option is valuable in cases where incremental changes must
be assessed for one reason or another. An example would be a cost assessment trade-off
study where the total computed cost is not always the linear sum of the individual
changes. By retaining previous versions of the hardware graph. multiple combinations
may be analyzed.
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Inputs. The save unit has several inputs depending on the menu options selected by
the user:

a. the “current graph” filename
b. the filename for the copied graph (if required)
¢. the filename of all subgraphs (if required)

d. the “.hwg” filenames in the directory to which a copy of the *‘current graph™
is to be made (if required)

e. user commands to traverse through the menu hierarchy

The ““current graph” filename represents the original graph before any changes were
made in the current TEA session. When a graph structure is copied to another file,
TEA'’s user interface checks the user's VMS directory for existing hardware graph files
of the same name. If a file already exists, the user is prompted to specify a new
filename. When prompted, the user may also specify a filename. located in another
directory, by specifying the full VMS path.

Processing. The save command has two subfunctions:

a. the new_copy command for saving a copy of the current graph, subgraphs,
and template files to an external file/tree structure without altering the origi-
nal data base files

b. the overwrite command to save the “‘current view'’ graph in the current data
base files without making a copy of the structure

Graphs which are saved using the new_copy command are copies of the ‘“‘current
view” graph with all the associated subgraphs and template files. The user is
prompted for the filename where the copied graph will reside. All subgraph name
attributes are automatically modified to accommodate the new filenames.

To protect the user against the quit save option, the user is prompted to indicate
whether the ‘‘current view” graph should be overwritten with the modified “‘current
view'’ graph.

Limitations.
ADAS data base graphs must already have been created before TEA is entered.

Outputs.
Either new files or new versions of old files are created in the appropriate directory.
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2.7. The TEA Tools. The set of tools developed as part of TEA includes five processes
which will be described here. Figure 2-6 is a diagram depicting these tools and the
information obtained from each. The following paragraphs will describe the inputs,
outputs. limitations. and processing needed for each tool.

The TEA system accepts an ADAS schematic of the system. which has been function-
ally verified using VHDL, as its input. After BIT has been added to the system. the
TEA methodology supports resimulation of the system in VHDL with the added BIT
features and test modes by providing VHDL descriptions of the BIT modules and by
instructing in the use of the modules under normal and test modes.

The Design for Testability Guideline Checker, or dft. uses a data base of commonly
accepted design for testability guidelines to identify hard-to-test and untestable struc-
tures in a digital board design. The design topology and functions are compared to the
guidelines (rules) and if any violations are found. a message is issued to the user. On-
line documentation and support facilities aid the designer in removing or replacing the
predefined untestable structures with more easily testable substitutes which guide the
user to a testable design. Explanation of why a particular structure is untestable is
also provided upon request.

The guidelines, or rules, are roughly divided into two groups: those that aid test pat-
tern generation (e.g., make any buried control line primary input controllable) and
those that aid test pattern application and fault isolation (e.g., break up long counter
chains with logic that allows direct external control). Approximately 25 predefined
guidelines are implemented in the current version of the tool. Additionally, a utility is
provided so that dft can be field-upgradable with user-installed guidelines.

When a testability inhibiting factor (e.g., uncontrollable feedback) is found in the
design, the user’s “‘current view’’ is updated to show the violation in contrasting colors,
and a report file is written showing the modules forming the pattern in violation and
alternatives to that structure.

Dft uses a directed graph view of the system as its input. The tool then uses graph
traversal and pattern matching procedures to analyze the graph for design for testabil-
ity guideline violations. The graph traversal techniques are used so that many possible
occurrence variations can be matched with the general guidelines.

In addition to the analyze function described above, dft provides both an identify and
an explain function. The identify function allows the user to select a particular
schematic component (e.g., all test points), and that component is highlighted on the
“current view.” The explain function allows the user to see all the on-line information
available about a particular guideline. including the purpose of the guideline (e.g.,
avoid one-shots as delay elements because of their tendency to drift and provide
unreliable timing pulses) and alternative constructions (e.g., use counters or timers
instead of one-shots for delay elements).
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Once untestable features have been removed from a design. BIT can effectively be
added. Three tools provide the TEA BIT support functions. They can be invoked on
each board as attributes of the system change so that the user can view the effect of
the attributes on the results. For instance, the user may define special ambiguity
groups, or groups of chips to be tested together, and the tool will assign the remaining
groups to maintain these special groups. The tools communicate with each other by
updating the internal schematic data structure. Each tool provides the user with
reports of its recommendations and/or findings.

BIT Recommendation, or brt, uses linear programming techniques to assign chips tc
AGs, such that the AG maximum size requirement is met and the input/output
to/from the AG is minimized so that the hardware needed to monitor the groups is
also minimized. Secondary constraints on AG choices can include such testability fac-
tors as reliability, cost to replace, and difficulty in obtaining test vectors. After the
AG partitioning is accomplished, the tool recommends a BIT technique for each AG:
however, if sufficient information about the board is not available, the user must
choose a -upported BIT technique. TEA supports both on-line and off-line BIT tech-
niques. The off-line techniques include deterministic, pseudorandom. and combina-
tions of deterministic and pseudorandom test pattern techniques.

Once chips have been assigned to AGs, BIT Overhead Summary, or bit_cost. calcu-
lates the hardware overhead needed to adequately monitor the groups given the chosen
BIT technique. This tool has knowledge of a data base of provided BIT modules and
knows about how to assign observation and control points to the modules to obtain the
fault isolation desired without over burdening the circuit.

BIT Placement Recommendation, or placebit, uses the chosen BIT technique and the
ambiguity group information derived by BIT Recommendation to update the
schematic to show the addition of the BIT support modules and required test points.
The exact overhead required for this particular set of graphs is known after this tool
has been run.

At any point in the TEA methodology the user can choose to ‘‘freeze’” versions of the
graph hierarchy to use as ‘‘baselines” or checkpoints on the design. In addition to
being an aid to design documentation, System Summary, or compare measures any
change in the graphs that possibly contributes to the testability of the design. Dft
and brt give recommendations that may significantly affect these factors.

It is recommended that the user make frequent use of the TEA utility save so that
intermediate results from the TEA tools are not inadvertently lost.

2.7.1. Design for Testability Guideline Checker (dft). One of the approaches used to
reduce testing costs (e.g., length of test vector sequence, number of test points) is to
recognize testing difficulties when designing the system, subsystem, board. or chip and
incorporate certain features in the design. In other words, we must include testability
requirements as design parameters at all levels of the design hierarchy. This procedure
is known as design for testability (DFT), where testability is defined as a design
characteristic which allows the unit’s status (operable, inoperable, or degraded) and
the fault locations within the unit to be confidently determined in a timely fashion.

2-35




The incorporation of design for testability methods in electronics first became practical
with the onset of LSI logic in the 1970’s. Though the military has devoted much effort
to DFT, no integrated procedure for incorporating testability requirements existed in
military programs until recently. This has been remedied by the issuance of MIL-STD-
2165 in 1985 by the Navy Test and Monitoring Systems and the Joint Logistics Com-
mander Panel on Automatic Testing. This standard, along with other guidelines and
standards, will define and coordinate the inclusion of testability requirements in elec-
tronic systems of the future.

In dealing with the testability of a design, two key underlying concepts, controllability
and observability, are often used. Controllability is defined as a relative measure of
how easily a node or point can be forced to a specific logic value by setting the inputs.
Likewise, observability is a measure of how easily the logical value of a node can be
propagated through the unit to a primary output where it can be noted. Many of the
common DFT techniques are used to enhance the controllability and observability of
certain parts of a design in order to ease the testing problem.

The purpose of the DFT Guideline Checker is

a. to check features of a board level design captured in ADAS hardware graphs
for untestable and hard-to-test construets,

b. to identify connectivity and attribute information needed to assess the appli-
cability of the DFT guidelines, and

c. to generate a report for guiding the designer toward design testability improve-
ment by recommending different constructs and/or different modules.

The guidelines on which the Checker functions operate are divided into two groups:
those that aid test pattern generation and those that aid test pattern application. If
test patterns can be written in less time, the cost of creating and maintaining test pro-
gram sets can be reduced. If the time to apply test patterns to a system can be
reduced, then the time to detect and isolate a faulty component is shortened, thus aid-
ing the maintenance function.

Inputs.

Before a dft action can be initiated, an ADAS hardware graph data base must be
created using the ADAS graph editor, EDIGRAF. The data base must be initialized to
contain attribute values required for the user-selected actions (see Paragraph 2.3.2).
This can be accomplished by using node templates with the attributes preset or by
explicitly setting the values.

The internal representation of the ADAS hardware graph data base serves three pur-
poses. First, a number of attributes pertaining to a procedure are retrieved from this
internal data base for evaluation based on user-selected options. Second, the data base
is used to allow the tool to graphically indicate its outputs. Third, the data base is
used as a reference for indicating its outputs for the generation of the output report.

Processing.

Dft analyze and dft identify loops construct two local files. graph.plis the Prolog
version of the ADAS data base. control.pl is the Prolog command file. Since dft is a
function which operates on a hierarchical ADAS hardware g¢raph data base. a local
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data base i~ constructed and modified by actions taken while in a TEA session. The
format of this local data base is identical to that described in Appendix D.

If graph.pl has been compiled since TEA was executed and the data base has not been
changed, graph.pl will not be recompiled.

The following paragraph shows a very high-level description of the algorithm used for
dft.

Get user_input(action)
If (explain)
Get user_input(guideline)
Output report
Exit.
If (analyze)
Get user_input(TSUBSYSTEMs)
Get user_input(TBOARDs)
Get user_input(guidelines)
For each guideline, TSUBSYSTEM, TBOARD
Evaluate;
If (identify)
Get user_input(TSUBSYSTEM)
Get user_input(TBOARD)
Get user_input(structure)
For structure, TSUBSYSTEM, TBOARD

Identify;
Output report
Exit.
Limitations.

ADAS data base graphs must already have been created before TEA is entered.

For proper execution of the dft procedures, the required attributes must have a legal
syntax. For each attribute there is a library of valid syntaxes or spellings (see Para-
graph 2.3.2). The user can view the valid syntax for each attribute using the explain
tool. An invalid syntax for an attribute can cause the tool not to execute or give
invalid results, depending on the attribute.

TEA supports the concept of ADAS buses, but all buses are assumed to be a single bit
in width.

Because node_name is not a normal node attribute, dft identify attribute
node_name gives an error message: ‘‘Can’t find attribute ‘node_nawe’.”’ rather than
do what is expected.

Only one dft analyze can be running in any one directory at a time since the graph
and control Prolog files are always called graph.pl and control.pl and the results are
always placed in results. tmp.

Outputs.
Dft has two outputs, depending on the actions taken by the user

a. the current hierarchical ADAS hardware graph modified to graphically indicate
the results of an action

2-37




1. nodes not involved will be colored dark gray
2. nodes involved, but not in violation will be colored light gray

3. violations will be shown in non-gray tones (cycling through the following
color list: red, green. blue, cyan, yellow, magenta, dk red, dk_green,
dk_blue, violet, dk_yellow, orange)

b. a report file which contains the results of an action

Following are four example output files. The first demonstrates the output from dft
analyze on multiple boards with multiple guidelines chosen. The second shows the
output of dft identify when the user was looking for the structure ‘“fanout > 5.
The third, very similar to the second, shows the output of dft identify when the user
was looking for the structure “‘test point”’. The final example shows the output of dft
explain; the user has chosen the guideline g2 03’s description. The header informa-
tion has been removed.
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***Insert STANDARD HEADER here***

DESIGN FOR TESTABILITY GUIDELINE CHECKER
(dft analyze)

Where:
Subsystem-
one

Board-
gl5el
gl5e2
glSextra
gl5n8
g15n9

Guidelines Selected-
gl_10
gl_11
gl 15

G1_10

No elements were observed to hold the properties
for this guideline.

High Fanout (node:port:fanout_number):

No elements were observed to hold the properties
for this guideline.

G1_11

G1_11_REC_1 - To aid test pattern generation, all
unused inputs should be terminated.

During implementation, port 'inport=0’ of node
‘singlel’ should be terminated.

G1_11_REC_1 - To aid test pattern generation, all
unused inputs should be terminated.

During implementation, port 'inport=0’ of node
‘extral’ should be terminated.

G1_11_REC_1 - To aid test pattern generation, all
unused inputs should be terminated.

During implementation, port 'inport=1’ of node
‘extral’ should be terminated.

Tristate Devices:

No elements were observed to hold the properties
for this guideline.

G1_15
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G1_15_REC - To aid test pattern generation,
uncontrollable feedback should be avoided. Listed
below are nodes contained in uncontrollable feedback.

combnodela
combnodelb
combnodelc

G1_15_REC - To aid test pattern generation,
uncontrollable feedback should be avoided. Listed
below are nodes contained in uncontrollable feedback.

node2a
node2b
node2c

There were 5 violations found.

e e e o 3 e e o ke e sk i ke ok 2 ok e e e ke o s ol sk e e o ok ke 3k e ol e e ok o ok ok s ol o ke ke ook ke ok Rk

Note to user:

If untestable structures exist in

your design, you should remove

or replace them before continuing

with the addition of built-in test.
Adding BIT to untestable circuits

does not necessarily increase testability.

Reminder:

Design for testability implemented at the board level
needs to be supported at the subsystem and system
levels. Add appropriate test communications

and control.
ko ok ik i ok ok 3k ok o ok sk sk ok ok s 2k ok ok 2 3k 2k o 3K ok ok 3 ok ok ok ke 3k ok 3k ok 3k ak ok 3k ok ol ok e 3 o ok ok ke ok Ok

dft analyze completed

The user is directed to Paragraph 3.2 where each of the design for testability guide-
lines are discussed. gl 10 finds high fanout nodes; none were encountered on the
boards analyzed. gl_11 finds unused inputs and unterminated tristate outputs; multi-
ple unused inputs are noted, however no unterminated tristate outputs were found.
gl_15 finds uncontrollable feedback loop patterns; two were noted and the nodes form-
ing those loops are listed. Only the largest loops are reported to the user. Loops
within larger loops are not found.
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3

***Insert STANDARD HEADER here***

DESIGN FOR TESTABILITY GUIDELINE CHECKER
(dft identify)

What: Fanout > 5

Where:
Subsystem-
one

Board-
bl
bX

Nodes having fanout greater than 5
Tag_name?2
PO7
Tag_name3
n4a
node5

dft identify completed

dft identify has identified five nodes that have an outport connected to 5 or more
other nodes. These nodes are listed.

***Insert STANDARD HEADER here***

DESIGN FOR TESTABILITY GUIDELINE CHECKER
(dft identify)

What: test_point

Where:
Subsystem-
one

Board-
b3
b8
bX

The following arcs were found
tpo8a/0_in
tpo8b/0_in
tpo8c/0_in
tpo8d/0_in
tpo8e/0_in

dft identify completed
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dft identify has identified five arcs that have been assigned as test points.
nodes and their associated test point inport are listed.

***Insert STANDARD HEADER here***

DESIGN FOR TESTABILITY GUIDELINE CHECKER
(dft explain)

TOOLS
DFT_Checker
Rules

G2_03

G2_03 Rule: Break up long counter chains greater than 8 bits
with logic that contains primary inputs or primary input
controllable lines.

Why?
Because this results in reduction of the number of test
patterns required to fully test the counter.

NOTE: Follow this guideline when you use more than one
counter chip to form long counters. Do not replace a single
chip (long) counter with several short counter chips.

How?
Add shorter bit counters to the circuit and provide
appropriate control.

Syntax

inport_id: clock, clk

outport_id: co, carry_out

Tarc_type: clock, clk, data, entrl, ctrl, control

Tdft_io: primary_input, pi, primary_output, po,
test_pt_output, test_point, tp, tpo

Tlogic_type: combinational, comb_logic, comb

Tnode_type: counter, ctr

dft explain completed

Error Message /Action.

Additional Information.

See paragraphs describing
a. data base attributes and valid syntaxes (Paragraph 2.3.2)
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dft explain has dumped the information stored in the On-line User Support System
about guideline g2_03 (Break up long counter chains.) to an output report. Sections of
this information include a statement of the rule, an explanation of why this rule has
been included in the data base, an alternative structure to the one found in the graph,
and the valid syntax of the attributes involved in the guideline.




b. results.tmp file (Paragraph 2.6.2.1)

¢. output report header (Figure 2-5)

d. dft guidelines (Paragraph 3.2)

e. how to add user-defined guidelines to the data base (Paragraph 3.2.4)

2.7.2. BIT Recommendation Tool (brt). The BIT Recommendation Tool (brt) process
advises the user on the ‘‘best” general choice of board level BIT technique given a
description of a digital hardware board.

A testing methodology and grouping recommendation are assigned to each valid node
on a particular board and subsystem, the nodes are divided into ambiguity groups
(AGs) to meet a maximum size (number of nodes) requirement, and then a testing
methodology recommendation is assigned to each AG. Valid nodes are those nodes not
assigned to a special AG (see Paragraph 2.6.3) by the user or have other predetermined
unique testing requirements (see section below entitled “REMOVE NON-VALID
NODES”).

The recommendation for each node takes on a value which refers to the ‘“best” method
of generating input, or test, vectors for the node and will take on the value of deter-
ministic, pseudorandom, don’t know (e.g., special case), or don’t care (i.e., can take on
either deterministic or pseudorandom). The node attribute Ttest holds this value.
Additionally, the node attribute Tgroup takes on a value of either isolate (i.e., test
alone or in a specified group) or by default, normal connect (i.e., group in a normal
AG). This attribute can also take on the ‘“‘eliminate’ value, which means to not con-
sider the node any further (non-valid nodes have this value).

No specific BIT technique will be recommended, rather a class of techniques will be
recommended. Only off-line, or nonconcurrent testing techniques will be recom-
mended by brt; however, TEA offers two concurrent techniques. No attempt will be
made here to summarize any information specific to the techniques (Paragraph 3.4.2)
or to the modules (Paragraph 3.4.3) supplied with TEA to support the techniques.

Inputs.
The user specifies the board, subsystem, and maximum ambiguity group size. For
accurate results, the attributes listed in Paragraph 2.3.2 must be completed.

Processing.

The following paragraph presents the high-level algorithms, special control features,
and error handling features of brt. More description is given for brt than the other
tools, because brt uses many levels of rules for deciding ambiguity group partitioning
which may cause confusion to the user.
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SIX MAJOR MODULES:
remove non-valid nodes from consideration
connectivity map procedures
ambiguity group generator
branch and bound
simplex method
assign test method to ambiguity groups

REMOVE NON-VALID NODES

The objective of this procedure is to assign a testing recommendation (e.g., pseudoran-
dom, or deterministic testing) to each node. This is accomplished by appropriately
completing the Ttest node attribute of the ADAS data base. The valid assignments
are shown in the following list. Besides the testing recommendation, the tool will
recommend to eliminate or isolate to ambiguity groups nodes with special attributes
(e.g., BIT modules, maintenance nodes, scannable chips, etc.), using the Tgroup node
attribute of the ADAS data base. The tool assigns a testability recommendation and a
grouping recommendation to each node.

In terms of testability (attribute Ttest):
DT: deterministic testing
PS: pseudorandom testing (for data lines)

DC: don’t care situations (circuit can be tested efficiently with either PS or DT
patterns)

DK: don’t know situations (not enough information)

In terms of grouping a node to an ambiguity group (attribute Tgroup):
IS_ag: isolate the node in the ‘“‘ag’ ambiguity group
NC: the node will be grouped in an AG (default)

For both (Ttest and Tgroup):

EL: eliminate the node (no further testing considerations) The node will not be
assigned to an ambiguity group.

This routine starts with a list of all nodes on a particular board and subsystem and
then finds all the special testing situations itemized in the following rules and elim-
inates nodes from the list, leaving only *“‘valid” nodes.

The following tests (a-u) will be examined in order, until there is a recommendation
related to the testability and a recommendation related to the AG partitioning for
each node. Once one of the recommendations is found, it will not be changed and the
checking will continue until a recommendation is found for the other attribute. New
suggestions for the recommendation attributes will not be considered.

a. Clear Ttest, Tgroup, and Tag_test. This implies that information from pre-
vious runs will be lost.

b. If the node is self-testable (see Tselftest), mark the node as Ttest = EL,
Tgroup = EL.
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c. If node is analog (Tdevice_type = analog) or a mixture of analog and digital
(Tdevice_type = mix) mark the node as Ttest = EL, Tgroup = EL.

d. If the node belongs to a “‘special’’ ambiguity group (identified by the user in
Tsp_ag_name), then mark the node as Tgroup = IS_spec (where spec =
Tsp_ag_name).

e. Mark maintenance nodes as Ttest = EL, Tgroup = EL. Maintenance
nodes can be identified by Tbhit = mn, m_n, maintenance.

f. If a node is a JTAG/ETM support module (see Tscan), mark it as Tgroup =
EL and issue message about connecting it appropriately. Tscan must be
marked “JTAG_SUP”, “VHSIC_SUP”, or “ETM_SUP".

g. If a node is a BIT support module except scan-set (i.e., Tbit = BIT_PS or
BIT _DT) mark it as Tgroup = EL and issue message about connecting it
appropriately.

h. Check if the node is appropriately connected with (predecessor and/or succes-
sor) any standard test bus, shown in Paragraph 3.3. If this is true, mark the
node as Tgroup = EL. If illegal connections are found, then the tool
searches for valid subsets.

A standard bus structure contains a JTAG/ETM support module, primary
inputs/outputs, or a maintenance node at the head and tail of the structure.

This case includes the following configurations:

1. ETM and JTAG (rings and stars).

2. JTAG/ETM with sin — sout pins connected in chains. Tscan must
either be set to “JTAG", “VHSIC”, or “ETM" to be considered.

3. Single nodes can form a star or ring, but they become indistinguishable
from each other.

i. If the node is connected with any BIT support modules (Tbit of the support
node is “BIT_PS”, or “BIT_DT"”, but not Tnode_type = scan mark the
node as Tgroup = EL. If the BIT support module supports a pseudorandom
technique (i.e., BILBO or LFSR, Tbit = BIT_PS) then recommend Ttest =
PS, else Ttest=DT. If a node is connected to multiple BIT support modules
and the Tbit values are inconsistent, a message is issued and the node’s
Tgroup and Ttest are not set. Nodes considered are direct predecessors and
successors.

j. If the node has SCAN capabilities (see if Tscan = etm, jtag, scan, scann-
able, vhsic, y, yes), and it is connected with other SCAN chips through a
valid chain, mark the node as Tgroup = IS _scan, where “scan’ is unique.
Tconfig will also = IS_scan. If the node is not in a valid chain, then suggest
that the user connects all the SCAN modules to a chain(s). Any scan support
modules (Tbit=BIT or ‘‘yes’’) connected in the chain will be isolated in the
same ambiguity group with the scannable nodes. A valid chain is one which
begins in and ends in a maintenance node Thit = mn, m_n, maintenance
or a primary input and output. Each node must have an inport with
inport_id = datain, scanin, sdi, sin and an outport with outport id =
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dataout, scanout, sdo, sout. These chains can contain a combination of
Tscan = etm, jtag, vhsic nodes.

k. If the node has BIT implemented on it (Tbit is PS or DT) then mark the node
as Tgroup = EL. If the BIT scheme is a pseudorandom one, mark the node
as Ttest == PS, else mark it as Ttest = DT.

l. If the node has (user-provided) test patterns (Tfault_cov = 100) and the
inputs and the outputs of the node are directly accessible from the primary
inputs and the primary outputs of the board, then mark the node as Tgroup
== EL, Ttest = DT. If the inputs or the outputs are not directly accessible,
and if this node is large (size > 2!® = 65536) then mark it as Tgroup = IS,
Ttest = DT. Directly accessible means that all inports and outports have to
be primary inputs or primary outputs by setting (see Tdft_io) the arcs or by
setting the board names.

Size = (gates) 25tates

where gates is stored in attribute Thw_module and states is stored in attri-
bute Tstates.

m. If it is a large node (i.e., Tnode_type = processor or VHSIC, or size indicates
large) with no test patterns available (Tfault_cov is not 100), mark the node
as Ttest = DK. In this case the tool will suggest PS techniques for the data
lines, and DT techniques for the control lines. Also the node is marked as
Tgroup = IS_ag (make inputs, outputs of the directly accessible at the
board pins). A warning will be issued.

n. If the node is asynchronous (see Tasynch) mark it as Tgroup = EL, Ttest
== DK (Scannable asynchronous nodes have already been eliminated.).

o. If the node is a single gate or a collection of single gates (i.e., glue logic), mark
it as Ttest = DC, Tgroup= NC. Use Tnode_type or Tnode_spec_type
== glue or gate or Thw_module <= 25 to identify these nodes.
Tnode_type or Tnode_spec_type = gate or glue will trigger this rule.
These nodes will eventually be combined with neighboring nodes.

p. Mark memory nodes (Use Tnode type) as Ttest = DC, Tgroup =
IS_mem. This indicates that memories will be tested separately as logical
groups with either PS or DT test patterns.

q. If the node is combinational (see Tlogic_type) with less than 17 input data
lines, then mark the node as Ttest = PS, Tgroup = NC (exhaustive test-
ing can be accomplished in this case).

r. If none of the above applies to the node under test, mark the node as Tgroup
= NC and then use the BRT library to identify a testing methodology. Use
Tnode_type and Tnode_spec_type to index into the library. See a later
section in this Paragraph for information about setting up this library. Both
the Tnode_type and the Tnode_spec_type of the node must match a
library entry to have it correctly identified.

2-46




s. If the user has simulation results that indicate that the expected fault coverage
(according to the testing specification) is satisfied with the application of less
than 2!° test patterns, then mark the node as Ttest = PS. If not. mark the
node as Ttest = DT. If Tfault_cov and/or Ttest_len is blank or equal to
0, this rule is skipped.

The relationship between expected fault coverage and pseudorandom test
length can be approximated with the following exponential function:

E.=(1- e—aL)

Evaluate the constant e¢ from the simulation results given by the user (E, =
Tfault_cov / 100 and L = Ttest_len). After evaluating the constant a we
evaluate the expected fault coverage for 2!8=65536 test patterns. If the E_ is
high (> 90%), then mark node as Ttest = PS, else mark node as Ttest =
DT.

t. If the sum of memory elements (see Tstates) and the input lines in a sequen-
tial node is less than or equal to 16, then mark the node as Ttest = PS (pseu-
doexhaustive testing). If a node has no other attributes other than Thboard
and Tsubsystem set, this rule applies. The node will be considered not large
and sequential.

u. If none of the above applies, then mark the node Ttest = DT.

The input to the remaining modules is the set of valid nodes that must be assigned to
ambiguity groups and the maximum ambiguity group size.

CONNECTIVITY MAP PROCEDURES

The connectivity map procedures take an ADAS hardware graph and generate a con-
nectivity map in memory that summarizes the connections between the valid nodes (as
a result of REMOVE NON-VALID NODES). This connectivity map describes which
nodes are connected to each node by DATA arcs and by how many input and output
arcs. This information is then used to generate the ambiguity groups and calculate
their associated cost factors.
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For every node in the valid node set
Enter it in the connectivity map
Find all the DATA successors of this node
Count the number of input arcs to each successor from this node
Enter them in the connectivity map
Find all the predecessors of this node
Count the number of output arcs from each predecessor to this node
Enter them in the connectivity map

For every node in the connectivity map
Assign it a graph number
Recursively assign this graph number to every node
to which this one is connected

Construct a node set for each disconnected graph

AMBIGUITY GROUP GENERATOR

The ambiguity group generator is not run if AG_SIZE = 0 or 1 or if there are no valid
nodes left to group. A value of zero for AG_SIZE makes the largest groups possible on
the board. Non-positive and non-integer values for AG_SIZE are prohibited.

This module generates a list of all groups, without known testability problems of the
size given and less. This list contains each group’s name, cost, list of nodes in the
group, size, graph number, and AG mask. (The AG mask has a bit set for each node
that is in the group. The bit is determined from where the node occurs in the valid
node set.)

Generate the connectivity map
From the connectivity map, generate a list of all groups of size 1
From the list of groups of size n, generate a list of groups of size n+1
For each group
For each node in the group
Find the node in the connectivity map,
and which nodes are connected to it
If a connected node is not already in the group,
add it to the group
check testability
If ok, insert this group in the new list
Calculate this group’s cost and ag mask
give it a name
Link the size n+1 list onto the beginning of the size n list

The guidelines used to form groups are stated here

a. Nodes in an ambiguity group are connected via data lines. The Tarc_type
attribute is used to define a line as data, control, or clock. Nodes only
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connected by control or clock lines do not represent possible connected nodes.
The direction of flow of the line is not considered.

b. Maintain special ambiguity groups (i.e.. nodes marked as Tgroup =
IS_ag_name should be in the Tsp_ag_name = ‘‘ag_name’ ambiguity group).

c. Number of nodes in an ambiguity group is limited to the user’s maximum.

d. Optimize choice of ambiguity groups so that ‘‘cost of overhead’ is minimized.
This “cost’ is an integer assigned to represent the relative ease of testing that
particular group. Some groups will be eliminated due to ‘“‘poor testability’.
These include

1. multiple DK (Ttest) nodes in the same group

2. mixture of DK and DT nodes in the same group

3. mixture of DK and PS hard-to-test nodes in the same group

4. mixture of DT and PS hard-to-test nodes in the same group

5. multiple PS hard-to-test nodes in the same group
Hard-to-test nodes are nodes whose

1. Ttest_len > 60,000 or

2. Size > 216

The possible ambiguity groups are computed individually by the user-supplied
AG_SIZE. Selecting an AG_SIZE of ‘3’ will produce possible ambiguity groups of size
3, 2, and 1. Each possible ambiguity group has a particular ‘‘cost’ associated with it.
This ‘“‘cost’” represents the relative value of the group in term of testability. Groups
having the higher cost values are groups which are less desirable than those groups
with smaller cost. The ambiguity group algorithm finds the configuration of possible
ambiguity groups which represents the least possible cost. The solution must contain
all nodes on the board.

The initial cost of a possible ambiguity group is calculated by determining the sum of
output arcs which leave the group and terminate in some other group on the current
board of interest. The Tarc_type attribute is not used when computing the number
of output arcs leaving a group. From this initial cost, the group cost may be modified
if certain known testability features are present.

A group’s cost is modified only when it can be determined that the group is unusually
hard or easy to test. Several generalizations have been made concerning testability
features and their relationship with a possible ambiguity group.

a. A group which contains feedback eliminates the occurrence of at least one
feedback between ambiguity groups. Feedback between ambiguity groups sig-
nificantly increases the effort needed to test the groups. All possible ambi-
guity groups which contain feedback (data lines only) have their initial cost
DECREASED by 90%. This includes self-loops or nodes which use their own
data output.

b. Testing becomes easier when a group contains all pseudorandomly testable
nodes and the number of inputs to the group is less than or equal to the
number of pins on standard test module. All groups which contains only
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pseudorandomly testable nodes and have < = 16 inputs will have their initial
cost DECREASED by 50%.

c. Groups which contain cnly glue logic are undesirable. The overhead associated
with testing this type of logic as a group is too significant. All possible groups
which contain only glue logic will have their initial cost INCREASED by 50%.

If none of these three tesvability features are present in the group, then the cost is sim-
ply the sum of the outputs from the group which terminate on the board. If more
than one is present, then the increase or decrease is taken from the modified cost not
on the original output arc sum.

The final cost is an integer, so after the multiplication of the penalty/reward factor,
the result is truncated.

If any final costs are > 256, the costs of all the groups are normalized to be within the
range
-1 < x < 257.

BRANCH AND BOUND

This module finds the optimum configuration of the ambiguity groups. An optimum
configuration is one where each node is assigned to an ambiguity group, and the total
cost of the ambiguity groups is minimized. This module uses a branch and bound
approach, with the lower bounds calculated using the simplex method. A node list is
generated that lists which ambiguity groups contain each node. This list is ordered by
the nodes that are in the smallest number of AGs first. There are no duplicate ambi-
guity groups in this list. Hashing is used to speed this process.

Branch and bound must be run on each disconnected graph representing the board.

Generate the node list

For each group that the first node is in, calculate a lower bound on the
cost if this group is used in the configuration

Branch using the group with the lowest bound

For the next node in the list that hasn’t been covered by an ambiguity
group, calculave lower bounds

Branch using the group with the lowest bound

This continues until a solution configuration is found, or it is determined
that this configuration will not yield a valid solution

Backtrack, to try and find a better solution configuration

Note: The branch routine does not choose a branch where the lowest bound is greater
that a solution obtained so far. This “‘branch and bound tree pruning” saves a signifi-
cant amount of time, as compared with a brute force ‘“branch’ tree. Valid solutions
have each valid node assigned to one and only one ambiguity group which is con-
nected.
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SIMPLEX METHOD

This module solves a linear program. It uses the revised simplex method with the
explicit form of the inverse and the lexico minimum ratio rule to avoid cyveling.
(Cycling is very prominent in set partitioning problems.)

ASSIGN TEST METHOD TO AGs
After the division of nodes into ambiguity groups, brt assigns a testing method (PS,

DT, or DK) to each AG. Only nodes with Tag_name or Tsp_ag name set to some
value are considered.

The following tests are performed in order

a.

If an ambiguity group has any node(s) that is(are) deterministically testable,
then the AG is DT testable, Tag_test = DT.

. If the AG consists of one or more nodes marked as DK, then the AG is marked

as Tag test = DK. A recommendation to test this AG’s data lines psea-
dorandomly and control lines deterministically will be issued.

. If the ambiguity group has an embedded large (size > 2!%) PS node, most >=

90% of the inputs or the cutputs of this node are not accessible from the
inputs or the outputs of the AG) which is close to the pseudorandom limit
(i.e., Ttest_len, is greater than 60,000 test patterns), then mark AG a>
Tag_test = DT.

.An AG is marked as Tag_test = DT if any large (size > 2'®) nodes are

marked as Ttest = PS, and they have test lengths greater than the pseu-
dorandom limit {e.g., 64,000). A warning should be given to the user in this
case since the last statement is not absolutely true (fault simulation is required
for this case). All other groups with PS nodes will be marked Tag test =
PS.

. If all nodes in an AG are Ttest = DC, then assign test method of adjoining

AG to this AG. The first AG attached to the output of this AG which has
Tag_test set, will be used unless there is no succeeding AG. If there is no
succeeding AG, then the Tag test of the preceding AG is used. If there are
no other AGs, Tag_test is set to PS.

Size of a Node

The size of the chip in terms of sequential complexity is defined as:

Size = (gates) 2°tates

where gates is stored in attribute Thw_module and states is stored in attribute
Tstates. Size is needed to determine when a node is *“‘large”, or Size >= 216 1If either
Thw_module or Tstates has a null value, a node is not considered ‘“‘large.”
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BRT Library

The purpose of the BRT library is to provide the user with test attribute information
for different structures. The library should have the following entries

a. The character “%" starts each record. It should appear as the first and last
character of the library file on lines by itself. A line with a lone **%" should
separate each record.

b. Node Identifier: This entry will contain the name of the circuit, as well as any
aliases that represent similar structures (Tnode_type).

c. Identifying Number: Specific device types (Tnode_spec_type).
d. Testing recommendation: Possible entries are DT, PS, or DC {Ttest).

e. Test Length: Number of test vectors that give the fault coverage specified in
the next entry (Ttest_len).

f. Fault Coverage: This entry is used in conjunction with the test length to deter-
mine whether a node is pseudorandomly testable or not (Tfault_cov).

g. References - Comments: This field gives information to the user concerning
the entries specified in other fields, and the references from which these results
where obtained.

h. The character ‘%"’ starts each record. It should appear as the first and last
character of the library file on lines by itself. A line with a lone ““%" should
separate each record.

Tnode_type and Tnode_spec_type of a node must each match one of the entries on
lines 1 and 2 of the record. Tnode_spec_type matches line 2 if both are null strings.
If the library record matches a node, then Ttest is set to the value found on line 3,
Tfault_cov is set to the value found on line 4, and Ttest len is set to the value
found on line 5.
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Example BRT Library

name | spec_name | test | test_len | fault_cov comments
PLA DT special PLAs may be PS
adder PS 100 100 independent of input lines
multip 25505 PS 200 100 4x2 cascadable modules
12x6 (9 modules) 200 pat: 93%
alu xx181 PS 180 100 4-bit alu (xx: 74,54,40)
counter xx163 PS 50 100 control lines DT
compar xx85 PS 20 100 independent of input lines
encoder PS 100 100 independent of input lines
decoder PS 100 100 independent of input lines
mux PS 100 100 independent of input lines
regist xx174 PS 50 100 independent of input lines
shft-re PS 200 100 independent of input lines
multi 1010 PS 100 93 16x16 Booth's algorithm
parity xx180 PS 60 100 independent of input lines

Example BRT library file (tea_brt contains):

The record delimiters (%) are necessary. To find
Tnode_type and Tnode_spec_type must match.

%
PLA

DT

special PLAs may be PS
%
adder

PS

100

100

independent of input lines
%

multip

25s05

PS

200

100

4x2 cascadable modules

%

Another example showing
Tnode_spec_type.
%

two 2 second

multiple

values
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an entry in the BRT library,

and




2 to too
PS
88
50

just an example

%

Limitations.
ADAS data base graphs must already have been created before TEA is entered.
Biports are ignored.

TEA supports the concept of ADAS buses, but all buses are assumed to be a single bit
in width.

Outputs.

The Tag_name, Ttest, Tgroup, and Tconfig attributes will be reset at the start of
execution and will be set by the process. Tag_name holds the value of the ambiguity
group to which the process assigns the node. Tconfig holds the name of any special
configuration to which the node belongs, as identified by the process.

At the completion of brt, a report is generated to itemize the ambiguity groups and
the testing methodology assigned to them.

Using the rules that find special testing situations, messages are issued in the following
cases

a. If any of
1. BIT modules
2. nodes with BIT
3. selftestable nodes
4. scannable VHSIC nodes

exist on a board, output: “Make sure all BIT modules, nodes with BIT, selfte-
stable nodes, and scannable VHSIC nodes have accessible control lines and
observable output lines.”

b. If no selftestable nodes exist, output: ‘‘No selftestable nodes were found on
board ‘““xyz.” Use attribute Tselftest to indicate selftestable nodes.”

c. If no chips with BIT exist, output: ‘“‘No nodes with BIT were found on board
“xyz.”” Use attribute Tbit to indicate nodes with BIT.”

d. If no scannable nodes exist, output: ‘‘No scannable nodes were found on
board ‘‘xyz.”” Scannable nodes should be used when possible because they
increase testability. Use attribute Tscan to indicate scannable nodes.”

Following is an example of the output from brt with AG_SIZE set to 4. The report
has many sections, including the itemization of special testing situations. After all spe-
cial cases have been itemized, a list of the remaining nodes that will be assigned to
ambiguity groups is shown. Here, there are 17 nodes to be assigned. Following this
list is the output and statistics from the “AMBIGUITY GROUP GENERATOR" code.
In this example there are three disconnected graphs, and a solution has been found for
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each one (Since ambiguity groups must be connected by arc_type = DATA arcs.
disconnected graphs are not uncommon.) graph. Graph 1 has chosen nodes T21b.
T21a, T19b, and T19a to be in ambiguity group “AG47”, or Tag name = AG47 and
nodes T15d, T15c, T15b, and T152 to be in ambiguity group “AG43”. or Tag_name
= AG43. Graph 2 only had one node and this was assigned to ambiguity group
“AG9”. Graph 3's eight nodes were assigned to ambiguity groups “AG45" and
“AG46”. The cost of graph 1's division is one, the cost of graph 2’s division is four,
and the cost of graph 3’s division is one. This will result in a total cost of six test
points or observable arcs.
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***Insert STANDARD HEADER here***

BIT RECOMMENDATION
(brt)

BRT will divide the nodes on subsystem ‘phasel’,
board ’plthree’ into ambiguity groups of size 4’ or less.

Modified cost function will be minimized.

Found a valid scan chain
T8mixa
T8mixb
T8mixc

Found a valid ETM star configuration
T8eSa
T8eSb
Tg8eSc
T8eSd

Found a valid ETM ring configuration
T8eRa
T8eRDb
T8eRc
T8eRd

Found a valid JTAG star configuration
T8jSa
T8jSb
T8jSc

Found a valid JTAG ring configuration
T8jRa
T8jRb
T8jRe

Found a valid scan chain
T10a
T10b
T10c

Node ’T6b’ is a scan support and should be properly connected

Node 'T6a’ is a scan support and should be properly connected

Node 'T8jsup’ is a scan support and should be properly connected
Node 'T8etmsup’ is a scan support and should be properly connected

Make sure all BIT modules, nodes with
BIT, selftestable nodes and scannable
VHSIC nodes have accessible control
lines and observable output lines.

No selftestable nodes were found on this board.
Use attribute Tselftest to indicate
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selftestable nodes.

Removing special AG nodes
T4c
T4b
T4a

Removing maintenance nodes
T4a
T8mnc
T8mn
T10mn
T8mnb

Removing JTAG/ETM support nodes
Té6b
T6a
T8jsup
T8etmsup

Removing JTAG/ETM rings, stars and scan chain nodes
T8mixa
T8jSa
T8jRa
T8eSa
T8eRa
T8mixb
T8jSb
T8jRb
Tg8eSb
T8eRb
T8mixc
T8jSc
T8jRc
T8eSc
T8eRc
T8eSd
T8eRd

Removing SCAN nodes in valid scan chains
T10a
T8mixa
T10b
T8mixb
T10c
T8mixc

Removing asynchronous nodes

T4b

T8mixa

T8)Sa

T8jRa

T8eSa

T8eRa

T8mixb
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T8jSb
T8jRb
T8eSb
T8eRb
T8mixc
T8jSe
T8jRc
T8eSc
T8eRc
T8eSd
T8eRd

Removing memory nodes
T6a

These nodes will be assigned to ambiguity groups.
T21b
T21a
T19b
T19a
T15d
T15¢
T15b
T15a
T8POb
notT18
T18¢
T18b
T18a
T20c
notT20
T20a
T20b

There are 53 possible ambiguity groups of size 4 or smaller.
graph #1 of 3 Thu Oct 13 10:41:18 1988

Optimal configuration has cost function value = 1:

Number of output lines = 1:

The Tag_name attribute has been set for the following nodes:
(output_lines,cost_fen_value) ambiguity_group: nodes_in_AG
(0,0) AG49: T21b T21a T19b T19a
(1,1) AG44: T15d T15¢ T15b T15a

wvemeeeewee—- graph #2 of 3 Thu Oct 13 10:41:19 1988

Optimal configuration has cost function value = 14:

Number of output lines = 14:

The Tag_name attribute has been set for the following nodes:
(output_lines,cost_fen_value) ambiguity_group: nodes_in_AG
(14,14) AG9: T8PODb

2-58




-—==me——e—- graph #3 of 3 Thu Oct 13 10:41:19 1988

Optimal configuration has cost function value = 1:

Number of output lines = 1:

The Tag_name attribute has been set for the following nodes:
(output_lines,cost_fen_value) ambiguity_group: nodes_in_AG
(0,0) AG48: notT18 T18c T18b T18a
(1,1) AG47: T20c notT20 T20a T20b

Start time = Thu Oct 13 10:41:12 1988
Finish time = Thu Oct 13 10:41:19 1988
Total configuration cost = 16
Total # of output lines = 16

Test methods set for each AG
AG4 PS
AG47 DT
AG48 DT
AG49 DT
AG9 DT
groupl PS
group5 DK

3¢ e ok ke ok e o 3k 3K ok 2k ek ke o e K ok 3 2 ok 3 ok ok ok ok 3K ok ok s ok ok ak sk ok A ok ok ok ok e ok oK ok ok ok K kK

Note to user: Use compare to get a listing of the nodes in each ambiguity group.
To affect the groups themselves, use ag_name to set special ambiguity groups and rerun BRT.

Supported off-line BIT techniques

1. Continuous test point monitoring (det_tp)
supports PS and DT strategies

2. Test point monitoring with data compression
(tp_sa) supports PS strategies on

input data lines.

3. Board level boundary seau (boundary} supports
DT strategies.

4. Scan-set supports both PS and DT strategies.

5. Test pattern generation with data compression
(gen_sa) supports both PS and DT techniques.

PS = Pseudorandomly generated test pattern

DT = Deterministically generated test pattern
e e o ok ok e ok e ok sk s ko ok s ok ok ok o o ok ok sk oK ok ok ok ok ok ok ok e ok ok ok o ok e okl ok ok kK K ok K ok ok ok

brt completed

Error Message /Action.
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Message Action
Node name had Tag_name No action required
and Tsp_ag name set,
Tag_name cleared

Additional Information.

See paragraphs describing
a. data base attributes and valid syntaxes (Paragraph 2.3.2)
b. results.tmp file (Paragraph 2.6.2.1)
c. special ambiguity groups (Paragraph 2.6.3)
d. output report header (Figure 2-5)
e. standard test buses (Paragraph 3.3)

Brt should be used iteratively. The results from the tool are enhanced by user input
about specific groupings (i.e., special ambiguity groups) and AG size. By using special
AGs, the user can speed up the execution of brt by eliminating some possible groups
because nodes can only be assigned to a single AG.

2.7.3. BIT Overhead Summary (bit cost). The BIT Overhead Summary (bit_cost)
process advises the user on the hardware overhead costs to implement a particular
design for testability / built-in test technique given a set of ADAS graphs describing a
digital hardware board.

Paragraph 3.4.2 describes each of the five BIT techniques that are implemented as part
of bit_cost. The five techniques include

a. continuous test point monitoring,

b. test point monitoring with compressed data,

¢. board level boundary scan,

d. scan-set, and

e. test pattern generation with signature analysis.

Paragraph 3.4.3 describes the TEA-supplied BIT modules, available as ADAS tem-
plates and implemented in VHDL. These include

a. scan-set register,

b. programmable feedback pseudorandom test pattern generators,
¢. built-in logic block observer (BILBO),

d. testing-switch (TSWITCH), and

e. an example maintenance node.
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Inputs.

The user must supply the board and subsystem names and the BIT technique(s) to be
considered.

Processing.

The following paragraph presents the high-level algorithms, special control features,
and error handling features of bit_cost.

Get user_input(Tsubsystems)
Get user_input(Tboards)
Get user_input(technique(s))
For each technique
If (technique != 3)
Find ambiguity group boundaries
Apply technique(s)
Accumulate costs
Output report
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Accumulate Costs

Technique

Name

Costs

1-5

Add 3 control inputs
for reset, tphil, tphi2
if any modules ad-
ded. Add a Mainte-
nance Node.

1*

continuous test point
monitoring (det_tp)

Add test points as
necessary.

2*

test point monitoring
with data compres-
sion (tp_sa)

Add 8 control inputs
and 1 test outputs
per BILBO. Add 5
control inputs and 1
test outputs per Test
Pattern  Generator.
Add 2 control inputs
for any 2x16 Multi-
plexors. Add 2 con-
trol inputs for each
4x16 Multiplexor.

3*

board level boundary
scan (det_tp)

Add 6 control inputs
and 2 test outputs
per Scan-Set module.

4*

scan-set (scan_set)

Add 6 control inputs
and 2 test outputs
per Scan-Set module.

5*

*Many of the control inputs and outputs can be shared among the BIT modules. The

test pattern genera-
tion with data
compression (gen_sa)

Add 16 control in-
puts and 2 test out-
puts per Testing
Switch.

I/O overhead counts predicted by the bit_cost are upper bounds.
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Limitations.
ADAS data base graphs must already have been created before TEA is entered.

The process only applies to the five BIT techniques listed above. Example implemen-
tations of the techniques will only use BIT modules listed in this section or otherwise
provided in the supplied library. There are many example implemenration possibili-
ties, but only one has been chosen for each of the techniques. Refer to Paragraph 3.4.2
for technique descriptions.

Biports are ignored.

TEA supports the concept of ADAS buses, but all buses are assumed to be a single bit
in width.

Test points are not placed on board outputs.

Graphs are ‘“flattened” during bit_cost execution. This may result in BIT module
cost which is low compared to what is required for a simulation, due to the require-
ment of maintaining graph boundaries.

Outputs.

At the completion of bit_cost, a report is generated to itemize the costs of implemen-
tation of the chosen technique(s). A wiring diagram file is created to show, in general,
how to add modules.

This example output report from bit_cost itemizes the costs for selecting four of the
five available techniques, each considered individually. The user is directed to the sec-
tions describing the BIT techniques and supporting modules (Paragraphs 3.4.2 and
3.4.3). The numbers associated with primary inputs and outputs are given assuming
the user controls each additional module separately and externally from the board.
The negligible costs associated with the ‘‘boundary” technique result from only having
one board on the test graph. The tool finds that it is not necessary to add any addi-
tional overhead to the board to observe the board’s output. bit_cost only considers
nodes that have either Tag_name or Tsp_ag_name set.
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***Insert STANDARD HEADER here***

BIT OVERHEAD SUMMARY
(bit_cost)

The following nodes will be considered
nY
n2
nl
n0
n4
nd
nl0
n?
n6
nd
n8

Generating hardware overhead for subsystem ’only’, board ’first’

Counts for BIT technique 'tp_sa’

2 Scan-set Modules

0 Testing Switches

0 TPGs

1 BILBOs

0 2x16 Muxes

1 4x16 Muxes

0 Test Points
25 BIT Module Control Inputs
5 BIT Module Test Outputs
1 Maintenance Node

Counts for BIT technique ’boundary’
0 Scan-set Modules
0 Testing Switches
0 TPGs
0 BILBOs
0 2x16 Muxes
0 4x16 Muxes
0 Test Points
0 BIT Module Control Inputs
0 BIT Module Test Outputs
1 Maintenance Node

Counts for BIT tecknique ’scan_set’
4 Scan-set Modules
0 Testing Switches
0 TPGs
0 BILBOs
0 2x16 Muxes
0 4x16 Muxes
0 Test Points
27 BIT Module Control Inputs
8 BIT Module Test Outputs
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1 Maintenance Node

Counts for BIT technique 'gen_sa’

0 Scan-set Modules

2 Testing Switches

0 TPGs

0 BILBOs

0 2x16 Muxes

0 4x16 Muxes

0 Test Points

35 BIT Module Control Inputs

4 BIT Module Test Outputs

1 Maintenance Node

e e e o e 3 ok 3k ok e 2K 3k ok ok o ok ok ok sk ke i ok K K ok K K o kK kK K 3K ok Sk ok ok ik S 2k K ok kok ok K

NOTE to user:

If the costs itemized here are excessive, consider
fixing some of the ambiguity group partitions with
ag_name and/or increasing ambiguity group size and

rerunning brt.
250 3 2 3k 3 2k 2k ok ok e e ok e ok S 3k ok ke sk e e e sk ke ok sl ok 3k ok i i ok K sk oKk e kol K ok Kok kK kK

bit_cost completed
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***Insert STANDARD HEADER here***

BIT OVERHEAD SUMMARY
(bit_cost)

Wirelist for ‘tp_sa’ on subsystem ’only’, board ’first’

Data for AG 'ag9’

Add on board BILBO line to n9/01
Data for AG ’longname’

Add on board BILBO line to n1/01
Data for AG ’agbus’
Data for AG 'norm’

Add SCAN line to n10/10
Data for AG ’al’

Add SCAN line to n8/10

Wirelist for 'boundary’ on subsystem ’only’, board ’first’
Wirelist for ’scan_set’ on subsystem ’only’, board ’first’

Data for AG 'ag9’
Add output SCAN line to n9/01
Data for AG ’longname’
Add output SCAN line to n1/01
Data for AG ’agbus’
Data for AG 'norm’
Add control input SCAN line to n10/10
Data for AG ’al’
Add data input SCAN line to n8/10

Wirelist for 'gen_sa’ on subsystem ’only’, board 'first’

Data for AG ’ag9’
Data for AG ’longname’
Data for AG ’agbus’
Data for AG 'norm’
Add control input TSWITCH line to n10/10
Data for AG ’al’
Add data input TSWITCH line to n8/10

bit_cost completed
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Error Message/Action.

Message Action

Node name had Tag name No action required
and Tsp_ag_name set,
Tag_name cleared

TPO count may be exaggerated No action required
due to fanout

Additional Information.

See paragraphs describing
a. data base attributes and valid syntaxes (Paragraph 2.3.2)
b. results.tmp file (Paragraph 2.6.2.1)
c. output report header (Figure 2-5)
d. BIT techniques (Paragraph 3.4.2)
e. BIT modules (Paragraph 3.4.3)

2.7.4. BIT Placement Recommendation (placebit). The BIT Placement Recommenda-
tion (placebit) process advises the user on how to implement a particular design for
testability / built-in test technique given a set of ADAS graphs describing a digital
hardware board. This advice can take three forms

a. general instructions for the chosen technique without specific implementation
information about modules needed, I/O lines needed, or the current view data
base

b. a wiring list from which the user can manually update his ADAS graphs to
implement the TEA example implementation (using TEA-supplied library BIT
modules) of the chosen technique

c. ADAS graphs which are updated to show the example implementation of the
chosen technique

In this latter case, library BIT modules are ‘‘plopped’ onto the graph and appropriate
internal data, control, and clock lines are routed as best as possible for the user. For
either of the two latter options, each of the modules on the selected board must be
assigned to an ambiguity group (for BIT techniques 1, 2, 4, and 5). This implies that
the user manually sets the attributes Tsp_ag name and Tag_name using ag_name
(see Paragraph 2.6.1) and/or automatically sets the attributes using brt (see Para-
graph 2.7.2).

Paragraph 3.4.2 describes each of the seven BIT techniques that are implemented as
part of TEA. The seven techniques include

a. continuous test point monitoring
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b. test point monitoring with compressed data

c. board level boundary scan

d. scan-set

e. test pattern generation with signature analysis

f. parity generation/checking

g. on-line comparison of duplicated modules

Paragraph 3.4.3 describes the TEA-supplied BIT modules, available as ADAS tem-
plates and implemented in VHDL. These include

a. scan-set register

b. programmable feedback pseudorandom test pattern generators

¢. built-in logic

d. testing-switch

e. an example maintenance node

f. 9-bit parity generator/checker

g. 8-bit equal comparator

Inputs.

The user must specify the subsystem and board names and the technique to use.

Processing.

The following paragraph presents the high-level algorithms, special control features,
and error handling features of placebit.

IF (OUTPUT = general)

SupplyInfo (TECHNIQUE)
Goto EndOfPlacebit

IF (TECHNIQUE = 6) /* parity generation/checking */
GetReadyFor (TECHNIQUE)

ELSEIF (TECHNIQUE = 7) /* comparison */

GetReadyFor (TECHNIQUE)

/* check for special graph concerns including boundary
scannable parts, VHSIC parts, and asynchronous logic */

ELSEIF (TECHNIQUE < 6)
Startup (TECHNIQUE)

IF (OUTPUT = wirelist)
DoWireList (TECHNIQUE)

IF (OUTPUT = autoplace)
DoAutoPlace (TECHNIQUE)

EndOfPlacebit:

End.

WriteOutputReport ()

DoWireList (TECHNIQUE)
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Limitations.
ADAS data base graphs must already have been created before TEA is entered.

The process only applies to the seven BIT techniques listed in this section. Example
implementations of the techniques will only use BIT modules listed in this section or
otherwise provided in the library. There are many example implementation possibili-
ties, but only one has been chosen for each of the techniques.

The routine which updates the ADAS graphs will not generally make ‘‘pretty’” graphs;
additional BIT modules are placed by a “first available position” procedure.

Biports are ignored.

TEA supports the concept of ADAS buses, but all buses are assumed to be a single bit
in width.

To minimize confusion, it is recommended that only one BIT technique of 2, 4, and 5
be added to a particular board. To accomplish this, BIT modules are not assigned to
an ambiguity group so ambiguity group boundaries will not be identified for further
BIT module placement.

Because board and ambiguity group boundaries may cross graph boundaries, more
than the minimum number of BIT modules may be added.

Highly connected and tightly packed graphs will result in extremely long run times.
placebit autoplace is provided to save the user time in updating graphs, so it is only
at the option of the user that autoplace runs. A wirelist can be obtained in much
shorter time and this can be used to manually update the graph with the necessary
BIT support modules.

No test points are added at board boundaries.

To update a hardware graph data base, a corresponding *“.hwt” (hardware template)
file is required.

Outputs.

At the completion of placebit, a report is generated to illustrate the options imple-
mented and the termination status. If the general output option was chosen, the
report will also contain a statement about how to generally implement the chosen tech-
nique. Those general statements are listed here.

Node and port names are given when possible to aid the user in identifying structures.
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General Output Messages

1. continuous test
point monitoring
(det_tp)

Make all lines which
leave an ambiguity
group observable test
points.

2. test point moni-
toring with data
compression (tp_sa)

Provide pseudoran-
dom input vectors for
all primary input
data lines and deter-
ministic input vectors
for all primary input
control lines. Break
feedback paths
between ambiguity
groups, such that all
lines are settable
under test control.
To get better access
to internal ambiguity
groups, also break all
fanout lines between
ambiguity groups.
All lines which are
ambiguity group out-
puts should be
diverted to a signa-
ture analyzer.

3. board level boun-
dary scan (boun-
dary)

Place scannable regis-
ters at all the pri-
mary inputs to the
board.

4. scan-set  Completely isolate
(scan_set) ambiguity groups
with scannable regis-
ters.
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General Output Messages (Continued)

5. test pattern gen-
eration with data
compression (gen_sa)

Completely isolate
ambiguity groups
with appropriate test
pattern generators

- I abb U G M aE e TSl B G =

and signature
analyzers.
6. parity Place parity checker
check/generate (par- or generator on the
ity) desired data lines.

Choose either odd or
even parity.

7. on-line comparis- Place the comparison

on of duplicated module such that the

modules (compare) lines to be compared
are routed to it and
the error flag output
is accessible.

If the wirelist option is chosen, placebit will provide a file with name of the format
placebit_n.dwg, that provides instructions for manual update of the ADAS graphs to
accommodate the example implementation of the BIT technique chosen.

If the autoplace option is chosen, placebit will provide an updated current view data
base, which the user may save to permanent storage. To make the graph ‘‘pretty,” the
user is directed to use EDIGRAF, the graph editor.

Error Message /Action.

Message Action

Node %s had Tag_name and
Tsp_ag_name set,
Tag_name cleared

TPO count may be exaggerated due to fanout  No action required

Fatal template load error Get a template file

Size of sets not equal Add more port choices

No action required

Two example output files follow. The first is the ‘‘report’, or .rpt output of the tool.
Information found here include the options chosen in the run of the tool, the nodes
considered (Tag name or Tsp_ag name set), an itemized list of the BIT support
modules to be added, and the arcs that should be routed to the modules. The .dwg
information is more specific and shows the steps needed to reroute all the graph’s arcs
to gain the new test capabilities.
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***Insert STANDARD HEADER here***

BIT PLACEMENT RECOMMENDATION
(placebit tp_sa wirelist)

Test Point Monitoring with Data Compression
Add pattern generation and signature analysis on subsystem ‘only’, board ‘first’

The following nodes will be considered for this technique
ng
n2
nl
n0
nl0
n7
né
nb
n8

Add modules to graph ‘test2.hwg’ for ambiguity group ‘ag9’
Add 0 TPG and MUX2 nodes for internal arcs
Add 0 TPG and MUX2 nodes for external/PI arcs
Add 0 SCAN-SET nodes
Need 1 BILBO and MUX4 port sets
Intercept the following outputs and route to the BILBO nodes:
ng/01
n9/02

Add modules to graph ‘test2.hwg’ for ambiguity group ‘longname’
Add 0 TPG and MUX2 nodes for internal ares
Add 0 TPG and MUX2 nodes for external/PI arcs
Add 0 SCAN-SET nodes
Need 1 BILBO and MUX4 port sets
Intercept the following outputs and route to the BILBO nodes:
ni/0O1
nl/02

Add modules to graph ‘test2.hwg’ for ambiguity group ‘norm’
Add 1 TPG and MUX2 nodes for internal ares
Add 0 TPG and MUX2 nodes for external/PI arcs
Add 1 SCAN-SET nodes
Need 0 BILBO and MUX4 port sets
Reroute the following control inputs through the scan nodes:
n10/I1
Reroute the following data inputs through the TPG/MUX2 nodes:
nl0/10

- D G ap ey 0 G N 4 A I S ap - =

Add modules to graph ‘test2.hwg’ for ambiguity group ‘al’
Add 1 TPG and MUX2 nodes for internal arcs
Add 0 TPG and MUX2 nodes for external/PI arcs
Add 1 SCAN-SET nodes
Need 0 BILBO and MUX4 port sets
Reroute the following control inputs through the scan nodes:
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n8/I1
Reroute the following data inputs through the TPG/MUX2 nodes:
n8/10

placebit tp_sa wirelist completed
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***Insert STANDARD HEADER here***

BIT PLACEMENT RECOMMENDATION
(placebit tp_sa wirelist)

Test Point Monitoring with Data Compression
Add pattern generation and signature analysis on subsystem ‘only’, board ‘first’

Add modules to graph ‘test2.hwg’ for ambiguity group ‘ag9’
Add 0 TPG and MUX2 nodes for internal arcs
Add 0 TPG and MUX?2 nodes for external /PI arcs
Add 0 SCAN-SET nodes
Need 1 BILBO and MUX4 port sets
Connect MUX4/out(1-16) to BILBO/d(1-16)

Delete on board arc from n9/01

Create bus to route through

Add arc from n9/01 to new bus

Add arc from new bus to n8/I0

Add arc from new bus to MUX4/Ain2
Delete on board arc from n9/02

Create bus to route through

Add arc from n9/02 to new bus

Add arc from new bus to n10/10

Add arc from new bus to MUX4/Ain3

Add modules to graph ‘test2.hwg’ for ambiguity group ‘longname’
Add 0 TPG and MUXZ2 nodes for internal arcs
Add 0 TPG and MUX2 nodes for external/PI arcs
Add 0 SCAN-SET nodes
Need 1 BILBO and MUX4 port sets
Connect MUX4/out(1-16) to BILBO/d(1-16)

Delete on board arc from n1/01

Create bus to route through

Add arc from n1/01 to new bus

Add arc from new bus to n10/I1

Add arc from new bus to MUX4/Ain2
Delete on board arc from n1/02

Create bus to route through

Add arc from n1/02 to new bus

Add arc from new bus to n8/11

Add arc from new bus to MUX4/Ain3

Add modules to graph ‘test2.hwg’ for ambiguity group ‘norm’
Add 1 TPG and MUX2 nodes for internal arcs
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Add 0 TPG and MUX2 nodes for external/PI arcs
Add 1 SCAN-SET nodes
Need 0 BILBO and MUX4 port sets
Connect internal TPG/out(1-16) to MUX2/Ain(1-16)
Delete control arc from n10/11
Add arc from n10/I1 to SCAN/uutinl
Add arc from SCAN/inl to n1/01
Delete data arc from n10/10
Add arc from n10/I0 to MUX2/outl
Add arc from MUX2/Binl to n9/02

Add modules to graph ‘test2.hwg’ for ambiguity group ‘al’
Add 1 TPG and MUX2 nodes for internal arcs
Add 0 TPG and MUX2 nodes for external/PI arcs
Add 1 SCAN-SET nodes
Need 0 BILBO and MUX4 port sets
Connect internal TPG /out(1-16) to MUX2/Ain(1-16)
Delete control arc from n8/I1
Add arc from n8/I1 to SCAN/uutinl
Add arc from SCAN/inl to n1/02
Delete data arc from n8/I0
Add arc from n8/10 to MUX2/outl
Add are from MUX2/Binl to n9/01

i & Th a4 Wy am

placebit tp_sa wirelist completed

Additional Information.

See paragraphs describing
a. data base attributes and valid syntaxes (Paragraph 2.3.2)
b. results.tmp file (Paragraph 2.6.2.1)
c. output report header (Figure 2-5)
d. BIT techniques (Paragraph 3.4.2)
e. BIT modules (Paragraph 3.4.3)

BIT modules have their Tbit attribute set to ‘“‘yes’’, and their Tboard, Tsubsystem,
and Tag name attributes set appropriately. This helps if the user tries to add a BIT
technique after one has already been implemented. BIT modules will form the AG
boundaries and BIT modules are ignored when forming AGs.

There is no difference in nodes added to implement odd/even generate/check parity.
This information is acquired from the user only to make the output report more com-
plete. The simulation with these modules will require accurate manipulation of the
control lines.

Tarc_type is used to determine the precedence of a bus and associated interconnect.
Clock lines have precedence over control lines, which, in turn, have precedence over
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data lines. If conflicting Tarc_types are connected to a bus. the highest available
precedence prevails. This affects the number of modules added in many techniques.

2.7.5. System Summary (compare). Comparisons of ADAS data bases can be per-
formed with the System Summary (compare) process. This feature allows the user to
save a baseline data base for comparing with altered versions of that baseline. This
feature is most helpful when various design for testability / built-in test techniques
have been used and the incremental hardware overhead costs associated with the tech-
niques are desired.

The process evaluates the ADAS data base entries and attributes to assess incremental
changes in the modules and input and output parameters. Comparisons are made of
the number of modules, primary inputs/outputs, test point outputs, and number of
BIT modules. Calculations of mean test time and mean ambiguity group size are also
compared.

At any point in the TEA design methodology, compare can be used. Obviously, it is
most useful at the end of the design cycle (e.g., 2 BIT technique has been successfully
added to a functional representation of a system which has been checked for unte-
stable constructs.), but the user can also use compare mid-cycle to see incremental
changes in testability costs.

The user can gain insight into the incremental hardware overhead costs associated
with a particular step in the cycle. The user may wish to ask questions such as: “‘how
many primary inputs have I added to fulfill the test generation DFT guidelines?” or,
“If I use this particular flip-flop, will I save any overhead (BIT) modules?” (Paragraph
3.4.3).

Another less obvious use for compare is while developing subgraph trees; compare
does not need to check entire hierarchy trees; it can compare any two sets of hardware
graphs. If emphasis has been placed on a particular subfunction, earlier and current
views may be helpful in determining progress towards good testability.

The process compare can also be used to obtain output about the ‘‘current view”
graph only.

Inputs.

The only input to compare is the directory and filename of the graph to be compared
with the “current view.”

Processing.

The following paragraph presents the high-level algorithms, special control features,
and error handling features of compare.

/* Ask which data_base to compare to the current view */

Get(OtherDB)

Compare(CV)

If OtherDB != nil
Compare(OtherDB)

Compare(Graph)
Open(Graph)
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While(more Nodes)
Gen_AG_List{Graph, Node, AG_type)
Endwhile

While (more TSUBSYSTEMs)
Print SUBSYSTEM name
While (more TBOARDs)
Print BOARD name
While (more TSP_AG_NAME)
Print SP_AG_NAME, Testtime
Print NODE_NAME
Endwhile (more TSP_AG_NAME)
While (more TAG_NAME)
Print AG_NAME, Testtime
Print NODE_NAME
Endwhile (more TAG_NAME)
Print TBOARD Stats
Endwhile (more TBOARDs)
Print TSUBSYSTEM Stats
Endwhile. (more TSUBSYSTEMs)

Processing Notes
The following calculations were performed for the above process:
Y AG Sizes

a. Mean_AG_Size = ZAG

Y Test Times

b. Mean_Test_Time = HAG

Error Handling

The process starts and requests the name of the other data base for comparison to the
“current view.” If no other data base is named, the process is just run on the *‘current
view.” If the other named data base does not exist, the user is warned and the process
is exited. If the other data base name is valid, information is gathered from each node
of the current view data base for the various categories. Two flags are used to control
the program flow which depend on the existence of attributes Tsp_ag name or
Tag_name and Tag_test_time. If neither Tag name nor Tsp_ag name (e.g.,
node assigned to group ‘“‘other’’) is existent for a given node_name, calculation of the
mean AG size and mean test time is not performed. A variable is incremented each
time a new Tag_test_time is added to the ‘Test_Time’ variable and each time a new
Tag_name is found. An error occurs if multiple test times have been set for a single
ambiguity group. After analysis of each data base node, the two variables representing
the Number_of AGs are compared. If the numbers do not match, a warning is
reported, indicating that the test time value will not be accurate due to a missing

]
Tag_test_time attribute; a flag indicating this error is set for use during the report
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generation. The same procedure is performed on the other data base. After all infor-
mation has been accumulated, a report is generated. If both Tag name and
Tsp_ag_name are set. a warning is given and Tsp_ag_name is used.

Limitations.
ADAS data base graphs must already have been created before TEA is entered.
Biports are ignored.

TEA supports the concept of ADAS buses, but all buses are assumed to be a single bit
in widt ..

It is assumed that the user provides the ambiguity group test times. If an AG does not
have a test time entered, the user is warned. The Tag_test_time attribute should
only be entered once for each AG. If multiple values cf a particular Tag_test_time
are given, then an error is output.

Test times are integers. A test time value of ‘0’ is interpreted as a non-existent test
time.

Outputs.

At the completion of compare, a report is generated to illustrate the characteristics of
the ‘‘current view” and any data base compared to it. Included in this report are

a. number of modules
b. number of primary inputs/outputs/test point outputs
. mean time to test

c

d. mean ambiguity group size

e. a table of names of modules in each special ambiguity group
f

. a table of names of modules in each ambiguity group

The following is a sample output report (.rpt file) for the compare tool. The “‘current
view'' data base is analyzed first. Errors are reported first. Here there are no errors;
however, there could have been unreported or inconsistent test times. A ‘“‘bad’ test
time means that conflicting test times were reported by at least two of the nodes in
the AG. Following is a breakdown of each subsystem by boards.

2-78

Ny T 32 i T A G aE O & I & Ny AEm ey i Ny =




N . K
. h ., ) S <

***Insert STANDARD HEADER here***

SYSTEM SUMMARY
(compare)

Output report for graphs:
PROJECT:[TEA.LAD.COMPARE GRAPHS|BIG1.HWG;3 and
PROJECT:[TEA.LAD.COMPARE.GRAPHS|BIG2.HWG;1

Totals for grapt - ROJECT:[TEA.LAD.COMPARE.GRAPHS|BIG1.HWG;3

Subsystem ’subone’

Board name Node BIT node Meantest PI/PO TPO  Mean AG
count count time count  count  size

bl 4 0 3.0 2 0 2.0

b2 3 0 9.5 2 o 1.5

b3 4 0 4.7 3 0 1.3

Total 11 0 17.2

Totals for graph PROJECT:[TEA.LAD.COMPARE.GRAPHS|BIG2.HWG;1

Subsystem ’subone’

Board name Node BIT node Meantest PI/PO TPO  Mean AG
count count time count count  size

bl 2 0 3.0 2 0 2.0

b2 3 0 9.5 2 u 1.5

b3 4 0 4.7 3 0 1.3

Total 90 17.2

compare completed

TPOs are arcs with Tdft_io = tpo, test_point_output, test_pt_output. A PI/PO is
an arc with Tdft_io labeled as pi, primary_input, po, primary_ouiput. BIT nodes are
nodes with Tbit = bit, bit_dt, bit_ps, mn, m_n, maintenance, y, yes.

The following is a sample output diagram file (.dwg file) for the same test graph. The
“wirelist” will show all nodes that comprise each ambiguity group of the system and
then each interconnection between boards is itemized. This information can be used
to help debug a graph if inconsistent or unexpected results are noted.
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***Insert STANDARD HEADER here***

SYSTEM SUMMARY
(compare)

Output wirelist for graphs:
PROJECT:[TEA.LAD.COMPARE.GRAPHS|BIG1.HWG:3 and
PROJECT:{TEA.LAD.COMPARE.GRAPHS|BIG2. HWG;1

Structure for graph PROJECT:[TEA.LAD.COMPARE.GRAPHS|BIGL.HWG;3

Subsystem subone
Board bl
AG Other-ag
Node n10
Node n00
AG agl
Node nl
Node n0
Board b2
AG ag?
Node n4
Node n3
AG ag3
Node n6
Board b3
AG ag4
Node n9
AG ag5
Node n7
AG agb
Node n2
Node n5

List of connections for graph PROJECT:[TEA.LAD.COMPARE.GRAPHS|BIG1.HWG;3

Connections on subsystem 'subone’

Connections on board ‘b1’
Found a boardedge connection from 'n1/00’ to 'n3/10’
Found a boardedge connection from 'n1/00’ to 'n7/10’

Connections on board 'b2’
Found a boardedge connection from 'n1/00’ to ’n3/10’
Found a boardedge connection from 'n6/00’ to 'n7/11’

Connections on board 'b3’
Found an explicit PI/PO connection from 'n7/01’ to 'n9/11’
Found an explicit PI/PO connection from 'n7,'01’ to 'n2/10’
Found an explicit PI/PO connection from 'n7/01’ to 'n5/10°
Found a boardedge connection from 'n1/00’ to 'n7/I0’
Found a boardedge connection from ’'n6/00’ to 'n7/I1’

Structure for graph PROJECT:[TEA.LAD.COMPARE.GRAPHS|BIG2.HWG:1

Subsystem subone
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Board bl

AG agl
Node nl
Node n0

Board b2

AG ag2
Node n4
Node n3

AG agl
Node n6

Board b3

AG ag4
Node n9

AG agh
Node n7

AG agb
Node n2
Node n5

List of connections for graph PROJECT:[TEA.LAD.COMPARE.GRAPHSBIG2.HWG;1

Connections on subsystem ’subone’

Connections on board 'bl’
Found a boardedge connection from 'n1/00’ to 'n3/10’
Found a boardedge connection from 'n1/00’ to 'n7/10’

Connections on board 'b2’
Found a boardedge connection from ’n1/00’ to 'n3/10’
Found a boardedge connection from 'n6/00’ to 'n7/11’

Connections on board 'b3’
Found an explicit PI/PO connection from 'n7/01’ to 'n9/I1’
Found an explicit PI/PO connection from 'n7/01’ to 'n2/10’
Found an explicit PI/PO connection from 'n7/01’ to 'n5/10’
Found a boardedge connection from 'n1/00’ to 'n7/10’
Found a boardedge connection from 'n6/00’ to 'n7/11’

compare completed

Error Message /Action.

Message Action

Node %s had Tag_name and No action required
Tsp_ag_name set,
Tag_name cleared

One or more of the AG test Set test times
times has not been set
Multiple times have been set Check test times

for ambiguity group name
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Additional Information.

See paragraphs describing
a. data base attributes and valid syntaxes (Paragraph 2.3.2)
b. results.tmp file (Paragraph 2.6.2.1)

c. output report header (Figure 2-5)
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3. DESIGN FOR TESTABILITY

3.1. Historical Background.

Ever since the invention of the integrated circuit in the early 1960°s. the rush has been
on to place as many devices as possible onto a single chip. With the movement into
VLSI. the ability to test and verify the functionality and performance of electronic
components and chips has become extremely difficult.

Similarly. the rising complexity of modern electronic systems has heightened the diffi-
culty of testing and maintaining these systems. It is now generally regarded that the
cost of system maintainability is a major component of the overall life cycle cost. For
this reason, much effort has been focused on reducing the costs associated with system
testing and fault isolation. Without the results of some of these efforts. the total life
cycle costs of many new and complex weapon systems might be too large to warrant
their development.

One of the approaches used to reduce testing costs is to recognize testing difficulties
when designing the system, subsystem, board, or chip and to incorporate certain
features in the design to help these matters. In other words, we must include the testa-
bility as a design parameter at all levels of the design hierarchy. This procedure has
come to be known as design for testability (DFT) where testability is defined as a
design characteristic which allows the status (operable, inoperable, or degraded) of a
unit and the location of the faults within the unit to be confidently determined in a
timely fashion [1].

Unfortunately in the past, the testing issue is usually not addressed until after the
design has been nearly completed. By this time, the designer is reluctant to make even
the slightest change as he has spent considerable effort to ensure that it has already
met the functional and performance specifications. Management is likely to veto any
major changes for testability due to the added design costs that will occur.

For this reason, it is necessary that a systematic testability methodology be included
throughout the design process at all levels of the design hierarchy. Such a structured
design for testability methodology was recently developed at Research Triangle Insti-
tute [2] and enables the designer to formulate a design that is testable by construction.
This in turn has a large impact on the total life cycle costs of an electronic system.

The incorporation of design for testability methods in electronics first became practical
with the onset of LSI logic in the 1970’s. With the subsequent push into VLSI and the
resulting decrease in hardware costs, the importance and impact of DFT methods on
the overall life cycle costs became significant. With the rapid rise in complexity of
modern weapon systems, it is not surprising that the military services were early advo-
cates of incorporating DFT guidelines into these systems. The Navy, Air Force. and
Army have devoted much effort in recent years to this task under the coordinating
efforts of the Joint Logistics Commanders Panel on Automatic Testing. The Air Force
has especially been active in this arena since the creation of the Rome Air Develop-
ment Center (RADC) Testability Program in 1977. Since its inception. RADC has been
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working to create an organized testability engineering discipline to address the inclu-
sion of testability guidelines in the design procedure [3].

Though the military has devoted much effort to DFT. there was no integrated pro-
cedure for incorporating testability requirements in military programs until recently.
This has been remedied by the issuance of MIL-STD-2165 in 1985 by the Navy Test
and Monitoring Systems and the Joint Logistics Commander Panel on Automatic Test-
ing [4]. This standard, along with other guidelines and standards. will define and coor-
dinate the inclusion of testability requirements in electronic systems of the future.

In dealing with the testability of a design, there are two key underlying concepts, con-
trollability and observability, that are often used. Controllability is defined as a rela-
tive measure of how easily a node or point can be forced to a specific logic value by
setting the inputs. Likewise, observability is a measure of how easily the logical value
of a node can be propagated through the unit to a primary output where it can be
noted. Many of the common DFT techniques are used to enhance the controllability
and observability of certain parts of a design to ease the testing problem.

Design for testability methods can generally be classified into three groups: ad hoc
guidelines, structured methods, and built-in test techniques. Ad hoc guidelines are not
formal or structured approaches, but are instead a set of general rules and guidelines
that have been followed in the past. These ‘““common sense’” methods include partition-
ing, bus-oriented design, reset capabilities for sequential elements, and test points to
improve the controllability and observability of hard-to-test logic blocks. On the other
hand, structured methods are a group of methodical design rules which can be imple-
mented to improve testability. These technicues are mostly variations of the scan path
method where all sequential memory elements are linked together into a long shift
register. By serially shifting in test data, the internal memory elements can be con-
trolled to ease the testing problem. Finally, built-in test (BIT) methods take advan-
tage of redundant and/or on-board test circuits to monitor the operation of the net-
work. When an error is detected, the test circuit sets an error flag or no-go signal.

The slow acceptance of DFT methods in modern electronic systems can be partly attri-
buted to the notion that testing and testability are a reliability and maintainability
function and not a part of the design process [5]. As mentioned earlier, testing con-
siderations were not usually considered until after the design was almost finished. By
this time, it was too late to incorporate most DFT methods without incurring large
additional design costs. This is because DFT methods also consume area, power, and
slightly degrade the performance of a design. The costs associated with a redesign at
this point that still met all the performance criteria were unjustifiable. This relegated
few options to the test engineer to improve the testability of the network.

For this reason, it is imperative that DFT methods be included in the design process
from the beginning when changes can be made with minimal cost. While it is true
that the incorporation of a structured DFT methodology will incur additional design
effort and hence costs, one must remember that in the long run desigh costs are only a
portion of the overall life cycle costs of an electronic component or system.




It has been stated that the ““primary benefit of testability is the positive impact it has
on system maintenance’ [6]. This is due to the reduction in test time necessary to iso-
late a fault to a specific ambiguity group. Since faulty components can be readily iden-
tified and replaced in less time, the availability of the system is increased. In addition.
fault tolerant methods that make use of hardware redundancy can improve system
reliability as well as availability.

The impact of testability can also reduce costs in the manufacturing phase. By improv-
ing the fault detection capabilities, faulty chips and components can be identified in
less time before they are incorporated in a board or system. This also tends to have a
favorable impact on system reliability, maintainability, and availability.

Future efforts in DFT technology must be devoted to developing and refining a sys-
tematic testability methodology, enforcement of testability requirements in all levels of
the design hierarchy, and the development of tools to assist the design engineer. The
Test Engineer’s Assistant (TEA) is just such a tool that is designed to assess the costs,
benefits, and drawbacks of a given DFT/BIT technique in conjunction with a design.
Through these efforts, it will be possible to integrate the testability discipline fully into
the design process.
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3.2. TEA Board Level Design for Testability Guidelines.

3.2.1. G1 Guidelines - Aid to Test Pattern Generation. G1 guidelines are established
to aid the generation of test patterns.

Items listed in the Syntax section of each guideline refer to attribute values.

G1-01

G1-01 Guideline: Use flip-flops, counters, and shift registers with a Preset/Clear
capability.
Why?

Initialization is a necessary precursor to any practical test and/or simulation pro-
gram. Ability to initialize a circuit minimizes the states the circuit has to go through
to reach a known state which is used as a basis for developing tests. Failure to provide
for circuit initialization control, may result in long test times with a large number of

test vectors.
How?

Select off-the-shelf components with Preset/Clear capability.
Syntax

inport_id: preset, pre, clear, clr

Tnode_type: counter, ctr, ff, flip_flop, flipflop, reg, register, shift_register, shiftregister,
sr

Processing

The following paragraph presents the guideline procedure.
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While (more node_names)
Get(next node_name)
If ((node_name is on user selected Tsubsystem) AND
(node_name is on user selected Tboard))
If (Tnode_type is (FF or CTR or SR))
While (more inport_ids)
Get(next inport_id)
If (inport_id is (PRE or CLR))
set FOUNDONE
Endwhile
If (NOT FOUNDONE)
report G1_01 Recommendation
Endif
Endif
Endwhile.




G1-02

G1-02 Guideline: Make Preset/Clear a primary input or primary input controll-
able.

Why?

Because this provides direct control of the initialization function to the tester and
can be used to initialize several circuits at once with a single pulse during test.

How?

(a) Avoid this. Although the tester can access node A (primary input) to initialize
this component, the outcome will be indeterminate when the tester releases A.

o VDD
|
:
A

CLR

Figure 3-1. G1-02 Guideline Explanation: Avoid this Configuration

(b) Do one of these.
(1) The tester accesses this input directly or through other controlling circuitry.
(ii) The tester accesses the primary input and clears the circuit with override.

(iii) The circuit clears with the tester override and also on power-up.
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CLR

Primary input or controlled
from a primary input

CLR

(i),

A

Primary Input

CLR

VDD

Primary Input 'L‘

(iii)

Figure 3-2. G1-02 Guideline Explanation: Do One of These

Syntax

inport_id: preset, pre, clear, clr
Tarc_type: clk, clk_gen, clock, clock_generator

VDD

Tnode_type: flip_flop, flipflop, ff, counter, ctr, shift_register, sr. shiftregister, reg,

register

Notes

All inports labeled preset or clear are checked for primary input controllability.

Processing

The following paragraph presents the guideline procedure.




While (more node_names)
Get(next node_name)
If ((node_name is on user selected Tsubsystem) AND
(node_name is on user selected Tboard))
If (Tnode_type is (FF or CTR or SR))
While (more inport_ids)
Get(next inport_id)
If (inport_id is (PRE or CLR))
If (inport_id is NOT(PIC))
Report G1_02 Recommendation
Endwhile
Endwhile.
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G1-03

G1-03 Guideline: Make Dselect of multiplexors a primary input or primary input
controllable.
Why?

It improves circuit controllability and, indirectly, initialization and therefore can

result in reduced number of test patterns and reduced test times.

How?

Select off-the-shelf components or:

MUX

SELECT

Normal Signal

Control DLZ: I

Primary input or accessible to tester
through other controllable logic.

Figure 3-3. G1-03 Guideline Explanation

Syntax
inport_id: dselect, dsel, strobe
Tnode_type: multiplexer, multiplexor, mux, multiplex, scan, scannable, y, yes

Processing

The following paragraph presents the guideline procedure.

While (more node_names)
Get(next node_name)
If ((node_name is on user selected Tsubsystem) AND
(node_name is on user selected Thoard))
If (Tnode_type is (MULTIPLEXERY))
While (more inport_ids)
Get(next Inport_id)
If (inport_id i1s (DESELECT))
If (inport_id is NOT(PIC))
Report G1_03 Recommendation
Endwhile
If (no DESELECT found)
Report G1_03 Error
Endwhile.



G1-04

G1-04 Guideline: Make Tristate Control a primary input or primary input con-
trollable.

Why?

It improves circuit controllabiiity and, indirectly, initialization and therefore can
result in reduced number of test patterns and reduced test times.

How?

Select off-the-shelf components.

Syntax
inport_id: trictrl, tctrl
Ttri_state: tristate, tri, yes, y

Processing

The following paragraph presents the guideline procedure.

While (more node_names)
Get(next node_name)
If ((node_name is on user selected Tsubsystem) AND
(node_name is on user selected Tboard))
If (Ttri_state is (TRISTATE))
While (more inport_ids)
Get (next inport_id)
If (inport_id is (TRISTATE_CONTROL))
If (inport_id is NOT(PIC))
Report G1_04 Recommendation
Endwhile
If (no TRISTATE_CONTROL found)
Report G1_04 Error
Endwhile.
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G1-05

G1-05 Guideline: Make Enable/Hold of microprocessors a primary input or pri-
mary input controllable.

Why?
[t improves circuit controllability and, indirectly, initialization and therefore can
result in reduced number of test patterns and reduced test times.

How?

Select off-the-shelf components.

Syntax
inport_id: enable, hold
Tnode_type: microprocessor, up, uproe, u_proc

Processing

The following paragraph presents the guideline procedure.

While (more node_names)
Get(next node_name)
If ((node_name is on user selected Tsubsystem) AND
(node_name is on user selected Tboard))
If (Tnode_type is (WUPROCESSOR))
While (more inport_ids)
Get(next inport_id)
If (inport_id is (ENABLE or HOLD))
If (inport_id is NOT(PIC))
Report G1_05 Recommendation
Endwhile
If (no ENABLE or HOLD found)
Report G1_05 Error
Endwhile.
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G1-06

G1-06 Guideline: Make Chip Select (CS), Address Latch Enable (ALE), Read, and
Write of memories primary inputs or primary input controllable.

Why?

It improves circuit controllability and, indirectly, initialization and therefore can
result in reduced number of test patterns and reduced test times.

How?

Select off-the-shelf components.

Syntax

inport_id: cs, chip_sel, chip_select, address_latch_enable, add_latch_en, ale, write, wr,
read, rd, read_write, readwrite, rw

Tnode_type: memory, mem, dram, sram, ram, prom, fifo, rom

Processing

The following paragraph presents the guideline procedure.

While (more node_names)
Get(next node_name)
If ((node_name is on user selected Tsubsystem) AND
(node_name is on user selected Thoard))
If (Tnode_type is (DRAM or SRAM or RAM or ROM or PROM or FIFO))
While (more inport_ids)
Get(next inport_id)
If (inport_id is (CS or ALE or RW or RD))
If (inport_id is NOT(PIC))
Report G1_06 Recommendation
Else if (Tnode_type is (ROM))
Report G1_06 Error
Else if (inport_id is (WR))
If (inport_id is NOT(PIC))
Report G1_08 Recommendation
Else
Report G1_06 Error
Endwhile
Endwhile.
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G1-07

G1-07 Guideline: Make Control Access of any bus structure a primary input or
primary input controllable.

Why?

It improves circuit controllability and, indirectly, initialization and therefore can
result in reduced number of test patterns and reduced test times.

How?

Select off-the-shelf components.

Syntax
inport_id: control, cntrl, ctrl, bus_control, bus_ectrl, bus, busnode, bus_node

Processing

The following paragraph presents the guideline procedure.

While (more node_names)
Get(next node_name)
If ((node_name is on user selected Tsubsystem) AND
(node_name is on user selected Tboard))
If (Tnode_type is (BUS_CONTROL))
While (more inport_ids)
Get(next inport_id)
If (inport_id is (BUS_CONTROL))
If (inport_id is NOT(PIC))
Report G1_07 Recommendation
Endwhile
Endwhile.
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G1-08

G1-08 Guideline: Make buried (i.e.. not primary input or primary input controil-
able) control lines of the types Preset/Clear: Dselect of multiplexors: Tristate Controi:
Enable/Hold of microprocessors; chip select {CS), address latch enable (ALE). Read.
and Write of memories: and Control Access of bus striuctures primary outputs.

Why?

Because it increases the observability of the circuit control and subsequently the
fault isolation capability of the test. This is particularly true if a control signal is dis-
tributed to more than one ambiguity group. In such a case, a buried control line must
become observable at a primary output.

How?

Bring the control line in question to an unused pin to the board 1/0.

Syntax

Processing

The following paragraph presents the guideline procedure.

While (more node_names)
Get(next node_name)
If ((node_name is on user selected Tsubsystem) AND
(node_name is on user selected Tboard))
While (more inport_ids)
Get(next inport_id)
If (Tarc_type is (CONTROL))
If (inport_id is NOT(PIC))
Report G1_08 Recommendation
Endwhile
Endwhile.
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G1-09
G1-09 Guideline: Make the output of all logic redundant nodes a primary output.

Why?

Because errors on redundant nodes are, in general, undetectable. An error on a
redundant node can cause an otherwise detectable error to be undetectable. There-

fore, there is a need to be able to generate tests for errors on redundant nodes.

How?

Make redundant nodes primary outputs or use one of the scan BIT modules that
can serialize a parallel path and thus, provide observability of a wide path through a
single pin.

Notes
Two recommendations are available.

Certain conditions must be met to identify logic redundant nodes. Logic redun-
dant nodes have identical Tnode_types (non-blank) and have the same list of prede-
cessors. A ‘‘strong’’ warning is issued if the Tnode_spec_types match (non-blank)
and the ordering of inputs is maintained, otherwise a ‘‘weak’ warning is issued.

Processing

The following paragraph presents the guideline procedure.

while (more nodes)
If (node is fanout)
Find the children of the fanout node
Find the list of parents for each child
Sort the list of parents for each child
Alphabetize list
Remove duplicates
For each of the children with ldentleal sorted parent lists
If Tnode_spec_type of children do not match
Report G1_09_weak Recommendation
Else
If unsorted parent list match
Report G1_09_strong Recommendation
Else
No warning
If (node not OQ)
Report G1_09 Recommendation

Endfor
Endwhile.
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G1-10

G1-10 Guideline: Make the trunk section of high fanout nodes or junctions a pri-
mary output.

The threshold for this guideline is stored in the system test requirements; the default
value is 5.

Why?

To increase the observability of the fanout node. An error on this node will
decrease the fault isolation capability of a test.

How?

Make this node a primary output.
NOTE: Use this guideline if you don’t use guideline G2-02.

Syntax
Tnode_type: fanout, copy, null

Processing

The following paragraph presents the guideline procedure.

While (more nodes)
Get(next node)
If ((name is on user selected Tsubsystem) AND
(name is on user selected Tboard))
If (large fanout device)
If (device is NOT OO)

Report G1_10 Recommendation
Endwhile.
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G1-11

G1-11 Guideline: Terminate all unused device inputs and tristatable outputs.

Why?

From a design point of view. unused inputs to logic devices should always be rer-
minated to VDD or Ground through a suitabie resistor to remove the risk of noise that
can be picked up by tloating inputs.

From a testing point of view, termination through a proper resistor mayv allow
control of the device's unused inputs by the tester. Termination of tri-state device
outputs through a pull-up resistor can prevent.inconsistent logic values leading to
inconsistent node signatures.

How?

Use an appropriate resistor connected to the appropriate logic level.

Unused Input

VDD

Figure 3-4. G1-11 Guideline Explanation
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Syntax

Ttri_state: tristate. tri, yes, y

Processing

The following paragraph presents the guideline procedure.

While (more node_names)
Get(next node_name)
If ((node_name is on user selected Tsubsystem) AND
(node_name is on user selected Tboard))
While (more inport_ids)
Get(next inport_id)
If (inport_id has no source)
Report G1_11 Recommendation
Endwhile
If (Ttri_state is (TRI_STATE)
While (more outport_ids)
Get(next outport_id)
If (outport_id has no sink)
Report G1_11 Recommendation
Endwhile
Endwhile.
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G1-12
G1-12 Guideline: Keep analog and digital circuits physically apart.

Why?

For two reasons:
(a) To avoid crosstalk problems in digital lines which run close to analog lines

(b) The testing requirements and strategies for analog circuits are substantially
different from those for digital circuits and therefore it is preferable to test them
separately.

How?

Use physical separation when it is necessary to mix digital and analog on the same
board. Use separate boards if possible. If digital signals have to be routed close to
analog lines, then the digital lines should be properly balanced and shielded transmis-
sion lines.

Syntax
Tdevice_type: a, analog, d, digital, mix

Processing

The following paragraph presents the guideline procedure.

While (more node_names)
Get(next node_name)
If ((node_name is on user selected Tsubsystem) AND
(node_name is on user selected Tboard))
If (Tdev_type is (ANALOG))
Append to analog_list
Else
Append to digital list
Endwhile

If (analog_list AND digital_list NOT(EMPTY))

Report G1_12 Recommendation
End.
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G1-13

G1-13 Guideline: Make analog lines used as input to digital data acquisition cir-
cuits a primary output.

Why?

Because in this way the analog and digital sections of these circuits can be tested
separately and with different test equipment, if necessary.

How?

For the case of an analog signal, make its line a primary output. In the case of
digital inputs to a D/A, either make them primary outputs or use a scan-set module to
sample the signal in parallel and shift it out serially thus minimizing pin overhead.

Syntax

Ta_d: a, analog, d, digital
Tdevice_type: a, analog, d, digital, mix
Tnode_type: da, data_acquisition, mix

Processing

The following paragraph presents the guideline procedure.

While (more node_names)
Get(next node_name)
If ((node_name is on user selected Tsubsystem) AND
(node_name is on user selected Tboard))
If (Tnode_type is (DIGITAL_DA))
While (more inport_ids)
Get(next inport_id)
If (Ta_d is (ANALOG))
If (outport_id is NOT OO)
Report G1_13 Recommendation
Endwhile
Endwhile.
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G1-14

G1-14 Guideline: Avoid asynchronous logic.

Why?

Although the performance benefits can be significant by using asvnchronous logie.
the testing problems can also be significant. This is due primarily to the possibility of
races introducing non-deterministic behavior. Providing test patterns for such circui-
try can be very difficuit.

How?

Use synchronous counters rather than asynchronous ripple counters or even
asynchronously-coupled synchronous counters. Avoid seif-timed logic as much as pos-
sible and tie everything to the clock or its derivatives as much as possible.

Syntax

inport_id: clock, clk

Tarc_type: clock, clk, clock_generator. clk_gen
Tasynch: async, asynch, asynchronous, y, yes
Tdevice_type: a, analog, d, digital

Tlogic_type: combinational, comb_logic, comb
Taode_type: clock. clk, clock_generator, clk_gen

Note

If the user does not eliminate an asynchronous construction and wants it identi-
fied by the other tools, the user should set the Tasynch attribute on the identified
nodes.

Also, this guideline is not intended to identify intentionally used asynchronous
logic; therefore, nodes with Tasynch set affirmatively will not be flagged.

Processing

The following paragraph presents the guideline procedure.
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While (more node_names)
Get(next node_name)
If ((node_name is on user selected Tsubsystem) AND

(node_name is on user selected Thoard) AND

(NOT VISITED))

node is VISITED

While (more inport_ids)

Get(next inport_id)
If (inport_id is (CLOCK))
If (inport_id source is (COMB_LOGIC))

Get(source node)
While (more inport_ids)
Get (next inport_id)
If (inport_id is ancestor of clock)
Report G1_14 Recommendationl
Else
Report G1_14 Recommendation2
Endwhile

Endwhile

Endwhile.
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G1-15
G1-15 Guideline: Avoid uncontrollable feedback.

Why?

Uncontrollable feedback paths complicate both test generation and fault diagnoesis
(isolation). In some circuits, establishing a known state may be difficult in presence of

uncontrollable feedback paths.

How?
Logic
A VDD
Tester Control
or
Logic
4 _C —r— o—oVDD
——rn
Tester Control
Tester
Patterns
Figure 3-5. G1-15 Guideline Explanation
Hints.

a. If all nodes in a loop are combinational, an error condition exists.

h. If Tlogic_type is blank, it is assumed that the node is sequential.

c.If a loop is self-contained on a single board withont any

inputs/outputs, an error condition exists.
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d. A node with no inports is considered primary input controllable.
e. Don’t set the Thoard and Tsubsystem attributes on a fanout node.
f. All controllable loops must have one primary input controllable arc.

g. Small loops that are part of bigger loops will not be detected.

Procedure for finding loops

while(more nodes)
pick a node
find all nodes you can reach from this node
if you can get back from the new node to
the original node, it’s part of a loop

Processing

The following paragraph presents the guideline procedure.

Find (nodes connected by data arcs)
Get (node from loop)
While (more inports)

If (inport is NOT part of loop)

If (inport is NOT PIC)
Report G1_15 Recommendation

Goto next loop of nodes

Endwhile.
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G1-16

G1-16 Guideline: Avoid one-shots as delay elements.

Why?

One-shots drift and can give undependable timing pulses.

How?

Use counters or timers as delay elements.

Syntax
Tnode_type: oneshot, one_shot

Processing

The following paragraph presents the guideline procedure.

While (more node_names)
Get(next node_name)
If ((node_name is on user selected Tsubsystem) AND
(node_name is on user selected Tboard))
If (Tnode_type is (ONE_SHOT))
Report G1_16 Recommendation
Endwhile.
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3.2.2. G2 Guidelines - Aid to Test Pattern Application. G2 guidelines are established
to aid the application of test patterns.

G2-01

G2-01 Guideline: Make all on-board clocks a primary input or primary input con-
trollable.
Why?

If a circuit contains an on-board free-running clock (oscillator), it may be neces-
sary to replace it with a tester-provided clock to reduce the speed of the circuit (if
necessary) for testing purposes or to debug the test patterns.

How?

Free-Running h Board Clock

Oscillator — ——T
VDD VDD
— Ao V.V N
Primary Input Primary Input
Clock Inhibit Tester Clock

Figure 3-6. G2-01 Guideline Explanation
Syntax
outport_id: clock, clk

Tnode_type: clk_gen, clock_generator, clk, clock

Processing

The following paragraph presents the guideline procedure.
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While (more node_names)
Get(next node_name)
If ((node_name is on user selected Tsubsystem) AND
(node_name is on user selected Tboard))
If (Tnode_type is (CLOCK))
While (more outport_ids)
Get(next outport_id)
If (outport_id is (CLOCK))
If (outport_id is NOT(0O))
Report G2_01 Recommendation
Endwhile
Endwhile.
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G2-02
G2-02 Guideline: Avoid fanout greater than 5.

Why?

High fanout lines decrease the fault isolation capability of a test set.

How?

&L&————I—j—u‘ Replace this with
1

oo )

1 P o g

Figure 3-7. G2-02 Guideline Explanation
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Processing

The following paragraph presents the guideline procedure.

While (more node_names or bus_names)
Get(next name)
If ((name is on user selected Tsubsystem) AND
(name is on user selected Thoard))
If (fanout device)
While (more outport_ids)
Get(next outport_id)
Find children of fanout
If (# of children > 5)
Report G2_02 Recommendation
Endwhile
Endwhile.
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G2-03

G2-03 Guideline: Break up long counter chains greater than 8 bits with logic that
contains primary inputs or primary input controllable lines.
Why?

Because this results in reduction of the number of test patterns required to fully
test the counter.

NOTE: Follow this guideline when you use more than one counter chip to form long
counters. Do not replace a single chip (long) counter with several short counter chips.

How?
Zf { ZTQ} ZJ 6
__ﬂ‘}__. 8-bit 8-bit
Input
Count 8-bit 8-bit
Input

L

3_

]- -0 VDD

PI control

Pl

(Controlled from PI. In this case the resistors and the connection to VDD can be
removed.)

Figure 3-8. G2-03 Guideline Explanation
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Syntax

inport_id: clock, clk
outport_id: co, carry_out, carry
Tnode_type: counter, ctr, count

Processing

The following paragraph presents the guideline procedure.

While (more node_names)
Get(next node_name)
If ((node_name is on user selected Tsubsystem) AND
(node_name is on user selected Thoard))
While (Tnode_type is (COUNTER))
Append (node_name to Counter_List)
Endwhile

Cleanup (lists)

While (Counter_lists)
Clear total_count_bits
While (more nodes on Counter_List)
Get (Node_name off Counter_List)
If ((next node_type is NOT combinational) AND
(next node is NOT PIC))
If (next node is COUNTER)
add Tcount_bits to total count_bits
Endwhile

If (total_count_bits > 8)

Report G2_03 Recommendation
Endwhile.
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N7
62-09
G2-04 Guideline: Avoid mixed logic families on the same board unless all I/O is
compatible in logic levels and rise and fall times.

Why?

I/O level capability of all components on a board makes it feasible for the tester
to supply the required logic levels. It will be difficult for the tester to supply tests to
components expecting different logic levels during the run of a single test set.

| e,
tible.
B compa
ECL[‘ITI L'?rl Test Point ’3’3 ECL parts.
[ 4

How?

Primary Input

1
6,7 TTL parts.

Choose 1,2,3 to also be TTL-compatible so the same test set can be applied or
monitored at the TP interface.

Figure 3-9. G2-04 Guideline Explanation

Syntax
Tlogic_family: ttl, iil, ecl, gaas, cmos, nmos, other

Processing

The following paragraph presents the guideline procedure.
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Logic_list = NULL

While (more node_names)
Get(next node_name)
If ((node_name is on user selected Tsubsystem) AND
(node_name is on user selected Tboard))
Get (Tlogic_family of node_name)
Append (Tlogic_family to logic_list)
Remove (duplicates from logic_list)
Endwhile

If (logic_list > 1 Tlogic_family)
Report G2_04 Recommendation
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G2-05

G2-05 Guideline: Limit chip fanout at test points to one less than the specified
maximum.

Why?

To allow for the tester loading when the tester accesses the test points.

How?

After test points have been determined, check the chip fanouts against the chip
data sheets to identify violations of this guidelines.

Syntax
Tnode_type: fanout, copy, null

Processing

The following paragraph presents the guideline procedure.

While (more node_names)
Get(next node_name)
If ((node_name is on user selected Tsubsystem) AND
(node_name is on user selected Tboard))
While (more outport_ids)
Get(next outport_id)
If (Tdft_io is (TPO))
Find children of node_name
If (# children > of node_name_Tchip_maxfan — 1)
Report G2_05 Recornmendation
Endwhile
Endwhile.
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G2-06

G2-06 Guideline: Provide the refresh circuitry for DRAMs on the same board as
the RAM.

Why?

If the DRAM refresh circuitry is not on-board, then the tester has to previde it
and this can be a problem for two reasons:

(a) The tester may not be fast enough to both provide the refresh cycle and also
perform the required tests.

(b) In terms of test programs, there is a need to incorporate regular calls to refresh
subroutines.

How?

By design, place the refresh circuitry on the memory board.

Syntax
Tnode_type: dram

Processing

The following paragraph presents the guideline procedure.

While (more node_names)
Get(next node_name)
If ((node_name is on user selected Tsubsystem) AND
(node_name is on user selected Tboard))
If (Tnode_type is (DRAM))
Report G2_06 Recommendation
Endwhile.
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3.2.3. Recommended Order of Application. The user has the opportunity to run all or
any of the DFT guidelines on each of the boards of his system. If some resource is lim-
ited (e.g.. computer time or budget), RTI system designers recommend running the G1
guidelines in the following order

a. G1-15
b. G1-01
c. G1-14
d. G1-11
e. G1-02
f. G1-03
g. G1-04
h. G1-05
i. G1-07
j. G1-06
k. G1-08
l. G1-09
m. G1-10
n. G1-13
o. G1-12
p. G1-16
and the G2 guidelines in the following order

a. G2-01
b. G2-06
c. G2-03
d. G2-04
e. G2-05
f. G2-02 (only need if G1-10 not run)

The above order of application only has significance if the guidelines are run one at a
time. If multiple guidelines are run at the same time, TEA determines the order of
application -- G1, the G2 guidelines, starting low to high.

3.2.4. User-defined Guidelines. When the user wants to add his own design for testa-
bility guidelines to those known by the Design for Testability Guideline Checker (dft --
Paragraph 2.7.1), he must

a. write prolog code to implement guideline
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b. write a report generator to interface with the report access utility (Paragraph
2.6.2)
c. either add documentation about the guideline to the TEA-supplied VMS help
library (Paragraph 2.6.3) or provide some other information source to users
d. let dft know about the existence of the code by setting a VMS logical.
tea_rules. to point to the fiie that contains the names of the user-supplied
guidelines. one per line.
An example of the procedure to let dft know about the existence of a user-supplied
guideline follows. The code that follows is an example of a guideline that could be
added to the guideline data base. It is a rewrite of an existing guideline. so this exam-
ple can be copied and run, as is, including the .com and .txt files. This file should be
called my_rules.pl.
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RRRERARRRIBRER DT R AR RRTRT T DTN R TR DT R % RR %D R RRRRTRRRRRRR%RHT% % %% %% %% %R %% %% %%

%% %%
%% Dispatch code for a selected rule. %%
%% %%

%% The maln routine for DFT analyze calls routines like the one below %%
%% for each rule selected from the main menu. The first parameter to %%
%% the dispatch clause 1s the name of the rule and the second is the %%
%% flle pointer to the results.tmp file. %%
%% %%
RRRRRRRRRRRRRRTTRRRRRRRERRRRRRRRTRRRT DR %R RRRHRRRRRRRRRR TR RT TR BT T%R %R %% %%

dft_analyze_dispatch_rule(my_rule, Outfile) :-
write(’running my_rule’), nl,
write(Outfile,"”*my_rule*’), nl(Outfile),
do_my_rule(Outfile),
write(Outfile,’*my_rule_END*’), nl(Outfile).

RERRRRRRRERRR TR R RTRT DR R T TR AT R RRRRT R %R A RR AT RARRERRRRR AR R T RARRRR R %% T

%% %%
%% Mailn body of rule definition. %%
%% ' %%
%% This rule will find nodes with a fanout from a given port of %%
%% greater than 1 (i.e. any port that connects to a fanout node %%
%% or bus) %%
%% %%

RARRRRRIRRARRRERR TR RRR "R DT RARTRERER%RER TR R D% RRRERRRARRRRRRER TR %R %R

do_my_rule(Outfile) :-
get_valid_node(Node),
outputs(Node, Outputs),
check_high_fanout(Outfile, Node, Outputs, 0),
fail.

do_my_rule( ).
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RERRRIRRTR AR RT RN TR TR TR TR TR TN T NN TR %R % TR D% %R %R %% T "% %% "% A% T T

%% %
%% Check each outport of a node for a high fanout value. %
%% %

RARRRRRTTRRRTRNR TR RN T % TR % TN %% h % %% %% %% %% %% % %% %% % %% %% %% %% % %% %

check_high fanout(Outfile, Node, [Head|Taill, Port_num) :-
length (Head, Fanout),
Fanout =< 1,
New_port_num is Port_num + 1,
!

?

check high fanout(Outflle, Node, Tall, New_port_num).

check_high fanout(Outfile, Node, [ |Taill], Port_num) :-
write(Outfile, 'Node °*),
write(Outfile, Node),
write(Outfile, * port °),
write(Outfile, Port_num),
write(Outfile, ° has fanout greater than 1°),
nl(Outfile),
New_port_num 1s Port_num + 1,
!

check_high fanout(Outfile, Node, Tall, New_port_num).

This is the text of the file called my_rules.txt. This file will be used by the command
file to set the VMS logical tea_rules. The command file is listed below.

my_rule

This is the text of the file called my_rules.com. This file is run by typing

$ @my_rules.com
This file sets the VMS logical tea_rules to find the name of the new guideline to be
added to the guideline data base. In this example, the logical will point to the file
my_rules.txt, given above.
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Define TEA RULES to tell TEA where to find the list of my rules.
If the servant is built, you only need to define this logical, the second
half of this file is for building the prolog servant file.

tem = smm sem e

define tea_rules my_rules.txt

Build a prolog servant file with my rules added in the current directory.

Uses shortcut method to start prolog and pass it commands from a command
file.

- tem s s s

P PO Y Y P YN L LAY

quintus_engine tea_prolog:dft.prolog
[my_rules].
[tea_prolog:build_servant’].
halt.

$ exit

The user is directed to the VMS manual set for information about adding information
to a help library. The user will not be able to access his information through dft
explain, but will be able to access it through normal use of the On-line User Support
System (Paragraph 2.6.3).

The user is given no guidance in writing prolog code with TEA. Refer to the Quintus
manuals.

Appendix D shows ADAS-related information, including data base file formats and
data base access routines.

Warnings to the User

a. No user-defined guideline shoulu have the character ‘%" in its name. There
is a possibility that there would be a conflict with TEA-supplied menu items.

b. The user will have no interface to the report generator (Paragraph 2.6.2)
unless he provides it. It is recommended that the user generate his own
report, with a filename ending with the extensions .rpt, .dwg, or .help so that
the report access utility can print the user’s reports to the screen or printer
automatically from the TEA user interface.
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3.3. TEA Hierarchical Approach to Design for Testabilitv. The reader is directed back
to Figure 2-4 for this discussion. Figure 2-4 illustrates the TEA concept of a testable
system. On-board BIT support modules are shown communicating to an on-board
maintenance manager which, in turn, talks to a maintenance bus to report board rest
results. A test control unit monitors the subsystem test results for the system and
may also control/communicate with any automated test equipment needed to apply
tests.

One possible scenario involves the user signaling the system test control unit that it is
to run a standard diagnostic. The control unit sends necessary signals along the test
bus to signal each subsystem to start its diagnostic procedure. The subsystem test
control unit then provides input vectors (from some storage area) and/or control sig-
nals to each board to begin the board testing. The maintenance node may issue start
commands to self-testable chips, feed scan chains with appropriate input data and con-
trol and start test pattern generators for the rest of the circuitry. When an appropri-
ate amount of time has passed, the controller polls each board maintenance node for
test results, which may include a faulty ambiguity group, and this information is
passed to the system test controller for relay to the user.

This system of hierarchical responsibility and reporting supports a testable design in
both fault detection and fault isolation. This system is the result of applying the TEA
methodology described in Paragraph 2.

TEA supplies a library of BIT support modules (Paragraph 3.4.2) to provide the kind
of tasks necessary to implement a board test strategy, including one version of a board
maintenance controller, which may be used to control the BIT support modules. TEA
recognizes the Element Test and Maintenance (ETM, from the VHSIC Phase II con-
tractors) and Joint Test Action Group (JTAG) bus structures at the board level.

The following figures are used to illustrate the standard configurations that TEA
recognizes. TEA always wants to see either of

a. an ETM or JTAG support module
b. primary input and outputs
c. a maintenance node

at the head and tail of these rings and stars.

Figures 3-10 and 3-11 show the ETM configurations. The nodes must have their
Tscan attribute set to etm or vhsic and must have inports and outports named just

- as they are in the figure. Depending on the particular configuration, ring or star,

either “DATAIN""/“DATAOUT"” are chained or bused. If “DATAIN"/“DATAOUT"
is chained (ETM ring), then there is a single SELECT line. There is always a bused
JMODE line. (Note: “MODE” is a reserved word in Quintus Prolog so TEA looks for
“JMODE" instead of “MODE" as in the standard.)
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DATAIN ——-T

JMODE

IC-O

IC-1

I

[C-2

IC-3

SELECT

DATAOUT =

DATAIN

Figure 3-10. ETM Ring Configuration

IC-O

IC-1

IC-2

IC-3

DATAOUT -

JMODE
SELECT(0)

SELECT(n)

Figure 3-11. ETM Star Configuration
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Figures 3-12 and 3-13 show the JTAG configurations. The nodes must have their
Tscan attribute set to jtag and must have inports and outports named just as they
are in the figure. Depending on the particular configuration. ring or star. either
“SDI"/*“SDO” are chained or bused. If “SDI”/“SDO"” is chained (JTAG ring). then
there is a single JMODE line. There is always a bused SCK line.

The user needs to carefully study his requirements and limitations and decide on sub-

system and system level test bus protocols and test control units. This is not done by
TEA.
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SCK

JMODE

SDI | IC-0 IC-1 IC-N SDO

Figure 3-12. JTAG Ring Configuration

MODEN

MODE1

MODEO0
SCK

IC-0 IC-1 IC-N

SDI

SDO <

Figure 3-13. JTAG Star Configuration
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3.4. Built-in Test (BIT).

3.4.1. Historical Backaround.

The tremendous increase in complexity in electronic systems over the last decade has
been paralleled by a rise in complexity in Automatic Test Equipment (ATE). Even so,
testing technology has failed to keep pace with the growth of system technology creat-
ing enormous problems for the test community. As a resuit. the time and costs associ-
ated with test generation and application have increased significantly over this period.

As early as 1959, the Third Annual Joint Military-Industrial Electronic Test Equip-
ment Symposium stated that “‘the need remains for built-in performance monitoring
devices in electronic systems. The degree of omission of this class of devices from prime
equipments constitutes a striking example of immature design in electronic systems.
There is no ‘method’ of testing more automatic than continuous monitoring; still this
technique seems to have been ignored in those types of systems where it could be
emploved most effectively.” This statement was made three vears before the invention
of the integrated circuit. Thus. in today’s world where thousands of logic gates can be
placed on a single chip, the need for built-in test (BIT) is greater than ever. In fact.
recent studies have concluded that the incorporation of BIT and DFT methods at all
design levels has a positive impact on system rciiability. maintainability. and supporta-
bility.

The high costs of testing can generally be attributed to the costs of test generation and
test application. It has been observed that the computational time (and costs) associ-
ated with test pattern generation varies approximately as the cube of the number of
gates. With today’s VLSI/VHSIC technology, these costs can be prohibitive in the
development of a system. Likewise, the costs of applying a long serial test sequence
through a slower external tester are undesirable.

For these reasons, the concept of BIT has been the subject of much research due to its
potential for reducing these costs. For example, random or pseudo-random patterns
can be generated on-board the module thereby eliminating the need for generating test
vector sets. In addition. the test results are often compressed on-board using data com-
paction methods that reduce the amount of storage and analysis needed to interpret
them. This use of built-in test pattern generators and data compactors can greatly
reduce the need for expensive ATE. In most cases, a simple external tester is sufficient
to obtain the results of the test sequence. -

Built-in test is most often used to reduce the mean time necessary to detect and isolate
faults to a specific ambiguity group within a system. In such a manner, it can speed
the replacemenrt of faulty components and reduce unscheduled maintenance time. This
impacts favorably on system availability as well as maintainability. In the manufactur-
ing phase, built-in test can be used to verify the functionality of a component bhefore
its incorporation into a higher level, thus improving overall system reliability.

However, BIT is not without some drawbacks. At all levels of the design hierarchy, the
inclusion of BIT modules consumes area and power. As a consequence of this at the
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chip level. the expectant vield of [C’s will be reduced and the production costs wil]
subsequently increase {7]. Nevertheless. the resultant savings in ail phases of testing
throughout the svstem life cveie warrant rhe ‘neclusion of built-in test as a desirabie
feature.

In the early days. The performance of BIT circuits in detecting and isolating fauits .iid
not meet expectations. Numerous {ualse alarms caused by the BIT circuitry significantly
increased the maintenance costs above expecred levels «during the 1970's. However.
recent improvements in testing technology through advanced processing capabilities
have improved the rate of false alarms and consequently. the number and costs of field
service pulls.

The military services have been especially interested in rhe capabilities of BIT to
reduce the maintenance and support costs for modern weapon systems in the field. At
present. the Army uses a three-tier maintenance concept which relies on initial isola-
tion of a fault to occur at the unit level. The faulty module is replaced and shipped to
the intermediate level for additional testing and isolation. It is then shipped to the
depot where the faulty component{s) are replaced and placed back in the spare parts
inventory line. Recent studies undertaken by the Army have concluded that BIT tech-
nology has not vet advanced to the point where a two-tier maintenance concept can be
supported. To promote the advancement of BIT capabiiities, the Army has recently
formed a BIT/BITE (Built-In Test Equipment) Center of Excellence within the Army
Test, Measurement. and Diagnostic Technology Laboratory. Their goal is to further the
built-in test capabilities of systems to provide better isolation capabilities at the unit
level, thus eliminating the need for an intermediate maintenance level {8].

Currently, the armed forces are in the midst of the VHSIC program to upgrade and
modernize military electronic systems through the incorporation of reliable. testable.
VLSI components. One of the goals during the initial phase of the VHSIC program was
to implement BIT techniques that would assure a high fault coverage for chips. boards.
and subsystems. However, independent efforts by the various contractors led to a
variety of techniques being implemented. Consequently. it was realized that it would
be difficult to construct testable systems due to the lack of a structured scheme to
coordinate the test activities [9).

This problem is currently being addressed in Phase II of the VHSIC program through
the development of two maintenance busses. In addition to these. the Phase II contrac-
tors are developing a PI-Bus that will be used for modite to module communications
that will allow chips from different chip sets to be interconnected easily without the
need for additional logic. Figure 3-14 on the next page graphically depicts the VHSIC
bus implementation.
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Figure 3-14. VHSIC TM/ETM/PI Buses

The Test and Maintenance (TM) Bus [10] provides a communication path between the
board maintenance controller and a subsystem maintenance controller. The TM Bus
functions to transfer test control/data to and from the higher level controller. Simi-
larly, each of the subsystem controllers can be connected via a system maintenance
bus to a system level controller which oversees and conducts the testing of the overall
system. The Element Test and Maintenance (ETM) Bus [11] accomplishes the same
function at a lower level of the design hierarchy. The ETM Bus provides a serial data
path to transfer test data and control information between the board level mainte-
nance controller and the maintenance control unit built-in to a VHSIC chip or to a
module.

The incorporation of a maintenance bus architecture across different design levels is an
integral part of a structured design for testability methodology. It provides a
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systematic procedure to conduct and coordinate testing at the various operational lev-
els. Each maintenance controller is responsible for performing tests at its level, control
the testing of any underlying levels, receive and process any error messages, and com-
municate to its appropriate master controller. At the system level. the master con-
troller is the operator. Such a top-down structured approach is important in reducing
the time and costs associated with detecting and isolating faults utilizing built-in mon-
itoring units.

Built-in testing may be classified as one of two types: off-line or on-line. Off-line test-
ing makes use of specific test data which is applied to the system during a special test
mode of operation. On-line, or concurrent testing, generally makes use of hardware
redundancy and coding techniques to test the system during normal operation. Thus,
there is no need to generate test data for concurrent testing since it uses the normal
operational data. Since redundancy is included in the system hardware, the occurrence
of a fault is not necessarily fatal. This method of duplicating hardware ir a configura-
tion to improve the reliability of the system is known as fault tolerance. Fault tolerant
systems were motivated largely by the desire to have highly reliable space-based sys-
tems since they are virtually inaccessible for normal maintenance procedures. Consid-
erable efforts are now underway to further development of fault tolerance methods and
to improve their cost effectiveness.

With the increasing usage of complex electronic systems in every facet of our society, it
is imperative that their reliability and maintainability be improved. One must now
consider the total life cycle costs (LCC) as as important selection criteria when choos-
ing a system for a particular application. It has been observed [12] that the costs
incurred with the design and acquisition of a system are less than 50% of the total
LCC. Therefore, more than half of the LCC are associated with system logistics costs.
The use of BIT and DFT have been shown to be cost effective and instrumental in
reducing the development, maintenance, and support costs of modern electronic sys-
tems.

The objective of TEA is to develop an automated top-down methodology utilizing
built-in test and design for testability to improve system maintenance and supportabil-
ity. It will be used to aid the designer who is not a testing expert to effectively assess
the cost and impact of a particular BIT or DFT technique on his design. As such, it
will allow him to meet specific testability requirements at the system, subsystem, and
board levels that will result in an overall system that is testable, maintainable, and
supportable by construction.
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3.4.2. TEA Board Level BIT Techniques.

TEA supports one implementation of each of seven board level built-in test technigues.
designed to achieve fault detection and/or fault isolation to a particular set of chips
determined by user interaction with the BIT Recommendation Tool (Paragraph 2.7.2%.
Tools in the TEA system are used to estimate the overhead involved in adding u tech-
nique to a particular board (Paragraph 2.7.3) and to give instructions for adding TEA's
support BIT modules (Paragraph 3.4.3) and/or test points to that board to get an
updated (testable) representation. VHDL descriptions of the BIT modules are provided
to support functional simulation of the system with added BIT features. These
modules are represented by ADAS templates.

The techniques are provided to complement the TEA testing methodology shown in
Figure 2-4. BIT support modules (or test points) are added to a board which commun-
icate with an on-board maintenance node, which communicates to the subsystem test
strategy.

The techniques implemented as part of TEA are intended for application to board
designs of digital synchronous circuitry. The techniques are applied in a strict manner
of adding logic (or test points) to accomplish the fault isolation requirement. The tools
do not make recommendations for replacing logic nor do they tell the user how to per-
form tests; however, the BIT support module application notes show examples of
accepted methods. Typically these techniques facilitate fault isolation to an ambiguity
group plus the BIT support modules added for that group.

A maintenance node is recommended for each board: however, the tools do not make
recommendations about connecting the maintenance node to the on-board BIT circui-
try because this depends a great deal on how the user decided to test his system. The
Maintenance Node application note shows examples of different testing styles.

In some cases there are many possible implementations of a general BIT technique:
only one has been selected for each. The chosen implementation may result in very
high overhead (e.g., test modules, additional control lines) that makes the technique
appear unacceptably costly, but this technique should not be ruled out entirely. in
some cases a combination of techniques may result in the best overall testability and
the lowest cost. TEA does not consider combinations of its techniques in itemized cost
lists, but they could be used when getting an updated schematic. Appendix B shows
diagrams of other possible implementation of the TEA techniques. These are included
for the informational use only; they have not been implemented as part of TEA. The
user could use these diagrams for manual addition of a particular technique to a board
since the modules needed are in the BIT module data base and the ADAS templates
are provided.

Non-optimal use of BIT support modules may also contribute to high cost estimates.
TEA has a support library of modules expecting a 16-bit data path. If the data path is
18 bits, for example, the TEA tools recommend ‘‘ganging” two full-sized modules
together, underutilizing at least one of the modnles. The user could possibly deter-
mine two bits of that path that would not require observation, thus saving the
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overhead associated with that module.

A single example is used throughout the rest of this paragraph to illustrate the TEA
techniques. Figure 3-15 shows a simple system consisting of three undetermined size
(number of chips) ambiguity groups (AG) which are highly interconnected. Each AG
is connected to both of the others. Each AG accepts input from the board edge and
delivers output to the board edge. This example does not show any special AGs (Para-
graph 2.6.1), but any of the AGs could be considered special. Simple one-line intercon-
nections are shown for the purposes of illustration.

fmmmmm—m——————— Ao o N D -
i |
] |
! B ] !

|
: |
! AG-1 AG-2 AG-3 !
: :
: \ ¥ I
] L ]
1 ]
1 1
b e e e e e e e e e e e e e e e o = = o e = "~ ————— = — - = - - = - ———— = = - - d

Figure 3-15. Board with No BIT Technique Applied.

This paragraph describes each of the techniques. Instructions for running the tools are
found in the TEA User Manual.

Continuous Test Point Monitoring is abbreviated det_tp in the tool menus. This is
an off-line testing technique. Figure 3-16 shows how this technique is applied to the
example board shown in Figure 3-15. det_tp adds no BIT support modules besides
the maintenance node. Test points are added at ambiguity group boundaries, except
at board ontputs. TEA optimizes the number of test points for high testability and
low overhead and gives exact locations.

Careful selection of a test program set can eliminate the need for test points, but pro-
cedures for doing so are not supported in TEA since test programs are not required to
run TEA.
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Figure 3-16. BIT Technique 1-a: Test Point Monitoring — Continuous
(Cycle by Cycle).

This technique does not do any test pattern generation, so it can support both deter-
ministic and pseudorandom testing.

Test Point Monitoring with Data Compression is abbreviated tp_sa in the tool menus.
This is an off-line testing technique. Figure 3-17 shows how this technique is applied
to the example board shown in Figure 3-15. tp_sa adds

a. pseudorandom test pattern generators (TPG) (exclusive-or implementation) for
intercepting incoming data lines

b. scan-set registers for intercepting incoming control lines

¢. built-in logic block observers (BILBOs) to compress output lines into signa-
tures

d. multiplexors as appropriate so that no more TPGs and BILBOs than necessary
are added to the design

Clock lines are not trapped and brought through BIT modules.

The overhead for this technique could be quite high. Each TPG has an associated
multiplexor. There is at least one TPG. Multiple TPGs are needed if the data path is
> 16 bits. Highly connected AGs further penalize the overhead because enough multi-
plexors are needed to break feedback paths. Scan-set modules are needed for each AG
that has control inputs. These modules do not need multiplexors since the library
model has normal and ‘“‘test” modes. Each set of lines that need to be compressed go
to 2 multiplexor port and each of these output multiplexors has a BILBO associated
with it. Data lines are kept separate from control lines going to these output multi-
plexors. AGs may have multiple data and control sets because the technique keeps
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lines going to a particular AG separate from lines going to a different AG and these are
all xept separate tfrom lines leaving the board. I[f less than total isolation can ve
tolerated, it is recommended that these restrictions be relaxed.

This technique supports pseudorandom test pattern generation on the data inputs and
unrestricted control of the control lines.

Board Level Boundary Scan is abbreviated boundary in the tool menus. This is an
off-line testing technique. Figure 3-18 shows how this technique is applied to rhe
example board shown in Figure 3-15. boundary adds

a. scan-set registers for intercepting incoming control lines

b. scan-set registers for intercepting incoming data lines and outgoing board sig-
nals

This technique has relatively low overhead associated with it, but fault isolation to the
AG is no longer guaranteed unless the user has a carefully selected test program set
and the order of application of those test sets is carefully controlled. This technique
keeps data and control lines separate. All board outputs are routed back to the scan-
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Figure 3-17. BIT Technique 2-a: Test Point Monitoring — Data Compression
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set registers used to intercept incoming data lines so there is overhead associated with
high number of board outputs compared to data input lines.

This technique does not generate test patterns for the circuit, so predetermined test
patterns would either have to be stored for the board or generated off-board and
applied serially through the scan-set registers.

This technique supports deterministic testing.

Scan-Set is abbreviated scan_set in the tool menus. This is an off-line testing tech-
nique. Figure 3-19 shows how this technique is applied to the example board shown in
Figure 3-15. scan_set adds

a. scan-set registers for intercepting incoming control lines

b. scan-set registers for intercepting incoming data lines

¢. scan-set registers for intercepting internal data lines which feed another AG

d. scan-set registers for intercepting internal control lines which feed another AG

All lines go from a scan-set module to the AG both in normal and “test’” modes. No
line will (except clocks) enter an AG if it has not been fed through a scan-set module.
All lines leaving an AG are fed back to the scan-set module which provided the input
to the AG so there is some overhead associated with providing for the larger of those
counts for each AG. All feedback and fanout paths are broken to further aid fault iso-
lation to an AG and accompanying scan-set modules. All AG outputs which leave the
board are also fed back to the AG input registers. In all cases, data and control lines
are kept separate.

Careful control of the test program set is needed as the user will want to serially test
each AG while the other AGs are in normal mode.

This technique does not generate test patterns for the circuit, so predetermined test
patterns would either have to be stored for the board or generated off-board and
applied serially through the scan-set registers.

Test Pattern Generation with Data Compression is abbreviated gen_sa in the tool
menus. This is an off-line testing technique. Figure 3-20 shows how this technique is
applied to the example board shown in Figure 3-15. gen_sa can add

a. testing switches (TSWITCH) for intercepting incoming control lines

b. TSWITCHes for intercepting incoming data lines ~

c. TSWITCHes for intercepting internal data lines which feed another AG

d. TSWITCHes for intercepting internal control lines which feed another AG
e. TSWITCHes for intercepting data lines leaving the board

f. TSWITCHes for intercepting control lines leaving the board
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Figure 3-20. Bit Technique 5-a: Test Pattern Generation and Response
Compression Using ‘‘Testing Switch’’ Modules Distributed over the Board.
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The TSWITCHes which precede an AG generates the input vectors for the AG. The
TSWITCHes which follow an AG analyzes the output vectors from the AG. All lines
go from a TSWITCH module to the AG both in normal and ‘‘test’” modes. No line
(except clocks) will enter an AG if it has not been first fed through a TSWITCH
module. All lines leaving an AG are fed forward to the TSWITCH module which pro-
vides the input to the next AG(s). All feedback and fanout paths are broken to
further aid fault isolation to an AG and accompanying TSWITCH modules and this is
done with just one TSWITCH delay. All AG outputs which leave the board are also
fed to a TSWITCH module. In all cases, data and control lines are kept separate.

Careful control of the test program set is needed as the user will want to test each AG
while other AGs are in normal mode. A single TSWITCH is capable of simultaneously
generating patterns for one AG while compressing patterns received from another.

This technique can support both pseudorandom and deterministic test pattern genera-
tion on both the data and control lines.

Parity Check/Generate is abbreviated parity in the tool menus. This is an on-line, or
concurrent testing technique, meaning that testing can be accomplished during opera-
tion of the system. Figure 3-21 shows how this technique is applied to the example
board shown in Figure 3-15.

This technique is supported differently from the five techniques described above. No
estimation of overhead costs is performed for this technique because from strict topo-
logical information available to TEA, TEA does not make decisions about where
modules are needed to generate or check the parity of a device. The user is directed to
texts describing coding theory and practical application of parity.

TEA allows the straight-forward addition of the ‘“parity’’ library module to a
schematic by requesting the user to only specify the lines to which the module should
be attached. TEA will automatically reroute the arcs and add the nodes to the graph.
The user will then have to make the graph “pretty’ again.

Test patterns are functional input patterns, as this is an on-line technique.

8-bit bus 2 l ; |

Source Receiver - check bit

reference ———————2

parity

Figure 3-21. BIT Technique 6: Parity Generation/Checking.
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On-line Comparison of Duplicated Modules is abbreviated compare in the tool
menus, except on the top-level TEA menu, where compare refers to the System Sum-
mary tool (Paragraph 2.7.5). This is an on-line, or concurrent testing technique. mean-
ing that testing can be accomplished during operation of the system. Figure 3-22
shows how this technique is applied to the example board shown in Figure 3-15.

Functional Duplicate of
Module 1 Module 1
Function a[n] y \» bn]
Comparator
Error

Figure 3-22. BIT Technique 7: Selective Duplication.
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This technique’s support is identical to the technique identified as parity. No estima-
tion of overhead costs is performed for this technique because from strict topological
information available to TEA, TEA does not make decisions about where duplication
of modules is needed to provide fault detection (and perhaps other fault tolerance)
capabilities. The user is directed to texts describing the use of module duplication as a
form of on-line fault detection. Duplication and comparison will not aid in fault iscla-
tion because if an error is indicated at the output of the comparator, the user still
doesn’t know if the error occurred in the “functional” module or the “‘duplicated™
module.

TEA allows the straight-forward addition of the ‘‘compare” library module to a
schematic by requesting the user to only specify the lines to which the module should
be attached. TEA will automatically reroute the arcs and add the nodes to the graph.
The user will then have to make the graph “pretty” again.

Test patterns are functional input patterns, as this is an on-line technique.

3.4.3. TEA BIT Support Modules. Appendix C describes the details of each of the BIT
support modules provided with TEA in the form of application notes. The group of
modules forms a library or data base. With this library, the user receives

a. an application note describing the function of the module along with an exam-
ple implementation and notes on using the module in a testing situation

b.an ADAS template to use when adding nodes representing BIT support
modules into a graph

c. VHDL, version 7.2, and IEEE 1076 structural and/or behavioral descriptions of
the module

d. a gate level description of the model entered in CADAT (product of HHB-
Systems of Mahwah, NJ) format

The BIT Overhead Summary (Paragraph 2.7.3) and BIT Placement Recommendation
(Paragraph 2.7.4) tools use the library to pick out modules to support the BIT tech-
nique chosen by the user.

In many cases, a second version of each BIT module (referred to as version 2) is sup-
plied. This second version has been built to interface to the maintenance node
delivered, without additional functionality. The version 2 modules will not automati-
cally be added to a system by the TEA tools.
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4. EXAMPLE USE OF TEA

The fllwg xample of the fh TEA ools. Figure 4-1 is the ADAS
representatio fth ytmud
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Figure 4-1. ADAS Graph of Doppler Filter Card of the Radar Signal
Processor of Firefinder




Output from the tools is in regular type. User responses are shown in bold typeface.

Commentary will be shown in italics.

TERMINAL SESSION

$ tea prod_20.hwg -d vsii

The user has entered the graph name (prod_20.hwg) and graphics display on the command line. This

refers to the DEC VAXstation II.
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ADAS: Architecture Design and Assessment System
Copyright 1985, 1986, 1987 by Research Triangle
Institute.

Tea (version PROTO.TYPE)

Proprietary Software. All rights reserved.
No part of this software may be sold
or distributed in any form or by any means
without the prior written permission of
the Research Triangle Institute.
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Getting database

The user’s hardware graph file is loaded into the data base.

quit
save
edit
move

menu ===
brt log file hardcopy
bit_cost window script
placebit environ macro
compare stats reload
ag_name subgraf help

command¥% dft

This is the TEA top-level menu. The user has selected the Design for Testability Guideline Checker from

the menu.
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=== menu ===
%help
analyze
identify
explain

DFT: Select a DFT option to be executed: analyze

The first menu the user encounters is the dft action menu. Here the user has selected to analyze his

graph for untestable or hard-to-test structures.

=== menu ===
%help
standard
user_rules

DFT: Select the type of rules to use: standard

The user wants to select from the guidelines provided with TEA.

%done g1 _02
%help g1_03
%all g1 04
%all_gi g1 _o0s
%all_g2 g1_06
gL_o1 g1_07

gl_os8
gl_o09
gl_10
gi_11
gl_12
g1_13

Enter ’'*’ to view additional menu items

DFT: Select the guideline(s) to be executed: gl 02 %done

The only guideline selected is g1_02: Make preset/clear a primary input or primary input controllable.
Note that the user must select the %done option to ezit this menu.

%done
%help
%all

DFT: Indicate the subsystem(s) of interest: radar Z%done

%done
%help
%all
doppler

DFT: Indicate the board(s) of interest: doppler %%done

The doppler board of the radar subsystem has been selected for analysis.

gl_14
gl_15
gl_16
g2_01



**x%x Running prolog code *xx*x*
(compiling project:[tea.jrc.demolgraph.pl...]
(graph.pl compiled 334.350 sec 77,072 bytes]
[compiling project:[tea.jrc.demolcontrol.pl...]
(control.pl compiled 0.980 sec 496 bytes]

Run analyze rules

Tunning gi_02

**%% g1 02 VIOLATION --> r1 U22 port=7 clear
*x% g1 02 VIOLATION --> ril U24 port=7 clear
*x¥x g1 02 VIOLATION --> rl1 U25 port=7 clear

Eziting the board menu starls the ezecution of dft. Dft is implemented in prolog, so the graph data base
must be translated into prolog for comparison to the guidelines. graph.pl is the prolog representation of
the graph data base. control.pl is the prolog representation of the input the user has given to dft {e.g..
board name, guidelines).

Enter <cr> or YES to accept dft_O1.rpt as the default filename
Or enter desired output filename : gl 02

The user has selected to name his output report g1_02 rather than accept the default name selected by the
tool.

=== menu ===

quit brt log_file hardcopy
save bit_cost window script
edit placebdbit environ macro
move compare stats reload
dft ag_name subgraf help

command® log_file

Once the tool completes, process control 18 returned to the top-level menu. The user now selects the
report access utility.

=== menu ===
%help
view

Log_file: View or print report? view

Enter directory path to search.
<cr> or YES searches current d4dir: yes

=== menu ===
%help
gl_02.rpt

Log file: Select a report: gl 02.rpt
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The user nas selected to rew the [ile cailed g1_02.rpt in his current directory. This :s the antout of the
ail to dft that was just compieted.

Tast Zngineer’s Assistant (TEA) Jutput Repers

ADAS/TEA Version: PRCTOQ.TYPE
Research Triangle Institute

?.0. Box 12194

Research Triangle Park, NC 27709

Date/Time: Wed Sep 21 06:16:41 1988

User: JRC
Graph:
Current View Graph: Doppler Filter_ Board
Current View Filename: PROJECT: [TEA.JRC.DEMOIPROD_Z0 .HWG;:

Qutput Report Filename = PROJECT: [TEA.JRC.DEMO]Gi_ O02.RPT;1
DESIGN FOR TESTABILITY GUIDELINE CHECKER
(dft analyze)

Where -
Subsystem-
radar

Board-
doppler

Guidelines Selected-
gl1_02

G1_02

G1_02_REC - To aid test pattern generation, the
PRESET or CLEAR input of flip_flops, counters and
shift_registers should be directly controllable.
Port ‘clear’ (port=7) of node 'U22° .
is a PRESET/CLEAR line that is not primary input
controllable. Make this port (port=7) primary input
contrcllable.
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G1_02 REC - To aid test pattern generation, the
PRESET or CLEAR input of f{lip flops, counters and
shift _registers should be directly controllable.
Port ‘clear’ (port=7) of node 'J24°

1s a PRESET/CLEAR line that is aot primary input
controllable. Midke  this port (port=7) primary input
controllable.

G1_02_REC - To aild test pattern generation, the
PRESET or CLEAR input of flip_flops, counters and
shift_registers should be directly controllable.
Port ’'clear’ (port=7) of node 'U25°

is a PRESET/CLEAR line that is not primary input
controllable. Make this port (port=7) primary input
controllable.

Flip_ flops, Counters, and Shift_registers

Uio U1l U12 U13 Ul4 U1s Uls U118 U2
U22 U24 U25 U4 Us Us U7 us U9

There were 3 violations found

dft analyze Completed

The output shows all the registers, flip flops. counters found in the graph. The node_names of the nodes
are shown as a list. In addition to this list. the violations and recommendations are shown.

=== menu ===

quit brt log file hardcopy
save bit_cost window script
edit plaEebit environ macro
move compare stats reload
dft ag_name subgraf help

command¥% dft

=== menu ===
%help -
analyze
identify
explain

DFT: Select a DFT option to be executed: identify

The user has entered dft again, this time selecting the identify function.
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=== menu ===
%done
%help
%all

DFT: Indicate the subsystem(s) of interest: radar %done

%done
%help
%all
doppler

DFT: Indicate the board(s) of interest: doppler %done

=== menu ===

%help fanout>5 node register
attribute flipflop one_shot scan_reg
bit_mod loop primaries test_point
counter memory processor

DFT: Select an item to be identified: fanout>S5
The user has instructed the tool to look for occurrances of fanout > 5 on the doppler board of the radar
subsystem.

Enter <cr> or YES to accept dft_01.rpt as the default filename

Or enter desired output filename : doppler_fanout

The results of this action will be itemized in doppler_fanout.rpt.

=== menu ==

quit brt log file hardcopy
save bit_cost window script
edit placebit environ macro
move compare stats reload
dftv ag name subgraf help

command% dft

=== menu ===
%help
analyze
identify
explain

DFT: Select a DFT option to be executed: explain
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=== menu ===
%help

DFT: Select the appropriate guideline group: gl

=== menu ===

%help g1_06 g1_10 g1_15
g1i_o01 g1_06 gl _11 gl_16
g1_02 g1_o07 g1_12

gl _03 g1 _08 gi_13

g1 _04 gi_09 g1 _14

DFT: Select the speclfic guideline to be explained: gl 02

The help file information concerning g1_02 will be accessed through use of the explain function of dft.

=== menuy ===
%help
yes

DFT: Store the explanation to a file? no

The results are displayed on the sereen.
TOOLS
DFT_Checker
Rules

G1_02

G1_02 Rule: Make Preset/Clear a primary input or primary
input controllable.

Why?

Because this provides direct control of the initializa-
tion function to the tester and can be used to initialize
several circuits at once with a single pulse during test.

How?

(a) Avold preset and clear being tied together through
a resistor to VDD. Although the tester can access the point
(a2 primary input) to initialize this component, the outcome
will be 1indeterminate when the tester releases the test
point.

(b) Do one of these.

.
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Topic?

(1) Make the clear input a primary input or primary 1input
controllable. The tester can access this input directly or
through other controlling circuitry.

(11) Make the clear line an arbitrary signal gated with a
primary input which is connected with VDD through a resis-
tor. The tester accesses the primary input and clears the
circuit with override.

(11i) Make the clear line an arbitrary signal gated with a
primary input which 1is connected with VDD through a resistor
and VSS through a capacitor. The circuit clears with tester
override and also on power-up.

Syntax

inport_id: preset, pre, clear, clr
Tarc_type: data, control, cntrl, ctrl, clock, clk

Tdft_io: primary_input, pi, primary_output, po.
test_point, test_point_output, test_pt_output, tp, tpo

Tlogic_type: combinational, comb_logic, comb
Tnode_type: flip flop, flipflop, ff, counter, ctr,

shift_register, sr, shiftregister

<CR>

The user types a carriage return to exit the help files.

quit
save
edit

=== menu ===
brt log file hardcopy
bit_cost window script
placebit environ macro
compare stats reload
ag _name subgraf help

command% brt

Now the user has selected to enter the BIT Recommendation Tool.

BRT:

Indicate the subsystem of interest: radar
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=== menu ===
%help
doppler

BRT: Indicate the board of interest: doppler

BRT:. Enter desired AG size: 3

=== menu ===
%help
yes

BRT: Alter cost function to account for testability? yes

The possible groups of size 3 and less of the doppler board will be considered for their testability. A modi-
fied cost function will be used to find a minimum cost solution. A testing recommendation will be
assigned to each node and to each ambiguity group.

Enter <cr> or YES to accept brt _0l.rpt as the default filename

Or enter desired output filename

Finding ambiguity groups

Finding optimal configuration of ags

The results are stored in an output file.

=== menu ===

quit brt

save bit_cost
edit placebit
move compare
dft ag_name

Bit_cost: Indicate the subsystem of interest: radar

=== menu ===
%help
doppler

Bit_cost: Indicate the board of interest: doppler

brt_doppler_size3

log file
window
environ
stats
subgraf
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The costs of implementing BIT on the doppler board with ambiguity groups as assigned by brt will be
estimated by the BIT Overhead Summary tool.

=== menu ===
%done %all tp_sa scan_set
%help det_tp boundary gen_sa

Bit_cost: Select BIT technique(s): tp_sa %done

Enter <cr> or YES to accept bitcost_01.rpt as the default filename
Or enter desired output filename : bitcost_tp_sa

Enter <cr> or YES to accept bitcost_0l1.dwg as the default filename
Or enter desired output filename : bitcost_tp sa

The results of running bit_cost on the doppler with the Test Point Monitoring with Data Compression
technique will be written to the files called bitcost_tp_sa.rpt and bitcost_tp_sa.dwg.

=== mhenu ===

quit brt log file hardcopy
save bit_cost window script
edit placebit environ macro
move compare stats reload
dfe ag_name subgraf help

=== menu ===
%help tp_sa scan_set parity
det_tp boundary gen_sa compare

Placebit: Select a BIT technique: tp sa

Confident that tp_sa is the BIT technique of choice, the user has entered the BIT Placement Recommen-
dation tool and selected tp_sa.

=== menu ===
%help
yes

Placebit: Do you want TEA to attempt an example implementation? yes

This indicates that the user wants more than general instructions about the technique he has chosen.

=== menu ===

%help

Placebit: Add nodes to supply constant 0/1 values? yes
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When the graph is updated, all input data lines of the BIT modules will have an input value attached.

Placebit: Indicate the subsystem of interest: radar

=== menu ===
%help
doppler

Placebit: Indicate the board of interest: doppler

== meny ===
%done
%help
%all
autoplace
wirelist

Placebit: Place and/or supply manual wiring 1list? wirelist %done
The user has not chosen to have his graph automatically updated, rather he has selected to get a wirelist
30 that manual implementation of the technique could be achieved.
Enter <cr> or YES to accept placebit Ol1.rpt as the default filename
Or enter desired output filename : placebit_doppler_tp _sa
General wiring information and error reports are given in the .rpt output file.
Enter <cr> or YES to accept placebit Ol1.dwg as the default filename
Or enter desired output filename : placebit_doppler_tp sa
Specific wiring information is given in the .dwg output file.

Some changes to the graphs were recommended.

The tool is indicating that the wiring list is not empty.

=== menuy ===

quit brt log file hardcopy
save bit_cost window script
edit placebit environ macro
move compare stats reload
dft ag name subgraf help

command% compare

The user wants some statistics concerning his graph(s), so he has entered the System Summary tool.
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Enter directory path to search.
<cr> or YES searches current dir: yes

=== menu ===
%help system_2.hwg
fself system_3.hwg
system_1.hwg system_4.hwg

Compare: Select the comparison graph: %self
The list of hardware graph files in the current directory is presented. The user has chosen to only get
output concerning his ‘‘current view’’ graph and about no others.

Enter <er> or YES to accept compare Ol.rpt as the default filename

Or enter desired output filename : compare_self
A chart of statistics about the graph is shown in the .rpt output file. This includes number of BIT
modules, number of test potnts, and mean time to test.

Enter <cr> or YES to .ccept compare 01.dwg as the default filename

Or enter desired output filename : compare_self
A breakdown of the ambiguity groups and board inpuls/outputs are listed tn the .dwg output file.

Some errors were detected in the graphs,

check the report for detalils.

The tool indicates that some error messeges will appear in the .rpt file.

=== men ===

quit brt log_file hardcopy
save bit_cost window script
edit placebit environ macro
move compare stats Teload
dft ag_name subgraf help

command% quit nosave

Ezxiting the tool s done by selecting quit from the top-level menu. No changes made to the graph (There
should have been none anyway, in this case.) during the session will be saved since the user has selected
to nosave his data base.
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5. NOTES

5.1. Glossary.

aid to test pattern application. Some design for testability guidelines are in the data
base to aid test pattern application. These guidelines generally ease the controllability
of clocks and significant control functions of a system so that automatic test equip-
ment can be used to externally control the system during test mode.

aid to test pattern generation. Some design for testability guidelines are in the data
base to aid test pattern generation. These guidelines generally increase controllability
and observability of nodes buried within a system.

ambiguity group (AG). the smallest group of items to which a fault can be isolated

analog node. a node that has not been identified as digital. An analog node has its
Tdevice_type set to a, analog. A node with no Tdevice_type value is digital.

built-in test (BIT). a particular design for testability technique that requires that some
technique for detecting faults be provided in addition to the function

built-in test techniques. TEA has a data base of seven particular BIT techniques.
These include

a. continuous test point monitoring, can support both deterministically and pseu-
dorandomly generated test patterns

b. test point monitoring with data compression, supports deterministic test pat-
terns for control lines and pseudorandomly generated test patterns for data
lines

c. board level boundary scan, supports deterministic test pattern application to
both control and data lines

d. scan-set, supports deterministic test pattern application to both control and
data lines

e. test pattern generation with signature analysis, supports pseudorandomly gen-
erated control and data line inputs

f. parity generation/checking
g. on-line comparison of duplicated modules

The first five are off-line techniques, implying that the system is not operational at the
time of testing and the test patterns supported are noted. The last two are on-line, or
concurrent to operation, techniques which require very special consideration.




controllability. the ability to control values on nets. The controllability of a line is the
probability that a randomly applied input vector will set the line to a given value.

controllable loop. a closed circuit of controllable nodes. Controllable nodes have inputs
which are primary inputs or primary input controllable. Controllable loops cannot
contain entirely combinational logic.

design for testability (DFT). One of the approaches used to reduce testing costs is to
recognize testing difficulties when designing the system, subsystem, board, or chip and
incorporate certain features to facilitate fault detection and fault isolation into the
design. Design styles that result in testable designs are collectively grouped under the
name ‘‘design for testability.” Testability is desirable because it reduces the cost of
testing and it improves the quality of the test.

fanout node.

a. a node is a fanout node if its attribute hw_module is set to one of fanout,
copy, null

b. a node is a fanout node if its attribute Tnode_type is set to one of fanout,
copy, null

Fanout nodes are not recommended. ADAS buses should be used to show connections
from one source to multiple destinations. In general, TEA will give unpredictable
results if fanout nodes are used.

large node. identified by Thw_module (number of gates) and Tstates (number of
states).
Size = (gates) 2°t2te®

If Size > 2!9=65536, a node is large.

mean time to test. sum of the mean times given to test the ambiguity groups

observability. the ability to observe values on nets. The observability of a line is the
probability that a randomly applied input vector will sensitize one or more paths from
that line to a primary output.

output observable (OO).

A node is Primary Output Observable if all of its outports are primary output observ-
able. The following is the order in which outport X is checked to sec if it is Primary
Output Observable:




a. The outport is checked for successors. If there are no successors. outport X is
not OO. If one or more successors exists, it keeps on checking.

h. The outgoing arc is checked to see if the Tdft io is set to PO. Pl or TPO. If
so. outport X is OO. If not. it keeps on checking.

c. The sink node is checked to see if it belongs to another board. If so. outporr X
is Q0. If not, it keeps on checking.

d. The sink node is checked to see if it has outports. If the sink node has no out-
ports, outport X is OO. If the sink node does have outports, it keeps on
checking.

e. The sink node is checked to see if it has been checked before. If it has. this is
a loop and outport X is not OO. If it has not been checked before, it goes
back to step a, using the sink node for outport X.

f. The outgoing arc (that goes out from outport X) is checked to see if the
Tarc_type is set to clock. If it is not set to clock, (i.e., data or control) it
keeps on checking. If Tarc_type = clock, outport X is not OO.

. If one of the following is true, then it goes to step f. Otherwise, outport X is
not OO. The Tlogic_type for the sink node is set to combinational

a9

1. The Tnode_type for the sink node is set to scan latch
2. The Tnode_type for the sink node is set to bus (or the sink is a bus)
3. The Tnode_type for the sink node is set to fanout
4. The Tnode_type for the sink node is set to flip flop
5. The Tnode_type for the sink node is set to counter
6. The Tnode_type for the sink node is set to shift register
h. A node must be PIC in order to be OO.

primary input (PI) or primary output (PO).
a. an arc with Tdft_io labeled as PI/PO

b. an are which crosses from one board to another

primary input controllable (PIC). A node is Primary Input Controllable if all of its
inports are PIC. The following is the order in which node X is checked to see if it is
Primary Input Controllable:

a. A node port is NOT PIC if the inport has no sources.

b. The incoming arc is checked to see if the Tdft_io is set to PO, Pl or TPO. If
so, inport X is PIC. If not. it keeps on checking.

c. The source node is checked to see if it comes from another board. If so, inport
X is PIC. If not, it keeps on checking.
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d. The source node is checked to see if it has inports. If it has no inports. inport
X is PIC. If the source node does have inports, it keeps on checking.

e. The source node is checked to see if it has been checked before. If it has. this
is a loop and inport X is not PIC. [f it has not heen checked hefore. it zoes
back to step a. using the source node for inport X.

f. The incoming arc (that comes into inport X) is checked to see if the
Tarc_type is set to clock. If it is not set to clock, (ie, data or control) it keeps
on checking. If Tarc_type = clock, inport X is not PIC.

. If one of the following is true, then it goes to step f. Otherwise, inport X is not
PIC.

. The Tlogic_type for the source node is set to combinational

0

o

. The Tnode_type for the source node is set to scan latch

3. The Tnode_type for the source node is set to bus (or the source is a
bus)

4. The Tnode_type for the source node is set to fan out

sequential node. a node that has not been identified as combinational. A combina-
tional node has its Tlogic_type set to comb, comb_logic, combinational. A node with
no Tlogic_type value is sequential.

test patterns. the set of input stimuli used to verify the operation of a system. These
patterns can be generated deterministically or pseudorandomly. Some systems are
better tested with vectors generated one way over the other. Typically, only patterns
applied to data inputs are generated pseudorandomly.

test _point (TPO). an arc with Tdft_io labeled as test point, test_point_output,
test_pt_output, tp, tpo

testability. a design characteristic which allows the unit’s status (operable, inoperable,
or degraded) and the fault locations within the unit to be confidently determined in a
timely fashion




5.2. Index.

Architecture Design and Assessment Sys-
tem (ADAS), 1-1, 1-2, 1-3, 1-4, 1-5, 2-1,
2-5, 2-7, 2-8, 2-13, 2-14, 2-15, 2-16, 2-18,
2-19, 2-20, 2-21, 2-22, 2-24 2-27, 2-30,
2-31, 2-32, 2-33, 2-35, 2-36, 2-43, 2-44,
2-46, 2-53, 2-59, 2-61, 2-65, 2-66, 2-69,
9.73, 2 Ta, 2-76, 3-31, 3-41, 3-52, 4-1,
4-2, 4-5, 5-2, 5-7

ambiguity group (AG), 1-2, 1-3, 2-4, 2-5,
2-9, 2-13, 2-14, 2-15, 2-16, 2-17, 2-19,
2-20, 2-21, 2-22, 2-24, 2-33, 2-34, 2-43,
9-44, 2-15, 2-46, 2-47, 2-48, 2-49, 2-50,
2-53, 2-54, 2-59, 2-61, 2-63, 2-65, 2-66,
2-68, 2-69, 2-71, 2-73, 2-74, 2-75, 2-76,
2.77, 2-79, 3-3, 3-12, 3-32, 3-36, 3-42,
3-43, 3-44, 3-45, 3-46, 3-47, 3-48, 3-49,
3-50, 3-51, 4-2, 4-4, 4-6, 4-7, 4-10, 4-13,
5-1, 5-2, 5-7

Automatic Test Equipment (ATE), 1-2,
2.5, 2-33, 3-36, 3-39, 5-7

built-in test (BIT), 1-1, 1-2, 1-3, 1-5, 2-1,
2-3, 2-4, 2-5, 2-6, 2-7, 2-8, 2-9, 2-11, 2-
13, 2-14, 2-15, 2-16, 2-17, 2-19, 2-20, 2-
21, 2-22, 2-23, 2-24, 2-27, 2-29, 2-30, 2-
32, 2-33, 2-34, 2-36, 2-37, 2-41, 2-43, 2-
44, 2-45, 2-53, 2-54, 2-59, 2-61, 2-63, 2-
65, 2-66, 2-67, 2-69, 2-71, 2-73, 2-74, 2-
76, 2-77, 3-2, 3-3, 3-32, 3-36, 3-37, 3-39,
3-41, 3-42, 3-43, 3-d44, 3-45, 3-46, 3-48,
3-49, 3-50, 3-51, 3-52, 5-1, 5-7

BIT Overhead Summary (bit_cost), 4-2,
4-4, 4-6, 4-7, 4-9, 4-10, 4-11, 4-12, 4-13

BIT Placement Recommendation (place-
bit), 2-34, 2-65, 2-66, 2-67, 2-69, 2-71,
4-2, 4-4, 4-6, 4-7, 4-9, 4-10, 4-11, 4-12,
4-13

BIT Recommendation (brt), 2-3, 2-9, 2-13,
2-14, 2-15, 2-16, 2-34, 2-43, 2-46, 2-49,
2-50, 2-52, 2-53, 2-54, 2-61, 2-65, 4-2,
4-4, 4-6, 4-7, 4-9, 4-10, 4-11, 4-12, 4-13,
5-7

design for testability (DFT), 1-1, 1-2, 1-3,
2-1, 2-4, 2-7, 2-9, 2-11, 2-13, 2-14, 2-15,
2-16, 2-24, 2-25, 2-26, 2-27, 2-28, 5-1,
5-2, 5-7

design for testability guideline checker
(dft), 2-29, 2-30, 2-32, 2-33, 2-34, 2-35,
2-36, 2-37, 2-39, 2-40, 2-41, 2-42, 2-45,

2-59, 2-65, 2-74, 2-77, 3-1, 3-2, 3-3, 3-4,
3-6, 3-7, 3-8, 3-9, 3-10, 3-11, 3-12, 3-13,
3-14, 3-17, 3-22, 3-25, 3-27, 3-29, 3-31,
3-32, 3-36, 3-38, 3-39, 4-2, 4-3, 4-4, 4-5,
4-6, 4-7, 4-8, 4-9, 4-10, 4-11, 4-12, 4-13

ETM, 2-6, 2-11, 2-13, 2-44, 2-45, 2-54, 3-
32, 3-33, 3-38, 3-40

JTAG, 2-6, 2-11, 2-44, 2-45, 2-54, 3-32, 3-
34, 3-35

System Summary (compare), 2-4, 2-27, 2-
34, 2-69, 2-73, 2-74, 2-76, 3-51, 3-52, 4-
2, 4-4, 4-6, 4-7, 4-9, 4-10, 4-11, 4-12, 4-
13, 5-7

VHSIC Hardware Description Language
(VHDL), 1-1, 1-4, 1-5, 2-3, 2-5, 2-7, 2-
15, 2-16, 2-32, 2-33, 2-59, 2-65, 3-41, 3-
52, 5-7
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5.3. List of Acronvms.

ACO
ACST
ADAS

ADSD
AG
AJD
AVI
ATE
BIT
CA
CAD
CDSR
co
COM
COTR
CDR
CDRL
CDSR
CFSR
CIDS
CM
CMP
CPFF
CRISD
CSC
CSCI
CSDM
CSOM
CWBS
DAC
DAL/ID
DAO
DAR
DBS
DFT
DID

Software Design Document
Acronyms for TEA System

Administrative Contracting Officer
Advanced CAD/E 1or Systems Testability
Architecture Design and Assessment System
Automated Data System

Automated Data System Document
Ambiguity Group

Analysis and Justification Document
ADAS/VHDL Interface

Automatic Test Equipment

Built-in Test

Configuration Audit

Computer-aided Design

Center fcr Digital Systems Research
Contracting Officer {(or Commanding Officer)
Computer Operation Manual

Contracting Officer’s Technical Representative
Critical Design Review

Contract Data Requirements List

Center for Digital System Research
Contract Funds Status Report

Critical Item Development Specification
Configuration Management

Configuration Management Plan

Cost Plus Fixed Fee

Computer Resources Integrated Support Manual
Computcr Software Component

Computer Software Configuration Item
Computer Software Diagr sstic Manual
Computer System Operator’s Manual
Contract Work Breakdown Structure

Days After Contract Signed

Data Accession List/Internal Data

Days After Option

Defense Acquisition Regulations

Data Base Specification

Design for Testability

Data Item Descriptions



DoD Department of Defense
DoDISS Department of Defense Index of Specifications and Standards
DRD Data Requirements Document
EDR Evaluation and Demonstration Report
ETM Element Test and Maintenance
FCA Functional Configuration Audit
FD Functional Description
FER Funds Expenditure Report
FOQR Formal Qualification Review
GF'S Government-Furnished Software
HWCI Hardware Configuration Item
INC Incrementally Funded Contract
vV&v Independent Verification & Validation
JLC Joint Logistics Commanders
JTAG Joint Test Action Group
LLCSC Low Level Computer Software Component
LRU Line Replaceable Unit
MCCS Mission Critical Computer System
MN Maintenance Node
OM Operator’s Manual
PCA Physical Configuration Audit
PCO Procuring Contracting Officer
PDR Preliminary Design Review
PI VHSIC Interoperability
PIDS Prime Item Development Specification
PMM Program Maintenance Manual
PP/APC  Project Planning/Actual Project Chart
PS Program Specification
PSR Project Status Report
RTI Research Triangle Institute
SDD Software Design Document
SDDD Software Detailed Design Document
SDF Software Development File
SDL Software Development Library
SDP Software Development Plan
SDR System Design Review
SOM System Operation Manual
SOW Statement Of Work
SQEP Software Quality Evaluation Plan
SRR System Requirements Review
SSSRD System Specification and Software Requirements Document
SSA Software Support Agency
SSPM Software Standards and Procedures Manuals
SSR Software Specification Review
5-7



SSS
STD
STP
STPR
STR
SSUM
SWCI
TAR
TEA
TEAS
TCO
TCU
TIP
TISSS
TLCSC
™

TP
TRR
UDF
UM
USAF
USN
VDD
VHDL
VHSIC
VSC
WBS
ag_name
bit_cost
brt
compare
dft

help
log_file
placebit

System Subsystem Specification
Software Test Description

Software Test Plan

Software Test Procedure

Software Test Report

Software System User’s Manual
Software Configuration Item

Test Analysis Report

Test Engineer’s Assistant

Test Engineer’s Assistant System
Termination Contracting Officer

Test Control Unit

Technology Insertion Plan

Tester Independent Support Software System
Top Level Computer Software Component
Test and Maintenance

Test Plan

Test Readiness Review

Unit Development Folder

User’s Manual

United States Air Force

United States Navy

Version Description Document

VHSIC Hardware Description Language
Very High Speed Integrated Circuit
VHSIC Silicon Compiler

Work Breakdown Structure

TEA Ambiguity Group Names

TEA BIT Overhead Summary

TEA BIT Recommendation

TEA System Summary

TEA Design for Testability Guideline Checker
TEA On-Line User Support System
TEA Report Generation/Access

TEA BIT Placement Recommendation
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G1-01 Guideline: Use flip-flops. counters. and shift registers with a Preset/Clear
capability.

G1-02 Guideline: Make Preset/Clear a primary input or primary input controil-
able.

G1-03 Guideline: Make Dselect of multiplexors a primary input or primary input
controllable.

G1-04 Guideline: Make Tristate Control a primary input or primary input con-
trollable.

G1-05 Guideline: Make Enable/Hold of microprocessors a primary input or pri-
mary input controllable.

G1-06 Guideline: Make Chip Select (CS), Address Latch Enable {ALE), Read. and
Write of memories primary inputs or primary input controllable.

G1-07 Guideline: Make Control Access of any bus structure a primary input or
primary input controllable.

G1-08 Guideline: Make buried (i.e., not primary input or primary input controll-
able) control lines of the types Preset/Clear; Dselect of multiplexors; Tristate Control;
Enable/Hold of microprocessors; CS, ALE, Read, and Write of memories; and Control
Access of bus structures primary outputs.

G1-09 Guideline: Make the output of all logic redundant nodes a primary output.

G1-10 Guideline: Make the trunk section of high fanout nodes or junctions a pri-
mary output.

G1-11 Guideline: Terminate all unused device inputs and tristatable outputs.
G1-12 Guideline: Keep analog and digital circuits physically apart.

G1-13 Guideline: Make analog lines used as input to digital data acquisition ecir-
cuits a primary output.

G1-14 Guideline: Avoid asynchronous logic.
G1-15 Guideline: Avoid uncontrollable feedback.
G1-16 Guideline: Avoid one-shots as delay elements.

G2-01 Guideline: Make all on-board clocks a primary input or primary input con-
trollable.

G2-02 Guideline: Avoid fanout greater than 5.

G2-03 Guideline: Break up long counter chains greater than 8 bits with logic that
contains primary inputs or primary input controllable lines.

G2-04 Guideline: Avoid mixed logic families on the same board unless all I/O is
compatible in logic levels and rise and fall times.

G2-05 Guideline: Limit chip fanout at test points to one less than the specified
maximum.
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G2-06 Guideline: Provide the refresh circuitry for DRAMSs on the same board as
the RAM.
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Appendix B

Alternative BIT Technique Implementations
Currently not Supported by TEA




TEA supports one implementation of each of seven board level buiit-in test techniques.
designed to achieve fault detection and/or fault isolation to a particular set of chips.
This appendix is designed to show a few alternative implementations of some of these
rechniques. These alternatives ARE NOT currently supporred by TEA.

A single example is used throughout this Appendix to illustrate the TEA rechniques.
Figure 3-15 shows a simple system consisting of rhree undetermined size {number of
chips} ambignity groups (AG) which are highly interconnected. Each AG is connected
to both of the others. Each AG accepts input from the board edge and delivers output
to the board edge. This example does not show any special AGs. but any of the AGs
could be considered special. Simple one-line interconnections are shown for the pur-
poses of illustration.

Continuous Test Point Monitoring

Figures B-1 through B-5 show alternatives of this technique as applied to the example
board shown in Figure 3-15.

The implementation shown in Figure B-1 allows the outputs of test points to be read
into and out of a scan-set register so that the results can be serialized for analysis.

Figure B-2 shows an implementation that allows for self generation of input stimulus.
Test points are monitored externally.

A combination of the previous two options are shown in F'gure B-3. Input stimulus is
generated on board and test point output is latched.

An alternative to the last option allows for latching both the input stimulus and out-
put responses. A maintenance node is shown as a reminder that to interface to a sub-
system test strategy all inputs and outputs should be handled through a maintenance
node. This is shown in Figure B-4.

This continuous test point monitoring alternative implementation allows for both pseu-
dorandom stimulus for data lines and deterministic stimulus for control lines and also
for latching of the test point output data. Figure B-5 shows this most complete
option.

Test Point Monitoring with Data Compression

Figure B-6 shows an alternative of this technique as applied to the example board
shown in Figure 3-15. Fanout as well as feedback paths are broken with appropriate
test pattern generation capability so that faults are better isolated to ambiguity
groups.

Test Pattern Generation with Data Compression

Figures B-7 through B-10 show alternatives of this technique as applied to the example
board shown in Figure 3-15.

The implementation shown in Figure B-7 uses built-in logic block observers (BILBOs)
instead of testing-switches (TSWITCHes) to provide the input and compress the out-
put.
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Figure B-2. BIT technique 1-c: Test point monitoring - continuous
(cycle by cycle)
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(cycle by cycle)
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Figure B-5. BIT technique 1-f: Test point monitoring - continuous
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Figure B-6. BIT technique 2-b: Test point monitoring - data compression
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——t—— 3 BILBO-1 AG-1 BILBO-2 AG-2 BILBO-3 AG-3 BILEO-4 ———

BILBO-6 jmep—————

BILBO-5—

| BILBO-7 p—t———»

Figure B-7. BIT technique 5-b: Test pattern generation and response
compression using “BILBO” modules distributed over the board

Figure B-8 shows a higher overhead alternative. This technique keeps lines from different
sources isolated from each other for better fault isolation capability. Data and control isola-
tion should also be maintained. A maintenance node is shown as a reminder that every board
should have this monitoring and interface capability.

Only data lines are intercepted by BILBOs in the implementation of test pattern generation
with data compression shown in Figure B-9. This results in lower overhead than what is
experienced in the implemented version.

Only data lines are intercepted by TSWITCHes in the implementation of test pattern genera-
tion with data compression shown in Figure B-10. This results in lower overhead than what
is experienced in the implemented version.
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Figure B-8. BIT technique 5-c: Test pattern generation and response
compression using ‘‘Testing Switch’ modules - control and data are
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Appendix C
TEA BIT Module Specifications



TEA provides a library of built-in test support modules. Included in this library. the
user receives

a. an application note describing the function of the module along with an exam-
ple implementation and notes on using the module in a testing situation

b. an ADAS template to use when adding nodes representing BIT support
modules into a graph

¢. a VHDL, version 7.2, structural and/or behavioral description of the module

d. a gate level description of the model entered in CADAT (product of HHB-
Systems of Mahwah, NJ) format

The BIT Overhead Summary (Paragraph 2.7.3) and BIT Placement Recommendation
(Paragraph 2.7.4) tools use the library to pick out modules to support the BIT tech-
nique chosen by the user.

List of Modules Included in the TEA BIT Module Library
All VHDL models can be find in subdirectories off |..src

BIT Modules with CADAT descriptions in [...cadat.versionl.bit]
Structural models listed before behavioral models

Name ADAS VHDL CADAT Notes
Template Model File
Name Name Name

Built-in Logic BILBO bilbo_ent bilbo.ckt supports test

Block Observer bilbo_arch bilbo.dsl pattern genera-

(BILBO) bilbo_beh bilbol.dsl tion and signa-

ture analysis

Pseudorandom TPG tpg_ext_ent tpgl.ckt tpgl.dsl supports TEA

Test Pattern tpg_ext_str BIT techniques

Generator tpg_ext_beh

(External

Exclusive-or Im-

plementation)

Pseudorandom IEO_TPG  tpg_int_ent tpg2.ckt tpg2.dsl not used au-

Test Pattern tpg_int_str tomatically by

Generator (Inter- tpg_int_beh any TEA BIT

nal Exclusive-or technique

Implementation)

Scan-set SCAN ss_bit_ent scanset.ckt supports several
ss_bit_arch scanset.dsl TEA BIT tech-
ss_bit_beh scanseta.dsl niques

Testing-Switch TSWITCH  test_switch_ent switch.ckt supports gen_sa
test_switch_str switchl.dsl BIT technique
test_switch_beh switch2.dsl
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BIT Module with CADAT description in [...cadat.version2.maint_node]

No behavioral model available

Name ADAS VHDL CADAT Notes
Template Model File
Name Name Name
Maintenance Maintenance_Node main_node_ent mn.ckt mn.dsl  supports subsys-
Node main_node_str tem to board
testing communi-
cations (mainly
for  controlling
the BIT modules
on the board)
Version 2 BIT Modules with CADAT descriptions in [...cadat.version2.bit]
Only structural models are available
Name ADAS VHDL CADAT Notes
Template Model File
Name Name Name
BILBO BILBOv2 bilbo_ent_ver2 bilbo.ckt interfaces to ex-
bilbo_arch_ver2 bilbo.dsl ample  mainte-
nance node
Pseudorandom TPGv2 tpg_ext_ent_ver2 tpgl.ckt tpgl.dsl  interfaces to ex-
Test Pattern tpg_ext_arch_ver2 ample  mainte-
Generator nance node
(External
Exclusive-or Im-
plementation)
Pseudorandom IEO_TPGv2 tpg_int_ent_ver2 tpg2.ckt tpg2.dsl  interfaces to ex-
Test Pattern tpg_int_arch_ver2 ample  mainte-
Generator (Inter- nance node
nal Exclusive-or
Implementation)
Scan-set SCANv2 ss_bit_ent_ver2 scanset.ckt interfaces to ex-
ss_bit_arch_ver2 scanset.dsl ample  mainte-
nance node

Version 2 BIT Module with CADAT descriptions in [...cadat.version2.switch]
Only structural model is available

Name ADAS VHDL CADAT Notes
Template Model File
Name Name Name
Testing-Switch  TSWITCHv2  test_switch_ent_ver2 mn.ckt mn.dsl  interfaces to ex-
test_switch_arch_ver2 ample  mainte-
nance node
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BIT Modules with VHDL descriptions in [...src.special|

No CADAT files available

Name ADAS VHDL CADAT  Notes
Template Model File
Name Name Name
8-bit Equal Com- COMPARE comp.entity NA supports com-
parator comp.parts pare BIT tech-
nique
9-bit Parity Gen- PARITY parity.entity NA supports parity
erator Checker parity.parts BIT technique
MUX2 MUX2 mux2_by 16.entity ~ NA 2 sets of 16 lines
mux2_by_16.behave input
MUX4 MUX4 mux4_by_l16.entity  NA 4 sets of 16 lines
mux4_by_16.behave input
MUX2x8 MUX2x8 mux2_by_8.entity NA 2 sets of 8 lines
mux2_by_8.behave input
MUX4x8 MUX4x8 mux4_by_8.entity NA 4 sets of 8 lines
mux4_by_8.behave input
Ones ONES ones.entity NA 16 lines of
ones.behave constant-valued
high output
Zeros ZEROS zeros.entity NA 16 lines of

NA: Not Available

zeros.behave
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PART I

ADAS Data Base File Format

This part defines a new ADAS data base file format which supports changes for this
contract and other enhancements being made concurrently as part of ADAS develop-
ment.

Each ADAS graph is stored in a graph data base file which contains all the information
about the graph and its components. Eight different types of graph components exist:
nodes, arcs, buses, partitions, junctions, inports, outports, and biports. Buses. junec-
tions, and biports exist only in hardware graphs.

A template data base file is associated with each graph data base file and contains
templates defining the characteristics of graph components present in the correspond-
ing graph data base file. These templates are used in adding new instances of graph
components to a graph.

A filename extension identifies an ADAS data base file as either

a. a hardware graph data base file (".hwg"),

b. a hardware template data base file (".hwt"),
¢. a software graph data base file (".swg"), or
d. a software template data base file (".swt").

Each variation of the ADAS data base file has the same format. Information in the
files is interpreted differently depending on the variety. ADAS graph and template
data base files are ASCII text files. The ADAS data base routines interpret these files
as consisting of records terminated by carriage returns (<CR>). No special character
is used to delimit fields within these records except in cases where delimiters are expli-
citly mentioned. A record field may belong to one of the following types:

a. string — an ASCII string of arbitrary length;

b. string$ — an alphanumeric string of arbitrary length, terminated by a dollar
sign ("$"): e.g., "newnode$";

c. decimal — an integer represented by an arbitrarily long string of decimal
digits: e.g., "101";

d. B26 — a two-digit base 26 integer represented by using lower case letters of
the alphabet (a = 0, b = 1, ..., z = 25). Fields of type B26 can represent
integers in the range [0..675] ([aa..zz]). For example, the value "dx" for a field
of type B28 represents the integer value 101:

d (=3)* 26 + x (= 23) = 101.
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An ADAS data base file consists of:

2. 3 header section,

b. the graph attribute list,

¢. a node section containing twc or more records for each node in the graph,.

d. a bus section containing two or more records for each bus in the graph.

e. an arc section containing two records for each are in the graph, and

f. a partition section containing two records for each partition in the graph.

The header section contains eight records:

a. a record with the following fields delimited by spaces:

1.

)

3.
4

. the number of buses in the graph (decimal),

ot

the keyword "adasdb_new,"
the number of nodes in the graph (decimal),

the number of arcs in the graph (decimal),

. the number of partitions in the graph (decimal);

b. the template search path for the graph (string);

c. the graph attribute definition list;

d. the node attribute definition list;

e. the bus attribute definition list;

f. the arc attribute definition list;

g. the partition attribute definition list;

h. the inport attribute definition list;

i. the outport attribute definition list;

j. the biport attribute definition list;

k. a record containing only the string "%end%," marking the end of the header.

Each attribute definition list has the following fields:

a. a one-letter code identifying the type of the object:

1.

D)

e

@ v o w

"G" — graph,

"N" — node,

"B" — bus,
."A" — are,

"P* — partition,

"I* — inport,
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-

7. "O" — outport,
8. "D" — biport;
b. the total number of attributes present for objects of that type (B26);

c¢. the ADAS internal data base name (attribute ID) for each attribute of that
object type (string$).

An attribute definition list defines the set of ADAS attributes for its object type writ-
ten to the data base file. This list may or may not contain the full set of ADAS attri-
butes. An attribute list for a given object has entries only for the attributes appearing
in the attribute definition list for its type.

Each attribute list is a record consisting of the following fields:

a. a one-letter code identifying the object type (*G," "N," "B," "A," "P," "[,"
"O," or an)’

b. two fields for each attribute appearing in the attribute definition list for that
object type:

1. a one-letter modifiability code:
a) "M" — modifiable,

b) "P" — modifiable only by ADAS programs (not by the user with
the edit command),

¢) "N" — not modifiable,
d) "U" — unused status;

2. the value of the attribute (string$).

For each node in the graph there are two or more records:

a. one record containing:
. the node’s (x, y) location on the graph grid (B26, B26),
. the number of inports on the node (B26),

. the number of outports on the node (B26),

=W D =

. the number of biports on the node (B26),
5. the node’s name (string$);
b. a node attribute list;
c. an inport attribute list for each of the node’s inports;
d. an outport attribute list for each of the node’s outports;

e. a biport attribute list for each of the node’s biports.
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For each bus in the graph there are two or more records:
a. a record containing
1. the number of junctions on the bus (B26),
2. the bus name (string$);
b. a bus attribyte list;

c. a record for each junction on the bus containing the junction's location (B26.
B26).

For each arc in the graph are two records:

a. a record containing:

1. the arc’s name (string$),

. the (x, y) coordinates of its source (B26, B26),
. the number of its source port or connection (B26),
. the type of its source port (B26),
. the (x, y) coordinates of its sink (B26, B26),
. the number of its sink port or connection (B26),
7. the type of its sink port (B26);

b. an arc attribute list.

U e W N

For each partition in the graph are two records:
a. the partition’s name (string$), and

b. a partition attribute list.
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PART II

ADAS Data Base Routines

FOREWORD

This part has been adapted from a UNIX manual page entrv for the ADAS data base routines. Its
intended audience is programmers writing software that uses the ADAS data base. The routines
described herein constitute the interface to the ADAS data base for all ADAS related tools. Pro-
grams using these routines must include the file "adasdb.h".

CONTENTS
Page No
Graph COMPONENES ..cooiiiiiiiiiiiii it ettt e e e e e et e e e e e e ettt taaeeeanreeeaeeesasreeeas II-6
Hierarchical StRUCUTe ...oooooiiiiiiiiii et e e e e e e e 11-6
Purpose of the ADASDB LibTary....oocoviiiiiiiiiiii et et I1-6
Graph Data Bases ... e a e II-6
Viewing the Graph Hierarchy. ... e II-7
The Current Graph and Current Data Base.............c.coo e II-7
Error Handling ... et e e r e e enana -7
Debugging Facilities .coouviiiiiiiio it 1I-3
Conventions Used in This Document..........oooieiiiiiiiiiiiiiii e [1-8
Definition of ADASDB ROUBINES .....eiiiiiiiiiiii ittt et II-8
Initializing and Terminating Graphs......cccocvieeiiiiiii i, I1-3
DBGTaphInit()...oooiiiiii et et 11-8
DBUSEGTAPN() oottt ettt et -9
DBTermGraph() o ceeovee ittt et erae e I1-9
DBISGraphIDIt() ooveiiiii et 1I-9
DBGetCurrGraph() ..ooovo i e I1-9
DBISHWGEAPR{) . c.eeiveiiie ettt ettt eaee e 11-9
Updating the External Data Base........ocooooiiiiiiii e 11-9
DBWIIEEDDB() ..ot I1-9
Handling Subgraphs .ccuooo oo e 11-9
DBSubgraphInit() ......ooooiiii e II-10
DBFreeSubgraph() ..o e 1I-10
DBISEXpanded(}.....oocviiiiiiici et 110
Traversing the Data Base Hierarchy ........cc.ooooiiii e 1I-10
DBPUShDDB () .ottt e II-10
DBPOPDD() ..o e 1I-11
DBGetCurrGraphLevel().......coociiiiiiiii e II-11
DBGetCDBFIIeINAMeE()...cooviiiiiiiii ittt II-11
Accessing Graph Elements Through Connectivity .......occoivviiiiiiiiioiii e II-11
DBVIeWGTaph() .oocvveeeiie e -1
DBGetSourceNOde()....ccoiiii i II-12
DBGEtSOURCE()..oiiiiiiiiie it et I-12
DBGetSinkNode() ..o e II-12
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GRAPH COMPONENTS

The ADAS system uses directed zraphs to model hardware and software systems. These graphs
consist of collections of nodes (representing hardware processors or software modules) that are con-
nected by arcs (representing data flow paths between nodes). Hardware graphs can also include
buses which may be attached to nodes via arcs.

Node ports provide places on a node where arcs may attach and are referred to by numbers. [f a
node has N input ports, they are numbered 0 through N-1. Software graph nodes can have inports
and outports, while hardware graph nodes can also have biports. Only one arc may be artached to
a particular port. Bus junctions provide the connection points for arcs on buses. Any number of
arcs may be attached to each junction.

Each element in a graph has a number of attributes that characterize it. When an element is
created, the initial values for these attributes are taken from a template used to generate the ele-
ment.

HIERARCHICAL STRUCTURE

ADAS graphs are hierarchical: they are organized in a tree structure consisting of one or more lev-
els. The single graph at the top of this tree structure is called the root.

An individual node on one level may be expanded into an entire subgraph on the next level. In
keeping with tree structure terminology, a node that has a subgraph is an internal node; other-
wise, it is a leaf node. An internal node is the parent of all nodes in its subgraph.

Special nodes called graph ports represent the connections of a subgraph with nodes connected to
its parent node. There is a one-to-one mapping between graph ports of a subgraph and node ports
of the subgraph’s parent node. ‘

PURPOSE OF THE ADASDB LIBRARY

The ADASDB routines provide application programs with the ability to manipulate the elements
of a graph, expand nodes into subgraphs, and traverse graph hierarchies.

The ADASDB routines embody the principles of information hiding. Application programs mani-
pulate graphs and graph elements indirectly through the ADASDB routines and are not required
to know the makeup of various internal data structures and file formats used to represent graphs.

ADASDB supports two different logical views of graphs. Applications programs may look at a
graph in terms of its connectivity, or in terms of a grid with nodes at the grid intersections.

Finally, ADASDB provides attribute independence. Applications programs can only deal with
relevant graph component attributes and ignore the rest. Also, adding new attributes is done
transparently and requires only recompilation of the ADASDRB library, followed by relinking of the
applications programs.

GRAPH DATA BASES

ADAS graphs are defined by graph data bases. These data bases are normally stored as disk files.
When an application program wants to access a graph. it invokes an ADASDB routine that reads
the data base from the disk file and creates an internal (in-memory) version. All subsequent
operations are performed on this internal version of the data hase. Since this internal data base
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exists only while the program executes, it must be written back to the disk file if modifications
made to it are to be preserved.

VIEWING THE GRAPH HIERARCHY

The root and each subgraph of a graph hierarchy are kept on disk as separate data base files.
This separation is maintained internally; when a node is expanded, its subgraph is kept as a
separate data base. These data bases are arranged in a hierarchy that mirrors the subgraph
hierarchy. A set of ADASDB routines is provided for traversing this data base hierarchy depth-
first in an orderly manner.

Since the data bases in a graph hierarchy are kept separately, they can be manipulated individu-
ally, even when a graph is partiaily or fully expanded. This approach is useful when editing
graphs where the connections between subgraphs at the same level are not needed.

An expanded graph can also be viewed as a hierarchy with a single graph at each level, formed by
joining all the subgraphs at that level. This approach is useful in graph analysis when it is desir-
able to view all subgraphs at a particular level as a single graph.

THE CURRENT GRAPH AND CURRENT DATA BASE

Because there can be multiple internal data bases within a given graph hierarchy and because
many ADASDB routines are designed to operate on a particular data base (e.g., most of the ele-
ment retrieval routines), ADASDB maintains a current data base. Data base-specific operations
are performed on this current data base. The DBPushDb and DBPopDb routines change the
current data base, allowing the data base hierarchy to be traversed.

ADASDB also can simultaneously handle multiple root graphs and multiple graph hierarchies.
The DBGraphlinit routine initializes new root graphs, and the DBUseGraph routine provides a way
of specifying which graph to work on currently.

If multiple graph hierarchies are simultaneously in the memory, each hierarchy keeps track of its
own current data base. When switching to a different hierarchy, the current data base becomes
that of the current hierarchy.

ERROR HANDLING

If an ADASDB routine encounters an error condition, it returns immediately without performing
its intended action. In addition, it sets a global error flag dberrno with an error code that indi-
cates the nature of the error. The meaning of an error code in the context of a particular routine
is described in that routine’s definition. A list of error codes is provided at the end of this docu-
ment. All error codes are negative integers.

Once dberrno is set, it is not reset unless another error occurs subsequently.

Aside from setting dberrno, ADASDB routines have other ways of indicating errors, depending on
what kind of routine they are.

If a routine is a procedure (i.e., does not return a value), then it generally returns an integer com-
? b
pletion code. A negative code indicates an error. A zero code indicates normal completion.

On the other hand, if a routine is a function (i.e., does return a value). then it generally indicates
an error by returning a value that is out of its normal range. For instance, a routine that
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normally returns a character string will return a null pointer (NULL) on error.
DEBUGGING FACILITIES
The ADASDB routines provide several debugging facilities for aiding installation and maintenance.

When the ADASDB subroutine library is compiled with the DEBUG option (this should be done in
the ADASDB makefile), there is a trace facility and an assertion facility.

The trace facility prints useful information about what the data base routines are doing. Tracing
is turned on by setting the external integer dbtrace to 1 and is disabled by setting dbtrace to 0.
Tracing may be turned on or off at any point during a program’s execution.

The assertion facility is not program controlled. It checks certain conditions within the data base
routines that are assumed to be true. If an assumption is not met, the program is forced to exit.
printing out the name and line number of the ADASDB source file where the problem occurred.
This message should be reported to the ADASDB maintenance person who can then track down
the problem.

Lint, the C program verifier, should be used when installing the ADASDB routines in a program to
insure that procedure parameters are correct in type and number. A lint library for the ADASDB
has been created and can be used as described above in the synopsis section.

CONVENTIONS USED IN THIS DOCUMENT

All upper-case keywords in this document are symbolic constants. These constants are defined in
the header file adasdb.h.

Italicized words are either new or important terms, or the names of ADASDB routines or their
parameters.

DEFINITION OF ADASDB ROUTINES

The remainder of this document consists of brief definitions of the routines that comprise the
ADASDB library.

INITIALIZING AND TERMINATING GRAPHS

int DBGraphlInit(dbfile)
char *dbfile;

DBGraphinit initializes a graph, returning a descriptor for the new graph. This descriptor is a
small non-negative integer like a UNIX file descriptor. The root data base of the new graph is the
graph’s default current data base. The root data base is initialized. If dbfile exists, it is read into
the root data base.

Returns graph descriptor (small non-negative integer) on normal completion, (1) XINIT if there are
no more unused graph descriptors, (2) XACCESS if it couldn’t open external data base, (3)
XFORMAT ifit couldn’t read external data base, (4) XEOF if a premature end-of-file is encoun-
tered while reading external data base, and (5) XMEMORY if ran out of memory.

NOTE: this routine MUST be called before any data base operations are performed on this graph.
See also DBUseGraph().
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DBUseGraph(gd)
int gd:

DBUseGraph makes graph hierarchy denoted by the graph descriptor yd the current graph. The
descriptor gd must be one returned by the routine DBGraphlnit.

Assumes gd is a valid graph descriptor.

The previous graph descriptor is returned.

DBTermGraph()

DBTermGraph deletes all nodes and arcs in the root of the current graph and makes the graph
available for reinitialization by DBGraphinit. Since DBTermGraph frees all memory occupied by
the terminated graph, graphs that are no longer being used should be terminated to reduce a
program’s memory requirements.

No return code.

int DBIsGraphlnit(gd)

int gd;

DBIsGraphinit returns a nonzero value when the graph with descriptor gd is initialized and other-
wise, a zero.

int DBGetCurrGraph()

DBGetCurrGraph returns the graph descriptor of the current graph.

boolean DBIsHWGraph()

DBIsHWGraph returns TRUE if the current graph is a hardware graph, and FALSE otherwise.

UPDATING THE EXTERNAL DATA BASE

DBWriteDb(dbfile)
char *dbfile;

DBWriteDb writes the contents of the current data base to the file dbfile. This is the only routine
that actually modifies an external data base.

If dbfile already exists, it will be overwritten.

Returns XACCESS if dbfile cannot be opened for writing.

HANDLING SUBGRAPHS

The following routines manipulate subgraphs. A node is expanded if its class is INTERNAL (see
DBGetNodeClass()) and it currently has an internal subgraph data base associated with it.
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DBSubgraphlnit(n, dbfile, newdb)
nodetype n:

char *dbfile:

boolean *newdb:

DBSubgraphlnit creates a new subgraph for internal node n. Memory is allocated for the new data
base, then a new subgraph is created by adding one graph in,out port for ¢ach in;out port of node
n. Node n is made the "parent” of all the nodes in the new subgraph {see DBGetParentNode/()).
DBSubgraphlnit sets newdb to TRUE if dbfile did not already exist, and to FALSE otherwise.

If data base file dbfile exists, it is read into the internal subgraph data base.

Returns XACCESS if dbfile exists but couldn’t be opened. XFORMAT if dbfile exists but couldn't
be read, XEOF if premature EOF encountered while reading dbfile. XMEMORY if we ran out of
memory.

Assumes n is in the current data base. Assumes class of n is INTERNAL. Assumes n is not
already expanded. Assumes we are not trying to expand past graph level MAXDEPTH.
DBFreeSubgraph(r)

nodetype n;

DBFreeSubgraph frees the space occupied by the internal subgraph data base of node n. This rou-
tine has no effect on the corresponding external data bases.

Assumes n is in the current data base, is class INTERNAL, and is currently expanded. Assumes
no nodes in the subgraph are currently expanded.

No return code.

boolean DBIsExpanded(n)

nodetype n;

DBIsEzpanded returns TRUE if the subgraph of node n is currently expanded, and false otherwise.

Assumes node n is internal.

TRAVERSING THE DATA BASE HIERARCHY

The following routines change the current data base. A stack of data bases allows the graph
hierarchy to be traversed depth-first in an orderly manner.

DBPushDb(n)
nodetype n;

DBPushDb pushes the current data base onto the data base stack and makes the subgraph data
base of node n the new current data base.

Assumes n is an internal node in the current data base, and it is currently expanded.
No return code,
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DBPopDb()

DBPopDb pops the top data base from the data base stack and makes it the new current data
base.

Assumes current data base is a subgraph (i.e.. graph level is > 0).

No return code.

int DBGetCurrGraphLevel()

DBGetCurrGraphLevel returns the level within the graph hierarchy of the current data base, i.e..
the current data base stack level.

char *DBGetCDBFileName()

DBGetCDBFileName returns the name of the ADAS data base file associated with the current
data base.

ACCESSING GRAPH ELEMENTS THROUGH CONNECTIVITY

Graph connectivity can be viewed in one of two ways. The normal (default) view looks at node.
arc, and bus connections within a single data base. The alternate view looks at the connections
that exist between subgraphs at the lowest level of the graph hierarchy only when the graph is
flattened (see DBViewGraph()). This alternate view makes all subgraphs at the lowest level appear
to be a single graph and allows the inter-data base connections to be traversed.

int DBViewGraph(view)

Int view;

DBViewGraph sets the view of the graph hierarchy that will be used for connectivity purposes. If
the view is NORMAL. the graph hierarchy is viewed as a collection of subgraphs that may be
separately manipulated. This is the default view.

If the view is FLAT, the entire hierarchy is (conceptually) flattened intc a single graph consisting
of all leafl nodes in the hierarchy.

Returns previous view,

Only connectivity routines. e.g., DBGetNextN~de, DBGetOutputArc, DBGetSinkNode. are directly
affected by the graph view. When the flat view 1s used, the DBSetFirstNode DBGetNertNode ron-
tines may be used to step through all nodes in the flattened graph. and the
DBGetSource/ DBSinkNode and DBGetinput/ DBOutputArc routines automatically follow inter-
subgraph and inter-level connections.

After DBViewGraph is called initially. subsequent calls are quite cheap in terms of the amount of
work the routine has to do.
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NOTE: Because of the way DBViewGraph is implemented. changes to graph connectivity should
never be made after DBViewGraph is called. Changes include adding,deleting nodes or arcs.
expanding,/unexpanding subgraphs, etc.

NOTE: DBViewGraph does not actually expand subgraphs, it only flattens subgraphs that are
already expanded. Expansion must be done explicitly by the user program before DBViewGraph is
called for the first time. If a node’s class is INTERNAL, but the node is not expanded. it is con-
sidered a leaf node for connectivity purposes and is included in the flattened graph.

DBGetSourceNode(a, np, portp)
arctype a;

nodetype *np;

int *portp;

DBGetSourceNode sets the pointer np .o point to the source node for arc a. The integer pointed
to by portp is set to the outport where a is attached. If the graph is flattened (see DBView-
Graph()), inter-data base connectivity is used; otherwise, normal connectivity is used.

No return code.

Although calls to DBGetSourceNode are still supported, this routine has been superceded by
DBGetSource. New code should use DBGetSource instead of DBGetSourceNode.

DBGetSource(a, bp, junction, np, conn, ioflag)
arctype a;

bustype *bp;

int *junction;

nodetype *np;

int *conn;

int *ioflag;

DBGetSource returns the source of arc a. If the source is a bus, DBGetSource sets the pointer bp
to point to the source bus and sets junclion to the junction index; conn to the connection number
of the arc; and np to NULL. If the source is a node, np is set to point to the source node; conn is

set to the source port number; ioflag is set to the type of the port to which the arc is connected
(OUT or BI); and bp is set to NULL.

Note, there is no notion of "source” or "sink" for the connection of an arc to a junction or node
biport. A bus is considered the source of an arc only if the other end of the arc is attached to a
node inport. If an arc is attached to biports on both ends, the assignment of source and sink
depends on which node is chosen as the source at the time the arc s created. DBGetSource and
DBGeltSink are guaranteed not to return the same node.

DBGetSinkNode(a, np, portp)
arctype a;

nodetype *np;

int *portp;

DBGetSinkNode sets the node pointed to by np to the :ink node for arc a. The integer pointed to
by portp is set to the inport where the a is attached.
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If the graph is tlattened (see DBViewGraph(}), inter-data base connectivity is used: otherwise. nor-
mal connectivity is used.

Nu return code.

Although calls to DBGetSink are stiil supported. this routine has been superceded by DBGectSint.
New code should use DBGe¢tSink instead of DBGetSink.

DBGetSink(a, bp, junction, np, conn, ioflag)
arctype a:

bustype *bp:

int *junction;

nodetype *np;

int *conn:

int *ioflag;

DBGetSink returns the sink of arc a. If the sink is a bus, it sets the pointer bp to point to the bus,
sets junction to the junction index. conn to the ccnnection number, and np to NULL. If the sink

1s a node, it sets the pointer np to the node, conn to the port index, ‘oflag to the port type. and bp
to NULL.

Note no notion of "source" or "sink" exists for the connection of an arc to a junction or node
biport. A bus is considered the sink of an arc if the other end of the arc is attached to a node out-
port or biport. If an arc is attached to biports on both ends, the assignment of source and sink
depends on which node was specified as the source when the arc was created. DuGetSource and
DBGetSink are guaranteed not to return the same node.

DBGetInputAre(n, port, ap)
nodetype n;

int port:

arctype *ap;

DBGetinputArc sets the arc pointed to by ap to the input arc associated with inport port on node
n.

If the graph is flattened (see DBViewGraph()), inter-data base connectivity is used; otherwise. Lor-
mal connectivity is used.

Assumes port is a valid port number for node n; assumes an arc is connected at port.

No return code.

Although calls to DBGetInputAre are still supported, this routine has been superceded by DBGet-
NodeArc. New code should use DBGetNodeAre instead of DBGetInputdre.

DBGetOutputAre(n, port, ap)
nodetype n;

int port;

arctype *ap;
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DBGetQutputAre sets the arc pointed to by ap to the output arc associated with outport port on
node n.

If the graph is tlattened (see DBViewGraph()), inter-data base connectivity is used: otherwise. nor-
mal connectivity is used.

Assumes port is a valid port number for node n; assumes there is an arc connected at port.
No return code.

Although calls to DBGetOutputArc are still supported, this routine has been superceded by
DBGetNodeArc. New code should use DBGetNodeAre instead of DBGetQutputAre.

DBGetNodeArc(n, port, ioflag, ap)
nodetype n:

int port;

int ioflag:

arctype *ap;

DBGetNodeAre sets the pointer ap to point to the arc associated with port number port of the
port type specified by ioflag (inport, outport, or biport) on node n.

DBGetBusArc(b, junction, conn, ap)
bustype b;

1nt junction;

int conn:

arctype *ap;

DBGetBusAre sets the pointer ap to point to the arc connected at connection number conn on

junction junction of bus b.

DBGetParentNode(n, parent)
nodetype n;
nodetype *parent;

DBGetParentNode sets the node pointed to by parent to the parent node of node n, or NULL if n
has no parent, which only happens if n is in the root data base.

No return code.
DBC BusParentNode(b, parent)
busty, : b;

nodetype *parent;

DBGetParentNode sets the node pointed to by parent to the parent node of bus 4. or NULL if b
has no parent, which only happens if b is in the root data base.

No return code.
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DBGetParentArc(a, parent)
arctype a, *parent;

DBGetParentArc sets the arc pointed to by parent to the parent arc of a. or NULL if a has no
parent, which only happens if a is in the root data base.

No return code.
ACCESSING GRAPH ELEMENTS IN THE CURRENT DATA BASE

DBGetNodeByLoc(x, y, np)
int X, y;
nodetype *np;

DBGetNodeByLoc sets the node pointed to by np to the node at graph location (z,y) in the current
data base.

Assumes location is in bounds.

Returns XNOTFOUND if there is no node at location (z,y).

DBGetNodeByName(name, np)
char *name;
nodetype *np;

DBGetNodeByName sets the pointer np to point to node name in the current data base. Returns
XNOTFOUND if there is no such node in the current data base.

DBGetArcByName(name, ap)
char *name;
arctype *ap;

DBGetAreByName sets the arc pointer ap to point to arc name in the current data base. Returns
XNOTFOUND if there is no such arc in the current data base.

DBGetBusByName(name, bp)
char *name; :
bustype *bp;

DBGetBusByName sets the pointer bp to point to bus neme in the current data base. Returns
XNOTFOUND if there is no such bus in the current data base.

DBGetPartitionByName(name, pp)
char *name;

parttype pp;

DBGetPartitionByName sets the pointer pp to point to the partition named name in the current
data base. Returns XNOTFOUND if there is no such partition in the current data base.
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DBGetJunctionByLoc¢(x, y, bp, jp)
int x:

int v;

bustype *bp;

int *jp

DBGetJunctionByLoc sets the pointer bp to point to the bus and the integer pointed to by jp to
the index of the junction at coordinates (z, y).
DBSetFirstNode()

DBSetFirstNode resets the node list of the current data base (or flattened graph) to an arbitrary
first node. See the explanation of DBGetNeztNode for more detail.

No return code.

DBGetNextNode(np)

nodetype *np;

DBGetNeztNode, when used in conjunction with DBSetFirstNode and DBMoreNodes, permits
sequential access to all nodes in the current data base. A call to DBSetFirstNode resets a node list
maintained in the current data base. Each subsequent call to DBGetNexztNode sets the node
pointed to by np to an arbitrary next node in the current data base until all nodes have been
retrieved. DBMoreNodes returns TRUE while there are still nodes in the list.

If the graph view is FLAT (see DBViewGraph), instead of using the node list of the current data
base, DBSetFirstNode, DBMoreNodes, and DBGetNeztNode operate on the node list for the entire
flattened graph.

Assumes there are more nodes in the list (see DBMoreNodes).

No return code.

boolean DBMoreNodes()

DBMoreNodes returns TRUE while there are still nodes in the node list of the current {or flat-
tened) data base. See PBUetNeztNode.

DBSetFirstArc()

DBSetFirstBus resets the arc list of the current data base to an arbitrary first arc. See DBGetNez-
tAre.

DBGetNextArc(ap)

arctype *ap;

DBGetNeztAre, when used in conjunction with DBSetFirstArc and DBMoreAres, permits sequen-

tial access to all ares in the current data base. A call to DBSetFirstAre resets an arc list
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maintained in the current data base. Each subsequent call to DBGetNertAre sets the arc pointed
to by ap to an arbitrary next arc in the current data base nntil all arcs have been rerrieved.
DBMoreAres returns TRUE while there are still ares in the list.

boolean DBMoreArcs()

DBMoreAres returns TRUE while there are still ares in the are list of the current data base. See
DBGetNextAre.

DBSetFirstBus()

DBSetFirstBus resets the bus list of the current data base to an arbitrary [irst bus. See DBGet-
NextBus.

DBGetNextBus(bp)
bustype *bp;

DBGetNeztBus, when used in conjunction with DBSetFirstBus and DBMoreBuses, permits sequen-
tial access to all buses in the current data base. A call to DBSetFirstBus resets a bus list main-
tained in the current data base. Each subsequent call to DBGetNeztBus sets the bus pointed to by
bp to an arbitrary next bus in the current data base until all buses have been retrieved. DBMore-
Buses returns TRUE while there are still buses in the list.

boolean DBMoreBuses()

DBMoreBuscs returns TRUE while there are still buses in the bus list of the current data base.
See DBGetNextBus.

DBSetFirstPartition()

DBSetFirstPartition resets the partition list of the current data base to an arbitrary first partition.
See DBGetNeztPartition.

DBGetNextPartition(pp)
parttype *pp;

DBGetNeztPartition. when used in conjunction with DBSetFirstPartition and DBMorePartitions.
permits sequential access to all partitions in the current data base. A call to DBSetFirstPartition
resets a partition list maintained in the current data base. Each subsequent call to DBGet-
NeztPartition sets the partition, pointed to by pp, to an arbitrary next partition in the current
data base until all partitions have been retrieved. DBMorePartitions returns TRUE while there are
still partitions in the list.
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boolean DBMorePartitions()
DBMoreArcs revurns TRUE while there are still partitions in the partition list of the current data

base. See DBGetNeztPartition.

DBGetGraphPort(port, ioflag, np)
int port;

int ioflag;

nodetype *np;

DBGetGraphPort sets the node pointed to by np to the graph inport or outport port of the current
data base. It assumes /oflag is either IN (for graph inport) or OUT {for graph outport).

Returns XINOTFOUND if no graph port port is found in the current data base.
DBGetGraphParent(np)

nodetype *np;

DBGetGraphParent sets the node pointed to by np to the parent node of the current subgraph.
[t assumes the current data base is a subgraph (not the root graph).

No return code.

ADDING AND DELETING GRAPH ELEMENTS

When a graph element is added to the internal data base, it is initialized using a previously
defined template. Initialization fills in the initial attributes of the graph element using the tem-

plate attributes. These templates are found by scanning the files in the template search path (see
DBSetTSPath()).

Graph element names must begin with a letter, contain letters and/or digits, and be no longer
than ATTLEN characters. Routines in this section that operate on node ports take a parameter
called ioflag. This flag must have a value of IN, OUT, or BI, indicating whether the operation is to
be performed on an inport, outport, or biport.

DBAddNode(x, y, template, name, np)
int x, v;

char *template;

char *name;

nodetype *np;

DBAddNode adds a new node to the current data base at location {z,y). Inports and outports are
allocated to the node and attributes are initialized using the specifications in template. Name is
the name given to the node. If name is NULL, template is used as the node name, with digits
appended as needed to make the name unique.

Sets the pointer np to point to the new node.

Returns (1) XLOCATION if location (r.y) is already occupied by another node or is out of bounds.
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{2) XACCESS if it couldn’t access one of the template files in the search path. {3) XFORMAT if it
couldn’t read one of the template files in the search path, (4) XEOF if it encountered a premature
end-of-file while reading a template file, (3) XNOTFOUND if template was not found. and /6j
XNAME if name is already being used by another node or does not have the proper format.

DBAddInport(n)
nodetype n;

DBAddInport adds a new inport to node n. The index of the new inport will be one greater than
the highest index of an inport currently on node n, or will be zero if there are no inports.

DBAddOutport(n)
nodetype n;

DBAddOutport adds a new outport to node n. The index of the new outport will either be one
greater than the highest index of an outport currently on node n or zero if there are no outports.

DBAddBiport(n)
nodetype n;

DBAddBiport adds a new biport to node n. The index of the new biport will either be one greater
than the highest index of an biport currently on node n or zero if there are no biports.

DBReplicatePort(n, count, ioflag)
nodetype n;

int count;

int ioflag;

DBReplicatePort copies the single port of type i0flag on node n so that n has count ports of that
type. It is used to create node templates from the master node template.

DBAddArc(src, sreport, srcflag, sink, sinkport, sinkflag, bus, template, name, ap)
nodetype src;
int srcport;

int srcflag;
nodetype sink;
int sinkport;
int sinkflag;
bustype bus;
char *template;
char *name;
arctype *ap;

DBAddAre adds a new arc to the data base, connecting it to its source and sink. If sre is not
NULL. it is the source node of the arc; otherwise, bus is the arc’s source. If sink is not NULL. it is
the sink of the arc; otherwise, bus is the arc’s sink. Obviously, either the source or sink. but not
both, may be a bus. The source and sink ports to which the new arc is connected are given by
sreport and sinkporl. If the source or sink is a bus, srcport or sinkport gives the index of the
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junction to which the arc is attached. The values of srcflag and sinkflag indicate the types of the
source and sink ports. Srcflag can be OUT for an outport, or Bl for a biport. Sinkflag can be IN
for an inport, or BI for a biport. The arc template named template is used to initialize the new
arc. Name is the name given to the arc. If name is null, template is used as the arc name. with
digits appended as needed to make the name unique.

Sets the pointer ap to point to the new arc.

Returns (1) XPORT if arcs are already attached at srcport or sinkport, (2) XACCESS if it couldn’t
access one of the template files in the search path, (3) XFORMAT if it couldn’t read one of the
template files in the search path, (4) XEOF if it encountered premature end-of-file while reading a
template file, () XNOTFOUND if template does not exist, and (6) XNAME if name is already
being used by another arc or does not have the proper format.

DBAddBus(template, name, bp)
char *template;

char *name;

bustype *bp;

DBAddBus adds a new bus to the current data base. Attributes are initialized using the specifica-
tions in the bus template named template. Name is the name given to the bus. If name is NULL,
template is used as the bus name, with digits appended as needed to make the name unique. The
new bus is created without junctions. The pointer bp is set to point to the new bus.

DBAddPartition(name, color, nlist, ncount, pp)
char * name;

char * color;

char * nlist;

char * ncount;

parttype *pp;

DBAddPartition adds a partition with name name to the current data base. The new partition’s
partition_color, partition_node_count, and partition_node_list attributes are set to the values
color, nlist, and ncount. Other attributes are initialized using the specifications in the partition
template from the master template file. The pointer pp is set to point to the new partition.

DBAddJunction(b, junction, x, y)
bustype b;

int junction;

int X, y;

DBAddJunction adds a new junction to bus b. The junction is added at location [z, y) with the
index junction, which specifies its position in the ordered list of the Lus’s junctions.

DBAddNode2(tmpl, x, y, np)
nodetype tmpl;

int X, y;

nodetype *np;
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DBAddNode? adds a new node to the current data base at location (r.y). Existing node tmpl is the
node template that wiil determine the initial characteristics of the new node. including node atrri-
butes and the number of inports and outports. A unique name is generated for the new node by
appending one or two digits onto the name of node ¢tmpl{. The node pointed to by ap is set ro rhe
new node.

Returns XMEMORY if the memory runs out while trying to allocate space tor this node. Returns
XNAME if the new name generated exceeds the maximum length.

Assumes location {x.y} is in bounds and not currently occupied by another node.

DBAddArc2(tmpl, sre, sreport, sreflag, sink, sinkport, sinkflag, bus, ap)
arctype tmpl:

nodetype src;

int srcport;

int sreflag;

nodetype sink;

int sinkport;

int sinkflag;

bustype bus:

arctype *ap;

DBAddAre? adds a new arc to the current data base. src and srcport will be the source node and
source port of the new arc; sink and sinkport will be the sink node and port. If sr¢ is NULL. bus is
the source of the arc and sreport is the junction on the bus where the arc is attached. If sink is
NULL, bus is the arc sink and sinkport is the junction. Existing arc tmpl is used to initialize the
attributes of the new arc. A unique name is generated by appending one or two digits onto the arc
name of tmpl. The arc pointed to by ap is set to the new arc.

Returns XMEMORY if the memory runs out while trying to allocate space for a new arc structure.
Assumes source and sink nodes are in current data base; assumes the nodes have the indicated

ports and arcs are not already attached there.

DBAddBus2(tmpl, bp)
bustype tmpl;
bustype *bp;

DBAddBus? adds a new bus to the current data base. Attributes are initialized using the specifi-
cations.in the bus template mpl. The name of the new bus is created by appending digits to the

template name. The new bus is created without having junctions. The pointer bp is set to point
to the new bus.

DBDeleteNode(n)
nodetype n;

DBDeleteNode removes the node n and its associated arcs from the current data base.

No return code.
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DBDeleteIlnport(n, -inport)
nodetvpe n;
int inport;

DBDeleteinport deletes the inport with index inport from node n. The inport is removed from

position inport. and inports with higher indices have their indices decremented by one.

DBDeleteOutport(n, outport)

nodetype n;

int outport;

DBDeleteQutport deletes the outport with index outport from node n. The outport is removed

from position outport, and outports with higher indices have their indices decremented by one.

DBDeleteBiport(n, biport)

nodetype n;

int biport;

DBDeleteBiport deletes the biport with index biport from node n. The biport is removed from
position biport, and biports with higher indices have their indices decremented by one.
DBDeleteArc(a)

arctype a;

DBDeleteArc disconnects arc a from the source and sink ports where it is attached, then removes a
from the data base.

No return code.

DBDeleteBus(b)

bustype b;

DBDeleteBus removes the bus b and any arcs attached to its junctions from the current data base.
DBDeletePartition(p)

parttype p;

DBDeletePartition deletes partition p from the current data base.

DBDeleteJunction(bus, junction)

bustype bus;

int junction;

DBDelete Junction deletes junction junction of bus bus. Junctions in the bus having indices higher
than junction will have their indices decremented by one.
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int DBAddGPorts(tgd, n, tmpflag)

int tgd:
nodetype n:
boolean tmpflag;

DBAddGPorts adds graph port nodes corresponding to the ports of node n to the current sub-
graph. If templates are needed for these new nodes, they are added to the template data base

with graph descriptor tgd, and tmpflag is set to TRUE.

Appendix D, II-23




GETTING AND SETTING GRAPH ELEMENT NAMES
Graph elements names are not handled like other attributes. The routines in this section are used
to determine and modify graph element names.
char* DBGetNodeName(n)
nodetype n;
DBGetNodeName returns the name of node n; it also returns a pointer to a static buffer that is

overwritten each time the routine is called, so the user should make a copy of the string, should it
need to be saved.

DBRenameNode(n, name)

nodetype n;

char *name;

DBRenameNode changes the name of node n to name.

Returns XNAME if name is not valid or already being used by another node.

char* DBGetArcName(a)

arctype a;

DBGetArcName returns the name of arc e and returns a pointer to a static buffer that is overwrit-

ten each time the routine is called, so the user should make a copy of the string if it needs to be
saved.

DBRenameArc(a, name)

arctype a;

char *name;

DBRenameAre changes the name of arc a to name.

Returns XNAME if naeme is not valid or already being used by another arc.
char® DBGetBusName(b)

bustype b;

DBGetBusName returns the name of bus b; returns a pointer to a static buffer that is overwritten
each time the routine is called, so the user should make a copy of the string if it needs to be saved.

DBRenameBus(b, name)
bustype b;
char *name;

DBRenameBus changes the name of bus b to name.
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char* DBGetPartitionName(p)
parttype p:

DBGetPartitioniName returns the name of partition p. It returns a pointer to a static bntfer rhat
1s overwritten each time the routine is called, so the user should make a copy of rhe string if it
needs to be saved.

DBRenamePartition(p, name)
parttype *p;
char *name;

DBRenamePartition changes the name of partition p to name.

GETTING AND SETTING GRAPH ELEMENT FLAG VALUES

Every graph element is equipped with a general purpose flag and a utility bit flag. The general
purpose flag is an integer. The utility flag provides eight independent boolean flags. numbered 0
through 7. Both the general flag and the utility flags are provided for use by application programs
for their own purposes. These flags are not used in any way by the data base routines. The follow-
ing routines are used to get and set values for these flags.

int DBGetNodeFlag(n)

nodetype n;

DBGetNodeFlag returns the value of node n’s general purpose flag.
DBSetNodeF lag(n, val)

nodetype n;

int val;

DBSetNodeFlag sets the general purpose flag of node n to val.
boolean DBGetUtilFlag(n, flag)

nodetype n;

int flag;

DBGetUtilFlag returns the value of node n’s utility bit flag flag.
DBSetUtilFlag(n, flag, val)

nodetype n;

int flag;

boolean val;

DBSetUtilFlag sets the value of node n’s utility bit flag flag to val.
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int DBGetArcFlag(a)
aretype a;

DBGetArcFlag returns the value of arc a’s general purpose flag.

DBSetArcFlag(a, val)
arctype a;
int val;

DBSetArcFlag sets flag of arc « to val.

boleanDBGetArcUtilFlag(a, flag)
arctype a;
int flag;

DBGetArcUtiFlag returns the value of arc a’s utility bit flag flag.

DBSetArcUtilFlag(a, flag, val)
arctype a;

int flag;

boolean val;

DBSetArcUtilFlag sets the value of arc a’s utility bit flag flag to val.

int DBGetBusFlag(b)
bustype b;

DBGetBusFlag returns the value of bus b’s general purpose flag.
DBSetBusFlag(b, val)

bustype b;

int val;

DBSetBusFlag sets the general purpose [lag of bus b to val.
boolean DBGetBusUtilFlag(b, flag)

bustype b;

int flag;

DBGetBuslULlilFlag returns the value of bus #’s utilivy bit flag flag.
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DBSetBusUtilFlag(b, flag, val)
bustype b:

int flag;

boolean val;

DBSetBusUtilFlag sets the value of bus §’s utility bit flag flag to val.

int DBGetPartitionFlag(p)
parttype p;

DBGetPartitionFlag returns the value of partition p’s general purpose flag.

NBSetPartitionFlag(p, val)
parttype p;
int val;

DBSetPartitionFlag sets the gcneral purpose flag of partition p to val.

boolean DBGetPartUtilFlag(p, flag)

parttype p;
int flag;

DBGetPartUtilFlag returns the value of partition p’s utility bit flag flag.

DBSetPartUtilFlag(p, flag, val)
parttype p;

int flag;

boolean val;

DBSetPartUtilFlag sets the value of partition p’s utility bit flag flag to val.

int DBGetPortFlag(n, port, ioflag)
nodetype n;

int port;

int ioflag;

DBGetPortFlag returns the value of the general purpose flag for port port of type ioflag on node n.

DBSetPortFlag(n, port, ioflag, val)
nodetype n;

int port;

int 1oflag;

int val;

DBSetPortFlag sets the value of the general purpose flag for port port of type ioflag on node n to
val.
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boolean DBGetPortUtilFlag(n, port, ioflag, flag)
nodetype n;

int port:

ing 1oflag;

int flag;

DBGetPortUtilFlag returns the value of utility bit flag flag for port port of type toflag on node n.

DBSetPortUtilFlag(n, port, ioflag, flag, val)
nodetype n;

int port;

int ioflag;

int flag;

boolean val;

DBSetPortUtilFlag sets the value of utility bit flag flag for port port of type i0flag on node n to val.

MISCELLANEOUS OPERATIONS ON GRAPH ELEMENTS

Routines in this section that operate on node ports and graph ports take a parameter called ioflag.
This flag must have a value of either IN, OUT, or BI, indicating whether the operation is to be
performed on an inport, outport, or biport.

DBMoveNode(n, x, y)
nodetype n;
int x, y;

DBMoveNode moves the node n to the new location (z,r) in the current data base.
Assumes location is in bounds and not occupied by another node. It assumes node n is in the

current data base.

DBGetNodeLoc(n, xp, yp)
nodetype n;
int *xp, *yp;

DBGetNodeLoe copies the (x,y) coordinates of node n within the current data base into the

integers pointed to by zp and yp.

int DBGetPortCount(n, ioflag)
nodetype n;
int ioflag;

DBGetPortCount returns the number of inports, outports, or biports associated with node n.
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boolean DBPortHasArc(n, port, ioflag)
nodetype n:

int port:

int ioflag;

DBPortHasAre returns TRUE if there is an arc attached at inport. outport. or hiport port on node
n. and FALSE if not.

Assumes port is a valid port number for node n.

int DBGetGraphPortCount(ioflag)
int ioflag;

DBGetGraphPortCount returns the number of graph inports, outports. or biports in the current
data base.

int DBSetGraphPort(n, port)
nodetype n;
int port;

DBSetGraphPort sets the graph port number of node n to port. Note that this number is only
meaningful if = is a graph port, i.e., its class is either “graph_inport." "graph_outport." or
“graph_biport."

Returns XRANGE if port is less than zero or greater than MAXPORTS.

int DBGetGPortNum(n)
nodetype n;

DBGetGPortNUM returns the graph port number of node n. Note that this number is only mean-
ingful if n is a graph port, i.e., its class is either "graph_inport," ®graph_outport." or
“graph_biport."

boolean DBIsInBounds(x, y)
int X, y;
DBIsInBounds returns TRUE if location (z, y) is in the bounds of the graph grid: otherwise,

FALSE. A location is in bounds if the x and ¥ coordinates are greater than 0 and less than GRA-
PHMAX.

boolean DBIsOccupied(x, y)
int x, y;

IsOccupied returns TRUE if there is a node at location (z, y) in the current data base; otherwise,
FALSE.
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boolean DBIsValidName(name)
char *name:

DBlsValidName returns TRUE if name is a valid name; otherwise. FALSE. A valid name starts
with an alphabetic character and all of the remaining characters are alphanumeric.

boolean DBIsUnigName(name, naflag)
char *name;
int naflag;

DBIsUnigName returns TRUE if name is not the name of an element of type naflag already in the
current data base: otherwise, FALSE.

DBSetNodeClass(n, class)
nodetype n;
int class;

DBSetNodeClass sets the class of node n to class. This routine should be used with discretion.
since changing the class of existing nodes may introduce inconsistencies in the data base.

DBClass must be one of INTERNAL. LEAF, GRAPH_INPORT, or GRAPH_OUTPORT.

int DBGetNodeClass(n)

nodetype n;

DBGetNodeClass returns the class of node n.

DBMovelJunction(b, j, x, y)

bustype b;

int j;

int x, y;

DBMoveJunction moves junction j of bus b to the new location (z, y) in the current data base.
DBGetJunctionLoc(b, j, xp, yp)

bustype b;

int j;

int *xp, *yp;

DBGetJunctionLoc copies the (x, y) coordinates of junction j of bus b into the integers pointed to
by zp and yp.

DBGetJunctionCount(b)

bustype b;

DBGetJunctionCount returns the number of junctions associated with bhus b.
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int DBGetConnectionCount(b, j)
bustype b;
int j;

DBGetConnectionCount returns the number of arcs associated with junction j of bus b.
DBGetOpenLoc(xp, yp)

int *xp;

int *yp;

DBGetOpenLoc returns the coordinates (zp, yp) of an unoccupied location in the current graph.
An unoccupied location is where no node or bus junction resides.

boolean DBNodeChange()

DBNoch’hangc returns TRUE if the list of node names for the current data base has changed
since the last call to DBNodeChange, and FALSE otherwise. The list of node names changes when
a node is added, deleted, or renamed, or when a new data base becomes current.

boolean DBBusChange()

DBBusChange returns TRUE if the list of bus names for the current data base has changed since
the Iast call to DBBusChange, and FALSE otherwise. The list of bus names changes when a bus is
added, deleted, or renamed, or when a new data base becomes current.

DETERMINING ATTRIBUTE VALUES

Because ADASDB prohibits direct manipulation of graph element structures, the following rou-
tines must be used to access to graph element attributes. All attribute values are maintained as
character strings which must be interpreted according to the attribute’s data type (see DBGetAtt-
Type).

An attribute for a graph element is specified by giving the offset of that attribute in the element’s
attribute list. These integer offsets are constants that are defined in the ADAS include file
<attributes.h>.

Because attributes are specified as offsets into an attribute list, all attributes in a list can be
enumerated, without having to know about each individual attribute, by simply stepping through
the list one attribute at a time.

Each routine in this section returns a pointer to a buffer that is static to the routine. This buffer

is overwritten each time the routine is called, so the user should make a copy of the string if it
needs to be saved.

char *DBGetGraphAtt(att)
int att;

DBGetGraphAtt retrieves the value of attribute att of the current graph.
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char *DBGetNodeAtt(n, att)
nodetype n;
| int att;

DBGetNodeAtt retrieves the value of attribute att of node n.

char* DBGetArcAtt(a, att)
| arctype a;
| int att;
\

DBGetArcAtt retrieves the value of attribute att of arc a.

char *DBGetPortAtt(n, port, ioflag, att)
nodetype n;

int port

int ioflag

int att;

DBGetPortAtt retrieves the value of attribute att of inport or outport port on node n. It assumes
toflag is either IN (for inport) or OUT (for outport).

char *DBGetBusAtt(b, att)
bustype b;
int att;

DBGetBusAtt returns a pointer to the string representation of the value of attribute att of bus b.

char *DBGetPartitionAtt(p, att)

parttype p;
int att;

DBGetPartitionAtt returns a pointer to the string representation of the value of attribute att of
partition p.

SETTING ATTRIBUTE VALUES

Because ADASDB prohibits direct manipulation of graph element structures, graph element attri-
butes must by modified using the following routines.

Each routine checks the modification status of the attribute and if it is modifiable, assigns the
indicated value to that attribute. These routines return XSTATUS if the attribute’s status is not
MODIFY; XFORMAT if the attribute value has a bad format (in terms of its data type. see
DBGetAttDataType); and XRANGE if the attribute value is out of range.

DBSetGraphAtt(att, attval)
int att;
char *attval;

DBSetGraphAtt assigns attval to the attribute att of the current graph.

Appendix D, 1I-32




DBSetNodeAtt(n. att, attval)
nodetvpe n:

int ate:

char “attval:

DBSetMNodeAtt assigns attval to the atrribute atf »f aode n.

DBSetArcAtt(a, att, attval)
arctype a;

Int att:

char *attval;

DBSetArcAtt assigns attval to the aviribute att of arc a.

DBSetPortAtt(n, port, ioflag, att, attval)
nodetype n;

int port;

int 10flag;

int att:

char *attval;

DBSetPortAtt assigns attval to the attribute att of the inport or outport port of node n. It assumes
toflag is either IN (for inport) or OUT (for outport).

DBSetBusAtt(b, att, attval)
bustype b;

int att;

char *attval;

DBSetBusAtt assigns value attval to attribute att of bus b.
DBSetPartitionAtt(p, att, attval)

parttype p;

int att;

char *attval;

DBSetPartitionAtt assigns value attval to attribute att of partition p.

DETERMINING ATTRIBUTE STATUSES

A graph, node, arc, or port attribute may have one of four modification statuses: (1) MODIFY

(attribute is modifiable), (2) NOMODIFY (attribute is not modifiable)}, {3) PROGMODIFY (attri-
bute is modifiable by an ADAS program only), or (4) NOTUSED (attribute is not being used}. An
element’s attribute statuses are determined by its template.

int DBGetGraphAttStat(att)
int att;

DBGetGraphAttStat returns the modification status of attribute att of the current graph.
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int DBGetNodeAttStat(n, att)
nodetype n:
int att:

DBGetNodeAttStat returns the modification status of attribute att of node n.

int DBGetArcAttStat(a, att)
arctype a;
int att:

DBGetArcAttStat returns the modification status of attribute att of arc n.

int DBGetPortAttStat(n, port, ioflag, att)
nodetype n;

int port;

int iotlag;

int att;

DBGetPortAttStat returns the modification status of attribute att of inport or outport port on
node n. It assumes ioflag is either IN (for inport) or OUT (for outport).

int DBGetBusAttStat(b, att)
bustype b;
int att;

DBGetBusAttStat returns the modification status of attribute att of bus 6.

int DBGetPartitionAttStat(p, att)
parttype p;

int att;
DBGetPartitionAttStat returns the modification status of attribute atf of partition p.

SETTING ATTRIBUTE STATUSES

The following routines change an attribute’s status. These routines are meant for template edit-
ing and should not be used for other applications since changing attribute statuses can have
unpredictable side-effects.

Status must be either MODIFY (the attribute is modifiable), NOMODIFY (the attribute is not

modifiable), PROGMODIFY (the attribute is modifiable by an ADAS program only). or
NOTUSED (the attribute is not needed).

DBSetGraphAttStat(att, status)
int att;
int status;

DBSetGraphAttStat sets the modification status of attribute att of the current graph to status.
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DBSetNodeAttStat(n, att, status)
aodetvpe n:

mt att:

int status:

OBSetNodenttStat sets the modification status of attribute «it of node n to status.

DBSetArcAttStat(a. att, status)
aretype a:

ing att:

int stagus:

DBSetArcdttStat sets the modification status of attribute att of arc « to status.

DBSetPortAttStat(n, port, ioflag, att, status)
nodetvpe n;

int port:

int loflag;

int att;

Int status:

DBSetPortAttStat sets the modification status of attribute att of inport or outport port on node n
to status. It assumes ioflag is either [N (for inport) or OUT (for outport}).

int DBSetBusAttStat(b, att, status)
bustype b:

int att;

int status:

DBSetBusAttStat sets the modification status of attribute att of bus b to status.
int DBSetPartitionAttStat(p, att, status)

parttype p;

int att:

int status;

DBSetPartitionAttStat sets the modification status of attribute att of partition p to status.
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DETERMINING ATTRIBUTE DATA TYPES

The actributes associated with eacn kind of graph =lement have data rypes. Since atiribures are
stored as character strings. an atrribute’s data tvpe must be Xnown to interpret the string. Attri-
bute data rypes are bound in an uttridute iempiate that is defined in the ADASDB library. An
attribute’s data rsvpe can be one of INTEGER. LABEL. [DENTIFIER. COORDINATE. TEXT.
FILENAME, or FLCAT. Once an attribuce’s data type is known. standard UNIX functions le.z..
ator, atof, etc.) may be used to interpret that attribute.

int DBGetGraphAttType(att)

ine agt:

DBietGraphAttType returns the data tvpe of the graph actribute ait.
int DBGetNodeAttType(att)

int att;

DBGetNodeAttType returns the data type of the node attribute att.
int DBGetArcAttType(att)

int att;

DBGetArcAttType veturns the data type of the arc attribute att.

int DBGetPortAttType(ioflag, att)

int ioflag;

It att;

DBGetPortAttType returns the data type of the port attribute att. It assumes loflag is either IN
{for inport} or OUT (for outport).

int DBGetBusAttType(att)

e ate;

DBGetBusAttType returns the data type of the bus attribute att.

int DBGetPartitionAttType(att)

int att:

DBGetPartitionAtt Type returns the data type of the partition attribute att.
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DETERMINING ATTRIBUTE EXISTENCE

booiean DBGraphAttExists(att)
Nt ag:

DBGraphAttEzists returns TRUE if the grapn attribute aft exists in the current data base. and

FALSE otherwise.

boolean DBNodeAttExists(att)
ing ast:

DBNodeAttEzists returns TRUE if the node attribute att exists in the current data base. and
FALSE ocherwise.

boolean DBArcAttExists(att)

int att:

DBArcAttEzists returns TRUE if the arc attribute aft exists in the current data base, and FALSE
otherwise.

boolean DBBusAttExists(att)

int att;

DBBusAttEzists returns TRUE if the bus attribute att exists in the current data base, and FALSE
otherwise.

boolean DBPartitionAttExists(att)

int att:

DBPartitionAttEzists returns TRUE if the partition attribute att exists in the current data base,

and FALSE otherwise.

boolean DBPortAttExists(p, att)
int p;
int att;

DBPortAttEzists returns TRUE if the port attribute att of port type p (IN, OUT, or BI) exists in
the current data base, and FALSE otherwise.
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DETERMINING ATTRIBUTE MODIFIABILITY

boolean DBGraphAttisMod(act)
int att:

DBGraphAttlsMod returns TRUE if graph attribute a#t is modifiable. and FALSE otherwise.
boolean DBNodeAttIsMod(att)

int att:

DBNodeAttlsMod returns TRUE if node attribute att is modifiable, and FALSE otherwise.
boolean DBArcAttIsMod(att)

int att;

DBNodeAttsMod returns TRUE if node attribute atf is modifiable, and FALSE otherwise.
boolean DBBusAttIsMod(att)

int att;

DBBusAttlsMod returns TRUE if bus attribute atf is modifiable, and FALSE otherwise.
boolean DBPartitionAttIsMod(att)

int att:

DBPartitionAttlsdMod returns TRUE if partition attribute att is modifiable, and FALSE otherwise.
boolean DBPortAttIsMod(p, att)

nt p;

int att;

DBPortAttlsMod returns TRUE if attribute att of port type p (IN, OUT, or BI) is modifiable, and
FALSE otherwise.

DETERMINING ATTRIBUTE REQUIRED STATUS

boolean DBGraphAttisReq(att)
int att;

DBGraphAttIsReq returns TRUE if graph attribute atf is marked as required, and FALSE other-
wise.
boolean DBNodeAttIsReq(att)

int att;

DBNodeAttlsReq returns TRUE if node attribute att is marked as required. and FALSE otherwise.
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boolean DBArcAttisReq(att)
IRt att:

DBArcAttlIsReq returns TRUE if arc avtribute att is marked as required. and FALSE otherwise.

boolean DBBusAttIsReq(att) ‘
int att:

DBBusAttlsReq returns TRUE if bus attribute att is marked as required. and FALSE otherwise.

boolean DBPartitionAttIsReq(att)
int att:

DBPartitionAttlsReq returns TRUE if partition attribute att is marked as required. and FALSE
otherwise.

boolean DBPortAttIsReq(p, att)
int p;
int att;

DBPortAttlsReq returns TRUE if attribute att of port type p is marked as required, and FALSE
otherwise.

DETERMINING ATTRIBUTE SAVE STATUS

boolean DBGraphAttIsSave(att)
int att;

DBGraphAttlsSave returns TRUE if graph attribute att is savable, FALSE otherwise.
boolean DBNodeAttIsSave(att)

int att;

DBNodeAttlsSave returns TRUE if node attribute att is savable, FALSE otherwise.
boolean DBArcAttIsSave(att)

int att;

DBArcAttlsSave returns TRUE if arc attribute att is savable, FALSE otherwise.
boolean DBBusAttIsSave(att)

int att;

DBBusAttlsSave returns TRUE if bus attribute att is savable. FALSE otherwise.
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boolean DBPartitionAttIsSave.(att)
int att:

DBPartitionAttlsSave returns TRUE if partition attribute act is savable. FALSE otherwise.
boolean DBPortAttIsSave(p, att)

int p:

int att:

DBPortAttsSave returns TRUE if attribute att of port type p is savable. FALSE otherwise.

SETTING ATTRIBUTE SAVABILITY

DBMakeGraphAttSave(att)
int att:

DBMakeGraphAttSave makes graph attribute atf savable in the current data base.
DBMakeGraphAttNotSave(att)

int att;

DBMakeGraphAttNo:Save makes graph attribute att unsavable in the current data base.
DBMakeNodeAttSave(att)

int att:

DBMakeNodeAttSave makes node attribute aéf savable in the current data base.
DBMakeNodeAttNotSave(att)

int att;

DBMakeNodeAttNotSave makes node attribute att unsavable in the current daia base.
DBMakeArcAttSave(att)

int att;

DBMakeArcAttSave makes arc attribute atf savable in the current data base.
DBMakeArcAttNotSave(att)

int att;

DBMakeArcAttNotSave makes arc attribute att unsavable in the current data base.
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DBMakeBusAttSave(att)
int att:

DBMakeBusAttSave makes bus attribute att savable in the current data base.
DBMakeBusAttNotSave(att)

int att:

DBMakeBusAttNotSave makes bus attribute att unsavable in the current data base.
DBMakePartAttSave(att)

int att:

DBMakePartAttSave makes partition attribute att savable in the current data base.
DBMakePartAttNotSave(att)

int att:

DBMakePartAttNotSave makes partition attribute et unsavable in the current data base.
DBMakePortAttSave(type, att)

int type;

int att;

DBMakePortAttSarve makes attribute att of port type type savable in the current data base.
DBMakePortAttNotSave(type, att)

int type;

int ati;

DBMakePortAttNotSave makes attribute att of port type type unsavable in the current data base.

DETERMINING ATTRIBUTE NAMES

Each graph, node, arc, and port attribute has a short, descriptive name that can be retrieved with
the following routines. These routines all assume att is a valid attribute.

char *DBGetGraphAttName(att)

int att;

DBGetGraphAttName returns the naime of the graph attribute att.
char *DBGetNodeAttName(att)

int att;

DBGetNodeAttName returns the name of the node attribute att.
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char *DBGetArcAttName(att)
nt att:

DBGetAreAttName returns the name of the arc attribute att,
char *DBGetPortAttName{att, ioflag)
int ioflag;
int att:
DBGetPortAttName returns the name of the port attribute 2#t. [t assumes ioflag is either IN (for
inport) or OUT {for outport).
char *DBGetBusAttName(att)
int aty:
DBGetBusAttName returns the name of the bus attribute att.
char *DBGetPartitionAttName(att)
int att:
DBGetPartitionAttName returns the name of the partition attribute att.
RETRIEVING GRAPH ELEMENT TEMPLATES
Templates are kept in files separate from the graph data bases. A template is retrieved by specify-
ing a template file search path. This search path is a string consisting of the template file names.

separated by commas, that are to be searched for templates.

Template files are searched in the order they appear in the path, and the search terminates either
when the template is found or all files in the path have been searched.

The template retrieval routines returns XACCESS if a file in the template search path could not
be opened for reading, XFORMAT if a template file has a bad format, XEOF if end-of-file was
reached prematurely while reading a template file, XMEMORY if there is not enough memory to
perform the search. and XNOTFOUND if the template was not found in any of the files in the
search path.

DBSetTSPath(path)
char *path;
DBSetTSPath sets the template search path to path.

Returns XFFORMAT if path has an improper format or is longer than MANXPATH characters. or
XMEMORY if it couldn’t allocate space for the path string.
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char *DBGetTSPath(n)
int n:

DBGetTSPath returns the nth component of the rempiate search path. or NULL if rhere 1z no ath
component.

DBGetNodeTemplate(name, tp)
shar *name;
nodetvpe “tp:

DBGetNode Template reirieves the node vempiate name {rom one of the remplate files specified in
the template search path. [t sets the pointer ¢p to point to the template.

DBGetArcTemplate(name, tp)
char *name;
arctype *tp;

DBGetArcTemplate retrieves the node template name from one of the template files specilfied in
the template search path. It sets the pointer tp to point to the template.

DBGetBusTemplate(name, tp)
char *name;
bustype *tp:

DBGetBusTemplate retrieves the bus template name from one of the template files specified in the

template search path. [t sets the pointer. pointed to by tp, to point to the bus template.

DBGetPartitionTemplate(tp)
parttype *tp;

DBGetPartition Template gets the partition template from the master template file. Unlike other

graph elements, all partitions are created from a single partition template. The pointer tp is set to
point to the partition template.
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TABLE OF ADASDB ERROR CODES

The foilowing vonstants represent the possible vaiues of rhe externai «rror rlag iberrno. The zen-
eral meaning of each error code is provided here. For more specific information. see rhe 2rror <ode
information in the description for rthe individual routines.

XINIT initialization error

XACCESS ran’t access axternal data base file
XEOF premature EOF when reading external data base iile
XFORMAT external data hase {ormat is bad. =tc.
XMEMORY ran out of memory {malloc faiied)
XRANGE attribute value is out of range

XLEVEL graph level too deep or shallow
XLOCATION grid location out of bounds. =tc.
XNAME bad node or arc name

XNOTFOUND template, node. ete. not found

XPORT invalid port

XSTATUS invalid node class or attribute status
XEXPAND node subgraph is (not) already expanded
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A SAMPLE PROGRAM

This tov program is designed ro demonstirate some basic usage of the ADASDB routines. [t reads
in a data base, tiddles with the node utilization attributes, tries to expand a node. then exits.

#include <<adas.h >
#include < adasdb.h >
##include < astributes.h >

main()
{
int gd: -* graph descriptor *’
nodetype n: * a node in the current data base */

char *DBGetNodeName(); * ADASDB routine for getting node name */

/* Read in the graph data base foo.swg’.

x

if ((gd = DBGraphlnit{“foo.swg"} < 0)
i

switch (dberrno)

{
case XINIT:
printf(“too many graphs initialized already\n");

break:
*ete... ¥/
}
exit(1);
}
DBUseGraph(gd);

/* Set utilization of all nodes in the current data base.
* For each node in the current data base,
* print out old utilization value

* then set and print new value.
.

DBSetFirstNode();
while (DBMoreNodes())

{
DBGetNextNode(&n);

printf(" utilization of node %s was %s,",
DBGetNodeName(n), DBGetNodeAtt(n, NUTIL)):

if {(DBSetNodeAtt(n,NUTIL,*0.667") '= 0)
printf(*Oops! can’t set node utilization.\n");
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else printt{ "but now it is “s\n". DBGetNodeAtt(n. NUTIL)});

1
§

* Find a node called foonode’ in the current data base.
* make sure it is an internal node, then expand it.
* Change the current data base to the expanded subgraph.

* then come back.
* /

if {DBGetNodeByName("foonode”. &n) '= 0)
orintf("can’t {ind node foonode™\n"});

eise if (DBGetNodeClassin}) {= INTERNAL)
printf("node ‘foonode’ is not an internal node\n");

else if (DBSubgraphlnit(n,"foo.swt") != 0)
printf("can’t expand subgraph of node *foonode™\n*);

else

{
{void\DBPushDb(n);
{void)DBPopDh();

}

/* Clean up after ourselves before exiting.
%/

DBTermGraph();
exic(0);
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PART III

ADAS Command Interpreter Routines
INTRODUCTION

The ADAS command interpreter (libci) is responsible for buiiding and dispiaving menus. dispiay-
ing prompts, and interpreting input for ADAS client programs. A client program gives the com-
mand interpreter a top-level command list; the program gives a list of pointers ro functions to de
executed when the corresponding commands are chosen. For menus other than the top one. ciient
programs build the menus and prompt and pass them to the command interpreter. which returns
the user input.

ciExecCmd()

etErecCmd is the top-level routine called by clients using the ADAS command interpreter. [t
starts up the command interpreter with the client program’s top-level menu and executes com-
mands from that menu.

cilnit(menu, list)
menutype menu(];
functype list(};

ctInit initializes the command interpreter’s command menu and command function list for the
current program. [t does this by setting pointers to the menu, menu and the function list. {ist. It
also sets the count of the number of commands in the menu.

Ci(canon_form, menu, validate, prompt, help, tokenp)
int canon_form;

menutype *menu;

int (*validate)();

char *prompt, *help;

tokentype *tokenp;

C1 displays the menu pointed to by menu, sets prompt and help as the prompt and help messages,
respectively, and gets the next token in the input. The expected canonical form and the valida-
tion function for the token are canon_form and validate. C7sets tokenp to point to the new token.
It returns ESCAPE if the token is a special token and CANCEL if the command is canceled either
by the user or because of too many tries to get an acceptable token.

int ciValidRepeat(token_val,tokenp)
char *token_val;
tokentype *tokenp;

¢iValidRepeat returns 0 if token_val is a valid token value representing a number of repetitions for
a command (any integer), and -1 if it is not. This routine checks only the syntax of the repetition
count, not the range. If the count is valid, token_val is copied into the token pointed to by tok-
enp.

CANONICAL FORMS

Each token that the command interpreter processes has associated with it a canonical form which
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the client program expects it to match. There are nine .ifferent canonical forms: INTEGER.
REAL. COORDINATE, DENTIFIER. TEXT. NODE. ARC. PUNCTUATION. and NEWLINE.

int ciConvertToCanon(token_vai, token_type, canon_form, tokenp)
char token_vaijj:

int token_type;

int canon_form;

tokentype *tokenp;

c¢tConvertToCanon uses the canonical form, canon_form and the token type, token_type to convert
the token value token_val into the appropriate form and assigns it to the token pointed to by tok-
enp. It returns 0 if token_val was successfully converted and -1 if the conversion could notv be
accomplished.

bootean ciPickFromGraph()

ctPickFromGraph returns TRUE if the last token converted by c:ConvertToCanon was the result
of a graph pick and FALSE otherwise.

CONTEXT

These routines provide context information in a message included in the command interpreter
prompt. This message reflects the command sequence which put the command interpreter into its
current state, starting from the main menu.

ciEnableContextString(on)
boolean on;

ciEnableConteztString enables the command interpreter’s context string mechanism if on is
TRUE, and disables it otherwise.

int ciContextLevel()
ciContertLevel returns the value of the static variable context level.
cilnitContext()

cilnitContext initializes the value of the static variable contezxt level to O to indicate that the main
menu is the current menu.

ciSetContextLevel()

ciSetContextLevel increments the static variable context level to record the descent into a sub-
menu of the current menu.

ciMakeContextString(canon_form, tokenp)
int canon form;

tokentype *tokenp;

ctMakeContextString builds the command context string up to two levels deep for the command
specified in the token pointed to by tokenp and also having canonical form. canon_form.

boolean CommandOK(command)
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char *command:
CommandOK determines if sommand is "add." "Adelete," "edit.” "environ." "move." or "simu-

late." and is. theretore. one of the main meau commands for which context information should be
dispiayed. It returns TRUE if command is in this set and FALSE otherwise.
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ciPrintContext ()
c1PrintContext dispiays command context information on the terminal screen.

ConvertToUpperCase(tempstring)
char “tempstring;

ConvertToUpperCuse converts tempstring to all upper case.

boolean CFormOK(canon form)
int canon_form:

CFormOK checks that the canonical form canon_form is appropriate for use as a context message.
Le., is etther [IDENTIFIER or TEXT. [t returns TRUE if the form is acceptable and FALSE other-
wise.

ciContextSave()

eiContextSave saves both the current context string and the context level to be restored later with
ctContextRestore. This is done when a help command is issued, allowing for a return to the
current menu.

ciContextRestore()

ciContextRestore restores the context information saved by ciContextRestore.
ciSetHelpContext()

ciSetHelpContext sets the context message and level for the help command.

ERROR HANDLING

ciSetErrorFlag(value)
boolean value;

ciSetErrorFlag sets the error flag indicating incorrect input to value, which should be either TRUE
or FALSE.

boolean ciErrorFlag()
¢iErrorFlag returns the value of the error flag used, indicating the incorrect input.
HANDLING INPUT

int ciGetTokenDirect(token buf)
char token_buf{];

¢iGetTokenDirect gets a token string directly from input and puts it into token_buf. If the string
specifies a shell escape, ctGetTokenDirect calls DoShell with that token and gets the next one. It
returns the type of the token.

char *ciExtractToken(stringp)

char **stringp;
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eiExtractToken finds the next roken in the string pointed ro bv stringp and returns 2 pointer 1o it.
n rhis context. a token s a string of one or more non-vlank ~haracrers. The powter nointea 1o oy
In rhis context. a tok ng wore non-vlank -h t { s
stringp is updated o point to the next token tn the string. if no roken was ‘ound. vi&rtract Tonen

returns NULL.
ciFiliQueue()

ciFillQuene gets tokens and fills the token quene. [f 1 roken specifies o sneil =scape. c1FllQuene
calls DoShell to handle iv. otherwise 1t adds the token ro rhe roken queue.

int ciGetToken(using_queue, token_val)
int using_queue:
char token_vall];

c1GetToken gers a token string and puts it into token_val. {f nsing quene 1s TRUE. the roken is
retrieved from the token queue with ci@QueneGet. otherwise it comes from ~7GetTokenDirect. [t
returns (1) the token’s lexical type upon normal completion, (2) ESCAPE when rhe roken is the
escape token, and (3) CANCEL when the token is the cancel one.

char *ciGetInput{)

ctGetlnput reads the next line from the script file if one is being used. Otherwise. .i polls the key-
board and data tablet for input. If input is received from the tablet. ciGetinput converts rhe coor-
dinates into a token using ciTransformPick. It returns a pointer to a statie buffer containing the
input.

char *ciTransformPick(ndex, ndey)
double ndcx, ndey;

ciTransformPick transforms the normalized device coordinates (ndcr. ndey) into a string and
returns a pointer to the string or NULL if the transformation is unsuccessful. If the location is
within a menu, the string is the appropriate menu entry. Otherwise, it is the string representation
of the location in graph (ADAS grid) coordinates.

boolean ciPickInMenu(ndex, ndecy, whichmenu)
double ndcx, ndey;
int whichmenu;

ciPickInMenu returns TRUE if the pick at (ndcz, ndcy) is inside the menu specified by whichmenu,
and FALSE otherwise.

char *ciGetMenultem(ndex, ndey, screen_loc)

double ndex. ndcy;

int screen_loc;

ciGetMenultem returns a pointer to a siring containing the menu entry located at (ndecr, ndcy)
and contained in the menu specified by screen_loc. The value of screen_loc is O for the auxiliary

menu and 1 for the main menu.

boolean cilnGraph(ndex, ndey)
double ndcx, ndey;

ctlnGraph returns TRUE if the location (ndez, ndey) is inside the graph window.
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char *ciGetGraphltem(ndex, ndey)
doublie adex. andey;

ctGetGraphitem returns o pointer to a string with rhe string representation of the graph (ADAS
grid) coordinates corresponding ro NDC location (ndez. ndey).

MACROS

A macro s simply a user-defined. named sequence of commands and their parameters. Macros ~an
be written so parameter values are given at the rime the macro is nsed by subsurtuting 3 nlace
hoider (’$’) for each paramecer which will be filled in later.

int ciAddMacro()

ctAddMacro gets a macro definition from input. adds the macro to the command iist. and loads it
into the macro data structure.

int ciDeleteMacro()

ciDeleteMacro allows the user to select the macro ro be deleted from a menu. then it deletes rthe
macro from the command set and from the macro data structure.

ciListMacroDefs()
ctListMacroDefs displays each currently defined macro and its definition on the terminal screen.

ciDoMacro(index)
int index:

DoMacro prepares for the execution of the macro in position /ndez in the macro list. If the macro

definition has no place holder for parameters, it is pushed onto the token queue. Otherwise. it is
pushed onto an auxiliary queue and a flag is set indicating its presence there.

ciGetMacro()
etGetMacro gets a macro definition from input and puts it into the token queue.

boolean cilsACommand(token_val)
char *token_val;

¢ilsACommand returns TRUE if token_val is the name of a command from the command menu
and FALSE otherwise.

ciClearMacro(index)
int index;

ciClearMacro resets the individual macro data structure with index indez to empty.

ciCompactMacroList(index)
int index;

ciCompactMacroList compacts the macro data structure to eliminate macro number inder by
shifting all macros following /nder up one place in the list.
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ciCompactMacroMenu(index. menu)
int index:
menutvpe *menu:

ciCompactMacroMenu zompacrs the macro menu pointed to by menu to eliminate macro number
mdez by shifting all macros tfoillowing :ndez up one place in the menu.

boolean ciEmbeddedPlaceHoider(macroindex)
int macroindex:

ciEmoeddedPlaceHolder returns TRUE if there is an embedded parameter placeholder in the defin-
ition of macro number macroindezr. and FALSE otherwise. An embedded placeholder is one that is
followed in the macro definition bv an argument that is not a placeholder.

MENUS

An ADAS menu consists of a list of strings -- the menu entries -- each with an associated color
which is used when the menu item is displayed on the graphics screen. A menu contains an empty
string (") as its last entry, marking the end of the menu.

ciShowMenu()

ctShowMenu erases the existing menu from the graphics display and draws the current page of the
current menu on the terminal screen and the graphics display.

ciShowAuxMenu()

ciShowAuzMenu draws the auxiliarv menu on the terminal screen.
ciEraseMenu()

ciEraseMenu sets the current menu pointer to NULL.

int ciGetMenulndex(s, menu)

char *s;

menutype *menu;

ciGetMenulndez returns the index of the entry s in the menu pointed to by menu. It returns -1 if
s 1s not in menu, or -2 if sis a prefix of more than one entry.

char *ciGetMenuEntry(index, menu)
int index;
menutype *menu;

¢iGetMenuEntry returns a pointer to entry number indez in menu. It assumes menu isn’t NULL
and index is the index of a valid entry. ciGetMenuEntry returns a static buffer that is overwritten
on subsequent calls.

int ciAddMacroToMenu(item, menu)

char *item;
menutype *menu;
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stAddMacro ToMenu adds the ent rcem to the end of the menu pointed to by menu in the color
YELLOW. Actually, the new entry is 2dded in the next-to-iast position. just before the "empty "
enery that signals the «nd oi the menu.

ciSetMenu(menu)
menutype “menu;

riSetMenu sets the current menu pointer to the menu pointed to by menu. The current page is
set to the first page (page 0.

ciUnsetMenuy()

s1UnsetMenu unsets the current menu. The current menu is set to a new, blank menu with no
entries.

ciPageMenu()

ctPageMenu turns to the next page of the current menu. If the current page is the last page in the
menu or the next page is blank, it wraps around to the first page. ciPageMenu assumes menu
pages are numbered {rom 0 to MENU_PAGES - 1.

ciDrawMenu(flag)
int flag;

ciDrawMenu displays the items of the current menu in the menu area of the graphics display. If
flag is 0 the menu is erased: otherwise it is drawn.

ciDrawAuxMenu(flag)
in¢ flag;

ctDrawAurMenu displays the items of the auxiliary menu in the auxiliary menu area of the graph-
ics display. If flag is 0, menu is erased. otherwise it is drawn.

char *ciGetCurrMenultem(slot, screen_loc)
int slot:
int screen_loc;

ciGetCurrMenultem returns e contents of slot number slot in the menu specified by screen_loc.
If screen_loc is 1, a pointer to tue entry in slot slot of the current menu is returned. Otherwise, it
returns a pointer to a string containing only the first character of auxiliary menu entry number
slot. This is the special character denoting an auxiliary menu entry.

ciMakeMenu(menu)
menutype **menu;

ciMakeMenu creates a new menu of size MENU_MAX and initializes all its entries to the empty
string. The pointer pointed to by menu is set to point to the new menu.

ciMenuAdd(menu, item, color)
menutype **menu;

char *item;

int color:
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¢iMenuAdd adds the entry #tem to the menu pointed -0 by rhe pointer nownted 70 by menn. The
new entry will be dispiaved in the <olor color. The new entry is checked ro ensure -hat rnere :s
not an existing entry of the same name. If not. the new entry is piaced in rhe first available siot :n
the menu.

ciFreeMenu(menu)
menutype *menu:

ctF'reeMenu frees the memory occupied by menu.
ciMenuDel(menu, item)
menutype *menu:

char *item;

ciMenuDel deletes the entry item from the menu pointed to by menu. All entries coming afrer
item in the menu are moved up one slot.

boolean cilnMenu(menu, item)
menutype *menu;

char *item;

cilnMenu returns TRUE if item is an entry in the menu pointed to by menn, otherwise returns

FALSE.

boolean ¢iInCurrMenu(item)
char *item;

ctInCurrMenu returns TRUE if item is an entry in the current menu. otherwise returns FALSE.

int ciMenuSize(menu)
menutype *menu;

ciMenuSize returns the number of items in the menu pointed to by menu. It assumes the last item
in the menu is followed by a NULL entry.

int ciPageSize()
ciPageSize returns the number of items in the current page of the current menu.

int ciMapSlotV2R(virt)
int virt;

ciMapSlot V2R maps a virtual menu slot virt of the menu structure to an actual slot in the menu
area of the graphics display and returns the actual slot number.

int ciMapSlotR2V (real_slot)
int real_slot;

ciMapSlotR2V maps a real menu slot real_slot of the menu area of the graphics display to a virtual
slot in the menu structure and returns the virtual slot number.
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SetTopMenu()

SetTopMenu sets a flag rhat indicates the current menu is the rop command menu. This ‘lag is
used for handling sommand repetition.

UnsetTopMenu()
UnsetTopMenu unsets the flag indicating the current menu is the rop command menu.
boolean IsTopMenu()

IsTopMenu returns the current value of the top menu flag whose value is modified with SetTop-
Menu and InsetTopMenu.

ciSortMenu(menu, dontsort)
menutype *menu:
int dontsort:

ciSortMenu alphabetically sorts part of the menu pointed to by menu. leaving the first dontsort
items in their original positions.

PROMPT AND HELP MESSAGES

ciSetMessages(prompt, help)
char *prompt;
char *help;

ciSetMessages sets the command interpreter’'s prompt message to prompt and its help message to
help. Pointers are set to point to the two strings; they aren’t copied. Therefore. if one of the
strings passed to ciSetMessages is changed, the corresponding command interpreter message will
change.

ciPrompt()

ctPrompt displays the current command interpreter prompt message on the terminal screen.

ciHelpMsg()

ciHelpMsg displays the current command interpreter help message on the terminal screen.
QUEUE MANAGEMENT

The command interpreter maintains both the input token queue and an auxiliary queue. Each

queue is an array of pointers to characters which point to the entries in the queue. The auxiliary

queue is used for macros with embedded parameter placeholders. When a macro name is encoun-

tered in the input queue, its definition is added to the auxiliary queue. Then. tokens are taken

from the auxiliary queue, with each placeholder being replaced by the matching token from the

input queue until the auxiliary queue is empty.

ciQueueAdd(token)
char *token;

ciQueneAdd adds the token token to the tail of the token queue. It returns 0 upon normal
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completion. -1 if the token queue is +ready full. and -2 on 1 memory allocation failure.
ctQueneddd assumes rhat the length of new roken 1s less than TOKENLEN and rhat queue’s rail
pointer noints ro an emney slot.

ciAuxQueueAdd(token)
char *token:

ciduzQueueAdd adds the token foken ro the tail of rhe auxiliary token queue. It returns 0 upon
normal completion and -2 on a memory allocation faiiure. cidurQueneddd assumes rhav the length
of the new token is less than TOKENLEN and thaut the auxiliary queue’s tail pointer points to an
empty slot.

ciQueuePush(token)
char *token:

ctQueuePush adds a token to the head of the token queue. It returns 0 upon normal completion,
-1 if the token queue is already full. and -2 on a memory allocation failure. It assumes that the
length of the new token is less than TOKENLEN and that the queue’s tail pointer points to an
empty slot.

int ciQueueGet(token_val)
char token_val[];

ciQueueGet gets the next token from the input queue or the auxiliary queue into token_val and
returns the token's lexical type. If the value of the flag use_auz queue (which is set with
ciUseAurQueue) is TRUE, it takes the first token from the auxiliary queue. If this token is a place
holder and the token at the front of the input queue is a DELIM_CHAR, ciQueueGet leaves the
auxiliary queue unchanged and gets a token from the input queue instead. ciQueueGet assumes
that token_val is at least TOKENLEN + 1 in length. that the token at the head of the input
queue is non-null and is no longer than TOKENLEN. and that the input queue is not empty.
ciQueueFlush()

ciQueueFlush flushes the token queue and, if use_aur_queue is TRUE, flushes the auxiliary queue
as well. When a queue is flushed. all the tokens in it are removed and its h=ad and tail pointers
are reset to zero.

int ciQueueSize()

ciQueueSize returns the number of tokens in the token queue.

boolean ¢ciQueueEmpty()

ctQueneEmpty returns FALSE if the token queue has any tokens or if it is empty and the auxiliary
queue has a token other than a place holder. It returns TRUE otherwise.

boolean ciQueueFull()
ctQueueFull returns TRUE if the token queue is full, and FALSE otherwise.

ciUseAuxQueue()

ctlUse\urQuene sets the flag use_aur_queune, indicating that the auxiliary queue is to be used.
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SCRIPT FILES

The command interpreter can read commands from text files called script files. just as it does from
the kevboard. Because a commmand in one script file can read commands from another scripr file. 2
stack of script fiies 1s maintained.

char *ciReadScript()

cifleadScript gets a iine of input from the script file at the top of the stack. and returns a pointer
o a static buffer containing the input line, or NULL if end of file was reached. It assumes that

the command interpreter is currently in seript mode.

ciUseScriptFile(file)
char *file:

ctUseScriptFile opens the file named file and pushes the file pointer onto the stack of script files.
It also sets the flag indicating that the command interpreter is in script mode. cilUseScriptFile
returns -1 if it can not open the script file.

boolean cilnScriptMode()

etinSeriptMode revurns TRUE if the command interpreter is in script mode, FALSE otherwise.

ciSetScriptFlag(value)
boolean value:

ciSetScriptFlay sets the flag indicating whether the command interpreter is in script mode to
velue, which should be either TRUE or FALSE.

Pushltem(fileptr)
FILE *fileptr;

Pushltem pushes file pointer fileptr onto the dynamically-allocated stack of script file pointers.
Popltem()

Popltem pops the top file pointer from the script file stack and closes the associated file.
¢iScriptCleanup()

ciScriptCleanup closes all script files, frees the memory associated with the script file stack, issues
an error message, sets the script error flag, and flushes the input queue.

TYPES AND VALIDATION
These routines are used to determine the lexical types of tokens and to validate them. Possible
lexical types are INTEGER, FLOAT, COORDINATE, IDENTIFIER, PUNCTUATION, NEW-
LINE, TEXT, and DELIM_CHAR.

int ciTokenType(token)
char *token:

ciTokenType returns the lexical type of the token token. or -1 if its type cannot be determined.
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boolean IsIntType(s)
register char *s;

IsintType revurns TRUE if the string s has lexical type INTEGER and FALSE otherwise. A vaiid
INTEGER consists of an optional sign '=-/ foilowed by a string of digits @..2/. it assumes 5 is not
NULL and does not handle leading or trailing blanks.

boolean IsRealType(s)
register char *s;

[sRealType returns TRUE if the string s has lexical tvpe FLOAT: otherwise. FALSE. A vaiid
FLOAT consists of an optional sign, a string of digits, a decimal point. and another string of
digits. Either, but not hoth. of the strings of Jdigits may be empty. sReaiType assumes = is not
NULL and does not handle leading or trailing blanks.

boolean IsCoordType(s)
register char *s;

IsCoordType returns TRUE if the string s has lexical type COORDINATE and FALSE otherwise.
A valid COORDINATE consists of a string of digits, a comma. and 2 =econd string of digits.
IsCoordType assumes s is not NULL and does not handle leading or trailing blanks.

boolean IsldentType(s)
register char *s:

IsIdentType returns TRUE if the string s has lexical type IDENTIFIER and FALSE otherwise. A
valid IDENTIFIER is of the form [a-:A-Z//a-:A-Z0-9._'*. [sldentType assumes s is not NULL and
does not handle leading or trailing blanks.

boolean IsPunctType(s)
register char *s;

IsPunctType returns TRUE if the string s has lexical type PUNCTUATION and FALSE otherwise.
A valid PUNCTUATION string consists of a single punctuation mark.

boolean IsNewLineType(s)
register char *s:

IsNewLineType returns TRUE if the string s has lexical type NEWLINE, i.e. consists of a single
newline ("\n"), and FALSE otherwise.

boolean IsTextType(s)
register char *s;

IsTextType returns TRUE if the string s has lexical type TEXT. i.e.. consists only of printable
characters or a single newline, and FALSE otherwise.

boolean IsDelimType(s)
register char *s;

IsDelimType returns TRUE if the string s has lexical type DELIM_CHAR. i.e.. its first character is
DELIM_CHAR ("\r"), and FALSE otherwise.
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int ciValidateToken(tokenp, validate, canon_form)
tokentype *tokenp:

int (*validate)();

int canon_form:

ctVaiidateToken attempts to validate the token. foken. based on the canonical form -anon_jorm
and using the function vaiidate. [t revurns -1 if rhe roken is not valid and 0 otherwise.

MISCELLANEOUS ROUTINES

DoShell(string)
char *string;

DoShell performs a sheil escape from the client program. Under VMS. a subprocess is spawned.
Under UNIX, the appropriate shell. as determined by the SHELL environment variable {/bin/sh
is the default), is invoked. If string is not empty, it is passed as a command to the subprocess
(VMIS) or shell (UNIX).

char *stralloc(s)
char *s;

stralloc allocates a new string of the appropriate length and copies s into it. It returns a pointer to
the new string, or NULL il there is a memory allocation failure.

coordtype *ci_atoc(s)

char *s;

¢i_atoc converts a string representation s of a coordinate to coordtype. The string representation
must be of the form "x,y". c¢i_atoc returns a pointer to a static coordinate structure containing

the converted coordinate if the conversion is successful and NULL if it is not.

boolean cilsNewline(str)
char *str;

cilsNewline returns TRUE if the first character of string sér is the newline {"\n") character and

FALSE otherwise.
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PART IV

ADAS Editor Routines
INTRODUCTION

The ADAS Editor (libedit) contains the routines that implement the ADAS editor. This editor is
used to modify the values of attributes assoctated wich ADAS data base components. The editor
does rype checking oniy on the values entered by the user. Any other checking is left to the client
program. since different cilents may use a given attribute for different purposes.

EDITING GRAPH COMPONENTS

Several global variables are used in the ADAS editor routines. The variables ned. aed, and ped are
the editor’s current node, arc. and port. Routines accept a parameter that indicates which type of
graph element is ro be edited {possible values are GRAPH, NODE, ARC, IN, and OUT), then they
use the appropriate global variable. The boolean variable tmpflag is TRUE if values in the tem-
plate data base are being edited and FALSE if the graph data base is being used. The boolean
statflag is TRUE if actribute modification statuses are being edited and FALSE if their values are
being edited.

Special editor control characters are used to traverse the attribute list currently being edited. The
special edit characters are: newline ("\n": go to next attribute), minus sign ("-": go to previous
attribute), plus sign ("+": go to attribute list for next port), tilde ("~": end the editing session},
sharp sign ("#": set this string attribute value to the null string), caret (*~": go to the first attri-
bute in the list), and ampersand ("&": display the edit help message). Many routines return a
code specifying which special character, if any, has been entered. The valid editor return codes
are ED_CURRENT, ED_NEXT. ED_PREVIOUS, ED_FIRST, ED_DONE, ED_NEXT_PORT, and
ED_USE PREV.

Edit()

Edit is the top-level routine for the edit command. It accepts the top-level edit menu selection
and invokes the appropriate editing procedure.

int EditGraph()
EditGraph allows the user to edit graph attributes for the current graph.

EditNode(n)
nodetype n;

EditNode allows the user to edit the attributes of a node. If n is NULL, the node is selected by the
user; otherwise, the node n is edited. If nis not NULL, it is assumed to be a valid node. EditNode
sets the global variable ned to n.

EditBus(b)
bustype b;

EditBus allows the user to edit the attributes of a bus. If b is NULL, the bus is selected by the

user; otherwise, the bus b is edited. If bis not NULL, it is assumed to be a valid bus. EditBus sets
the global variable bed to b.
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EditAre{a)

arctype a:

LditAre ailows the user to edit rhe attributes of an arc. If @ is NULL. the arc is selected by the
user: otherwise. the arc a is edited. If 2 is not NULL, it is assumed to be a valid arc. EditArc sets
rhe global variabie aed to a.

EditNodeTmp()

EditNode Tmp allows rhe user to edit o node template. The user is prompted for the template
name.

EditArcTmp()

EditArcTmp ailows the user to edit an arc template. The user is prompted for the arc template
name.

EditBusTmp()

EditBusTmp allows the user to edit an bus template. The user is prompted for the bus template
name.

EditRepeat(naflag)
int naflag;

EditRepeat allows the user to re-edit the attributes for the selected graph element. When the user
exits the editor, he is given the option of re-editing the item. The graph elemen* type is indicated
by naflag.

DoEdit(naflag)
int naflag;

DoEdit steps through the list of attributes for the graph element type, indicated by naflag, until
done. The edit is completed when the entire list has been traversed, CANCEL has been received,
or the user has entered the ED_DONE character.

int NextPort(n, naflag)

int n;

int naflag;

NeztPort advances the editor to the attribute list for the next port when editing a node. The
integer n is the current (old) attribute number and naflag indicates the graph element type being
edited. This routine is called when ED_NEXT_PORT is received. NextPort returns the index of
the next port or the last attribute. It assumes that neflag is GRAPH, NODE, or ARC.

EdHelp()
EdHelp displays information concerning editing attribute values on the terminal screen.

boolean SpecialChar(str)
char *str;

SpecialChar returns TRUE if str points to a special edit character, and FALSE otherwise.
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boolean NodeSpecialChar(str)
char *sur;

NodeSpecialChar returns TRUE if str is the name of a node or points to a special »ult characrer.
and FALSE otherwise.

boolean BusSpecialChar(str)
char *str;

BusSpecialChar returns TRUE if str is the name of 2 bus or points to a speciai edit character. and

FALSE otherwise.

boolean NodeBusSpecialChar(str)
char *str;

NodeBusSpecialChar returns TRUE if str is the name of a node or bus or points ro a special =dit
character, and FALSE otherwise.

EDIT SELECT

EditSelect()

EditSelect allows the user to edit a selected attribute for a chosen element type. The user selects
the element type from a menu, then specifies whether to edit all items of that tvpe or to select the
particular items to edit by name.

EditSelectTmp(napflag, select_all)
int napflag;
int select_all;

EditSelectTmp sets the global template flag tmpflag in order to use the template data base, then
calls procedure EditSelectNAP -- the same routine used for non-template select editing.

EditSelectNAP(napfizg, sclect_ali)
int napflag;
int select_all;

EditSelectNAP carries out selective editing for either nodes, arcs. or node ports. The value of nap-
flag determines which object type is being edited. Valid values for napflag are NODE. ARC. IN,
and OUT. If select_all is TRUE, the selected attribute is edited for all objects of this type; other-
wise, the individual objects are selected by name. statflag is checked to see if attribute modifica-
tion statuses are being edited, and tmpflag is checked to determine if the template data base is
being used.

EditSelectAll(napflag, att_name)
int napflag;

char *att_name;

EditSelectAll allows the user to edit the attribute with name att_name for all instances of the type
of graph element type indicated by napflag.
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EditSelectAtt(napflag, att_name, name)
int napflag;

char “att_name:

char *name;

EditSelectAtt prompts the user for the name 2ame of the graph ~iement of rvpe napflag for which
he wishes to edit the attribute att_name.

EditSelectBy Name(napflag, att_name)
int napflag;
char *att_name;

EditSelectByName displays the full list of graph items of the tvpe indicated by napflag. The user
selects one item. has a chance to change the value of the attribute atf_name. and then may seiect
a new item to edit.

EDIT GLOBAL

EditGlobal()

EditGlobal allows the user to select the graph element type for the global edit. Global editing
allows the user to set the value of one attribute to a parsicular value for all existing graph ele-
ments derived from a given template; additionally, it optionally saves the new value in the tem-
plate.

EditGlobalNAP(napflag)
int napflag;

EditGlobalNAP displays the attribute list for the previously selected graph type indicated by nap-
flag. The user selects the attribute for the global edit. The global variable statflag is used to
determine which attributes to display. Some node and arc attributes do not have modifiable sta-
tuses.

EditGlobalAtt(napflag, att_name)
int napflag;
char *att_name;

EditGlobalAtt allows the user to do global editing of the attribute att_name for the graph element
type indicated by napflag. First, the user selects the template for the global edit and enters the
new attribute value; he is given the option of saving the change in the template itself, then DoGlo-
balEdit is called to set the attribute value for all graph elements derived from the chosen template.

DoGlobalEdit(napflag, name, att_name)
int napflag;

char *name;

char *att_name;

DoGlobalEdit goes through the data base and sets the value of attribute aft_name for all items of

the type indicated by napflag, derived from template name, to agree with the template’s value of
that attribute.
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CHANGING ATTRIBUTE VALUES

EditAtt(type. att)
ing tvpe:
ing att;

EditAtt allows the user to edit attribute number it of the current element of rvpe type (GRAPH.
NODE, ARC. IN, or OUT). The current value of the attribute is displaved, and the user is given a
chance to enter a new value f the attribute is modifiable. EditAtt returns one of the edit return
codes.

EdSetAtt(type, att, val)
int type:

int att:

char *val:

EdSetAtt sets the value of attribute number att of the current element of type type to val.
EdSetAtt assumes that att is a valid attribute.

char *EdGetAtt(type, att)
int type;
int att;

EdGetAtt returns a pointer to the string representation of the value of attribute number att of ele-
ment type type. If the type is not GRAPH. one or more of the global variables ned, aed, and ped
will determine the correct element. EdGetAtt assumes that attis a valid attribute.

char *EdGetAttName(type, att)
int type;
int att;

EdGetAttName returns the name of attribute att of graph element vype type.

int GetAttIndex(type,attname)
int type;
char *attname;

GetAttIndez returns the index of the attribute of graph element type type with name atiname. It
assumes lype is one of GRAPH, NODE, ARC, IN, or OUT.

boolean EdAttMap(n, naflag, att, type, port)
int n;

int naflag;

int *att;

int *type;

int *port;

EdAttMap maps the attribute number n for the graph element type given by naflag (GRAPH,
NODE, ARC, PARTITION, or BUS) to the appropriate attribute index for that type. The
integers pointed to by atf, type. and port are set to the adjusted attribute index, the graph ele-
ment type (GRAPH, NODE, ARC, PARTITION, BUS, IN, OUT. or Bl}, and the port number,
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respectively. The value of ait is adjusted for special attributes that do not appear in the attribute
iist. e.g. node_name. EdAttMap returns TRUE if there are no more atiributes to edit. ie.. n
exceeds the attribute index range for the graph element tvpe.

char *AttPromptilabel, val)
char *labei:
char *val:

AttPrompt builds and returns a pointer to the prompt for the attribute with name [label and
current value rai. The prompet is »uilt in a static buffer which is overwritten by the next call to
AttPrompt.

boolean DisplayedAtt(type,att)
Int type:
int att:

DisplayedAtt determines whether attribute att of graph element tvpe type affects the appearance
of the graphics display. e.g., node_color. It returns TRUE if att affects the screen and FALSE oth-
erwise.

MODIFICATION STATUSES

A modification status is associated with each attribuce, in addition to the attribute’s value. An
attribute’s modification status determines the means by which its value can be changed. Valid
modification statuses are M (MODIFY), P (PROGMODIFY), N (NOMODIFY), and U
(NOTUSED). An attribute with status M can be modified by the user with the editor. Status P
indicates that an attribute can be modified only by an ADAS program, not directly by the user.
An N modification status means the attribute is unmodifiable. An attribute with U status is
marked as not used.

EditStats()

EditStats ailows the user to edit the modification statuses of attributes. EditStats operates like the
top-level Edit routine, after first setting the global flag statflag to indicate that statuses are being
edited, rather than attribute values.

EditAttStat(type, att)
int type;
int att;

EditAttStat allows the user to edit the attribute modification status of attribute number att of the
current element of type type. The current status is displayed and the user is given a chance to
enter a new modification status. EditAttStat returns one of the edit return codes.

EdSetAttStat(type, att, s)
int type;

int att;

char *s;

EdSetAttStat sets the modification status of attribute number att, of the current element of type

type, to the status indicated by the character pointed to by s (*M*, *P" "N* or "U").
EdSetAttStat assumes att is a valid attribute index.
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int EdGetAttStat(type, att)
int type:
int att;

EdGetAttStat returns the modification status of attribute number ¢t of the current gravh =iement
of type type. It assumes aftis 2 valid attribute index.

EdSetAttStatInt(type, att, stat)
int type;

Int att;

int stat;

EdSetAttStatint sets the modification status of attribute number att of the current eiement of type
type to status stat. EdSetAttStatint does the same thing as FdSetAttStat. except iv nses the integer
modification status instead of a character code which represents the new status.

EdGetUserModStat(type,att)
int type;
int att;

EdGetUserModStat returns the modification status of attribute aft for the -lement of tvpe type
currently being edited.

EdStatHelp()

EdStatHelp displays information concerning editing attribute modification statuses on the terminal
screen.

char *AttStatPrompt(label, stat)
char *label;
int stat;

AttStatPrompt builds and returns a pointer to the prompt for the modification status of the attri-
bute with name label and current modification status stat. The prompt is built in a static buffer
which is overwritten by the next call to AttStatPrompt.

boolean IsValidStat(str)
char *str;

IsValidStat returns TRUE if str is a valid status name or points to a special edit character. and
FALSE otherwise.

ATTRIBUTE SAVE STATUS

Not every ADAS data base contains the full set of attributes for all graph element types. The user
can select which attributes to save to a data base file by editing attribute save status. An
attribute’s save status is either S, meaning it will be saved to the data bhase file. or N, meaning it
will not. The following editor routines are used for editing attribute save status.

EditSaveStats(allflag)
boolean allflag;

EditSaveStats allows the user to edit the save status for attributes of any object type. It provides

Appendix D, IV-7




a menu from which the user selects an cbject tvpe or ailatts. By choosing ailaits. che nser can <et
all asttributes of an object rvpe to be either savable or unsavable. The wflag naramerer 7o
EditSavestats is TRUE if iv is recursiveiv cailed o handle an adatts selection.

EditSaveAllStats(element. attcount, tmpflag)
int element:

int atteount:

boolean tmptlag;

EditSaveAllStats ailows the user to set the save status for ail attributes of sraph =iement tvpe efe-
ment to either S or N. The value of attcount is the total number of awtributes for the element
type, and tmpflag is TRUE if the Jdesired element tvpe is a template type.

EditRepeatSave(naflag, att_count)
int naflag;
int att_count;

EditRepeatSave allows the user to re-edit the save status of attributes for graph element tvpe
naflag. When the user exits the editor, he is given tue option of re-editing the item. The toral
number of attributes for the graph element type is given by att_count.

EditSaveAtts(eflag, att_count)
int eflag;
int att_count;

EditSaveAtts allows the user to set the save status for the attributes of the element 1ype given by
cflag. It steps through all att_count attributes. and the user can enter a new save status for each.

EditSaveAtt(type, att)

int type;

int att;

EditSaveAtt allows the user to set the attribute save status for attribute att of element type type
EditSaveTmplAtts(eflag, att_count)

int eflag;
int att_count;

EditSave TmplAtts sets the current data base to the template data base in prepararion for editing
the save status for attributes of element type eflag. The number of attributes for the element type
is given by att _count. EditSaveTmplAtts sets up the tempiate data base. then calls Edi-

tRepeatSave to do the attribute save status editing.

boolean IsValidSaveStat(str)
char *str;

IsValidSaveStat returns TRUE if str points to a valid attribute save status or a special edit charac-
ter, and FALSE otherwise.

EdSaveStatHelp()

EdStatHelp displays information concerning editing attribute save statuses on the terminal screen.
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SELECTING GRAPH ELEMENTS FOR EDITING

EdSetNode(node. template, ptype, pstatus)
nodetype *node:

boolean remplate:

int ptype:

int pstatis;

LdSetNode displays 1 menu of nodes in the current graph. prompts the user for a node. and sets
node to point to the seiected node. [f temniate is TRUE. a node template 1s wanted and the menu
will contain node template names. The ptype and pstatus parameters determine which nodes are
included. The value of pstatus is 0 if onlv nodes with unoccupied ports are to be added, 1 for only
nodes with occupied ports, and 2 Jor ail nodes. The value of ptype is interpreted as a bit vector
flagging the sypes of ports ro be considered in this decision. The least significant bit is set for
inports, the next for outports. and the third for biporus. If pstatus is set to 3, all nodes with ports
of the type(s) indicated by ptype wiil be included. regardless of whether or not the ports are occu-
pied.

EdSetBus(bus, template)
bustype *bus;
boolean template;

EdSetBus dispiays a menu of the buses in the current graph, prompts the user for a bus. and sets
bus to point to the selected bus. If template is TRUE. a bus template is wanted, so the menu con-
tains bus template names.

EdSetArcTmp(are)
arctype *arc;

EdSetArcTmp creates a menu of arc names from the current graph and allows the user to select an
arc. The variable arc is then set to point to this arc. EdSetArcTmp returns an editor return code,

e.g., ED_DONE.

EdSetPort(port_type, occ, ioflag, port)
int port_type;

int occ;

int *ioflag;

int *port:

EdSetPort prompts the user for a port on ned, the node currently being edited. The vaiue of
port_type is interpreted as a bit vector whose bits are set to indicate which port types should be
included in the menu where the user makes his selection. The least significant bit is for inports,
the next for outports. and the third for biports. The value of occ should be 0 for only the unoccu-
pied ports to be included in the menu, | for only occupied ports, and 2 for both. The integer
pointed to by ioflag is set to the type of port selected (IN, OUT, or BI) and the integer pointed to
by port is set to the index of the selected port. FJSetPort returns an editor return code, e.g.,

ED_DONE.

EdSetArcNode(node)
nodetype *node;

EdSetAreNode creates a menu of nodes to which arcs are attached and allows the user to select a
node. The node pointed to by node is set to the selected node.
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PART YV

ADAS Graphics Interface Routines

INTRODUCTION

The ADAS Graphics Interface {libgraphics} provides a device-independent incerrace Jfor ADAS zro-
grams. It hides the device-dependent detaiis of the graphics system which .ire isolated i rhe
Graphics Package (libgp).

INITIALIZING AND TERMINATING GRAPHICS

GlInitializeDisplay(disp, libdir, configdir)
char *disp;

char *libdir;

char *configdir;

GlInitialize Display initializes the graphics display and the tablet of workstation Jisp. <etring the
window and viewport to appropriate sta~tup values. The ADAS library directory 1o be used is (b-
dir and the configuration directory is configdir.

GITerminzteDisplay()

GITerminateDisplay shuts down the graphies display.

COORDINATE SYSTEMS, VIEWPORTS, AND WINDOWS

The ADAS graphics interface operates in terms of two types of coordinate svstems. Normalized
Device Coordinates (NDC) are used to specify screen locations with respect to the entire graphics
display. They range from (0.0, 0.0) at the lower left corner of the screen, to {1.0, 1.0) at the upper
right corner of the screen. Viewports are regions of the display screen defined in rhe NDC svsrem.
A client of the graphics interface might define two viewports: for exampie, one for displaying
ADAS graphs and the other for menus. Associated with each viewport is a window. [tems drawn
in a window appear on the screen in the associated viewport. World or Window coordinates {WC)
are used to refer to locations within a window. When 2 client defines a window. he specifies the
range of coordinates for that window.

GIlAskWindow(xmin, ymin, xmax, ymax)
int *xmin, *ymin, *xmax, *ymax;

GIAskWindow gets the coordinates of the lower left (zmin, ymin) and upper right (rmar. ymar)
corners of the current window in window coordinates.

GISetWindow(xmin, ymin, xmax, ymax)
int xmin, ymin, xmax, ymax;

GiSetWindow sets the current window, with the lower left corner (zmin. ymin) and upper right
corner at (xmaz, ymaz) given in the window coordinates.

GIGetGraphWindow(xmin, ymin, xmax, ymax)
int *xmin, *ymin, *xmax, *ymax;
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GIGetGraphWindow gets the coordinates of the lower left {rmin. ymin) and apper right {rmaz.
ymaz) corners of the graph window in window coordinates.

GISetGraphWindow(xmin, ymin, xmax, ymax)
int xmin, ymin, Xmax, ¥max:

GISetGraph Window sets the graph window with the lower left corner {zmzn. ymn) and upper right
corner (rmaz, ymaz) given in window coordinates.

GlSetViewport(xmin, ymin, xmax, ymax)
double xmin, ymin, xmax, vmax:

GISetViewport sets the current viewport, with its lower left corner at {zmun. ymini and its upper
right corner at {xmaz, ymaz) (NDC).

boolean GIInWindow(x, y)
int x, y;

GlInWindow resurns TRUE if the point (z, y) is within the current window.

boolean GIInViewport(x, y)
double x, y;

GlInViewport returns TRUE if the point (z. y) is within the current viewport.
GIResetGraphWindow()
GIResetGraphWindow sets the graph window to include the whole graph.

GIUseWVP(w)
int w;

GlUse WVP makes the window w and its corresponding viewport the current ones.
DRAWING GRAPH ELEMENTS
The following routines are used to draw ADAS graph elements on the graphics display.

GIDrawArc(a, eflag)
arctype a;
int eflag;

GIDrawArc draws the arc a. If eflag is nonzero, then the arc is drawn in the special ERASE color.
meaning it is erased.

GIDrawPartialArc(a, eflag)
arctype a;

int eflag;

GIDrawPartialAre draws all of arc a except for the segment from the last joint (or source if there
are no joints) to the sink. If effag is nonzero, that part of the arc is erased instead.
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GIDrawNode(n, eflag, fillecolor, outline)
nodetype n:

int eflag;

ing fillcolor:

int outline;

GIDrawNode draws the node 1. If ¢flag is nonzero. then the node is drawn in the special ERASE
color, i.e., it is erased. If fillcolor is nonzero it is used as the node color index and outline is used
as the outline color index. Otherwise the node color 1s determined by the current node drawing
style.

GIDrawBus(b, eflag)
bustype b:
int eflag;

GIDrawBus draws the bus b. If ¢flag is nonzero, then the bus is drawn in the special ERASE color,
i.e.. it is erased.

GIDrawJunction(b, j, eflag)
bustype b;

int j;

int eflag;

GIDrawJunction draws junction j of bus b. [f eflag is nonzero, then the junction is drawn in the
special ERASE color, i.e., it is erased.

GIDrawNodePorts(n, eflag)
nodetype n;
int eflag;

GIDrawNodePorts draws the ports for node n. If eflag is nonzero, the ports are erased instead.

THE CONTEXT WINDOW

The ADAS context window displays the parent graph of the current graph with the parent node
highlighted.

GIDra vContext()

GIDrawContext draws the ADAS context window.

boolean GIDrawingContext()

GIDrawingContext returns TRtE if the context window is being drawn, and FALSE otherwise.
This routine is provided so that other routines can determine whether they are drawing in the con-

text window.

boolean GlIsContextParent(n)
nodetype n;

GllsContextParent returns TRUE if node n is the parent node of the current graph. and FALSE
otherwise.
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GlSetContextWindowixd, y1, x2, y2)
ine xL. vi.x2 v2:
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GISetContext Window sets the context window corners at (zl. 1} and iz y2), 51ven 1n window
coordinates. The context window is defined in terms of the grapn window coordinates.

DRAWING GRAPH ELEMENT LABELS

The following routines are used to draw labels for ADAS graph eiements.

GIDrawNodeLabel(n, eflag)
nodetype n;
int eflag;

GIDrawNodeLabel displays the label for node n. If eflag is nonzero. the labei is erased instead.

GIDrawBusLabel(b, eflag)
bustype b;
int eflag;

GIDrawBusLabel displays the label for bus 4. If ¢flag is nonzero, the label is erased instead.

GIDrawJunctionLabel(b, j, eflag)
bustype b;

mt j;

int eflag;

GIDrawBusLabel displays the label for junction j of bus 6. If ¢flag is nonzero. the label is erased
instead.

boolean GILabelsVisible(etype)
int etype;

GILabelsVisible returns TRUE if labels for element type etype are currently turned on.

REDRAWING A GRAPH

The following routines are used to redraw an ADAS graph or a subset of the elements of the
graph.

GIRedrawScreen()

GIRedrawScreen erases and redraws the whole graphics image.
GIRedrawNodes()

GIRedrawNodes redraws all the nodes in the graph.
GIRedrawAres()

GIRedrawAres redraws all the arcs in the graph.
GIRedrawBuses()

GIRedrawBuses redraws all the buses in the graph.
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GIRedrawLabels()

GlRedrawlLabeis redraws all the node labels in the graph. Labeis for other zrapih »iements are
drawn when the elements themselves are drawn.

GIRedrawPorts()

GIRedrawPorts redraws all the node ports in rhe graph.
DISPLAYING TEXT

The following routines are used to draw text on the graphics dispiay.

GICenterText(s, x, v, color)
char *s;

int x, y;

int color;

GICenterTezt draws the string pointed to by s in rvolor color at the location {z. y) iWC) in the
current window.

GILeftText(s, x, y, color)
char *s;

int X, y;

int color;

GlLeftText displays the text string pointed to by s, left-justified at location {zr. y) {(WC) in color
color.

GIRightText(s, x, y, color)
char *s;

int x, y;

int color;

JIRightTezxt displays the text string pointed to by s. right-justified at ocation {r. y) (WC) in color
color. The text is centered with respect to the given v coordinate.

GISetWCCharWidth(cw)
float cw;

GISetWCCharWidth sets the text character width to cw.

GIRotateText(on)
boolean on;

GIRotate Tezxt turns on text rotating if on is TRUE, and turns it off otherwise. When text rotating
is on, text is displayed in an orientation rotated 90 degrees from the default orientation.

GILandscapeMode(on)
boolean on;

GlLandscapeMode turns landscape mode on if on is TRUE. and turns it off otherwise. When in
landscape mode, the graphics coordinate system is rotated 90 degrees counterclockwise from its
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default orientation. Landscape mode must be turnea on before rotated text is displaved.

BASIC DRAWING OPERATIONS

The following routines are used to do basic drawing operations. They are *lower level" routines
rhan those for drawing ADAS grapih elements.

GIErase()
GIErase erases the graphics display by rilling 1t with rhe special ERASE color.
GIDrawLine(xmin, ymin, xmax. ymax. color)

Int Xmin, ymin. Xmax. vmax:
:nt color:

GIDrawline draws a line from | rmin. ymen) to (zmaz. ymaz) (WC) in the color color.
GIDrawRect(color, lIx, lly, urx. ury, fiil)
int color:

it lx. Ily. urx. ury;
boolean fill:

GIDrawRect draws a rectangle with lower lett corner ({lz. lly) and upper right corner (urz. ury)
{WC) in the color color. If fill is TRUE. a filled rectangle is drawn: otherwise the rectangle is

unfilled.
MAKING HARDCOPIES

These routines are used for making 2 hardcopy of an ADAS graph.

GIHardcopy(harddev)
char *harddev:

GIHardcopy makes a hardcopy of the current graph using hardcopy device harddev.

boolean GIInHardcopy()
GlinHardcopy returns TRUE if the current process is a child which was forked off to do a hard-

copy.

NODE LATENCY RANGE

GISetLatencyRange()

GliSetLatencyRange sets the minimum and maximum latencies for normalization. GISetLaten-
c¢yRange examines the latencies for all nodes and sets the minimum and maximum internally.

They can be retrieved with GIGetLatencyRange.

GIGetLatencyRange(lmin, Imax)
double *Imin, *Imax;

GIGetLatencyRange gets the minimum {/min) and maximum (/maz) latency values for normaliza-

tion.

Appendix D, V-7




NODE AND ARC STYLES -

Normally nodes and arcs,ére drawn in the colors given by their color attributes. By setting the
node or arc styie. they cln be drawn in colors reflecting the vaiues of certain other attributes.

int GISetNodeStyle(style)
ine style: '

GISetNodeStyle sets the node stvle to style. specifying how node color is determined. A node is
displayed either according to its node_color attribute (DFLT_STYLE), with a heated object scale
based on either utilization (NUTIL) or latency(NLATENCY), or according to its status
{(NSTATUS). When the node style is NSTATUS. nodes primed during simulation are drawn as
unfilled rectangies. while others are shown in DFLT_STYLE. GIGetNodeStyle returns the previ-

ous node style value.

int GISetArcStyle(style)
int style:

Appendix D, V-8




‘R R S .

GISetArcStyle sets the arc stvle to style. specifying how arc colors are determined. Arcs mayv be
drawn according to the arc_color attribute (DFLT _STYLE)} or using 2 heated object -cale. in
which an arc’s queue size determines its coior (ACURR_SIZE). GiSetAreStuie returns rhe previous
value of the arc style.

int GISetLabelStyle(style)
int style;

GISetLabelStyle sets the node label stvle to style. The label stvie determines whethier  node’s
label corresponds to its node_name attribute (DFLT_STYLE) or its Aardware_module attribute
(NMODULE). GISetLabelStyle returns the previous value of the node label styie.

SETTING THE QUEUE SCALE

GISetQueueLB(ib)
int 1b;

GISetQueuel B sets the lower bound of user-defined queue scale to /5.

GISetQueueUB(ub)
int ub;

GISetQueueUB sets the upper bound of user-defined queue scale to ub.

DETERMINING NODE DIMENSIONS

double GINodeHeight(n)
nodetype n;

GIGetNodeHeight returns the height of the node n. This is the value of the node_height attri-
bute, which is in ADAS grid coordinates.

double GINodeWidth(n)
nodetype n;

GIGetNode Width returns the width of the node n. This is the value of the node_width attribute,
which is in ADAS grid coordinates.

GINodeDimensions(n, xsz, ysz)
nodetype n;
double *xsz, *ysz;

GINodeDimensions sets the doubles pointed to by rsz and ysz to the actual dimensions of node n.
These dimensions are in ADAS grid coordinates. but may differ from the values returned by GI:\No-
deHeight and GINodeWridth if n is represented by an icon.

ICONS

ADAS graph elements may be represented by icons which are stored in files. If a graph element’s
icon_file_name attribute is not empty, the icon in the named file is used to represent that ele-
ment. A list of active icons is maintained in the graphics interfacem. so an icon file is only read
once during a session.
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GIReadlconFile(filename)
char *filename;

GIReadlconFile reads the icon description file filename and puts rhe icon into rhe ist of active
icons.

icon *GIGetlcon(filename)
char *filename;

GIGetlcon returns a pointer to the entry in the list of active icons occupied by rhe icon stored in
file filename. It returns NULL if the icon is not active.

MISCELLANEOUS GRAPHICS ROUTINES

GIRefresh()
GIRefresh refreshes the graphics display.
boolean GITooSmall()

GITooSmall returns TRUE if the graph scale is so small that node labels and ports shouid not be
drawn.

char *GlInquireDisplayDevice()

GlInguireDisplayDevice returns the name of the graphics display heing used.
char *GIGetDisplay Type()

GIGetDisplayType returns the name of the type of graphics display being used.
GIDrawGrid()

GIDrawGrid draws the ADAS graph grid.

boolean GIPortsVisible()

GlPortsVisible returns TRUE if the graph scale is such that node ports should be drawn. Node
ports are not drawn if they would be so small as to be useless.
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PART VI

ADAS Common Library Routines
INTRODUCTION

The ADAS common library {libcommon} contains routines that are used by more than one ADAS
program, but do not belong in rthe Command [nterpreter. Data Base Routines, Graphics Interface,
Graphics Package, or Editor.

SHARED COMMANDS

These routines are reiated to ADAS top-level commands that are identical in EDIGRAF and GIP-
SIM.

Hardcopy()

Heardcopy is the top-level routine for the hardcopy command. It prints a copy of the current
graph on a hardcopy device. The user chooses from a menu of available hardcopy devices.

Help()

Help is the top-level routine for the heip command which provides help on various ADAS topics.
The user selects the tool and subject Vor which he needs help, and the contents of a help file in
ADAS help directory are displayed on the terminal screen.

GetHelpTopics(menu, helpdir)
nmenutype *menu;
char *helpdir;

GetHelp Topics adds the names of ihe help files in the help directory helpdir to the menu menu.

catfile(file)
char *file;

catfile prints the contents of the {ile specilied by pathname file to standard output. It returns 0 if
the file was successfully printed and 1 if the {ile couldn’t be opened.

Macro()

Macro is the top-level routine for the maero command. It provides for the addition, deletion, and
listing of macro commands. Macro returns 0 on a normal completion and -1 if an error occurred.

Reload()

Reload is the top-level routine for the reload command. It reloads the current graph from the
corresponding disk file after the user verifies his intent to reload. Any changes made since the
graph was last saved to the disk file are lost.

Script()

Script is the top-level routine for the script command. It prompts the user for a script file name
and executes the script file.
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Stats()

Stats 1s ihe rop-izvel routine for the stats command. 't provides statistics on graph elements of
the user = vhotee. The ‘1ser cnooses the vpe of stats ne wants trom a menu. "Node" or “"are"
stats zive the values of uil vthe attributes for 2 node or arc. "Latency” or "utilization" redraws all
*he nodes in a heated object scule representing their relative latencies or utilizations. A key for
the color scaie ts dispviaved on the screen.

DrawStatsKey(labell, labei2)
char *labell. *label2:

DrawStatsKey draws the coior scale kev for the stats command. labeling the key with labeil and
lavel2 (minmimum and maximum stats valuesi.

node_stats(n)
nodetype n;

node_stats prints the attribute values for node n.

bus_stats(b)
bustype b:

bus stats prints the atitribuce values for bus b.

partition_stats(p)
partitiontype p:

partition_stats prints the attribute values for partition p.

arc_stats(a)
arctype a;

arc_stats prints the actribute values for arc a.

SetQSBounds(labell, label2)
char *labell:
char *label?2;

SetQ)SBounds prompts the user for the lower and upper bounds for the stats queue command.
The strings pointed to by labell and label? are set to contain the string representations of the
lower and upper bounds. respectively. SetQSBounds calls GISetQueuvelLB and GISetQueuel'B to set
the queue bounds for the drawing routines.

GetQSBounds(labell, labei2)

char *labell;

char *label2:

GetQSBounds copies the current queue size stats labels into label! and label2.

Window()

Window is the top-level routine for the window command. The window command allows the user

to zoom in or out on a particular point in the graph by specifying a scaling factor and the point he
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wishes to zoom in on.

!

DoWindow(x, y, wsize)

int X, y;
float wsize;

DoWindow centers the graph at location {z. y) with window size wsize. ‘With larger values or
wsize, the portion of the graph that will be visibie is grearer. and ~onsequentiy the grapn »lements
appear smaller. If wsize is too large the window size used is GRAPHMAX.

LIST MANAGEMENT

These routines are used to manipulate alphabetical lists of strings.
SetFirstNodeAlphabetic()

SetFirstNodeAlphabetic creates an alphabetical list of the nodes in the current data base and -ets
a pointer to the first node in the list.

GetNextNodeAlphabetic(np)
struct node **np;

GetNeztNodeAlphabelic sets the pointer pointed to by np to point to the current node in the
alphabetical list of nodes and updates the list pointer so that the next node becomes the current
one.

boolean MoreNodesAlphabetic()

MoreNodesAlphabetic returns TRUE if there are nodes remaining in the alphabetical list of nodes
and FALSE if there are none.

AlphaNodeAdd(n)
nodetype n;

AlphaNodeAdd inserts node n into the alphabetized list of nodes.

Alphalnsert(list, s)
namelink **list;
char *s;

Alphalnsert inserts the string s into the alphabetized list of strings where the head pointer is
pointed to by list.

int CompStrings(sl, s2)

char *sl;

char *s2;

CompStrings compares sl and s2 alphabetically or numerically by trailing digits if the strings have
identical alphabetic prefixes. For instance, "al" would come before "b1." but "b2" would come

before *b12." It returns -1 if 31 comes before 52, 0 if s/ is identical to 52, or L if s/ comes after s2.

FreeList(list)
namelink **list:
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FreeLisT frees the memory oecupied bv the list of strings whose 1ead pointer is pointed 1o hy {ist
and sets the head pointer to NULL.

DYNAMIC MEMORY MANAGEMENT
char *myalloc(nelem, elsize)
int nelem:

unsigned elsize:

myalloc calls calloc to allocate memory for neiem eiements. =acn of size ~fsize. {t checks to make
sure the memory was actually allocated and returns a pointer ro the newly allocated memorv.

myfree(x)
char *x;

myfree frees the dynamically-allocated storage pointed to by r.

SIGNAL HANDLING AND TERMINAL MODES
SigSetup()
StgSetup sets up the signal handling routines for the UNTY signais. SIGPIPE and SIGCHLD are
ignored. SIGINT and SIGTERM cause Trapsignal o be zalled. and SIGHUP s handled by the
client-supplied routine edas_abort. SIGTSTP is handled in its default manner. The remainine
signals are ignored by the default action if they should be. The rest are handied by Cleanup.

IgnoreSignals()

IgnoreSignals causes SIGINT and SIGTERM to be ignored. This s used before processing signals
so new signals coming in don’t mess things up.

TrapSignal()
TrapSignal asks the user if he really wants to abort, the program. If so. the client-cupplied routine
adas_abort is called. Otherwise, the program continues. Signals are ignored while TrapSignal is

executing.

Cleanup(sig)

int »g;

Cleanup closes the graphics display, resets the signal sig to its default behavior. and resends sig 10
itself.

StartCBreak()

StartCBreak puts the terminal into cbreak mode where keystrokes can be detected before a car-
riage return is entered.

StopCBreak()

StopCBreak takes the terminal out of cbreak mode so that a carriage return must be entered
before keystrokes can be detected.
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CONVERSION ROUTINES

These routines perform conversions among different «iata rvpes.

atoc(s, Xp, ypJ -
char *s:
wnt *xp, *vp:

atoc converts the string representation. s. ol a1 coordinate into the integer coordinates. The
:ntegers pointed to by zp and yp are set 70 the x and v coordinates. respectively. The string is of
she form "x.y". If string has a bad format. the location returned is (-1.-1).

char *ctoa(x, y)
‘ne X, ¥

ctoa returns a pointer ro a static bulfer containing the string representation of the coordinate (.
y). The buffer is overwritten on subseauent cails.

char *itoa(n)
me n:

iton returns a pointer to a static butfer containing rhe ascii representation of the integer n. The
integer must have fewer than 25 lecimad - ligits.

CREATING MENUS

These routines are used to create ADAS menus to be used with the command interpreter.

boolean MakeNodeMenu(gd. menu. type, port_status)
int gd;

menutype **menu:

Int type:

int port_status:

MakeNodeMenu creates a menu of nodes in she graph specified by graph descriptor gd and sets the
pointer, pointed to by menu. to point to the new menu. The values of type and port_status deter-
mine which nodes are added. The value of port_status is 0 if only nodes with unoccupied ports are
to be included, 1 for only nodes with occupied ports. 2 for all nodes. and 3 for all nodes with occu-
pied or unoccupied ports of the type(s) indicated by type. If port status is not 2. type is inter-
preted as a bit vector indicating which types of ports should be considered. The least significant
bit is for inports, the next for outports. and the third for b#ports. MakeNodeMenu returns TRUE

if the menu it creates is empty. and FALSE otherwise. [t assumes that gd is a valid graph descrip-
tor and that type and port_status are valid.

MakeArcMenu(gd, menu, tmpflag)
int gd;

menutype **menu;

int tmpflag;

MakeAreMenu creates a menu ol arcs in the graph specified by graph descriptor gd. Also. Mak-
eArcMenu sets the pointer, pointed to by menu, to point to the new menu. If tinpflag is nonzero,
the menu is one of arc templates and will contain the arc template names for the graph; otherwise,
it 1s an arcs menu containing the names of the source nodes found in the graph’s arcs.
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MakeArcMenu returns TRUE if the menu 1s emptv ind FALSE otherwise. It assumes gd is a valid
Zraphn Jdescriptor.

MakeBusMenuigd. menu)
int gd: -

menutype *

*menu:

MakeBusifenn creates 1 menu »f huses in the grapn specified by graph descriptor gd and sets the
pomnter. pointed o bv menu, ro point to the new menu.

MakeNodeAndBusMenu(gd. menu, type, port_status)
int gd:

menutype **menu:

Nt type:

Nt port_status:

MakeNodeAndBusifenn creates 3 menu of nodes and buses in the graph specified by graph
descriptor gd ind sets the pointer pointed ro by menn to point to the new menu. The type and
port_status paramecers are used as described in MWakeNodeMenu for selecting nodes to be included.
Also. if port_statusis L. oniv buses having ar least one are attached to them are included.

MakeJunctionMenui{menu. b. occ)
menutype ““menu:

bustype b:

Int occ:

MakeJunctionMenu creates a menu of junctions on bus b and sets the pointer, pointed to by menu,
t0 point to the new inenu. If nee is nonzero. only junctions with at least one arc attached are

included in the menu.

MakePartitionMenu(gd, menu)
int gd:

menutype *

*menu:

MakePartitionMenu creates » menu of partitions in the graph specified by graph descriptor gd and
sets the pointer. pointed to by menu. to point to the new menu.

boolean MakePortMenu(menu, n, ports, occ)
menutype **menu:

nodetype n:

int ports;

int occ;

MakePortMenn creates a menu of ports of node n and sets the pointer, pointed to by menu, to
point to the new menu. If oce is 0. only unoccupied ports are incinded. If it is 1, only occupied
ones are included: if it is 2. all ports are included. If occ is not 2, ports is interpreted as a bit vec-
tor with bits set for rhe tvpes of ports to be included. The least significant bit is set for inports.
the next for outports. and the third for hiports. MakePortMenu returns TRUE if the menu is

empty and FALSE otherwise.
MakeAttMenu(menu, type, stat{lag, editflag)

menutype **menu:
int type:
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boolean statflag;
boolean editflag;

MakeAttMenu makes an alphabetical menu of attributes {or rhe zrapih ctement rvpe fype  GRAPH,
NODE, BUS, ARC. PARTITION. IN. OUT. or Bl) and sets rhe pointer. ponted "o ov nean. o
the new menu. If statflag is TRUE the menu is for attribute statues. 1na certain zririputes sre
not included. If editflag is TRUE only the editable actributes appear in rhe menu. Orherwise. al
attributes appear in the menu.

boolean CMMakeMenus(menu, done_flag, graph_flag, node flag, part_flag)
menutype **menu;

boolean done_flag;

boolean graph_flag;

boolean node flag;

boolean part_flag;

CMMakeMenus creates a menu pointed to by the pointer pointed to by menu. If done flag s

TRUE, *%done"” will be the first item in the menu. If graph_flag is TRUE "graph” s added. If
node_flag is TRUE the names of all nodes in the current graph are added ro rthe menu. {f part_flag
is TRUE, the names of all partitions in the current graph are added to the menu.

DRAWING GRAPH ELEMENTS

These routines are related to the display of ADAS graphs on a graphics device. They call routines
in the ADAS Graphics Interface (libgraphics).

DrawNodeAndArcs(n, erase)
nodetype n;
int erase;

DrawNodeAndArcs displays the node n and all the arcs attached to its ports. If erase is nonzero
the node and arcs are erased instead of drawn.

DrawBusAndArcs(b, erase)
bustype b;
int erase;

DrawBusAndArcs displays the bus b and all the arcs attached to its junctions. If erase is nonzero
the bus and arcs are erased instead of drawn.

DrawJunctionAndAres(b, j, erase)
bustype b;
int j;

Int erase;

DrawJunctionAndAres displays junction j of bus & and all the arcs attached to it. If erase is
nonzero the junction and arcs are erased instead of drawn.

CMRedrawScreen()
‘MRedrawScreen redraws the graphics image.

CenterGraph()
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boolean statflag;
boolean editflag;

MakeAttMenu makes an alphabetical menu of attributes for rhe granh clement rvpe fype (GRAPH.
NODE, BUS, ARC. PARTITION. IN, OUT, or BI} and sets the pointer. pointed ro ov mean. S
the new menu. If statfleg is TRUE the menu is for attribute statues, and certain stiributes :re
not included. If editflag is TRUE only the editable attributes appear in the menu. Otherwise. ail
attributes appear in the menu.

boolean CMMakeMenus(menu, done_flag, graph_flag, node flag, part flagj
menutype **menu;

boolean done_flag;

boolean graph_flag;

boolean node_flag;

boolean part_flag;

CMMakeMenus creates a menu pointed to by the pointer pointed to by menu. [f done_flag is
TRUE, "%done" will be the first item in the menu. If graph_flag is TRUE "gravh" is added. If
node_flag is TRUE the names of all nodes in the current graph are added ro the menu. [f part flag
is TRUE, the names of all partitions in the current graph are added to the menu.

DRAWING GRAPH ELEMENTS

These routines are related to the display of ADAS graphs on a graphics device. They call routines
in the ADAS Graphics Interface (libgraphics).

DrawNodeAndArcs(n, erase)
nodetype n;
int erase;

DrawNodeAndArcs displays the node n and all the arcs attached to its ports. If erase is nonzero
the node and arcs are erased instead of drawn.

DrawBusAndAres(b, erase)
bustype b;
int erase;

DrawBusAndArcs displays the bus b and all the ares attached to its junctions. If ¢rase is nonzero
the bus and arcs are erased instead of drawn.

DrawJunctionAndArecs(b, j, erase)
bustype b;
int j;

int erase;

DrawJunctionAndAres displays junction j of bus & and all the arcs attached to it. If erase is
nonzero the junction and arcs are erased instead of drawn.

CMRedrawScreen()
CMRedrawScreen redraws the graphics image.

CenterGraph()
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int tvpe:

HasOpenPorts revurns TRUE f anv ports of tvpe frpe on node node are not occupied. FALSE oth-
erwise. Valid vaiues for fype are iN. QUT. and BI.

boolean HasUsedPorts(node. rype)
aodetype node;
int type:

HasUsedPorts veturns TRUE if any ports of rvpe fype on node node are occupied. FALSE other-
wise. Valid values for /ype are [N, DUT. and Bl

boolean HasArcs(name)
char "name;

HasAres returns TRUE if node name has any outnut arcs, otherwise FALSE.

SetArcJoints(joint, tmparc)
char **joint;
arctype tmparc:

SetArcJoints prompts the user to enter joints for the arc tmparc until the user enters "%odone™.
The joint values are stored in joint.

SETTING AND RETRIEVING NAMES

SetGraphNamef(s)

char *s;

SetGraphName sets the graph name to s. The graph rype (hardware or software) is determined by
the extension on s. The default graph type (if no extension) is software. If the graph name doesn't

have an extension (eit-her " 3Wg " oor ".h\vg " ), then the current extension is tacked on. The default
extension is SOFTEXT.

char *GetGraphName()

GetGraphName returns a pointer to a static bulfer containing the name of the current graph
which was set by SetGraphName. The static buffer is overwritten on subsequent calls.

SetPgmName(s)
char *s;

SetPgmName sets the program name to s. If the program name has a path. e.g.. " 'usr/foo. pgm,*
all but the last part is stripped off.

char *GetPgmName()

GetPgmName returns a pointer to a static buffer containing the name of the program which was
set by SetPgmName. The static bulfer is overwritten on subsequent calls.

SetCDBName(name, level)
char *name:
int level:
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JetC'DName sets the data base name lor the graph or subgraph level level in the graph hierarchy
io name. lt assumes fevei = VIANDEPTH and name is MAXPATH or fewer characters in
tength.

char *GetCDBName(levetl)
int level:

GetCDBName returns a pointer to a stavic buffer containing the name of the graph at level level in
the grapn hierarchy. The static butfer 1s overwritten on subsequent calls.

char * GetCurrDBDir()

GetCurrDBDir returns the name of the directory in which the current data base file resides. The
first time 1t is cailed. iv stores the name in a static buffer: then it returns a pointer to that buffer
on that cail and subsequent ones.

char * GetGraphExt()

GetGraphErt returns 2 pointer to 2 static buffer containing the graph name extension (".swg" or
" hwg") of the current data base.

char * MakeSubgrafName(node)
nodetype node;

MakeSubgrafName builds a subgral name based on the value of the subgraf file name attribute
of node node. Tt returns 2 pointer vo the dynamically allocated string.

char * PathFromRoot(node)
nodetype node;

PathFromRoot creates the full path name of node from the top-level graph in the graph hierarchy
and returns a pointer to the dynamically allocated string containing the path name. The full path
name consists of the names of node and all its ancestor nodes, starting with the node in the top-
level graph, separated by colons {":').

char *GetCDBTemplateName(level)
int level;

GetCDBTemplateName returns a pointer to a static buffer containing the name of the template
data base for level level in the graph hierarchy.

boolean CMNodeName(s)
char *s;

CMNodeName returns TRUE tf s is the name of a node in the current data base, FALSE other-
wise.

MISCELLANEOUS COMMON LIBRARY ROUTINES

TraverseAndExpand(level)
int level;

TraverseAndErpand recursively traverses the graph hicrarchy. expanding nodes into their
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subgraphs, then traversing the subgraphs. The value of levei sives the lever in rhe ulerarchv rhat
is currently being traversed. Its value should be zero for the initial »atl to Traverse4ndErvand.

RefreshWindow()

RefreshWindow redraws the entire graphics display. It is cailed from rhe srapnics driver for the X
window system to redraw the graphics window when it is exposed.

char *GetCurrDate()

GetCurrDate returns a pointer to a static buifer containing the current rime and date in an
operating system-dependent format. The static buffer is overwritten on subseauent calls.

boolean IsPositive(val)
int val;

IsPositive returns TRUE if val is greater than or equal to zero. FALSE otherwise.

boolean IsValidUB(val)
int val;

IsValidUB returns TRUE if val qualifies as a valid upper bound by being greater than or equal to
the current lower bound. It returns FALSE otherwise.

get_env(log_name)
char *log_name;

get_env returns a pointer to a static buffer containing the value of the VMS logical name
log_name.

ErrHandler(type, number, level, msgf, m1, m2, m3, m4, m3)
char *type;

int number;

char level;

char *msgf;

char *mi;

char *m2;

char *m3;

char *m4;

char *mb5;

ErrHandler prints an error message in standard ADAS format. The string fype is appended to the
one-letter program code {usually the first letter of the program name) to form the alphabetic error
code. This code, when combined with the error number number, identifies the error. The string
msgfis used as the format specification for the message to be printed. and the strings mi through
mJ5 are put into that format using sprintf. Valid values for the error severity level, level, are *W*
(WARNING), "E* (ERROR), "D" (DISASTER), and "A" (ABORT). ErrfHandler assumes the
existence of a client-supplied routine named adas_abort that terminates the program gracefully.
This routine is called if the severity level is DISASTER or ABORT.

PrintHeader()

Printlleader prints a standard ADAS program header. This header includes program name,
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version number, and a copyright notice. The program name to be used is set with “eiPymName.
int GetMajorVer()

GetMajorVer returns she current ADAS major version number, .e. 2" Jor Version 2.3,

int GetMinorVer()

GetMinorVer revurns the current ADAS minor version number. i.e. "3" for Version 2.3.
strlepy(sl, s2, n)

char *si,

char *s2:

int n;

stricpy copies up to n characters from s2 to s{. [t assumes s/ is large enough o hold n characters.

boolean true()

true returns the boolean value TRUE. This is userul when a pointer o o {unction that will always

return TRUE is needed.

boolean IsRelPath(path)
char *path;

IsRelPath returns TRUE if the path is a VMS relative path name., and FALSE otherwise. On
UNIX this is accomplished with a macro.

boolean PortMismatch(node, subgrname)
nodetype node;
char *subgrname;

PortMismatch checks that the graph inports and grapn outports of the subgraph named
subgrname match in number, the inports and outports of its parent node, node. It also checks the
graphport numbers of the graphports in the subgraph. If there is an error, PoriMismatch prints
an error message and returns TRUE. Otherwise it returns FALSE.

Tmpllnit(tgd, create)
int *tgd;

boolean create;

Tmpllnit initializes the template data base for the current graph. I ¢reate is TRUE. a new tem-
plate data base is created. The integer pointed to by tgd is set to the template graph descriptor.

boolean file_exists(file)
char *file;

file_exists returns TRUE if the file named file exists; otherwise, FALSE. It uses the access system
call.

boolean node_exists(name)
char *name;
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node_exists returns TRUE f a node with name name exists in the current data base. otherwise

FALSE.
SetPgmCode()

SetPgmCode sets the program error code. based on the program name returned by GetPgmName.
The program error code is used in ADAS error messages. SetPgmiName shouid always be called
petore SetPgmCode.

StatSym(st)
Int st;

StatSym returns the value of rhe character associated with modification status st for the Stats
command.

ValidLocation(loc)
char *loc

ValidLocation determines whether loc is a valid port location specification. It returns 1 if loc is
vaiid and 0 otherwise.

boolean CMNodeOrBusName(name)
char *name;

CMNodeOrBusName returns TRUE if name 1s the name of a node or bus in the current graph. and
FALSE otherwise.

CMNodeOrient(n)
nodetype n;

CMNodeOrient returns the node orientation of node n. either UP. DOWN, LFT, or RIGHT.

char * CMGetPortLoc(node, port, ioflag)

nodetype node;

int port;

int ioflag;

CMGetPortLoc returns a pointer to a static buffer containing the string representation of the loca-
tion of port port of type ioflag on node node. If there is no location explicitly specified in the
port’s location attribute, the default location is computed and converted to string form. The loca-

tion string consists of a one-letter direction code (’N’, 'S’, by a slash.

boolean CMNodeFromGraph(s)
char *s;

CMNodeFromGraph returns TRUE if s is the name of a node in the current graph, and FALSE
otherwise.

CMRedrawContext()
CMRedrawContext redraws the ADAS context window.

TheEnd(status)
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int staus:
Thefnd rerminates ADAS gravhies and =xits the program.

int CMGraphLocinWindow(c)
~oordtvpe c:

CMGraphLocniVindow returns a nonzero value if coorinate ¢ is in the current graph window, zero
otherwise.

int IsUnoccupied(loc)
coordtype loc: returns 2 nonzero vajue if the location loc is a valid graph location and is not
already occupied by a node or junction. zero otherwise.

boolean CMCaselessCmp(sl. s2)
char *sl:
char *s2:

CMCaselessCmp does 1 caseless string comparison of s and s2. It returns a negative value if sl
precedes s2 aipnabeticaily. zero if they are the same, and a positive value if s1 follows s2.

int CMIsInBounds(c)
coordtype c:

CMIsInBounds returns a nonzero value if coordinate ¢ is within the valid graph coordiante range,
zero otherwise.

TEA AND VSCISTUFF
boolean CMBusInArcSubrange(subelement, ap)
int subelement:

arctype ap:

CMBusinArcSubrange returns TRUE if subelement is included in the bus_subrange of arc ap,
and FALSE otherwise.

CMBusNetlist()

CMBusNetlist allows the user to select a bus from a menu, then prints the netlist for that bus.

CMCheckArcSubRange(ap)
arctype ap:

CMCheckArcSubRange checks the value of the bus subrange attribute for arc ap. It returns
NOERROR if the value is valid and CANCEL otherwise.

CMCheckNodeCount()
CMCheckNodeCount checks whether the graph attribute graph_node_count exists. If so. it

counts the number of nodes in the current graph and sets the graph node_count attribute to
that value.
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CMCheckPartitionCount()

CMCheckPartitionCount checks whether the graph attribute graph_partition _:ount -xisrs. [f
0, it counts the number of partitions in the current graph and sers rhe graph partition _count
attribute to that value.

CMEatBlanks(buffer)
char **buffer;

CMEatBlanks ramoves leading and trailing blanks irom the string pownted to v hujfer.

CMEditFile(filename, def editor)
char *filename;
char *def_editor;

CMEditFile allows the user vo edit file filename using the editor Jdef_editor.

CMFileCheck(filename, exist, err_type, err_num)
char *filename;

boolean *exist;

char *err_type;

int err_num,;

CMFileCheck checks the existence of the file filename, setting the boolean pointed to by erist to
TRUE if it exists and FALSE otherwise. An error message is printed if (1) an error occurs in
obtaining the status of the file, (2) the file is a directory or special file. or {3) the user does not
have read permission on the file. The client of CMFileCheck passes it the error type. err_type. and
the error number, err_num for use in the error message.

CMFileCopy(dest, src, err_type, err_num)
char *dest;

char *src;

char *err_type;

int err_num;

CMFileCopy copies the file named sr¢ to the file named dest. If either file cannot be opened. an
error message is printed. The err_type and err_num parameters are used as in CMFileCheck.

CMGetConnType(node)
nodetype node;

CMGetConnType returns the connection type of node node. This is INTERIOR if the node’s
node_class is LEAF or INTERNAL, and EXTERIOR otherwise.

char *CMGetEditor(spec_editor)
char *spec_editor;

CMGetEditor returns the name of the editor of the user’s preference. It first checks the EDITOR
environment variable. [f that is not set, it uses spec_editor: if NULL, it uses the system default
editor. On VMS the default editor is "edit"; on UNIN it is " /usr/uch/vi".

CMGetFileByNodeAtt(att, ext, gd, doexist, filename)
int att;
char *ext;
int gd;
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boolean doexist:
char **filename:

CMGetFileByNodeAtt displays a menu of file names retrieved from attribute tff in rhe nodes in
the graph specified by graph descriptor gd. When the user seiects v name. rile =xrenswon =zf is
appended to it. The existence of the file with the resuiting name s cnecked according o rhe vaiue
of doezist. [f doexist is TRUE and the file does nou exist, and =rror message s printed. [f it 13
FALSE and the file exists. the user is asked whether he wanus to replace ihe tile. if he Jdoes not.
CMGetFieByNodeAtt returns CANCEL. The pointer. pointed to by filename. is set 1o pownt 10 1
static buffer containing the selected filename with 1ts extension.

int CMGetLeftSubRange()
CMGetLeftSubRange returns the leftmost element of the current arc ~ubrange.

CMGetNodeAttMenu(gd, att, menu_ptr)
int gd;

int att;

menutype **menu_ptr;

CMGetNodeAttMenu creates a menu of the values of atvribute att for the nodes in the graph speci-
fied by graph descriptor gd. The pointer pointed to by menu_ptris set o the new menu.

CMGetNodeByAttVal(gd, att, value, node, tmpl)
nt gd;

int att;

char *value;

nodetype *node;

char *tmpl;

CMGetNodeByAttVal checks the graph specified by graph descriptor ¢d for nodes in which the
value of attribute att is value. It sets node to point to this node. If mor+ than one node has a
matching attribute, the template name for the nodes is copied into the buffer ¢mpl. If nodes with
matching values have different template names, an inconsistency warning message is printed.

CMGetPortClass(node, port, ioflag)
nodetype node;

int port;

int ioflag;

CMGetPortClass returns the port class of port port. of type t0flag. on node node. This is either
SCALAR, CONSTRAINED, or UNCONSTRAINED.

CMGetPortName(node, port, dir)
nodetype node;

int port;

int dir;

CMGetPortName returns a pointer to a static buffer containing the port name of port port. of type
dir, on node node. This is of the form "INPORT_X", where X is the port index, port.

CMGetPortRefName(node, port, ioflag)

nodetype node:
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int port:
nt ioflag;

Uo{GetPortRefName returns o poincer 1o a stacie Huffer containing a string associated with port
port ol type toflay on node node. If node is 1 zrapt port. the string is the node's name. Other-
wise. the string is the one returned bv MGetPartiName.

int CMGetPortSubnumber(subelement)
int subelement:

CMGetPortSubnumber returns the subelement of rhe array port to which bus subelement subele-
ment is connected.

char *CMGetPortWidth(node, port, dir}
nodetype node:

int port:

int dir:

CMGetPortWidth returns a pointer to a static butfer vontaining the value of the width attribute of
port port of type dir on node node. This buffer is maintained by the ADAS data base and will be
overwritten on the first subsequent call to DBGetPortAtt.

int CMGetRightSubrange() returns the rightmost »lement of the current are subrange.

CMIsBlank(buffer)
char *buffer;

CMIsBlank returns TRUE if all the characters in the string buffer are white space characters
{space, tab, newline, form-feed}), and FALSE otherwise.

CMIsContigSubrange()
CMIsContigSubrange returns TRUE is the current subrange is contiguous. FALSE otherwise.

CMMakeFileMenu(directory, ext, menu)
char *directory;

char *ext;

menutype **menu:

CMMakeFieMenu creates a menu of files in directory directory with file extension ext. The
pointer, pointed to by menu, is set to point to the new menu.

ltok CMNext_Token(busrange)
char busrangeil;

CMNext_Token returns the next token in busrange.

CMReplaceFile(filename, replace)

char *filename:

boolean *replace;

CMReplaceFile asks the user whether he wants to replace file filename. The boolean pointed to by

replace is set to TRUE if he answers "yes® and to FALSE otherwise.
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CMSetArcSubRange;attstring)
char “attstring;

CMSetArcsuoRinge narses the arc bus subrange vaiue ziven in aétsiring into its individual bits,
and puts the apnropriate biv walues into the global subrange array for future reference.

CMSetFileAtt(type, name, 2xt. att. file_name, exist)
int type:

char “name:

char *exu:

Int at:

char **file_name:

boclean *exist:

CMSetFileAtt promprs the user for a value for att att of grapn element name of type type. This
attribute shouid represent u {ile name. [f the file whose name the user enters already exists, the
boolean, pointed %0 by ¢zist, is set 1o TRUE and the user is asked whether he wants to replace the
file. The pointer. pointed to by file_neme. is set to point to a static buffer containing the file
name entered by the user.

CMSetNodeByClass(gd. class, template, node)
ing gd;

int class;

boolean template:

nodetype *node:

CMSetNodeByClass creates o menu of nodes from the graph specified by graph descriptor gd,
using class as a bit vecror in which bits are set for the classes of nodes to be included. If template
is TRUE, the menu contains node templates instead of nodes. The node pointed to by node is set
to the node seiected {rom the menu.

CMSysError{err_code, err_num, target)
char *err_code;

int err_num;

char *target;

CMSysError prints an ADAS error message using the err_code and err_num provided. The target
argument names the item (e.g.. file) that was responsible for the error.

boolean CMYes(prompt, cancel)
char *prompt;
boolean *cancel:

CMYes presents the user with a "ves no" menu and the prompt prompt, and gets his response.

The boolean pointed to by cancel is set to TRUE if the user cancels and to FALSE otherwise.
CMYes returns TRUE if the user enters "yes” and FALSE otherwise.
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PART VII

ADAS Interrupt Handling

All VMS exceptions that are not mentioned in the interrupr requirements sections ¢
particular TLCSCs will be fielded and will zenerate the same resuit:

a. a tool specific interrupt handler will be cailed.
b. all open files will be closed.

c. the current contents of the ADAS internal data base. if presenc. 'viil be saved
in an ADAS data base tile with a special suffix. and

d. the interrupt handler will let the VMS exception handling mechanisin con-
tinue.

Under UNIX the various signals are handled as follows:

a. The hangup signal, SIGHUP. causes the tool specific interrupt handler to be
called.

b. When the interrupt signal, SIGINT, or the software termiunation signal.
SIGTERM, is received, the user is asked to confirm his intention to abort the
program. If he assents, the tool specific interrupt handler is cailed. Other-
wise, the program resumes execution at the point where the signal was
received.

c. The signals generated upon writing to a nonexistent pipe. SIGPIPE. and when
the status of a child process changes, SIGCHLD, are ignored.

d. For SIGTSTP, which is generated when the user generates a stop signal from
the keyboard, the default action is performed.

e. Among the remaining signals, those whose default action is to be ignored are
ignored. For any others, the graphics device is first closed, then the default
action for that signal is performed.
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8-BIT EQUAL COMPARATOR
APPLICATION NOTE

Objective

The objective of this application note is o describe she functionality ~ an %-bit

comparator moduie and 1o show how it is used in a :lesign o facilitate ‘est.

Block Diagram

ain{l]  ain[8] bin{l]  bin{8]

e | e

EQUAL COMPARATOR

ain{1] ain 3] bin{l] bin|8]  not_equal

Figure 1. Block Diagram of the 8 bit Comparator Module
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Pin Description

Name Description
ain(8:1| Operand A porailel <data inputs
bin|8:1] Operand B parallei -iata inputs

not_equal If A equais B. then rhis signal is low

Function Table

The following table shows the complete tunection of the 8-bit

senerator/checker.

Function Tabie

Function not_equal |
A=B L }
A>B H *
A<B H

Incorporation of the Equal Comparator Modules into Design

parity

A hardware design can be partially tested by duplicating modules and comparing

the outputs of the two modules. If there is a difference in the output values. then one

or both of the modules is not calculating its result properly or the comparator is fanity.

This is a concurrent form of testing which allows the user to see if there is a mismatch

of data results between two equivalent modules. Fignre 2 shows an example use of a

Comparator module.
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' H
Functional {Function Duplicate or|
Module 1 Voduie 1
i
ain(n] bin[n]
Comparator
Function Error

Figure 2. Example Showing the Incorporation
of a Comparator Module in a Design
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9-BIT PARITY GENERATOR/CHECKER
APPLICATION NOTE

Objective

The objective of this application note is to describe the functionality of the 9-bit
parity generator/checker module and to show how it is used in 2 design to racilitate

test.

Block Diagram

din[1] din[2] din|9]

PARITY GENERATOR/CHECKER

din{l]  din[9] oddsum evensum

Figure 1. Block Diagram of the 9-bit Parity Generator/Checker Module
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Pin Description

Name
dini9:1]

oddsum

2vensum

Function Table

The foilowing

generator/checker.

Description

Parailel data inputs of the parity generator/checker

High outpur indicates an odd number of high inputs
Low output indicates an even number of high inputs

High output indicates an even number of high inputs
Low output indicates an odd number of high inputs

table shows the complete function of the

Function Table

: Number of Inputs That Are High

L
|

0.2.4,6.8 H
1,3.5,7,9 L

Outputs
Evensum  Oddsum
L
H
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Chaining to Accommodate a 25-bit Bus

Figure 2 snows how to use 3 parity generator/checker modules to accommodate o

25-hit bus.

9-bit data N evensum
——  Pority

— gevensum:

T-bit/ d&ta H = even. L. = odd

2 o Parity

| m— oddsum:

L = even, H = odd

evensum

9-bit data

——— Parity

Figure 2. Application Example Showing the Chaining of Three Modules
to Accommodate a 25-bit Bus

Incorporation of the Parity Generator/Checker Modules into Design

A hardware design can be partially tested by using parity generators/checkers on
sources and receivers of the bus lines. This is a concurrent form of testing which
allows the user to see if there is » mismatch of data between the sourece and the
receiver.
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=01t bus ‘ : :
—d L
p— :

i } '

1 Source Receiver ————s neck oit

i ;

Reference ! ; %

i parity :

{ |
[

Figure 3. Example Showing the Incorporation »f Odd
Parivy Generator/Checker Modules in a Design
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BUILT-IN LOGIC BLOCK OBSERVER (BILBO)
APPLICATION NOTE

Objective

The objective of this application note is to describe the functionality of a built-in
togic block observer {BILBO) module and to snow how it is used :n 1 design in order

to factiitate test.

Block Diagram

l«—— enable
reset

e—— shiften
— d[18)

pf———————— Cl
] 02
e Ca
e—— tetrl
e—— tphil
e—— tphi2
be——— reget]
fe————— gin
—— d[1]
- d2]

BILBO

I A ]

out(l] out[2] out{16] tout

Figure 1. Block Diagram of a BILBO Module
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Pin Description (see also the logic diagram and module functions)

Name

Cy, Co and Cy
enble

tetrl
tphil/tphi2

reset

reset]

shiften
sin
d[16:1}
out[16:1}

tout

Description

Mode conrtroi inpurts

Shift enbie for controi inputs
Tristate controi for “rout”™ >utpuc
Two-phase clock

Reset input of all the flip-tlops excluding the one
corresponding to shiften™ inpnut

Reset input of the {lip-tlop ~orresponding to the “*shiften”
input

Shift enble for data inputs
Serial data input

Parallel data inputs
Parallel data outputs

Serial test data output
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Logic Diagram

L 1.2 [}
[ i ‘ I
—>D Qq - ,
| Coy |
] , !
! ! i
[ |
| | f
| i |
C‘g‘ ‘D Q e S ERRRRCR TN —_— :
| C"Il ! ! : : ;
} i
| :
1 |
|
Cy i
Cla D Q ’ | e -— li
: i
I
H“ I
\J L,} """"""" \_J

b,
\P™=
k
™
?
v
M) G5 U5 G5 U5 GF I NN D G V) B B Wa U G B o =m

50D Q b Mux |
= | |
| I o
i
tphil tphi2 Tphil l
out; 7 ont'te |
T D i
tphil
shiften l—m 3 ¥
—>D Q -
shitl L/ out{lj out]l R Soout 18
rst

resetl __] '

tphi2
tphil

Figure 2. Logic Diagram of a BILBO Module
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Module Functions

Cy o €y Cy =2nbie
) 1 0/1 1
1 0 1 0/1

1 1 0 0/1

1 1 1 0/1

0/1 0/1 0/1 0/1

Enble = 0 latches the control inputs “C,"”, “C,", “Cj3"", “‘shiften", and *'sin”". and
prevents further alteration of the latched values; “‘tout” assumes a high impedance

shiftl

Serial shifting in of data
through *‘sin™

Parailel transfer of inputs
from ““d[16:1]" to “out{16:1]"

Test pattern generator mode;
pseudorandom outputs are
produced at ‘“‘out {16:1]"
outputs

Parallel signature analyzer
mode; parallel data vectors
at “‘d[16:1]"" are compressed
into a final signature at
“out[16:1]"" outputs

Shifting of data is disabled;
“out[16:1]”" outputs retain
their previous clock cvele
values

state (Z) when “tetrl” = 0. When *“‘tetrl” = 1, “tout’ = *‘out[16]".
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Incorporation of the BILBO Modules into Design

A hardware <iesign wiil be partitioned into ambignity groups (AG) of intercon-
nected chips prior to the incorporation of the BILBO modules. The example in Figure

3 shows their incorporation in a design.

Inputs to AG-1 Inputs to AG-2
. o b)

Before BIT Moduie (a) (

. ——> -1 . G-2
[ncorporation AG A
After BIT Module @ | PEBOL L P I et [ N
Incorporabion | port port AG-1 port port SANTTS

BILBO-3
- ::r‘t pgrt

Figure 3. An Example Showing the Incorporation of the BILBO Modules
in a Design

As evident from the figure, all inputs to an AG pass through a BILBO module and
the AG outputs are connected to the ““d” port of another BILBO module. Another

example illustrating the incorporation of the BILBO modules is shown in Figure 4.
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. . . e N \ . .. sl
3erore 31T Yiounie — AG-1 Al-2 Wl
o pera gy ) — —_—
Jicornaranion !
T
b
|
L
|
R [ R . : : 3.7 ' 3.
. .~ B'l . I . | ‘ ot e | ) %‘ Temes : 1 .
Alter BI L el 44® A0UL A | eI Tt ot A G D e 1% T L S 2y NP Iy,
. port pont : ' 3w oM sort) ' s0rt sor nopy “ortl
Modutie ’l' b e N b -
!

"Tncorporaticn

: i
l i !

T

Fignre 4. Another Exampie Hinstracing -he incorporation - e 3IL3C
Modules in a Desizn

A master test control nnit (TCU) is assunied (0 de present ;1 “he <vstem i order
. t .

to perform the following functions:

1. Checking functionality of the BILBO modules:

2. Providing deterministic patteras to the AG nnder test. if necessary, by shifting in
data through “'sin" input of the relevant BILBO module(s):
3. Collecting test responses (i.e.. {inal signatures) through “tour”™ nodes ~f the

BILBO modules. performing the necessary comparison with the expected sizna-
tures. and evaluating the status of the AGs:

4. Providing all the necessary control signals such as ~C;7, ~C,7. €57 and eniie”
for the BILBO modules:

5. Exercising proper control over the AG clocks and the BILBO moduie ciocks
tphil/tphi2.
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Before discussing 2 step-bv-step procedure for resting rhe AGs. rhe following

issues are to be considered:

L. [ncorporacian of the BILBO moduies into a «design introduces additional lateney of
one clock wveie between AGs. Use of BILBO moduies is not recommended for
fault isolation testing when such 2 iatency is not acceorable (during normai opera-

tion.

2. It may be preferable to treat the control inputs of an AG differently {rom its data
inputs and use different BILBO moauies in conjunction with ~ontrol 2nd -iata

inputs, as shown in Figure 5.

Controi
R —_——)
Before Inputs \G Outputs
. AG |
BIT Insertion Data =
—
Inputs
B-1
Control
.d. .ouL- ._\C‘O
Inputs port Dot >
After .
BIT Insertion
B-2
Data “fe “out®
——
Inputs port port

Figure 5. An Example Illustrating the Use of Different BILBO Modules
for Control and Data Inputs of an AG
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This feature facilitates the application of deterministic test patterns at the control
inputs of an AG while allowing pseudorandom patterns to be applied at its data
inputs. Even though the logic diagram shown for the BILBO module assumes a
word size of 16 bits, in practice, modules with smaller word sizes (4 bits. 8 bits.
etc.) may also be utilized in order to reduce the unused pins of the BIT modules

and hence possibly save some board space.

It is also conceivable to pass only the data inputs of an AG through a BILBO
module while allowing the control inputs to be directly connected. as shown in

Figure 6.

Control
Inputs g
AG -
(from another
AG)
B-1

Data [ *d* "out®
Inputs port port |

Figure 6. An Example in which a BILBO Module is Used Only
for the Data Inputs of an AG

In such a scheme, it is generally assumed that the AGs that generate the control
inputs are tested first, and their outputs are set to desired values during the test
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of other AGs. The feasibility of properly implementing this scheme depends on
several factors such as the design of AGs in the system, required fault isolation
resolution, etc:, and this scheme is not considered in the step-bv-step procedure

given subsequently.

If the number of inputs or outputs of an AG exceed the default word size of the
BILBO module, multiple BILBO modules need to be used. The BILBO modules
shown in Figure 2 cannot be cascaded to f\orm an equivalent larger word-size
module. Hence, separate BILBO modules per each set of AG I/O need to be used.
This is not a limitation in general, since the BILBO module in Figure 2 uses a
primitive feedback polynomial to give a maximal repetition interval for the gen-
erated test vectors [1]. Furthermore, uncorrelated test vectors can be generated
by initializing the various BILBOs in the system with different seeds (initial test
patterns). Also, the error escape probability, when the BILBO module is used as a

signature analyzer, is acceptably low (< 271) for a 16-stage BILBO module.

A Procedure for Testing of AGs

Preliminary Steps

1.

!O

Reset all the BILBO modules in the design by applying ‘‘reset’’ and ‘‘resetl’ sig-
nals.

Bring all the AGs into predetermined and well-defined states by means of global
control signals such as “reset’” and “‘preset”’, and then disable the AG clocks from
further altering their state.
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e

AG

-

setect each BILBO moduie by means of its 2uble’” signal. shift-in »redererminen
daga fe.g. adternating ones and cerosi chrough sin’ ‘npnt ander the conerer of
rolil tpni2 clocks. and verify rie outout dwta at Cront aode. Then ceconficurs
the BILBO s test pattern zenerator (¢ = L. Cor = [ Ty = L shiitl = i o

verify the ontpuat data at “tour’” for 1 dredetermined number of clock -veres, i
chere 's an =2rror in “he seanned out daga. »icher the BILBO moduie frseil. or tle
AG ronnected zo its outpnts, or vorh could be fanity. The {irst =hoice for replace-
ment in this case woutd be the BILBO module rather than rhe AG since the AG
wiil be checked in subsequent tests.

Perform a parailel transfer of -lata from “A[16:1]" ro ~outil6:1]” in ~verv BILBO
module. and verify rhe stored data by seriaily shifting it out through “rowr”. In
this context. both reset and preset capabilities of AGs may be required so rhat
~d/16:1]"" nodes can assume both jogic one as well as zero vaines. If rhe seanned
out data is erroneous. fauit isolation can be achieved to the combination of 2n
AG. a BILBO moduie, and ithe inherent interconnections under the single Tty
AG assumption.

Testing

Shift in a predetermined control data pattern into the BILBO module associated
with the control inputs of the AG nnder test: then. by disabling turther shifting
(**shift]” = 0). the AG is set nup for rest under a known control mode.

Configure the BILBO modules associated with the data inputs of the AG under
test as test pattern generators and those associated with the AG outputs as signa-
ture analyzers. It may be required to hold some or all of the remaining AG ont-
puts at predetermined states during this test so that any faults internal to the
AGs not under test do not affect the signatnures relevant to the AG under test.
Pseudorandom patterns generated by the test pattern generators are automati-
caily applied to the AG inputs, and the AG responses are compressed by the sig-
nature analyzers. During this test. the AG clocks are assumed to bear appropriate
frequency and phase relationships with the test clocks tphil/tphi2.

After a predetermined number of clock eveles. apply “‘reset1l” signal and disable
shifting in all the BILBOs. Then. select each relevant BILBO operating as a sig-
nature analyzer and shift out the stored signature through “tout™ node. Compare
this signature with the expected one, obtained a priori from simulation. and deter-
mine the status of the AG.

Repeat steps 5 and 6 for different control modes of the AG.
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AGs are tested sne after wnother nsing steps 5 rhrough 7. [F che rest o0 an G Tulis,
fauit isoiation is zeneraily ro rhe -ombination of the AG under -esr. ~he RBILBO

modulies assceinted with its [/O. and the innerent interconnecrions.

Timing Exampie

The mode controf signals. ~C,”. “C,". and “Cy7", have to be valid one ciock ~vere
prior to the parallel data at ~d{16:1]". For instance. parailel trapsier of iata irom

“d[16:11" to ‘out [16:11” and irs serial shifting through the “tout™ node involves the

timing sequence shown in Figure 7.
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[~}

tphil

phi2

-
0

—

enble
G,
C

Cy
tetrl
d[16:1]
tout
Clock Cycle

A Timing Diagram Illustrating the Operation of the BILBO Nodule

Figure 7.

Appendix E-19




As can be inferred from Figure 7. the control mode. “C,” = 1. ~C," = 0. and
“Cy" = 1, is set up one clock cycle before the data at i{l6:1;" inputs is vaild. The
parallel data at “*d[16:1]” inputs is available at the “tout” node beginning at -iock

cyele 3 in Figure 7.
Reference

[1] Smith, J. E., **Measures of Effectiveness of Fault Signature Analysis.” IEEE Tran-

sactions on Computers C-29, no. 6. June 1980, pp. 510-514.
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MAINTENANCE NODE

APPLICATION NOTE

Objective and Overview

This appiication note provides u funetional and structurat description of 1 mainte-
nance node (MN) anit and illustrates its use in controiling rhe in-svstem board test.
Maintenance node is an interface module between a system-level test control unit

{TCU) and the board under rest, as shown in Figure 1.

/
7 Board under Test

BIT Module

Board Logic on Board
the board
¥
MN MN MN
3
/1/

System-level
TCU

ATE
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Figure 1. An Sxampie Showing rhe Maintenance Node Unit as an Interface Module

[t delivers required -tocx and controi signais o ~he »oard. provided by ‘e TCU:
v ofransfers test ‘nput -lata {rom the TCU ro the ogic on the toard ~hrough BIT
moduies: ana finaily. “he maintenance node :ransfers rest SUtpus -1ata from he hoard
to the TCU tfor anaivsis.

Maintenance Node-TCU Interface

There are ten {10) signal !ines between the TCU and the MN of each board. as
shown in Figure 2. out of which “hree .3} are ciock signai lines. The TCU generates all
these required clock signais from n single master clock source present in the TCU, and
hence synchronizaci(_)n imong :iie ihree clock signals is easily accomplished. The
required phase :md:'.‘z'requency relationships among the three clock signals are depen-
dent on both the system appiication under consideration and the BIT technique used,
and they will be addressed ounly to the limited extent needed to clarify the presentation

in this application note.
pp © Board under Test

MN
AAAAAATAAN
=
zdmvmouw 9
34
- i

TCU

Figure 2. MN-TCU Interface Showing the Signal Lines
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The functions o1 these signai limes are illustrated in the foilowing segquence:
Line No. 1: BIT modauie clock 1t pii)
The TCU provides a ciock signal on this line nhat is processed by the MN to derive rwo
non-overlapping ciock phases for use by the BIT modules on the board. The BIT
modules are assumed to have been designed nsing a two-phase non-overlapping clock-

ing methodology.
Line No. 2: Auxiliary (test mode) system clock enable {aux_enab)

The TCU activates this signal line if the normal mode system clock is to be dis-

abled and an auxiliary system clock is to be used for testing the board.
Line No. 3: Auxiliary system clock (aux_phi)

The TCU provides a clock signal on this line that is processed by the MN to
derive a required number of clock phases for use by the lugic on the board. The phase
and frequency relationships among the individual clock phases are dependent on the
system design and they are not addressed in this application note. The TCU has the
responsibility of preserving the system-state by deactivating the auxiliary clock (which
is generally accomplished by properly gating the clock signal generated within the

TCU) for given periods of time during test when necessary.
Line No. 4: Control, data, and id (CDI) clock (cdi_phi)

The TCU provides a clock signal on this line that is processed by the MN to
derive two non-overlapping clock phases for use by certain registers nf the MN and of

the BIT modules on the board.
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Line No. 5: BIT module controt and data in ted_in)

he TCU provides the required BIT moduie control and data signnais »n s line
in a bit-serial formac controlled by the CDI clock.
Line No. 6: [dentification and command input {id_in)

The TCU provides an identification and command code on this line in a bit-seriai
format to =nable a ziven BIT module on the board to accept BIT contral and Jdata <ig-
nals provided by the TCU. This code also facilitates functions such as reset of certain
registers of the MN, reset of the logic on the board, and selective reset/preset of each

ambiguity group (AG) output set.
Line No. 7: Data out

The TCU receives test output data from the board on this line in a bit-serial for-

mat controlled by the CDI clock.
Line Nos. 8, 9, and 10: Load address inputs (laddr{2:0])

The TCU provides three address bits on these lines to enable selective transfer of
BIT module control. data, and identification (id) related signals stored in the MN
registers to the MN outputs on the MN-board interface. These address bits also serve
to provide the required enable signal for parallel latching of the test output data at the
MN-board interface into an MN internal register before being serially transmitted on

the “dataout’ line.
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Maintenance Node Architecture and Data Formats

An cverail orzanization of the maintenauce node s snown o Sigure 5. Severay
Cariations of this bdasie areaitecture are possible and thev huve oo e =vajuated o
specific sitnations winere sysiem. hoard. and chip level design derails are -ompiereiy
<nown. ["or instance. the auxiliary clock phases mmay be generated within rhe logic of
he noard rather than in the maintenance node. and in such a case, oniyv the auxiiiary
Hoek and auxiliary clock enaple signal iines will be listributed to the logie Hn the
board rather than the individual clock phases. Furthermore. integrating the MN logic
into 2ach and every BIT module is an option that may be considered since it reduces
the inrerconnection cowmplexity on the board. The feasibiiity of implementing this
option :{epends. however. on the BIT module [/O limitations and the required versatil-
ity of the Jesigns. In this application note. the specifics of the MN design are chosen

<o that the resulting MN is compatible with the various board-ievel BIT modules

designed at RTI.
1) BIT Control and Data Register

The main purpose of this register is to provide the required control and data sig-
nals 1o BIT moduies on the board. This iIs a 16-bit register with 3 bits reserved
for BIT module data signals and 12 bits for control signals, as shown in Figure 4.
The remaining 1 bit may be either left unused or used in a user-defined manner as
a control signal. The datain_load. control_load. MN reset. and CDI clock phases
are generated within the maintenance node. The shift register contents are
transferred to CD[16:1] outputs only when datain_load and/or eontrol_load signals

are high.
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| |

datain_load

Static Buffers Static Buffers

control _load

—

i|phi2

lf
cdi_phil

BIT control and datain

Figure 4. Control and Data Register of the Maintenance Node

Table 1 shows a suggested MN output (CD[15:1]) and BIT module input
correspondence. The BIT modules considered in the table are the specific ones
that have been described in other application notes. Note that there is consider-
able flexibility in this assignment, and the choice in Table 1 was made so that cer-
tain combinations of BIT modules present on a board can be individually reset.
For instance, if the assignment in Table 1 is used, “switch” module contents are
not affected when resetting the ‘‘scan-set” BIT modules on the board, and vice
versa. Furthermore, the MN output CD[1] was assigned to a BIT module data
input that needs to be updated most often, in order to minimize the latency in

updating the data.
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Table 1. A Suggested MN Output/BIT Moduie Input Correspondence

. MN
I OUTPUT

CDI1]
CDI2]
CD{3]
CD{4]
CD{5]
CDI6]
CD[7]
CD8]
CDI9]
CD[10]
CD[11]
CD[12]
CD[13]
CD|14]
CD{15]

TESTING
SWITCH

gendatain
fbeoefin
sasin
reset
reset]
reset2
genctriin
genshiften
saclin
sac2in
sashiften
ctrilin
ctriOin

SCAN-SET

seanin
scaninl

reset,
inh

BILBO

shiften
Cy

Co

€3
reset
resetl

BIT MODULE ON THE BOARD

EEXOR

TPG

sdata
fbin
reset,

fbetrl
shiften

IEXOR
PG

sdata
fbin
reset

fbetrl
shiften

1) Tristate control inputs are tied to BIT ‘“‘enable” inputs

2) — = Unused/User-defined

Any other
BIT Module

A

User-defined

Y

!
I
|

Identification Register and the Associated Logic

The main purpose of this logic is to determine whether or not the board associ-

ated with its MN is being addressed by the TCU, and to generate ‘“MN reset’ and

“board reset’’ signals.

Generation of BIT module ‘‘enable” signals and AG

reset /preset signals is assumed to be performed either within the BIT modules or

by additional logic associated with each AG, even though it is controlled by the

MN. This assumption was made to limit the output requirements of the mainte-

nance node at the MN-board interface to a reasonable value.
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his logic consists >f mainiy a 24-bit shift register. swo comparators. and -
decoder, as shown in Figure 5. {t generates “hoard reser.” “omp. 1na “MN
reset’”’ signals by comparing the seiected bits of the shift vegister with rhe
hardwired identification (id) values and by decoding the command -ode. All the
identification and command codes from the TCU are sent MSB tirst. Bits L t0 3
constitute the subsystem {i.e.. a coilection of boards) id in which the board under
test is located: whereas she id indicated by bits 8 o 11 is that of the board under
test. Hence the maintenance node in this design can be used to address up to 31

subsystems and 63 boards per subsystem (all zero id is not used). Bits 12 to 14

constitute the MN/board reset code as indicated in Table 2.

Table 2. MN/Board Reset Code
Bits 14 13 12 Function

0 0 1  Reset only the MN associated with
the addressed board

0 1 0  Reset all boards in the system
0 1 1 Reset only the addressed board

1 0 0 Reset the address board and the MN
associated with it

1 0 1 Reset all MN in the system

1 0
1 1 } Do none of the above
0 0 0
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The id register contents are transferred to the compare and decode logic only
when the id_load signal is high.

Bits 15 to 19 constitute the AG identification code, whereas bits 22 to 24 denote
the BIT module id corresponding to an addressed AG. This implies that the MN
in this desién can be used to address up to 31 ambiguity groups per board and 7
BIT modules per AG. Bits 20 and 21 form the command code with interpretation

as shown in Table 3.

Table 3. AG Reset/Preset Command Code
Bits 21 20 Function

0 1  Preset the addressed AG outputs
1 0 Reset the addressed AG outputs

1 1 Do none of the above

Even though the data associated with bits 15 to 24 are utilized either in the BIT
modules or in the AGs of the board and not in the MN itself, these bits are
included in the id shift register to simplify the I/O and timing requirements at the
MN-board interface. - The logic associated with the BIT modules on the board to
generate their own ‘‘enable” signals and the AG reset/preset signals is shown in
Figure 6. If BIT modules do not have this logic and instead the “enable” signal
line is a primary input, then each AG will have logic, as shown in Figure 7, to gen-

erate the required ‘“‘enable’” and AG preset/reset signals.
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Note that the AG preset/reset signai !ines are o be connected in 2n appropriate

manner o thie preset/reset inpres of the .AGs on rhe board.

3)  Observation Register

The purpose of this register is 10 convert vhe parailel tesy output Jata avaiiabie at
the MN-board interface t0o a serial format {for observation at the “‘dataout’” line on
the MN-TCU interface. This is a 24-bit register with parailel inputs. 1us shown in

Figure 3.

MN inputs

/—dh-7kuser defined
OR[l] OR|2/OR[3] &7/
' !
: |l

(CD 16:1]

board resct

comp

I le——— MN resect

1 f_(—' i1 - 8 11

(8]
el

t==f

L

dataout

CDI/phil

dataout-load
1 = Paralle]l input shift mode
0 = Serial input shift mode

Figure 8. The Observation Register in the Maintenance Node Unit

The ‘‘dataout_load” signal, when high. allows parallel latching of the inputs into
the observation register. When it is low, the latched data can be shifted out seri-
ally. A suggested MN input (ORJ[3:1}) and BIT module output correspondence is

shown in Table 4 for specific BIT modules considered in Table 1. The MN input
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ORI[1] was assigned to a BIT module data output that needs to be monitored most

often. to minimize the latency in monitoring the data.

Table 4. A Suggested MN Input/BIT Module Output Correspondence
| BIT MODULE ON THE BOARD

MN TESTING EEXOR IEXOR  Any Other
INPUT SWITCH SCAN-SET BILBO TPG TPG BIT Module
ORI[1] satout scanout tous tout tout —
OR[2] — scanoutl — fboutl fboutl —
OR|[3] — — . lfoutl — —

— = Unused/User-defined

1) Load Address Decoder

The purpose of this logic block is to generate the required ‘id load.”
‘“‘datain_load,” ‘‘control_load,” and ‘‘dataout_load” signals. The chosen decode

scenario is shown in Table 5.

Table 5. Load Address Decoder Truth Table
control_ datain_  dataout_  id_
Lines 8 9 10 load load load load
0 o0 0 0 0 0 0
0 O 1 0 0 0 1
0 1 0 0 0 1 0
0 1 1 0 1 0 0
1 0 0 1 0 0 0
1 0 1 1 1 0 0
1 1 0 0 1 1 0
1 1 | 1 1 1 1

The decoding function shown in Table 5 allows for independent activation of each

load signal as well as certain useful combinations of various load signals.
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Utilization of the Maintenance Node in Controlling the In-System Board
Test

This section assumes that the board under test utilizes one of the ‘our board-ievel

BIT techniques given below, implemented using the BIT modules described in other

RTI application notes. The BIT techniques considered are as follows:

o

Pseudorandom pattern application and response compression technique using

either “BILBO"” or **Testing-Switch’ modules that are distributed nver the beard:

Board-level scan-set technique using scan-set BIT modules that are distributed

over the board:

Test point monitoring on a cycle-by-cycle basis, while applying either determinis-
tic or pseudorandom patterns at the board primary inputs. Pseudorandom pat-
terns are assumed to be generated by using the BIT modules such as “‘Testing-

Switeh,” “BILBO,” and other available test pabtern generator modules:

Test point monitoring with compression of the test output results. while applying
either deterministic or pseudorandom patterns at the board primary inputs.

Compression of the test output results is generally assumed to be performed by

using "‘BILBO’’ modules as parallel signature analyzers.

There are numerous variations of implementing each of the above BIT techniques

on a board, and consideration of all such variations is beyond the scope of this applica-

tion note. Hence, only certain specific implementations will be considered. and the use

of the MN in controlling the in-system go/no-go board test will be illustrated. Con-

trolling the fault-isolation tests to an AG of the board can also be performed using the
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MN. [t s 2quivaient to administering 4 cotlection of £9/n0-£0 1ests on “he indiviana
AGs rather “han Hn the earire board. ana Gences. nwir-solation Cesisowiih ot e
separately considered in chis section. Dne shonid ncte. however., “har ‘anit-isoiation
tests are generaily performed oniv arter the delective Hourd(si istare: raken oHut o rae
svstem. and shey may be controiled by the ATE rather rhan rhe syvstem ievei TCU,
Example 1

Consider a board :onsisting of three ambiguity zroups of chips and :sing the
nseutdorandom pattern appiication and response compression BIT technique ‘mpie-
mented using she “‘testing-switeh™™ modules. as shown in Figure 9. For qerails on the
“testing-switch™' modules and how to nse them in a :lesign. the reader is referred to
the relevant application note. Even though a go/no-go test is the subject of this exam-
ple, Figure 9 also shows the test logic incorporaied to perform fanlt-isolation to an AG

for off-the-system board maintenance purposes.

[t is assumed that the switch modules have internal “‘enable”™ zeneration iogic
shown in Figure 6. and the AG “‘reset’” and “preset” signals in Figure 6 can be used to
reset and preset each AG output set independently of another AG if necessary. The
connections indicated in Tables 1 and 4 are assnmed to have been made between each
of the switch modules and the MN [/O at the MN-board interface. The AGs are
assumed to be synchronous in general. even though portions of asynchronons logic can
also be handled. The svstem clock is wired such that when the “auxiliary cloek
enable’ line is activated it is disabled and the auxiliary elock controls the board opera-

tion. It is further assumed that whenever the auxiliary svstem clock is held at low
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Figure 9. A Board Using the “Testing-Switch™ BIT Morlules

fevel and the AG reset/preset signais are not active. the AGs retain their previous
state indefinitely. A similar assumption holds for the BIT modules on the boarid as
well. Finaily, a BIT module-AG assignment shown in Table 6 is assumed for the jur-

pose of controlling the test.

| Table 6: A BIT Module-AG Assignment for the Network in Figure 9 ¢

' Bit Module(s) Assigned AG |
i

SW-1 and SW-5 AG-1 g
SW-2 AG-2 ;
SW-3 and SW-1 AG-3 ;'
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A Procedure for Administering a Go/No-go Test of the Board in Example 1

The foilowing steps are generally performed by the system level TCU . Steps |

and 2 are preliminary steps that ensure proper clock controi and MN and board reset

before the actual tests can be performed. Steps 3 to 12 accomplish rhe switch module

resting, while steps 13 to 16 set up the board for a go/no-go test. The test vectors gen-

erated by the relevant switch modules are applied to the board and the output results

are compressed into signatures in step 17. Finally, comparison of the actual signatures

with the expected ones and determining the status of the board are accomplished in

step 18. Further details on how these steps are performed are provided in the follow-

ing paragraphs.

[

Activate the “auxiliary clock enable” line and hold the auxiliary clock and BIT

clock lines at low level by proper gating of the clock signals generated within the

TCU.

Shift in a 24-bit id and command word containing the appropriate 3-bit subsys-
tem id, 6-bit board id, 3-bit command code indicating the specific MN and board
reset, and 2-bit AG reset/preset code corresponding to no AG reset or preset.
This word has to be shifted in through “id_in” input under the control of CDI
clock. Arbitrary values may be used for the 5-bit AG id and the 3-bit BIT module
id for this step. After 24 CDI clock cycles. apply the load address bits such that
only the ‘“‘id_load’ signal is high for one CDI clock cvele. This step ensures that
the necessary MN and board reset is accomplished. Raise the “‘dataout_load™ sig-

nal to high level. which configures the observation register in the NN to a
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parallel-latch mode of operation for one CDI clock cycie. Then serially shift out
the register contents (“datacut_load™ = 0) and verifv the VN and board reser

bits that appear on the ““dataont’ line at she MN-TCU interface.

Repeat step 2 with another 24-bit word containing the 3-bit command code to
deactivate the MN and board reset signals. Also, the 3-bit AG id corresponding
to a given AG and the 3-BIT module id corresponding to a given switch are used
in the 24-bit word. This step results in the “enable” of a given switch module
being high, which in turn sets up the switch to receive control and data signals

from the MN.

Shift in a 16-bit control and data word through the “BIT control and data’ line
containing all zeros except ‘‘reset’” = 1 and “resetl” = 1. After 16 CDI clock
cycles, raise the ‘“‘control_load” and ‘‘datain_load” signals to high level for one
CDI clock cycle. This step ensures that the reset of all the switch modules on the

board is accomplished.

Repeat step 4 with another 16-bit word containing all zeros except “ctrilin™ = 1
and ‘‘ctrl0in” = 1 to enable a test path within the chosen switch module. Then
apply the BIT module clock for one clock cycle so that the control signals are

latched in the chosen switch.

Shift in 16-bit control and data words containing the appropriate control and data
bits required for initialization of the test pattern generator and the signature
analyzer within the chosen switch. The initialization process consists of repeated

3

shifting in of a 16-bit word. raising ‘‘control_load™ and/or “datain_load" signals
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10.

11.

to nigh .evel for one UDI clock evete arter every 16 CDI clock evetes. and appiving
rhe BIT moduie ~iock for <ue clock evelfe. At the end of the tnitialization Drovess,
the signature anaivzer n she chosen switch is conrigured for parailet lura

compression mode of vperation (“sactin” = 1 and “sac2in” = L.

)

D

Repeas step 3 with “all zero” BIT module id. which resuits in the “enable™ of the
chosen switch being low. The purpose of this step is ro prevent {urther alteration

of the latched control signals in the chosen switch.

Apply the BIT clock for a predetermined number of clock cycles. During this
step. the test patterns zenerated in the switch are compressed by the signature
analyzer within the switeh. At the end of this step. hold the BIT ciock at low

level by proper gating of the clock signal.

Repeat step 4 with *‘resetl” = 1 (“reset” = 0). This step disables shifting in all
the signature analyzers of the switches and thus locks the resulting signature in

the chosen switch.

Repeat step 3 with the appropriate id. which results in the “enable™ of the chosen

switch being high.

Repeat step 4 with “‘sashiften” = 1 and “sac2in™ = 1 (all other bits zero). This
action enables serial shifting in the signature analyzer of the chosen switch. Raise
the “"dataout_load™ signal to high level. Then apply the BIT clock in synchrony
with the CDI clock. Under this mode, the “*satout” output of the chosen switeh is
connected to the “‘dataout™ line with one CDI clock cycle latency. Monitor the

signature at the “dataout™ line and compare it with the expected one. obtained a
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12

14.

16.

oriori from simuiation. This step cheeks rhe funetionaiity of the switeh 10 2 zood
sxtent. \b nhe end of rhis step. heid the BIT cloek at iow ‘evel Hy nroper zuting
O the ~1oek signal.

Repeat steps 3 to 11 snough number of rimes with the 3-bit AG id and rhe 3-bit

BIT moduie id. so chosen us to complete the testing of all rthe switch modules on

the board.

Repeat step 4 so that all the switch modules are reset again. This step ensures
that all the switches on the board are in normal “pass through™ mode of opera-

tion.

Repeat step 3 and step § with the 3-bit AG id corresponding to AG-1 and the 3-
bit BIT module id corresponding to SW-1. At the end of this step. the test pat-
tern generator in SW-1 will be configured to supply psendorandom test vectors to

AG-1 primary inputs.

Repeat step 3 and step 6 with the 3-bit AG id corresponding to AG-3 and the BIT
module id corresponding to SW-4. At the end of this step, the signature analyzer

in SW-4 will be configured to accept AG-3 primary outputs for data compression.
Repeat step 7 to bring the “enable’ of SW-1 to low level.

Apply the BIT clock and the auxiliary system clock in synchrony for a precléter-
mined number of clock cyeles. During this step. pseudorandom vectors generated
in SW-1 are applied to AG-1 primary inputs. and AG-3 primary outputs are
compressed in SW-4. At the end of this step, hold the BIT clock and the auxiliary

svstem clock at low level by proper gating of the clock signals.
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18. Repeat steps 9 to 11 with the 3-bit AG id corresponding to AG-3 and the 3-oit

BIT module id corresponding ro SW-4. and determine the status of the beard.

An incorrect signature in SW-4 at the end of step 18 indicates a faulty board.
while a correct signature in general implies a non-faulty board. However. the entire
test procedure may have to be repeated several times and the consistency of the results
must be verified to ensure high test confidence. Furthermore, there may be a need for
performing additional tests involving multiple boards to completely check the intercon-
nections between the board under test and the other boards. However, administering
these additional tests differs from the above test procedure only in the id values that
need to be used in different steps for the board, AG, and the BIT modules. It mainly
involves configuring the switch modules on the periphery of the boards to either the
test pattern generator or signature analyzer mode of operation, applying the BIT clock
and/or auxiliary system clock for a predetermined number of clock cycles, and verify-
ing the relevant signatures as already illustrated in the above test procedure for a sin-

gle board.
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Exampie 2

Consider a board consisting of three ambiguity groups of chips and using i he
board-level scan-set BIT technique, implemented using the scan-set BIT modules as
shown in Figure 10. For details on the scan-set BIT modules and how to nuse them in a
design. the reader is referred to the relevant application note. Even though a go/no-go
test is the subject of this example, Figure 10 also shows the test logic incorporated to

perform fault-isolation to an AG for off-the-system board maintenance purposes.
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Figure 10. A Board Using the Scan-Set BIT Modules
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[t is assumed tnat the scan-set moduies have internai “enable” generation ‘ogice

—e
1

shown in figure 8. anad the AG reset and preser signais in Flgure 5 -un he nsed 1o reset
and preser =2ach AG outpur set independently of wnother AG i necessary. The connec-
sions indicated in Tables 1 and 4 are assumed to have been made between each of the
scan-set modules and the MN [/O at the MN-board interface. The AGs are assumed
t0 be syncnronous in generai, even though portvions of asynchronous iogic van also be
nandled. The system ciock is wired such that when the “auxiilary clock enable” line is
activated. it is disabled. and the auxiliary clock controis the board operation. It is
iurther assumed shat whenever the auxiliary system clock is held at low level and the
AG reset/preset signals are not active, the AGs retain their previous state indefinitely.
A similar assumption holds for the BIT modules on the board as well. Finally. a BIT

module-AG assignment shown in Table 7 is assumed for the purpose of controlling the

test.

Table 7. A BIT Module-AG Assignment
for the Network in Figure 10

BIT Module(s) Assigned AG

35-1 and SS-2 AG-1

SS-3 AG-2

5S-4 AG-3

A Procedure for Administering a Go/No-go Test of the Board in Example 2

The following steps are generally performed by the system level TCU. Steps 1
and 2 are preliminary steps that ensure proper clock control and MN and board reset

before the actual tests can be performed. Steps 3 to 6 accomplish the scan-set BIT
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module tests, whiie stens 7 ro 10 facilitate seanning-in and rhe serring nn of 1 tesired
rest pattera and appiving it o the npoard. Siens DL oTo 15 ccompisn cenn-onr o e
poard response and ~omparison vich the =xpecrea sesponse. Finailv. step 14 compiet s

thie test by repeating sle needed =2artier steps with a sufticient number O est vecLors.

1. Activate the “auxiliary ciock »nabie™ {ine. and hold the auxiliary svstem «lock and
BIT ciock lines at iow levei by properiy zating the clock signals zenerated within

the TCU.

2. Shift in o 24-bit id and command word containing the appropriate 3-bit subsvs-
rem id. 8-bit board id. 3-bit command code indicating the specific MN and board
reset. and 2-bit AG reset/preset code corresponding to no AG reset or preset.
This word has to be shifted in through ~id_in” input under the control of CDI
clock. Arbitrary values may be used for the 3-bit AG id and the 3-bit BIT module
id for this step. After 24 CDI clock cyeles. apply the load address bits such that
only the “id_load” signal is high for one CDI clock cycle. This step ensures that
the necessary MN and board reset is accomplished. Raise the “dataout_load™ sig-
nal to high level, which configures the observation register in the NMN to a
parallel-latch mode of operation for one CDI clock cyele. Then serially shift out
the register contents (“dataout_load™ = 0) and verify the MN and board reset

bits that appear on the “dataout’ line at the MN-TCU interface.

3. Repeat step 2 with another 24-bit word containing the 3-bit command code to
deactivate the MN and board reset signals. Also, the 5-bit AG id corresponding

to a given AG and the 3-bit BIT module id corresponding to a given scan-set

Appendix E-46

——) @A o S saan S e




moduie are used in the 24-bit word. This step results in the “enable™ of the
chosen scan-set BIT moduie being high, which in turn sets it up to receive controi

signals from the MN.

Shift in a 16-bit control and data word through the “BIT control and data’™ line
containing all zeros except “‘reset’” = 1. After 16 CDI clock cyvcles, raise the
“control_load” and ‘‘datain_load’ signals to high level for one CDI clock cycle.
This step ensures that the reset of all the scan-set BIT modules on the board is
accomplished. Repeat this step with “‘reset” = 0 to deactivate the BIT module

reset signal.

Apply the load address bits so that ‘‘datain_load” and *‘dataout_load" signals are
at high level. Shift in data through “BIT control and data’” input under the con-
trol of CDI clock. Apply the BIT clock in synchrony with the CDI clock. Under
this mode, ‘‘scanout’ output of the chosen scan-set module is connected to the
“dataout” line at the MN-TCU interface with one CDI clock cycle latency. The
output bit stream at ‘“‘dataout’ should follow the input bit stream with a known
latency. This step checks the functionality of the scan-set module to a good
extent. At the end of this step, hold the BIT clock at low level by proper gating
of the clock and modify the load address bits so that all load signals are at low

level.

Repeat steps 3 to 5 enough number of times with the 5-bit AG id and the 3-bit
BIT module id. so chosen as to complete the testing of all the scan-set modules on

the board.
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10.

11.

13.

Repeat step 4 so that all the scan-set modules are reset. This step ensures that

they are in normal “pass through™ mode of operation .

Repeat step 3 with the 3-bit AG id corresponding to AG-1 and the 3-bit BIT

module id corresponding to SS-1.

Shift in a 16-bit control and data word containing all zeros except ‘“‘c,” = 1.
After 16 CDI clock cycles, raise the “control_load” signal to high level for one CDI
clock cycle. Then apply the BIT clock for one clock cycle so that the control sig-

nals are latched in the chosen scan-set module.

Raise the ‘‘datain_load™ signal to high level by proper application of the load
address bits. Shift in the desired test vector through “BIT control and data”
input while applying CDI and BIT clocks in synchrony. After a predetermined
number of CDI clock cycles, the test vector will be available at the ‘“‘uutin’ out-
puts of the SS-1 module for parallel application to AG-1 primary inputs. Then
apply the auxiliary system clock for one clock cycle. Hold both the auxiliary and
the BIT clocks at low level at the end of this step by properly gating the clock sig-

nals.

Repeat step 3 with the 5-bit AG id corresponding to AG-3 and the 3-bit BIT

module id corresponding to SS-4.

Repeat step 9 with “c;"" = 1 (‘*¢c,”” = 0). This step enables parallel latching of the

AG-3 primary outputs into SS-4.

Repeat step 9 with all zero 16-bit word. Raise “dataout_load" signal to high level.

and apply the BIT clock in synchrony with the CDI clock. This step reconfigures

Appendix E-48




35-4 into seriui-siift mode of >peration. and rhe “seanout’” output of I3-4 is con-
nected ro rhe acaour” iine at rhe MN-TCU farerface with sne D1 ctoek cvole
latency. Monitor the sutpur .atn ar the “dataour” 'ine {or 1 predetermined
aumber of CDI cloek cyeles. and compare it with the expectea resujt. Hold “he

BIT clock at low ievel at nhe end of this step by properiy zating the clock.

l4. Repeat steps 38 to 13 enough numoer of rimes with iifferent test vectors. and

determine the status of the board.

An incorrect output on the “dataout™ line in step 14 indicates a faulty board.
while correet outoputs tironghout step 14 zenerally imply a non-faulty board. How-
ever, the entire test procedure may have to be repeated several times and the con-
sistency of the results must be verified to ensure test confidence. Further. re, there
may be a need for performing additional tests involving multiple boards to completely
check the interconnections between the board under test and the other boards. How-
ever, administering these additional tests differs from the above test procedure only in
the id values that need to be used in different steps for the board. the AG. and the

scan-set BIT modules.
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Example 3

Counsider 2 board ronsisting of three ambiguity Irouns o SRS 1A ising crele-
bv-cvele rest point monitoring as rthe BIT recinique. Test noint monitoring s a1ssumer
to he performed byv using the scan-set BIT modules. and pseudorandom patterns gen-
erated by a BILBO module are appiled to AG-l primary inputs as shown in Figure 11.
For details on she individual BIT moduies and how to use them in a design. the reader
. > 1e . . 7 - . P
is referred to the relevant application nore. Even though a go/no-zo test is the subject
of this example, Figure 11 also shows the test logic incorporated to perform fauit-

isolation 5o an AG for otf-the-system hoard maintenance purposes.

[t is assumed that the BILBO and the scan-set BIT modules have internal
“enable” generation logic shown in Figure 6, and the AG reset anle preset signals in
Figure 6 can be used to reset and preset each AG output set independently of another
AG if necessary. The connections indicated in Tables 1 and 4 are assumed to have
been made between each of the BIT modules and the MN [/O at the MN-board inter-
face. An MN output that was not assigned to any of the BIT modules on the board

.

needs to be assigned to the “muxctrl” input of the multiplexer. and “CD[5|" output of

the MN was arbitrarily chosen to be connected to the “muxctrl™ input.

The AGs are assumed to be synchronous in general, even though portions of asyn-
chronous logic can also be handled. The system clock is wired such that when the
“auxiliary clock enable’ line is activated. it is disabled. and the auxiliary clock controls
the board operation. [t is further assumed that whenever the auxiliary svstem clock is

held at low level and the AG reset/preset signals are not active, the AGs retain their
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Figure 11. A Board Using the Cycle-by-Cycle Test Point Monitoring BIT Technique

previous state indefinitely. A similar assumption holds for the BIT modules on the

board as well. Finally, a BIT mcdule-AG assignment shown in Table 8 is assumed for

the purpose of controlling the test.

Table 8. A BIT Module-AG Assignment
for the Network in Figure 11
Bit Module Assigned AG
BILBO AG-1
SS-1 AG-2
SS-2 AG-3
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A Procedure for Administering Go/No-go Test of the Board in Example 3

The tollowing steps are zenerally performed by the system level TCTU . Sreps 3 1o
6 accomplish the scan-set BIT module testing, whereas steps 7 to 12 test the fmneticns
of the BILBO module. Application of the test vector generated by the BILBO to the
board is accomplished in steps 13 to 15, while step 16 tacilitates the comparison of the
actual board response to the expected response. Steps 17 through 19 reconfigure the
BILBO to generate the next test vector. Finally, step 20 completes the test by repeat-
ing the needed earlier steps enough number of times so that a sufficient number of test

vectors generated by the BILBO are applied to the board and the results are verified.

1.  Activate the “auxiliary clock enable”line. and hold the auxiliary system clock and
BIT clock lines at low level by properly gating the clock signals generated within

the TCU.

!\')

Shift in a 24-bit id and command word containing the appropriate 5-bit subsys-
tem id, 6-bit board id, 3-bit command code indicating the specific MN and board
reset, and 2-bit AG reset/preset code corresponding to no AG reset or preset.
This word has to be shifted in through ‘id_in"" input under the control of CDI
clock. Arbitrary values may be used for the 5-bit AG id and the 3-bit BIT module
id for this step. After 24 CDI clock cveles, apply the load address bits such that
only the “id_load™ signal is high for one CDI clock cycle. This step ensures that
the necessary MN and board reset is accomplished. Raise the “dataout_load™ sig-
nal to high level. which counfigures the observation register in the MN to a

parallel-latch mode of operation for one CDI clock cvele. Then serially shift out
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the register contents :daraont_load = J) and verify the 5N and board reset

Dits that uppear on the lataout’ lne ap the MN-TCU inrerrace.

Repeat step 2 with another 24-bit word centaining e 3-dit command ode o
Jdeactivate rhe MN and board reset signais. Also. rhe 3-bit AG d corresponaing
10 AG-2 and the 3-bit BIT moduie id corresponding o S3-1 are used 'n rhe 24-bit

word. This step results in the “enable™ of 3S-1 being high. which in rurn sers it

11p o receive control signais from the MIN.

Shift in a 16-bit control and data word through “BIT control and data’™ input
containing all zeros except “‘reset’” = 1 and “resetl” = 1. After 16 CDI clock
cycles, raise the “control iocad” and “datain_load™ signals to high level for one
CDI clock cycle. This step ensures that the reset of all the BIT modules on the
board is accomplished. Repeat this step with “reset” = 0 and “‘resetl” = 0 to

deactivate the BIT module reset signals.

Apply the load address bits so that the ~“datain_load” and “dataout_load’ signals
are at high level. Shift in data through “BIT control and data” inpnt under the
control of CDI clock. Apply the BIT clock in synchrony with the CDI clock. The

(X3

output bit stream at ‘“‘dataout” line should follow the input bit stream with a
known latency. This step checks the functionality of the chosen scan-set module
to a good extent. At the end of this step. hoid the BIT module ciock at low level

by properly gating the clock and modify the load address bits such that ail load

signals are at low level.
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10.

11.

12.

Repeat steps 3 7o 3 epough anumper of times with rie 3-oit AG id and rhe S-oit
BIT module id. 50 chosen as ro compiete rire resting of ail “he sean-<er moduies ou
“he board.

Repear step 4 so that ail the BIT moduies are again reser.

D)

Repeat step 3 with the 3-bit AG id corresponding to AG-1 and rhe BIT moaule d
corresponding so the BILBO.

Shift in a 16-bit control and data word containing all zeros except “*shiften”™ = 1
and ‘e, = 1. After 16 CDI clock cycles. raise the ‘‘control_load” and

“datain_load’ signals o high level for one CDI clock cycle. Then apply the BIT

clock for one clock cycle. This step enables serial shifting of data in the BILBO.

Repeat step 3. - Under this mode, “tout” output of the BILBO is connected to the
“dataout” line at the MN-TCU interface with one CDI clock cvele iatency. Simi-
larly, the “BIT control and data™ line is connected to the ‘sin’™ input of the
BILBO with one CDI clock cycle latency. This step checks the serial shifting

function of the BILBO.

Repeat step 9 with “shiften” = 1. ¢, = 1. and "¢, = 1. This step enables the

test pattern generator mode of the BILBO.

Raise the “dataout_load” signal to high level. Apply the BIT clock in synchrony
with the CDI clock. Under this mode, the output on the “‘dataont” line should
match the prrcomputed values obtained from simulation of the BILBO. This step
generally assumes that the BILBO has a non-zero output vector at its “out’ port

at the end of step 11. Hold the BIT clock at low level at the end of this step by
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13.

14.

16.

17.

properly gating the clock.

Shift in a 16-bit control and data word containing all zeros except “resetl” = I.
After 16 CDI ciock cycles. raise the *control_load” and ‘‘datain_load™ signals to
high level for one CDI clock cycle. This step disables shifting in the BILBO dur-
ing the time when AG-3 primary outputs will be scanned out through the SS-2

module. Repeat this step with “'¢;” =1 (“‘resetl” = 0).

Repeat step 3 with the 5-bit AG id corresponding to AG-3 and the 3-bit BIT

module id corresponding to SS-2.

Apply the auxiliary system clock for one clock cycle. Then, apply the BIT clock
for one clock cycle. During this step, the test vector generated by the BILBO gets
applied to AG-1 primary inputs and the board state changes. Furthermore. the

SS-2 module is configured to accept AG-3 primary outputs in parallel.

Raise the ‘“dataout_load” signal to high level. Repeat step 9 with all zero 16-bit
control and data word, and apply the BIT module clock in synchrony with the
CDI clock. This step reconfigures SS-2 to serial-shift mode of operation after
parallel-latching of AG-3 primary outputs. Monitor the output data at the
“dataout’’ line for a predetermined number of CDI clock cycles and compare it
with the expected result. Hold the BIT clock at low level at the end of this step

byv properly gating the clock signal.

Repeat step 3 with the 5-bit AG id corresponding to AG-1 and the 3-bit BIT

module id corresponding to the BILBO.
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18. Repeat step 9 with ~shiften” =1, “¢;" =1, and "¢, = 1.

19. Apply the BIT clock for one ciock cvele. At the end of this step. a different rest

vector will be available at the “out” port of the BILBO.

20. Repeat steps 13 to 19 a predetermined number of times and determine the status

of the board.

An incorrect output at the ‘*dataout’” line in step 20 indicates a faulty hoard.
while correct outputs throughout step 20 generally imply a non-faulty board. How-
ever. the entire test procedure may have to be repeated several times and the con-
sistency of the results must be verified to ensure test confidence. Furthermore, there
may be a need for performing additional tests involving multiple boards to completely
check the interconnections between the board under test and the other boards. How-
ever, administering these additional tests differs from the above test procedure only in
the id values that need to be used in different steps for the board, the AG, the BIT

modules, and in setting the value of “muxctrl’” input.
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Example 4

Consider a hoard consisting of three ambiguity zroups ~f -~hips ana asing rest
point monitoring with outpue data ~ompression as the BIT rechinique. Test point mon-
itoring is assumed ro be performed by using a BILBO module used 1s u parallet signa-
ture analyzer. while test vecvors at the AG-1 primary inputs are provided by an inter-
nal exciusive-or LFSR test pattern generator as shown in Figure i2. For details on the
individuat BIT modules and how to use them in a design. the reader is referred o the
relevant application note. Even though a go/no-go test is the subject of this example.
Figure 12 aiso shows the test logic incorporated to perform fauit-isolation to an AG for

off-the-system board maintenance purposes.

[t is assumed that the BILBO and the tpg modules have internal “*enable” genera-
tion logic shown in Figure 6, and the AG reset and preset signals in Figure 6 can be
used to reset and preset each AG output set independently of another AG if necessary.
The connections indicated in Tables 1 and 4 are assumed to have been made between
each of the BIT modules and the MN [/O at the MN-board interface. Four MN out-
puts that are not assigned to the BILBO and the tpg modules need to be assigned to

the “‘muxctrl” inputs. and an arbitrary choice shown in Table 9 was made.

Table 9. An MN Output/Multiplexer Control Signal
Correspondence for the Network in Figure 12
MN Output Signal
CD{5] muxctrl1
CDjo) muxctr|2
CD[7] muxetrl3
CD[14] muxctrld
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The AGs are assuined to be synchronous in general. even though portions of asyn-
chronous togic can also be handled. The system clock is wired such that when 7he
“auxiliary clock enable’ line is activated, it is disabled. and the auxiliary clock controls
the board operation. [t is further assumed that whenever the auxiliary svstem clock is
held at low level and the AG reset/preset signals are not active, the AGs retain their
previous state indefinitely. A similar assumption holds for the BIT modules on the
board as well. Finally, a BIT module-AG assignment shown in Table 10 is assumed for

the purpose of controlling the test.

Table 10. A BIT Module-AG Assignment
for the Network in Figure 12

BIT Module Assigned AG
tpg AG-1
BILBO AG-3

A Procedure for Administering Go/No-go Test of the Board in Example 4

The following steps are generally performed by the system level TCU. Steps 3 to
8 accomplish the testing of the BILBO module. while steps 9 to 14 test the functions of
the tpg BIT module. Steps 15 to 17 set up the board for a go/no-go test. Test vectors
generated by the tpg module are applied to the board and the response is compressed
by the BILBO used as a signature analyzer in step 18. Finally, steps 19 and 20 facili-
tate comparison of the final signature analyzer stored in the BILBO with the expected

one and determination of the board status.
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Activate the ‘auxiliary clock enable’ line, and hold the auxiliary system clock and
the BIT clock lines at low level by properly gating the clock siznals generated

within the TCU.

Shift in a 24-bit id and command word containing the appropriate 5-bit subsys-
tem id, 6-bit board id, 3-bit command code indicating the specific MN and board
reset, and 2-bit AG reset/preset code corresponding to no AG reset or preset.
This word has to be shifted in through *‘id_in” input under the control of CDI
clock. Arbitrary values may be used for the 5-bit AG id and the 3-bit BIT module
id for this step. After 24 CDI clock cycles, apply the load address bits such that
only the “id_load"” signal is uLigh for one CDI clock cycle. This step ensures that
the necessary MN and board reset is accomplished. Raise the “dataout_load” sig-
nal to high level, which configures the observation register in the MN to a
parallel-latch mode of operation for one CDI clock cycle. Then serially shift out
the register contents (‘‘dataout_load” = 0) and verify the MN and board reset
bits that appear on the “‘dataout” line at the MN-TCU interface.

Repeat step 2 with another 24-bit word containing the 3-bit command code to
deactivate the MN and board reset signals. Also, the 5-bit AG id corresponding
to AG-3 and the 3-bit BIT module id corresponding to the BILBO are used. This
step results in the “‘enable” of the BILBO being high, which in turn sets it up to
receive control signals from the MN.

Shift in a 16-bit control and data word through “BIT control and data™ input

containing all zeros except ‘‘reset’” = 1 and ‘‘resetl’” = 1. After 16 CDI clock
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cveles, raise the “control_oad’ and “datain_toad™ signais ro aigh level for one
CDU cioek cyele. This sten —usures that he reser U ail the BIT modules ou rie
board is acecomplistied.

Repeat step 4 with “‘shiften™ = | and “¢.”" = 1 (ail the remaining bits neing zero).
Then appiy the BIT clock for one clock cveie. This step e¢nables serial shifting of
data in the BILBO module.

Apply the load address bits so that “datain_load” and “dataout_load’™ are at high
level. Shift in data through “BIT control and data"” input under the control of
CDI clock. Apply the BIT clock in synearony with the CDI clock. The ouiput bit
stream at the “dataout™ [ine should follow the input bit stream with a known
latency. Hold the BIT clock at low level at the end of this step by properly gating

the clock.
Repeat step 4 with “'shiften™ = 1, “¢;” = 1, “¢,”" = 1, and "¢ = 1 (all the
remaining bits being zero). Then apply the BIT clock for one clock eycle. This

step enables the parallel signature analyzer mode of the BILBO.

Raise the “dataout_load” signal to high level. Apply the BIT clock in syachrony

with the CDI clock. Under this mode. the output on the *‘dataout” line should

match the precomputed values obtained from simulation of the BILBO. This step
generally assumes that the BILBO has a non-zero output vector at its “out™ port
at the end of step 6. Hold the BIT clock at low level at the end of this step by

properly gating the clock signal.
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14.

15.

16.

Repeat step 4. This step resets all the BIT moduies on the board asain.

D

Repeat step 3 with the 5-bit AG id corresponding o AG-1 and ~he 3-bit BIT
moduie id corresponding to the tpyg module.

Repeat step 4 with shiften” = 1 fall the remaining bits being zeroi. Then apply
the BIT clock for one clock cyele. This step enables serial shifting of data in rhe

tpg moduie.
Repeat step 6. This step checks the serial shifting function of rhe tpg module.

Repeat step 4 with “shiften” = L. “fbin” = 1, and **fbetr]” = 1 (ail the remaining

bits being zero). Then applv the BIT clock for one clock cyele.

Repeat step 8. During this step. the output on the “dataout” line should match
the precomputed values obtained from simulation of the test pattern generator

module.

Shift in 16-bit control and data words containing the appropriate control and data
bits required for initialization of the tpg. The initialization process consists of
repeated shifting in of a 16-bit control and data word, raising the ““control_load™
and/or “‘datain_load” signals to high level for one CDI clock cycle after every 18
CDI clock cycles, and applying the BIT clock for one clock cyele. During this ini-
tialization process, the 16-bit word should have zeros in the bits corresponding to

the multiplexer control signals.

Repeat step 3 with the 5-bit AG id corresponding to AG-3, and the 3-bit BIT

module id corresponding to the BILBO.
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17.

18.

19.

Repeat step 7.

Apply the auxiliary system c¢lock and the BIT clocks in synchrony for 2 ziven
number of clock cycles. During this step. test vectors generated by the tpyg are
applied to AG-1 primary inputs, and AG-3 primary outputs are compressed by
the BILBO module. Hold the auxiliary system clock and the BIT clock at low

level at the end of this step by properly gating the clock signals.

Repeat step 4 with “‘resetl” = 1 (“reset’” = 0). This step disables shifting in the

BILBO and thus locks the resulting signature in the BILBO.

Raise the “‘dataout_load” signal to high level. Repeat step 5. Apply the BIT
clock in synchrony with the CDI clock. Monitor the signature stored in the

BILBO and compare it with the expected one.

An incorrect signature at the end of step 20 indicates a faulty board. while a

correct signature generally implies a non-faulty board. However, the entire procedure

may have to be repeated several times and the consistency of the test results must be

verified to ensure test confidence. Furthermore, there may be a need for performing

additional tests involving multiple boards to completely check the interconnections

between the board under test and the other boards. However, administering these

additional tests differs from the above test procedure only in the id values that need to

be used in different steps for the board, the AG, the BIT modules. and in setting the

value of ““muxctrll” input.
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Summary

This application note has provided a functional and structurai deseriprion of =
maintenance node (MN) nnit and illustrated its nse in controiling the n-svstem board
test by considering four examples. The examples chosen encompass ail the board-ievei

BIT techniques supported by the TEA system.
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SPECIFIC IMPLEMENTATION OF THE

MAINTENANCE NODE

Objective

This note provides a mixed-level (i.e.. functional block/gate/transistor levei)
description of the maintenance node unit {MN) that has been simulated and verified

for its intended functionality using the CADAT simulator.

The *‘auxiliary clock processor” in the MN has to be tuned to the specific applica-
tion under consideration so that it generates the required clock phases. satisfving the
desired phase and frequency relationships. It is assumed in this application note that

the auxiliary clock processor is a non-overlapping two-phase clock generator.
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Figure 1. Block Diagram of the MN Showing Its I/O Pins
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Pin Description (See also the logic diagrams and the application aote on the

atiiizacion of the MIN)

Name
UX_=nabie
aux_ohi
aux_phnil. aux_phi2
0id[5:0

breset

edi_phi

cdi_phil. edi_phi2
cd_in

cd[16:1]

comp

dout

id_in

id_load

laddri2:0]

obr{3:1], usd{2:1]
reset

ss[4:0]

tphi

tphil. tphi2

Description

Auxiliary svstem »lock 2nable

Auxiliary svstem clock

Non-overiapping phases of the suxiliary svstem ciock
5-biv board identification code (id} {generaiiv hardwired)
Board-reset output from the MN

Control. data, and id (CDI) clock

Non-overlapping phases of the CDI clock

Serial control and data input

Parallel control and data outputs

“Compare successful” signal pin

Serial data output from the MN

Serial identification address input

The *‘identification-load" signal pin

“Load address decoder’ inputs

“Observation register’” inputs

“Power-on reset” input for the MN

5-bit subsystem id (generally hardwired)

BIT module clock

Non-overlapping phases of the BIT module clock
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Logic Description

The YN nas ~he foilowine functional zroups:
> 2 T

Controi and data register

2)  Identification and command register. and she associated logic
3)  Observation register

4)  Load address decoder

5)  Auxiliary system clock processor

6)  Control, data. and id {CDI) clock processor

7} BIT module clock processor

Mixed-level (i.e., functional bicck/gate/transistor level) descriptions of these consti-

tuent groups are provided in the following paragraphs.

[ I]
~—

Control and data register

Figure 2 shows the control and data register portion of the MN. Its CADAT

AR

description uses the primitives “dff-1,” ““nlmos,” “buf,” and gates such as “*and”

and “‘inv."”

Identification and command register, and the associated logic

Figure 3 illustrates the functions of the id and command register portion of the
MN. Its CADAT description uses the primitives “dff-1,”" “nlmos,” “buf.” ~com-

RN}

parator,” ““decbin™ (decoder), and other basic gates.
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3)

Observation register

The observation register portion of the MN is shown in figure 4. Its CADAT

description uses the nrimitives “dff-L.”" “‘mux.” and “hut.”

Load address decoder

Figure 5 shows an implementation of the load address decoder. Its CADAT

description uses the basic gates and the primitive “buf.”

Auxiliary system clock processor

A non-overlapping two-phase clock generator shown in figure 6 is assumed to be
the auxiliary system clock processor in the chosen specific implementation. Its
CADAT description uses a “3s-h" (tristate buffer) primitive in addition to the

basic gates.

6 & 7) CDI and BIT module clock processors

These are the same as in figure 6, except no output tristate buffers are needed.
However, their CADAT description utilizes the tristate buffers with their control

input tied to power supply (Vdd) for reasons of uniformity.
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ctr_load
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Figure 5. Load Address Decoder
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Figure 6. Two-phase Clock Generator Used as Auxiliary 3ystem Clock Processor
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PROGRAMMABLE FEEDBACK PSEUDORANDOM TEST PATTERN
GENERATOR (EXTERNAL EXCLUSIVE-OR IMPLEMENTATION)

APPLICATION NOTE

Objective
The objective of this appiication note is to describe she functicnaiity of the pro-

grammable feedback pseudorandom test pattern generator module using an external

exclusive-or feedback structure.

Block Diagram

enable
-f——.
senab
cascade

—

fbin
lfbclose

B e Y

shiften

—f———
D
sdata
-———
[P S
tetrl
.

fbetrl

B S PR

tphil

reset,
R e S
B e

tphi2
g —————

Test Pattern Generator

oov ey b

out[l] out[2] out{l6] fbout fboutl tout

Figure 1. Block Diagram of a Pseudorandom Test Pattern Generator Module.
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Pin Description see also rhe logic diagram and module functions)

Name
»Bs5et

tphil/teoni2

cascade

fin

fbin
fbetrl
sdata
shiften
Ifbelose
out [16:1]
fbout
fboutl

Ifout

Ifoutl

tout

Description
Master reser of atl the tlip-ilops
Two-nnase clock
3hift enable! for the controi inpnuts
Tristate control for “tout” output

cnable concroi for vhe serial data [used in cascading muitipie test pattern
generator moduies) '

Data input used in cascading multiple test pattern generator modules

Input of the feedback network (used in cascading multipie test pattern
generator modules:

Feedback coefficient input

Control input to enablel feedback connection

Serial data input

Shift enablel for the data in the test pattern generator

Input pin used in cascading multiple test pattern generator medules
Data outputs of the test pattern generator

Feedback coefficient output

Feedback coefficient output for test control purposes

Output of the feedback network (used in cascading multiple test pattern
generator modules)

Output of the feedback network for test control purposes

Serial test data output
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Logic Diagram

retrl

(—é—) lfoutl

tphil
enablel
fbetrl
ctr D Q
tphi2
dat
sdata D Q|
tphi2
hift
shiften D Q
tphi2

lfgut, ' N AN el D ~~ fin
< ‘ ‘e
, A
1
I L reurd
L —J Q l fboutt
!
- e
_fb;ll’; D Q D Q R D Q ; OUL
tphi2 tphi2 tphi2
Ifbclose
tetr]
/R ® s 00 tou‘
\( D Q D Q D Q ,{L—>
senab cascade | l
tphi2 tphi2 tphi2
] Y /
out [1] out 2] out 16]
tphil

Figure 2.
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Module Functior:

The primary function of this module is to zenerate pseudorandom test vectors for
application to a unit under test {UUT). All “he required control circuitry is incor-
porated within the module itself so that the master test control univ {TCU) can prop-
erly control the operation of multipie test pattera generators in a design with minimal

need for additional ‘‘glue’ logic.

Required Pin Connections

Certain pin connections are necessary to use the test pattern generator module. If
the module is to be used by itself (i.e., as a 16-bit test vector generator), the connec-

tions shown in Figure 3 are required.

Ifbelose Test Pattern
Generator

senab
cascade

(1) (0)

Figure 3. Required Pin Connections to Use a Single Test Pattern
Generator Module
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[f muitiple test pattern generator modules are to be used as a single programm-
able feedback test pattern generator. the connections shown in Figure 4 (iilus-
trated for three modutes) are required. The serms “‘enabiel,” *“‘fbetrl.” **sdata,” and

“shiften” are common %o all che test pattern generator modules in this mode of cpera-

tion.
3 3
=} =
fbin fbout fbin fbout fbin Ifbclose
—_— S S .
#1 #9 #3
cBlE3EE gfalol= 2lgl &=
38[° =3y 3’;§“ng (5)35 Sy
X 0) © Q) ©
(1) (0) © <o)

Figure 4. Required Pin Connections to Use Multiple Test Pattern
Modules as an Equivalent Single Module

Propagation delay associated with the exclusive-or gate chain in the feedback
path is of genuine concern when using multiple test pattern generator modules (as
shown in Figure 4) as it has an adverse impact on the maximum test clock frequency.
In certain applications, an internal exclusive-or implementation of the test pattern gen-
erator, which is described in a different application note, might be advantageous to use
since the feedback path in an internal exclusive-or implementation does not involve

gate delays. It should be noted, however, that the maximum allowed test clock fre-
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quency aiwavs reduces albeis by different extents) as a result of cascading the test
pattern zenerator moduies. irrespective of the implementation used. Hence. in terms
of speed. rhe best possible hardware implementation of the fest pattern generator
module is a fixed word-'ength module with no provisions {or cascading. However. such
a design reduces rhe tlexibility in utilizing the module and must be carefully con-

sidered.

Operation of the Module

All the test pattern generator modules in the design are reset by a master “‘reset”
signal common to all the modules. Then, each module is selected by means of its
enablel signal. Predetermined test patterns are shifted through the feedback coeffi-
cient and data shift registers through “fbln"" and ‘“sdata” inputs respectively. The
outputs at “fbout,” “lfout,” and ‘“‘tout” pins are verified by the test control unit
(TCU) against the unexpected values. These tests are performed for “shiften” = 1
and “fbetrl” = 0: “‘shiften” = 1 and *“fbetrl” = 1; and *‘shiften” =0 control signal
values. If any of these tests fail, the test pattern generator module could be faulty ana
might have to be replaced. Upon completion of these tests. the coefficients (binary 1
and 0) corresponding to the desired feedback polynomial are shifted in through “fbin”
input and. simultaneously, test pattern generator data outputs are initialized to a
given not-all-zero state by shifting data through *‘sdata” input. During this initializa-
tion period, “‘shiften” = 1 and *“‘fbetr]” = 0 logic values are maintained. After a
predetermined number of clock cycles, “fbetrl” is raised high and then *“enablel™ is

hrought low in the succeeding clock cvcle so that the feedback coefficients and the
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control signals are iatched. From this soint on. nseudorandom -esi veccors ire :vaii-
able at “out 16:117 surpars avery cicew svete, The reperition nferviy of Sie ensrato
rest patterns is Jdependent sn the feedback tourmomial Cnosen. Al 1 omakinn oered]
tion interval of 21 — | is obtained by choosing 2 primivive J2edback Hotvnoming 1. s
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tvpical timing sequence ¢ shift in a feedback olynomiai . s
yP 3 3%q ’ Loy 0006001000016001

st msb!

shcewn in Figure 5. Thae test pattern generator is initiaiized to YU T A .
3 5 LeSL patieri senera 0000001000010001
After seventeen clock cycles. the test patiern generator is avaiiable for use.
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Use of the Test Pattern Generator Moduie in a Design

Independent of rhe BIT ~echniane ased in ~he :lesign. the rest nuttern zeneraror

bt a

moduie zan be used "o drovide pseudorandom nputs 10 2 nnit ander test (UTUT L Norte
that the UUT can be one or muitipie ambiguity groups : AGs). lepending on the BIT
rechnique nsed. The applicability of pseudorandom patterns in testing the UL'T must

be verified before actually using the rest pattern zenerator module. Figure 5 shows a

typical application of the test pattern generator moditie.

TPG pormal mode
inputs
I
muxetrl \ '
- 1 MIJX
UUT

Figure 6. A Typical Application of the Test Pattern Generator Module
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[n applications whnere oniy serial inputs are avaliable for shifting in test vectors,

rhie conriguration ‘a Figure T can de nsed.

normal mode
serial inputs

g

UUT1 UUT2 e o o o UUTn

Figure 7. Another Tvpical Application of the Test Pattern Generator Module
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PROGRAMMABLE FEEDBACK PSEUDORANDOM TEST PATTERN
GENERATOR (INTERNAL EXCLUSIVE-OR IMPLEMENTATION)
APPLICATION NOTE

Objective

The purpose of this application note is to describe the functiconatity of the pro-
grammable feedback pseudorandom test pattern generator module using an internal

exclusive-or feedback structure.

Block Diagram

enable
B e
senab
cascade

A s,

fbin
Ifbeclose

reset
e ermam—

tphil
e

tphi2
e,
‘———
ettt e,
shiften
P SR,
<————

fbetrl

B g

sdata

-‘-———
tetrl
P Y.

Test Pattern Generator

R

out[l] out[2] out[16] fbout fboutl tout

Figure 1. Block Diagram of a Pseudorandom Test Pattern Generator Module
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Pin Description (see also the logic diagram and module functions)

Name Description
reset Master reset of all the fliptlops

tphil/tphi2  Two-phase clock

enablel Shift enablel for the control inputs
tetrl Tristate control for “‘tout’ outpus
senab Enable control for the serial data (used in cascading multiple

test pattern generator modules)

cascade Data input used in cascading multiple test pattern generator mocduies
fbin Feedback coefficient input

fbetrl Control input to enablel feedback connection

sdata Serial data input

shiften Shift enablel for the data in the test pattern generator

Ifbclose Input pin used in cascading multiple test pattern generator modules
out [16:1] Data outputs of the test pattern generator

fbout Feedback coefficient output

fboutl Feedback coefficient output for test control purposes

tout Serial test data output
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Logic Diagram

tetrl
1 fboutl
“Din| D ol
D Q D Q !D Q i——ﬂr—— ¢ o o & 0 o o _— D Q 1b0ut
| ‘ b l
| | o
tphi2 tphi2 ! tphi2 tphi2
foetrl | g Ifbelose
tphi2 L) ' LJ
sdata D O D O D AN D Q
4 T Q Nangh i VY ]
senab cascade l ) | .
tphi2 tphi2 tphi2 tphi2
shiften M \ ]
D Q l—t_/ out [1] out [2]
tphil tpLiQ tphil -
P ) tout
enablel out [16} I
tetrl

Figure 2. Logic Diagram of the Test Pattern Generator Module
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Module Funcsion

The primary {unction of rhis moduie is to generate pseudorandom test vectors for
applicaticn 0 2 unic ander test (UUT). All the required control circuitry is incor-
porated within the module itself, so that the master test control unit (TCU) can prop-
eriy control the operation of muitipie rest pattern generators in a design with minimal
need for additionai “"glue” logic.

Required Pin Connections

Certain pin connections are necessary to use the test pattern generator module. If

the module is to be used by itself, i.e., as a 16-bit test vector generator, the connec-

tions shown in Figure 3 are required.

If bglose

Test Pattern
Generator

senab
cascade
out [16]

Figure 3. Required Pin Connections to Use a Single Test Pattern Generator Module
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If multiple test pattern generator moduies are to ve used 15 a single programm-
able feedback test pattern generator. the :onnections shown ‘n Figure + :iilus-

trated for three modules) are required.

4

Ifbeclose
fbelose

L
’

fbin fbout f{bin ‘hout fhin | fbeiose!
. ———————— 3. ;

*
s
12

‘SFFEJE Sletzls
=U=o‘_> f=i D P L]
:5’"“3" 3%3%’{7
| 0) &
(1)(0) (0) © ©f o

Figure 4. Required Pin Connections to Use Multiple Test Pattern
Modules as an Equivalent Single Module
The terms “‘enable,” “fbetrl,” “‘sdata,” and ‘‘shiften” are common to all the test pat-

tern generator modules in this mode of operation.

Unlike the feedback path in the external exclusive-or implementation (which is
described in a separate application note), the feedback path in this implementation
does not involve gate delays. Hence, a potentially higher speed of operation (higher
test clock frequency) is possible provided the driver associated with the most signifi-
cant bit of the test pattern generator is designed properly. HoWever, when multiple
test pattern generator modules are cascaded as in Figure 4, speed of operation will be

affected to a certain extent because of higher loading on the ‘‘out [16]” node
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corresponding to the most significant bit of “he rest partern generator “outi16]” node

of #3 in Figure 1.
Operation of the Module

All the test pattern generator modules in she design are reset by 1 masrer “reser’”
signal common 1o all the moduies. Then. each moduie is selected hv means or its
“enablel” signal. Predetermined test patterns are shifted through rhe feedback coetfi-
cient and data shift registers through “fbin" and “sdata™ inputs respectively. The
outputs at “fboutl™ and “‘tout” pins are verified against the expected values. These
tests are performed for “‘shiften”= 1 and “fbetrl”= 0. “shiften”= [ and “fbetri”’= I.
and ‘“‘shiften”’= 0 control signal values. If any of these tests fail. the test pattern gen-

erator module could be faulty and might have to be replaced.

Then, the coefficients (binary 1 and 0) corresponding to the desired feedback
polynomial are shifted in through *‘fbin’’ input, and, simultaneously. test pattern gen-
erator data outputs are initialized to a given not-all-zero state by shifting data
through ‘‘sdata’” input. During this initialization period, “‘shiften”= 1 and “fbetrl"= 0
logic values are maintained. After a predetermined number of clock cyeles. “*fbetrl™ is
raised high and then “‘enablel” is brought low in the succeeding clock cycle so that the
feedback coefficients and the control signals are latched. From this point on, pseu-
dorandom test vectors are available at ‘“‘out[16:1]" outputs every clock cyele. The
repetition interval of the generated test patterns is dependent on the feedback polync-
mial chosen. and a maximal repetition interval of 2'® - 1 is obtained by choosing a

primitive feedback polynomial [1]. A typical timing sequence to shift in a feedback
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Use of the Test Pattern Generator Module in a Design

Please see the corresponding subsection in the appiication aore »n "Progrommanis
Feedback Pseudorandom Test Pattern Generator (External Zxcinsive-or {mpiementa-

tion).”

References

l.  Smith, J.E. “Measures of Effectiveness of Fault Signature Anaivsis.” [EEE Tran-
sactions on Computers, C-29 No.8, pp. 510-514 (June 1980).
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SCAN-SET BIT MODULE

APPLICATION NCTE

Objective
The objective of this application note is to describe vhe ‘uncticnaiitv of the scan-
set BIT module, and to show how it is insertaed in 2 design in order o facilitate test.

Block Diagram

o & o — =)

B - = :Q-E-E——-m - - o e

R B 5 === 5 85 <= S == = 2

- . o - - - o4

§ 8 8 £ 553 % 3 3 3 .8 E g Z

.
Scan-Set BIT Module

= =) o 3 =
= = = o 2
-— .— =} = @]
- - — o [=]
= ~ - [33 5]
f = = w [ 3]
= L7}

Figure 1. A Block Diagram of the Scan-set BIT Module
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Pin Description {see also the logic diagram and module functions)

Name
Cy Co
enbie

setrl, tetrll

inn

tphil,tphi2
scanin. scaninl

out{16:1]

in{16:1]

uutin{16:1]

scanout, scanoutl

reset

Description
Viode :ontrol inputs
Shift enaole for »ontroi 2nd data inpurs

Tristate controis for “‘seanout’” and scanoutl”
outpuss

[nhibit signai that ~auses the outputs nutinjl6:1;
to be O when active {1)

Two-phase ciock
Serial data inputs

16 parallel input pins that will be connected to the
outputs of the ambiguity group (AG) under test

16 parallel input pins that will be connected to the
outputs of an AG corresponding to normal mode of operation

16 parallel output pins that will be connected
to the inputs of the AG under test

Serial data outputs

Master reset of all the flip-flops
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Logic Description

, 2 — ~phii-=nabie

‘-/. ¥ [ s e I
! . s R scanin
| Qo ! e Q ! Dje——sees - Q Ofe——
o—' Q D I Mux | i D we—i Mux Mux
! H 1 i
< ! 1 1
i ' | L ! J
toni {| voni2 ! tphi2
| + L 2R 2R J
C; out|16 . out(15| out;1j
|' enable
tphil
— ini16l l— ini 13 l—— inj1l
1 ol 1 .0 1 0
C,—={D q Mux Mux b— o o o Mux
- . — —— inh
| l tphi2
tphil-enable
tetril @ e
I
| | |
scanoutl Q1o ! L 1
Q D Mux Qs D Mux Q, Mux scaninl
0 ‘F [ 0 tee Q 0
tphi2 tphil-enable tphi2 tphil-enable tphi2
tphil-enable
y Y y
untin|16] wutin|15] uutin{l]

Figure 2.
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Module Functions

enble C, Co inh  rterrl  terril
1 1 0/1 0/1 0/1 0/1 Parallel transter of nw i, "o 35 and
nueinil6:ti to Q's
1 0 o/t 0/1 0/1 0/1 Serial shifting-in of 1ata rom “seanin’
i i / =
and ““scaninl”
1 0/1 1 0 0/1 0/1 Q outputs are zennectea O nutin|if:l]

1 0/1 0/1 1 0/t 0/1  uutinil6:i} = 9

1 0/1 0 0 0/1 0/1 in{16:1] connected to uutinil6:1;

0/1 0/1 0/1 0/1 0 0/1 Scanout = Z thigh impedance)
0/1 0/1 0/1 0/1 1 0/1 Scanout = Q4

0/1 0/1 0/1 0/1 0/1 0 Scanoutl = Z (high impedance)
o/1 0/1 0/1 0/1 0/1 1 Scanoutl = Q'

enable = 0 latches the control inputs C; and C, and disables shifting of data in the
shift registers.

Incorporation of the BIT Modules into Design

A hardware design will be partitioned into Ambiguity Groups (AGs) of intercon-
nected chips before the BIT modules are inserted in the design. Insertion of the scan-

set BIT modules is illustrated using the example in Figure 3.
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Tnputs ro AG-t ‘nputs ro AG-2

rar ! ibi
Before BIT Insertion —_— AG-D ——e A ———
After BIT Insertion
scanout scanoutl :canout icanoutl
T T A A
! 1
! ___., ‘
BIT-1 | BIT-2 | |
(a) eign “yutin® SRR “ine wutine| ! o
> port port AG-1 . ' port port | 1 AG-2
out® “nut® : ! |
port ! nort ! ) i
1 — A ) —_
! [ : .
| i ]
scapnis  enable scaninl seanin eaable seaain!

Figure 3. An Example Showing the Insertion of the Scan-set BIT Modules
in a Design

As evident from the figures, all inputs to an AG pass through the BIT module(s)
associated with that AG, and all the AG outputs will be connected to the “‘out”

port(s) of the associated BIT module(s).
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Another exampie iilustrating ~he insertion of rhe scan-set BIT modules is shown in

Figure 4
:
—— N ——e ot - Lé"—_-‘—‘.
Before —  AG-L AG-2 r AG-3 i >
BIT Insertion > ! > ‘ ; [

— 5 BIT-1 “> BIT-3
After ) i cqutind=A G- 1 i *uutin}smA G-
BIT Insertion l—) o | “out®
A —— |

Figure 4. Another Example [llustrating the Insertion of the Scan-set BIT
Modules in a Design

A master Test Control Unit (TCU) is assumed to be incorporated into the design

in order to perform the following functions:

1. Checking the functionality of the BIT modules;

o

Providing either deterministic or pseudorandom test patterns to the AG under
test by shifting in data through “scanin” inputs of the associated scan-set BIT
modules;
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Collecting rest respouse 1ata ~arough “‘scanout’” outputs of the BIT modules. and
DErICTIING Tie lecessars ity ompression zad;or cemparison wirh the expected
sasponses:

Providing 2l rie necessars conrroi <ignais. such as "C,7. “CL"L and “enable”. for
she BIT moduies:

Exercising control over she AG clocks (phil/pni2 assumed) and the BIT module
ciocis »phil,/ tpnil.

Before discussing a step-ov-step procedure for testing rhe AGs, the following

issues are 0 be considered:

1.

It may be preferable to treat the controi inputs of an AG differently from its data
inputs, and to use different scan-set modules in conjunction with control and data

inputs, as shown in Figure 5.

This feature facilitates the application of deterministic test patterns at the control
inputs of an AG while allowing pseudorandom patterns to be applied at its data
inputs. Even though the logic diagram shown for the scan-set BIT module
assumes a word size of 16 bits, in practice, modules with smaller word sizes (4 bits,
8 bits, etc.) may also be utilized in the designs in order to reduce the unused pins

of the BIT module.
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Control r
—_— g
Before Inputs \C © o Ontputs
3 . —
BIT Insertion Data :
—_—
Inputs

BIT-1 i
Control y
| *in® "uutin® AG

Inputs

"out®

(unused)

After
BIT Insertion

BIT-2
Data

"in" "yutin®
Inputs

"out*®

Figure 5. An Example Illustrating the Use of Different BIT Modules
for Control and Data Inputs of an AG

It is also conceivable to pass only the data inputs of an AG through a scan-set
BIT module while allowing the control inputs to be directly connected to the AG,

as shown in Figure 6.
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o

Control

Inputs .
ifrom another ;

AG) > :

i
BIT-1 ! !
Data . ) I i
| *in® *uutin® e :
Inputs :
*out”®

e o

Figure 6. An Example in which a BIT Module is Used only
for the Data Inputs of an AG

In such a scheme, it is generally assumed that the AGs that generate the control
inputs are tested first, and their outputs are set to the desired values during the
testing of other AGs. The feasibility of properly implementing this scheme
depends on several factors, such as the design of the AGs in the system. required
fault isolation resolution, etc., and it is not considered in the step-by-step pro-

cedure given later.

If the number of inputs or outputs of an AG exceed the default word size of the
BIT module, multiple modules need to be used. One way of intercennecting mul-

tiple scan-set BIT modules is shown in Figure 7.
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i
>c:mouux

scanin
scanin A A scanourl

1

! f

iy L

!
!
BIT-2 : BIT-1
!
l

T T

' scanin scaninl tetrl="1" tetril="1’

enable

Figure 7. Use of Muitiple Scan-set BIT Modules

In this example, “scanout” and ‘“‘scanoutl™ of BIT-1 are connected to ‘‘scanin”

and ‘“‘scaninl’, respectively. Furthermore, “‘tetrl” and “tetril™ of BIT-1 are tied

to ‘1’. *C,”, “C,”, “inh”, and “enable’” are common to both modules. (‘“Reset”,
1 2

“tphil”’, and “tphi2” are aiways common to all scan-set BIT modules.)

A Procedure for Testing of AGs

Preliminary Steps

1.

[ S

Reset all the BIT modules in the design by applying a master ‘‘reset’ signal.

Bring all the AGs into predetermined and well-defined states by means of global
control signals such as “reset” and “‘preset”, and then disable the clocks of the
AGs (phil/phi2 clocks assumed) from further altering their state.
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o
:

AG

~1

Select =»acn 2[T moauie »v means of its “enable’ signal. shift in predetermined

QAfL 2.l ulfernafing ones 2nd Ieros: tarougiy C:eanin’ and Useaninl’ inputs
aneer tae conrrol SO oouil, foi2 sleeks. and verifv rhe output darta at “scanout”
a0t Creancury s osing. o Chere s an error in the seanned-oni caca. the BIT module

ftsedl could te Tawty nonav aave to he reniaced.

Change the coatroi a O, «Cy=1} and perform rhe paraile! transfer of data from
“onutilB:ll” ro Qs. then set €', =0) 1gain and verify the stored data by serially shift-
ing it shrough “scanout’. [n rhis context. both reset and preset capabilities of an
AG moay be required so rhat “out{16:1]" pins can assume both logic ‘1’ and ‘0.
Similariy, perform -ihe paratet rransfer of Jara from ~in{16:1]" to Qs by setting
Cy=1 and C,=0. and verify the stored data by serialiv shifting it out through
“scanousl” {(Cy=0) If the scanned-out data is erroneous, fault isolation can be
achieved to the combination of an AG. a set of associated scan-set BIT modules.
and the inherent interconnections. under the assumption that any. but only one.
AG can be faulty during testing.

Testing

Shift in a predetermined control data pattern into the BIT module associated
with the control inputs of the AG under test: then. by disabling further shifting.
the AG is set up for test under a known control mode.

Shift in a rest data pattern through *‘scanin’ of the BIT module associated with
the data inputs of the AG (C;=0, C,=1). After a predetermined number of
tphil/tphi2 clock cyecles. the data pattern is ready for parallel transfer to the AG
under test. Then. enable the AG clocks (phil/phi2) for one clock cycle and dis-
able them again.

If the AG outputs are to be verified at this time, set the control signal C, (C,=1)
and perform parallel transfer of “‘ont{16:1]” to Qs. Set C,;=0 and shift out the
stored data through “scanout’, then verify the output data against the expected
response data. If the AG outputs need not be verified at this time. then skip this
step.

Repeat steps 6 and 7 as many times as needed (determined from a priori simula-
tions of the AG).
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9. Repeat steps 5 through 3 as many times 25 needed (le.. “or ifferenr conreni
modes of the AG..

The above AG testing procedure wiii he 20pilea sequentindy - atl ~he AGs. .o
the AGs will be tested one after another using steps 5 throngh 9. If ~est of an AG falis
(i.e., incorrect response) fault isolation is to the combination o he AG. the BIT
module(s) associated with its I/O. and the inherent incerconnecticns. inuer :he

assumption that any. but only one, AG can be fault. during resting.

Timing Consideratons

The mode control signals (C, and C,) have to be valid one clock evele before the
actual data. For instance, parallel transfer of “in[16:1]" to Q' outputs and serial

shifting-out of that data through “‘scanoutl™ involves the timing sequence shown in

Figure 8.
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As 2an be inferred from Tigurs 3. the controi mode. Cy=1 and Ca=9. is set up one
sock evele befors the actual lata noats IS are vaiid. The parailel inpurs
il will be wvaldiabie lew staoler ar scanoatl’ serial ourput deginning at eloek
cyvele three. A zimilar ~iming sequence must de used in order o perform 2 parailel
data transfer {rom “outilf:li” o Q outpues and o perform Turther serial shifring of

she data through “seanouts’ cuspit.
> <
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TESTING-SWITCH

APPLICATION NOTE

Objective

The objective of this application note is to describe the functionality of the

testing-switch moduie and o show how it is used in a design to facilitate test.

Block Diagram

c S
e
:Eﬁé 8 £ -
~ & £ 5 3= g ¢ & T &8 g8 (- o}
o o8 'QQ)"’.O—:.—..—--—..-_:Q:""’.—‘C\! —
2 2R ==Y 2258 EERE2FEE F
N n N S | g - — om
3885353228583 ddFs8555 =
TESTING-SWITCH

enabout —«—
satoult <—|
dOut[lﬁ) P

Figure 1. Block Diagram of the Testing-switch Module
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Name

reset

resetl

reset2

tphil/tphi2

clk1/clk2

enabin

fbcoefin

genctrlin

gendatain

genshiften

saclin,sac2in

sashiften

sasin

satetrlin

Pin Description (see also the Logic Diagrams and Moduie Funcsions;

Description

Reset input of all the flip-flops exciuding -he >nes

corresponding to “‘sashiften™ and “2nabin” ‘aputs

Reset input of the flip-flop corresponding o rhe
“sashiften™ input

Reset input of the flip-flop corresponding to rhe
“enabin” input

Two-phase clock

Two-phase clock for the flip-flop corresponding
to the ‘‘enabin’ input

Shift enable for control inputs

Feedback coefficient input of the test pattern
generator associated with the testing-switch

Control input to enable feedback connection in the
test pattern generator associated with the testing-switch

Serial data input of the test pattern generatoer
associated with the testing-switch

Shift enable for the data in the test pattern
generator associated with the testing-switch

Mode control inputs of the signature analyzer
associated with the testing-switch

Shift enable for the data in the signature analyzer
associated with the testing-switch

Serial data input of the signature analyzer associated
with the testing-switch

Tristate control for “‘satout’ output
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ctrilin,etrlOin ~ Mode control inputs of the resting-switet

din{16:1] Parallel data inputs of the testing-swirch

enabout Output of the flip-ilop corresponding "o the “2nabdin’
input

satout Serial test data output of the signavure wnaivzer

associated with the resting-switeh

dout[16:1] Parallel data outputs of the testing-switen

Logic Diagrams

Figure 2 shows an overall description of the testing-switch module. while Figure 3
illustrates the logic of the test pattern generator associated with the testing-switch.
Figure 4 shows the logic of the signature analyzer associated with the testing-switch.

Finally, Figure 5 illustrates the control of the data exchange network.
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Figure 3. An External Exclusive-or Implementation of the
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Figure 4. An Implementation of the Signature Analyzer
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Figure 5. Control of the Data Exchange Network

Module Functions

The testing-switch module mainly performs three functions: it provides pseudo-
random test patterns to an ambiguity group (AG) (i.e., smallest group of chips to

which a fault can be isolated), it compresses an AG output response into a signature,
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and it transfers data from input to output without performing 2nv iogic operaricn on

it. These functions are illustrated in the tollowing sequence:

ctrll  ectrl0  Funesion

0 0 Parallel transfer of inputs irom ~1in{l6:1}"
to “‘dout{16:1]"

0 1 Test pattern generator outputs at "aflg:1|”
are passed on to the normal data outputs
1 0 “dout{16:1]"": simultaneousiy. normai data

inputs at “din{16:1]"" are passed on to the
signature analyzer inputs at *.i{16:1]"

1 1 During this test mode. test pattern generator

outputs at “a[l16:1]"" are passed on to the
signature analyzer inputs at “*+[16:1]"

Signature Analyzer Modes of Operation

C1l €21 Function

0 1 Serial shifting of data in the signature
analyzer
1 1 Parallel data vectors at **d[16:1]" are

compressed into a signature at “q[16:1]”
outputs, provided the latched value of
“sashiften’’ is high

Incorporation of the Testing-switch Modules into Design

A hardware design will be partitioned into ambiguity groups {AGs) of intercon-
nected chips prior to the incorporation of the testing-switch moditles. The example in

Figure 6 shows their incorporation in a design.
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Berore BIT Ylodule

Incorporation

After BIT Moduie
[ncorporation

2

[nputs o AG-1

Inputs to AG-2

ar 1
! - ! ; -~
—— AG-1 ———am AG-2 =
! : i
: i
W L swee
| i . i
"din* *Hour ,_\C;_ Li o) g *Jout” AG-2
| port sort ! - i | port aort * -
E ' I i i
L | | H
SW-3
*fout* =dig*®
-——
pore port

Figure 6. Exampie Showing the Incorporation of the

Testing-switch Modules in a Design

As evident from the figure. aii inputs 1o an AG pass through a testing-switch

module, and the AG outputs are connected to the **din” port of another testing-switch
p

module. Another example illustrating the use of the testing-switch modules is shown

in Figure 7.

. _—

Before BIT Module AG-1 AG-2 AG-3
Incorporation r r

SW-1 SW-2 SW-3 SW-4

—_—

After BIT sdin®  *douttomi AG-1 Smedin®  “dout}m AG-2 -)‘-din- *dout}+m AG-3 =din"  "dout}—=
Module pore pert i port  port port  port
Incorporation

Figure 7. Another Example [llustrating the Incorporation of the
Testing-switch Modules in a Design
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A nese control unic « TCUY Is assumed to be present in she system in order to per-

form -he rollowing functions:

I.  Cheexing rue funcricnaiicy of she resting-switeh moduies:

[
.

Providing teterministic patterns "o the AG under test. if necessary. by shifting in
data througn “zendatain™ input of the relevant testing-switch module(s);

3. Collecting :sest responses (i.e.. final signatures) through *‘satout” nodes of the
vesting-switch modules: performing necessary comparisons with the expected sig-
natures: and evaiuating vhe stactus of the AGs:

4. Providing ail the necessary controi signals to properly control the operation of the
testing-switch modules:

5. Exercising proper control over the AG clocks and the testing-switch module
clocks.

Before discussing a detailed procedure for testing the AGs. the following issues are

to be considered:

1. It may be preferabie to treat the control inputs of an AG differently from its data
inputs and to nse different testing-switch modules in conjunction with control and

data inputs. as shown in Figure 8.

Control
—
Before Inputs AG Outputs
H F, ————
BIT Insertion Data
Inputs

(Figure 8 continued)
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After
BIT Insertion

Control

Inputs

Data

Inputs

T

SW.|
"din* * four®
| port port
1
SW-2
"din” “dout*
port port

AG -

Figure 8. Example Illustrating the Use of Different Tasting-switch
Modules at Control and Data Inputs of an AG

This feature facilitates the application of deterministic test patterns at the control

inputs of an AG, while allowing pseudorandom patterns to be applied at its data

inputs. It is also conceivable to pass only the data inputs of an AG through a

testing-switch module while allowing the control inputs to be directly connected,

as shown in Figure 9.

Data
Inputs

Control
Inputs

(from another

AG)

"din®
port

SW-1

*dout*
port

AG ——>

Figure 9. Example in which a Testing-switch Module is
Used Only at the Data Inputs of an AG
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In such a scheme. it is generally assumesd that the AGs “hat zenerate rhe ~ontrol
inputs are tested tirst, and their outputs are set o esired niues furing ~he -est
of other AGs. The feasibility of properiy impiemenring -his scheme ienends on
factors such as the design of AGs in the svstem and required auit isoiation resoiu-

tion, and this scheme is not considered in the test procedure siven subsequently.

If the number of inputs or outputs of an AG excesd the ielauit word-size of the
testing-switch, multiple testing-switch moduies are required. However. the test
pattern generators and the signature analyzers in differenc sesting-switch modules
need to be used independently, i.e., they cannot be used to form equivalent larger
word-size modules. This is not a limitation in general. since the test pattern gen-
erator in Figure 3 has the programmable feedback feature and it can generate
maximal length (2'°—1) nonrepetitive test vectors. Furthermore. uncorre!rted test
vectors can be generated by initializing the various testing-switches in the system
with different seeds (initial test patterns). Also, the error escape probability asso-

ciated with the signature analyzer of Figure 4 is acceptably low. i.e.. < 2718,

Proper setting of the testing-switches in the system plays an important role in the
overall test process. Such setting of the testing-switches can be in a predeter-
mined order, as shown in Figure 10, or in an arbitrary order. as shown in Figure
11. In Figure 10, “enabin” to ‘enabout’” delay may have to be several
tphil/tphi2 clock periods for proper initialization of the testing-switches. With

this requirement in perspective, “clk1” and *clk2"” inputs of the enabin-enabout
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flin-ilop are separated ‘rom -“ae “*pail” 2nd 4phi2’’ ciocks. Aroitrary-order set-

tsing of the sesting-swircnes. ‘n senerai. requires a Jdeccder 25 snown in Figure 11.

In this scheme, she "2nabout’” Hutput pin and she “oikl” and “cik2" input pins

of the testing-switch 2re a0t Ttilized.

; : —_—
L. ! | R !
enabin l agapbout  ~<navin ¢« 2napout  enabin
_— = SW W W —_—

v ]

1 ; l
{

! N L

Figure 10. Scheme for Predetermined-order Sesting of the Testing-switches
oD f=l (=]

snabin enabin enabin

Sw Sw sw ol

From Test Control Unit

Figure 11. Scheme for Arbitrary-order Setting of the Testing-switches

Procedure for Testing AGs
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Preiiminary Steps

Pt
.

Reser il "ne -esting-switen moduies in the design by applying “‘reset,” “resetl.”

and “reser2”

signals.

Select =ach ‘esting-<witch Ly means of its “enabin’ signal. initialize the test pat-
.ern generator and she signature analyzer, and enable the test pattern generator
ro signature anaivzer path “orril” = 1, “etrl0” = 1). After a predetermined
number of clock rveles, shift out the signature shrough “‘satout” node and check
against the =xpected signature. [f an erroneous signature is noticed, the testing-
switeh moduie itselfl ~ouid be fauitv and might have %o be replace.

Perform reset {preset} of all AGs and enable the normal data inputs to signature
analyzer path in =ach relevant tesing-switch (“ctril” = 1, “ctrl0” = 0 — or
“erril” = 0, “oeri0” = 1) After one clock eycle {i.e., signature analyzer acts as a
parallei-in/serial-nv register), shift out vhe signature analyzer contents and check
whether the AG outpurs are indeed reset (preset). If this test fails, fault isolation
is generally to an AG-testing-switch(es) combination under the single faulty AG
assumption.

AG Testing

Identify the AGs in the design that can be simultaneously tested. For instance,
the AGs 1 and 2 ‘n Figure 6 can be simultaneously tested, whereas, the AGs of
Figure 7 may not be simultaneously testable. Simultaneous testing of AGs is not
always possible because of the requirement that certain AG outputs must be kept
at predetermined states while testing other AGs. If simultaneously testable AGs
do not exist or have already been tested, then pick a not-yet-tested AG (if one
exists) based on a predetermined order.

Bring all the AGs into predetermined and well-defined states by means of global
control signals, such as reset and preset, and then disable the AG clocks from
further altering their state. Select the testing-switches associated with the AG(s)
in step 4, one by one, and perform the required initialization of the associated test
pattern generators and signature analyzers. The initialization process involves
such steps as programming the feedback polynomial of the test pattern genera-
tors; shifting in the initial seed: and proper setting of the various control signals.
such as ““genctrlin,” "genshiften,” “ctrllin,” “etrl0in,” “‘saclin.” and ‘‘sac2in.”

AR AN YY

Enable the AG clocks. and ensure that they bear appropriate frequency and phase
relationship with t.e test clocks tphil/tphi2. The pseudorandom test patterns
generated by the test pattern generators in the testing-switch modules will be
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——— — e e

applied to the relevant AG{s). and their responses wiil he comprossen nv “he sig-
nature analyzers in the testing-switehes. Contral ‘apils "o as nn g2 aeigoat
desired logic values by using the -lisapie-shift ~apabdiilty of “he +st sarrers ren-
erators in the testing-switel moduies.

After a predetermined number of clock cveles. appiv “reseti’”” siznmi vl tisabie
shifting in all the signarure analvzers. Then. select esehl etevant signarure
analyzer by means of “"enabin” signal of the associated resting-<witen. 1t <hift
out the stored sigrature. Compare this signature with the >xpecred ne. sbrained
a priori from simulation, and determine the status of AGls).

Repeat steps 5 through 7 for all the necessary control medes of ~ne AG=.

The above AG test procedure is repeated untii all the AGs are iested. If the test

of an AG fails, fault isolation is generally to the combination of an AG. -he associated

testing-switches, and the inherent interconnections.

Timing Considerations

or

The outputs ‘“‘dout[16:1]"" assume the values of “din[16:1]"" (normal Jata inputs).

“a[16:1]" (test pattern generator outputs), or *1” (logic one) with one clock cyele

delay after the “‘ctrilin’ and *‘ctrlOin” values change. Figure 12 illustrates this aspect.
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ADDITIONAL LOGIC ASSOCIATED WITH THE
VERSION-2 BIT MODULES

Objective

The purpose of this aote s o Jdescribe =he additionai logic incorporated into the
Version-2 BIT moduies in order "o make rhem directiv compatible with the mainte-

nance node unit {MN) described in vhe appiication note entitled Mainienance Node.

Block Diagram

BIT Module
{Version-1)

anable

ag_enable

resetp =~ —————-Ll——3m
id in —————r—s . .
¢di_ phil , Additional Logic
cdi_phi? —7 >

o

Figure 1. Block Diagram Showing the Inputs and Outputs of the
Additional Logic Associated with the Version-2 BIT Modules

> ag reset

> ag_preset

[EUNURY [P I U U D [
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Pin Description See aiso the logic diagram and the application note on the
utilization of the MIN)

Name
agi4:0]

ag_preser,

ag_reset

bit_id {2:0|
breset

cdi_phil. edi_phi2

comp

ag_enable

id_in
id_load

resetp

Description
3-2it ambiguity group {AG) id {generaily hardwired)

Ontput signai to indicate that the “‘preset’ of the AG
outputs is required

Oucrput signai to indicate that the “reset” of the AG
utputs is required

3-bit BIT module id (generally hardwired)
Doard-reses signal generated by the MN

Non-overlapping phases of the CDI clock
zenerated by the MN

“Compare successful” signal generated by the MN
Output generated by the additional logic in the

BIT moduie. It is connected to the “‘enable” input of the
version-1 BIT module, as shown in figure 1. It may also be

connected to the tristate control input(s) of the version-1 BIT

moduie.
Jerial identification-address input
The *‘identification_load” signal generated by the MN

The “‘power-on’ reset of the additional logic block
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Logic Description

Figure 2 illustrates the additional i0gic incorporated. vhile fizure I ynows a4 uere
detailed description used in the CADAT simuiation. The TADAT lescrintion 1ses
primitives such as “dff-1,” “nlmos,” “comparator,” “‘decbin” "Jdecoder: 2ad “hui" in

addition to the basic gates.

Timing Considerations

Figure 4 shows a data sequence required to be input through ~id_in" in order to
raise the ‘‘enable’” signal to high level. Once the ‘‘enable” signai becomes aigh. the
BIT module accepts data and control signals through its relevant inputs. The “comp”
and “breset’’ signals are generated by the MN, and it is assumed that the **breset’ sig-
nal is low for this example. The 2-bit AG preset/reset command code is chosen such
that the ‘“‘ag reset” output is activated. Finally, all the hardwired id values are
assumed to be all “1's” for simplicity. The ‘“enable” signal may be brought to low
level when needed by following the same sequence with a different 3-bit BIT module

id.
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MISCELLANEOUS MODULES TO AID TESTING

Objective

The objective of this application note is to describe a coilection o miscellaneous

modules which are part of the BIT module library supplied with TEA.

Module 1 : MUX2x 8

MUX2 X8 is a multiplexor which allows the selection of one of two sets of 3 input
lines. This module is shown in Figure 1 and is used in some BIT techniques as a means

of selecting either “normal” input or ‘“‘test” input.

Ain{1] Ain[8] Bin[1] Bin{8]
0 1
MUX2X 8 <———— Select
out(1] - out|8|

Figure 1. A Block Diagram of the MUX2 X8 Module
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Module 2 : MUX4x8

MUX4 X8 is a muitiplexor which ailows the se:ection of sne f ‘our sers >t 3 input
lines. This module is shown in Figure 2 and s used in some 31T recnniaues 1s 2 means

of arbitrating among the ambiguity group outputs ready for » signature 1nalyzer.

I\in[l] l\in{S} Fin[l] fin[B] (/in{l] Cini8| Dinitl Dini8|
¥ { ‘ l i /
00

01 11 10 5

D Select0
MUX4 X8 |

je———Select |
|
]
|

out{l] ce out(3]

Figure 2. A Block Diagram of the MUX4 X3 Module

Module 3 : MUX2

MUX2 is a multiplexor which allows the selection of one of two sets of 16 input
lines. This module is shown in Figure 3 and is used in some BIT techniques as a means

of selecting either ‘‘normal” input or ‘‘test’” input.
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;Ain{l] Alniis! Bini1! Bin{16]
j : ; ‘
| | i
¥ { 4 { »
0 L
|
|
MUX2 S

; ;

i ... |
. 4 .
ous[1]V Tour|16]

Figure 3. A Block Diagram of the MUX2 Module
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Module 4: MUX3z

MUXH is 2 mutipievor whiiea allows the selection of nne of four sets of 16 input
lines. This module is shown in Figure 4 and is used in BIT techniques to select a por-

tion of ontpus lines ro be routed 70 2 signature anaiyzer.

Adnitl Aini 161 Binilf Binilsl Cinll Cini16] lDin[l] Din|16]
. j ;

/R B B
00 01 11 10

MUXH

re———— Select0

e— Selectl

|
outil] l lout[lﬁ]

Figure 4. A Block Diagram of the MUX4 Module

Module 5 : ZEROS

ZEROS always has a low (‘0’) signal on its 16 output lines. There are no inputs to
the module. This module is shown in Figure 5. The module is used to provide inputs

to devices expecting inputs on all of its lines (e.g., 8-bit comparator).
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ZEROS |

outfl] | ... ’out[lﬁ]

507 ‘.07

Figure 5. A Block Diagram of the ZEROS Modute
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Module 6 : ONES

ONES always has a high {*1") signal on its 16 onrput liaes. There ire no inputs o -

the module. This module is shown in Figure 3. The mouwuie ‘s ased o drovide inputs

X

to devices expecting inputs on all of its lines (e.z., 3-hit comparator).

ONES :

out[l] | ... {out{l8]
‘1’ .17

Figure 6. A Block Diagram of the ONES Module
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OVERVIEW

This instailation guide describes the ADAS/TEA system instailation. This zuide is
divided into several major sections, which are listed in the rabie of contents:

1.  Sesting Up Hardware — describes workstation switch settings and interconnec-
tions. mouse calibration, and plotter pen order.

The Installation Process — describes each step in the ADAS/TEA installation
process for both new installations and system upgrades. Each installation step
begins on a new page: these steps must be performed in the sequence presented to
ensure the system is installed correctly.

[
.

3. Sample Graphics.dat and Hardcopy.dat Files — discusses the contents of these
files and illustrates their interconnections.

1. Graphics.dat Device Flags — describes all flags associated with entries in the file
- and gives their value ranges.

5. Troubleshooting the Installation Process — provides guidelines for correcting
problems during the installation process.

If you have problems installing ADAS/TEA, or questions that this guide does not
address, contact Jill Hallenbeck at 919-541-7413‘

NOTES

This is an installation guide for installation of the prototype TEA code on a MicroVAX
[I/GPX running VMS. 1t is our intent to minimally disturb regular ADAS installation
procedures, so more information is provided than is actually needed.

Also, the version of EDIGRAF delivered with TEA is a version resulting from recent
Government contracts, so some added features may be unfamiliar to the ADAS user.
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THE ADAS/TEA ENVIRONMENT

The TEA user needs a VAXstation.

e Stand-alone workstations — follows with at least 10 Mbytes of disk storage capa-
city and at least 3 Mbytes of working memory:

o VAXstation II/GPX, with VMS Operating system. Version 4.3 or later:
VWS Version 3.0 or later; optional VAXC compiler Version 2.0 or later;
and/or Ada compiler with either Version 1.3, L.4, or 1.5.

e VAXstation 2000, with VMS Operating system. Version 4.3 or later; VWS
Version 3.0 or later; optional VAXC compiler Version 2.0 or later. The
monitor can be either B/W, 4-color plane, or 8-color plane.

e Pen plotter — Hewlett-Packard Plotters, Model 7220-C, Model 7585-B, Model
7550, and Model 7475-A. All plotters must be connected to their own ports on the
host computer.

o Laser printer — Imagen Imprint-10 and 8/300 and other PostScript-supported
laser printers.

If the current version of VMS is not 4.7, then ADAS must be relinked. Other errors
that may be encountered during the installation process are described later in this
guide, in the section entitled Troubleshooting the Installation Process.

The VAXstation Environment

The connection of the VAX mouse to the VAXstation monitor is straightforward and is
well-documented in the VAXstation manual.

By default, TEA creates a square graphics display window when an interactive TEA
tool is invoked that is 13 em by 13 em. The TEA user can change the dimensions of
this window by entering the command

$ define gterm _slze nn

where nn is the size of the window in centimeters (maximum dimension is 25 cm by 25
cm). The graphics window created by TEA can be repositioned like any other window.
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SETTING UP THE PLOTTER

Plotter Switch Settings

1. Hewlett-Packard Model 7473-A

Set the switcnes on the back side of the plotter as {oilows:

Switch Setting

S2 S1 Y US A3 B4 B3 B2 Bi1
1200 baud: 0 0 0 1 0 0 1 1 1
2400 baud: 0 0 0 1 0 1 0 0 0
4800 baud: 0 0 0 1 0 1 0 0 1
9600 baud: 0 0 0 1 0 1 0 1 0

2. Hewlett-Packard Model 7585-B

Set the interface mode switch (HP-IB/RS-232-C) on the back side of the plotter to the
RS-232-C position. '

Set the rotary switch at the bottom of the switch block to 2400 baud.

Set the switches to the right of the interface mode switch as follows:

Set EXPAND /NORMAL to NORMAL.

2. Set EMULATE/NORMAL to NORMAL.
3. Set STAND ALONE/EAVESDROP to STAND ALONE.
4. Set MONITOR MODE/NORMAL to NORMAL.

ot

Set, LOCAL/NORMAL to NORMAL.
Set the switches in the RS-232-C section as follows:

1. Set PARITY ON/OFF to OFF.
Set PARITY EVEN/ODD to ODD.

o

3. Set DUPLEX HALF /FULL to FULL.

4. Set HARDWIRE/MODEM to MODEM.

5. Set DTR BYPASS /NORM to NORM.
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SETTING UP THE PLOTTER
Pen Color Order

For Hewiett Packard plotters that have eigal pens (7550-7, 7220-C., 7585-B), insert the
pens into the following carriage positions:

1- red 5 - yellow
2 - blue 6 - purple
3 - green 7 - brown
4 - black 8 - orange

For Hewlett Packard plotters that have siz pens (7475-A), insert the pens into the fol-
lowing carriage positions:

1-red 4 - black
2 - blue 5 - yellow
3 - green 6 - purple

TEA p-4 Installation Guide




The Installation Process

STEP ONE: READING THE ADAS/TEA INSTALLATION TAPE

A. Tape File Structure and Contents

The ADAS/TEA distribution sape is a nine-track, 1600 bpi or T30 AN, "MS
backup format tape. The TEA installation process will create the foilowing directory
structure, where dev. is the device that holds the installation files:

dev:[adas.configl Contains graphics.dat and hardcopy.dat configuration
files. Sampie files are generated during the instaila-
tion; these will have to be =dited using the informa-

tion in this guide to customize the instailation for
vour site.

dev.[adas.dist.bin] Contains the ADAS/TEA program executable files.
dev:[adas.dist.help] Contains the ADAS/TEA help files.

dev:[adas.dist.include] Contains CSIMGEN include files for the CsimDb
data base access routines.

dev:{adas.dist.lib] : Contains color map files and master graph com-
ponent template files.

dev:[adas.dlst.obj] Contains object files for relinking the hin directory.
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The Installation Process

STEP ONE: READING THE ADAS INSTALLATION TAPE

B. Creating An ADAS Directory

Before performing shis step, be sure to check for any installation instrnetions paciad
with the release rape. since these could affect the procedures below.

TEA

Create a directory for the ADAS system {lies. The preferred name for this -irec-
tory is adas. and its preferred location is directly in 2 device's master {ile direc-
tory. The following example creates directory adas in 2 master file directory
named dra?:

$ create/dir dra2: [adas]

$ roate fdiv  Jiay o focad
If this is a new installation, or if the user “‘adas™ does not already exist on the
system, then add the user “adas™ with a home directory of dra2:/adas/.

Define a systemwide logical named adas that will reference the ADAS root direc-
tory. For example.

$ define/system adas dra2:[adas.]/translation=concealed

-~ - T

Yoo S Bonas  DTIALT g Tow NP O al,
This will allow you to access files by using the path names in the user manual.
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The Installation Process

STEP ONE: READING THE ADAS/TEA INSTALLATION TAPE
C. Extracting The Tape Contents

Login 1s “adas’’ and extract the countents of the tape into the new directory using the
backup command. The following example assumes the tape drive is named msa0: and
piaces all ADAS files and directories from the tape in directories adas:[config/, and
adas:/dist].

set default adas:[000000]

mount/forelign msal: adas tape
backup/rewind/verify tape:adas.save [*...]
dismount tape

-2 3 - - i 7
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The Installation Process

STEP TWO: CREATING FILE GRAPHICS.DAT

File adas:/config/graphics.dat contains information that associates input and output
devices with logical workstations and assigns names to the workstations. The file is
divided into two parts separated by a line containing two percent signs (%%). Lines
beginning with a pound sign (#) are comment lines. Their contents are ignored. A
sample graphics.dat file is supplied with the installation tape; it can be edited to cus-
tomize it for your site’s workstation configuration. Examine this file and the
graphics.dat example later in this guide to become familiar with the structure and con-
tents of the file.

The first part of the file describes logical workstations and their characteristics. Each
line of the file describes a single graphics workstation or hardcopy device and contains
several fields separated by blanks (the values of out_type, in_type, and flagi-valuei
are listed later in this guide, in the section Graphics.dat Device Flags and Their
Values):

work_name out_type out_name in_type in_name [flagl=valuel ...]

where:

work_name is the name of the workstation or hardcopy device as entered by a
user when invoking an ADAS program; it can be any alphanumeric
value, but workstation names must use lower case letters only and
hardcopy device name must be no longer than 18 characters (e.g.,
rasl, bwplot).

out_type is the output device type; legal values are listed later in this guide
(e.g., Tastech, imagen).

out_name is the physical name of the output device described in the second half
of the file; it can be any alphanumeric value, but it must use lower
case letters only (e.g., rast, hpplotlg).

in_type is the input device type; legal values are listed later in this guide (e.g.,
summa, vsiitab).

in_name is the physical name of the input device described in the second half
of the file; it can be any alphanumeric value, but it must use lower
case letters only (e.g., ras1).

flagi=valuei is one or more device-dependent flags associated with the workstation
or hardcopy device. There are flags for device type, device model,
plot color and fill modes, laser printer resolution, and laser printer
output disposition. These flags are described later in this guide.
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The Installation Process

2o

The second part or the file describes paths ~o acruai anvsical -ievices,
flie describes 2 single puvsicnt ievice snd -onralns ‘our mondarory Tlelds <erarnien

Ty H |
Lacll ille opoTae

vlanis:

dev_name conn_type hard name speed

where:

dev_name is the physical device name as specified in the {irst parc of the {lie 1see
the descriptions of out_name and in_name 1bove:.

conn_type is rhe connection tvpe: the oniy valid connection rvpe a2t present 's a
capital N.

hard_name is the hardware name for the device: this will usually be the name of
the terminal iine to which the device is connected. Some devices may
have their own controllers. however. and will not be attached to a rer-
minal iine.

speed is the baud rate for the line to which the device is connected. This

field can be set to the value ignore if the speed does not have to be
set for the device (i.e., for a device with its own controller).
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The Instailation Process

STEP THREE: CREATING FILE HARDCOPY.DAT

File wdas: conjig/hardcopy. dat vontains the aames of wl aardeopy devices describent 'n
tile grapnics. dat and is used to generate 1 menu of hardceopy levices 'n ~he ADAN ‘ser
interrace. A sampie aardcopy.dat file is suppiied with rhe instailation sipe: it can bde
edited to customize it {or your site's workstation configuration. Zxamine this fle and
the hardcopy.dat example later in this guide 1o become ‘amiiiar with she structure ind
contents of the file. All entries in the file must be alpnanumeric. must begin with 2
letter. and can be up to 18 characters long. Each line »r :he lile contains the aam~ of
a single hardcopy device.

TEA p. 10 Installation Guide
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The Installation Process

STEP FOUR: MODIFYING THE SYSTEM START-UP PROCEDURE

Edit the system start-up file sysﬂ'ma'nager.‘systartup.com to set the protection on the
output terminal devices specified in the second part of file graphics. dat as follows:

$ set prot=w:rwlp hard_name/device

where hard_name is the hardware name for the device as specified in graphics.dat. For
the sample graphics.dat file later in this guide, the entries in the system start-up file
would look like the following:

set prot=w:rwlp ttbO:/device
set prot=w:rwlp ttbl:/device
set prot=w:rwlp ttb2:/device
set prot=w:rwlp ttb3:/device

A &P P H

Add the following line to the system start-up file to initialize the ADAS system:

$ eadas:[dist.bin]lrun_monitor
Edit the user’s login.com file to execute the ADAS setup file:

$ @adas:[distlsetup

NOTE: It is not recommended that a graphics device be attached to Port O or Port 1
of a DMF-32 because of the complex communication requirements. Another recom-
mendation is that the terminal line to each graphics device be set to ‘‘no broadcast.”
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The Installation Process

STEP FIVE: CHECKING THE INSTALLATION

Go to the ADAS User Manual and try executing the Add Command Tutorial . page
7-8. If the following error message appears, the programs need to be relinked:

%DCL-W-ACTIMAGE, error activating image name
-CLI-E-IMGNAME, image file filename
~-SYSTEM-F-SHRIDMISMAT, 1dent mismatch with shareable 1mage

To relink the programs, execute the ADAS linkage command file as follows:

$ set def adas:[dist.ob]]
$ elink

See the note on ADAS on page 2.
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The Instailation Process

A SAMPLE GRAPHICS.DAT FILE
Tle following »vample. Tigure (. lustrates 1 compiete Jrapnies dui e,

rasl rastech rasi rastab rasi model=aQ

ras2 rastech ras2? mouse Tas2tabd type=standard zcdeli=.0

rasT rastty rasT rastiytad rasT aodel=1C

“akli tek ntekl tektab teki 10del=4107 device=S

olot 2pplotter plot aull aull type=7585 zmolor=coler

£z11 applotter plot aull a2ull type=7585 color=color :Iill=on
owplot applotter plot null null type=7585 color=dw

imagen ipagen 3ull aull aull “command=print/que=iaser/delete %s* rasoluticn=240
tmafile 1m_{ile aull 2ull aull resolution=300

imfileZ imagen anuil 2ull 1ull "command=rename s 2das imagen _duULduUT” r2501iut1on=30C
¥$11 vsii aull vsiitab aull color=color -
vs2000 vsii 2ull vsiitab aull color=color$

vsiibw vsii null vsiitab null color=bw

hpfile up_Zile null null null type=7220 color=color
postscript postscript null null null resolution=23C0

%

rasi N ttbC: 9600

ras2 N bl 9600

ras2tab N Ltb2: 1200

rasT N %tb3: 9600

plct N tibd4: 2400

tekl N tub5: 39600

Figure 1. Contents of graphics.dat

In Figure 1,

rasl represents a Raster Technologies Model 1/40 graphics terminal that has an
unspecified type of mouse or data tablet attached directly to it. The rasi ter-
minal is connected to line tto0 and runs at 9600 baud.

ras2 represents a Raster Technologies Model 1/10 that has a Mouse Systems Model
M-1 attached directly to the computer rather than into the craphies terminal.
The ras2 terminal is connected to line ttbl and runs at 9600 baud. The
mouse is connected to line ttb2 and runs at 1200 baud.

rasT represents a Raster Technologies Model 1/10 that will simultaneously display
text (in the lower 8 rows) and graphics. This eliminates the need for an addi-
tional VT100 terminal. The rasT terminal is connected to line ttb3 and runs
at 9600.

vsil represents a color VAXstation 11/GPX. Note that the logical input and ontput
devices are null because there is only one software display and the software
knows where to find it.
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TEA

A Sample yraphics.dac and cardcopy.dei Setup

represents a cclor VAXstation with {4 color pianes. Note rhe
2010r=<010rd entry whnich s necessary or ~he 4 :olor slane Jeature.

represents 2 black-and-wiite  dispiav Horoo VANStacion. Noie tne
CcoloT=0wW 2niry aecessary Jor Liis Jeature.
represents a Tektronix Vledet 4107 zravhies rerminal with 2 Teksronix
1957 data tabler attached directlyv o it. The %eki :erminal is rcon-
aected to line %95 and runs at 9600 baud.

represents a Hewlett-Pacikard Model 7385-3 pen piotter. The entry
color=color wiil outline the nodes in coior but will not fill them. The
plotter is connected to line number ttb4 and runs at 2400 baud.

represents a Hewiett-Packard Vodel 7335-3 pen piotter. The entry
£111=£111 will {ill the entire node in color. The piotter is connected
to line number ttb4 and runs at 2400 baud.

represents a Hewlett-Packard Model 7585-B pen piotter. The entry
color=bw will outline the nodes in black but will not fill them. The
plotter is connected to iine aumber tTb4 and runs at 2400 baud.

represents an unspecified model Imagen laser printer with a resolution
of 240 pixels per inch. The print commands are output directly to an
Imagen printer.

represents an interactive driver that allows the print commands. in
impress format. to be output to a file instead of directly to the printer.
The generated file, named adas.impress by default. must be incor-
porated into a larger document since it does not contain any header
information. The entry imfile must be added to the hardcopy.dat
file.

uses the Imagen driver to output the print commands. in impress for-
mat. to a file instead of an Imagen printer. The generated file. named
adas.imagen_output by default, will contain the necessary header infor-
mation for printing. The entry imfile2 must be added to the
hardcopy.dat file.

represents an interactive driver that will output the Hewlett-Packard
pen plotter commands to a file instead of to a plotter. The generated
file. named adas hpplot by default, can be printed using vour local
plotter print commands. The entry hpfile must be added to the
hardcopy.dat file.

represents an interactive driver that will output print commands. in
PostScript format, to a file named adas.ps by default. The resolution
will differ depending on machine type. This file can be printed using
vour local PostScript print commands. The entry postscript must
be added to the hardcopy.dat file.
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A Sample graphics.dat and hardcopy.dat Secup

"-HOW GRAPHICS.DAT INTERNAL POINTERS WORK

When an ADAS user invokes one of the interactive tools (see Figure 2. belowi. the
graphics device name specified on the command line must match one of the graphics
device names in file graphics.dat. Note that in Figure 2 the user has specified device
ras1, which matches one of the workstation definition lines in the first part of file
graphics.dat. The output and input device physical names (rast) in the first part of
file graphics.dat connect the workstation description to the physical device in the
second part of the file. ras1 is a Raster Technologies Model 1/40 device connecred to
terminal line ttbO: running at 9600 baud.

$ edigraf test.swg -d

Contents of graphics.dat

rasi rastech rastab model=40

%%
[Tast [N ttbO: 9600

Figure 2. Internal graphics.dat Pointers

TEA p- 15 Installation Guide




A Sample jraphics.dat and hardcopy.dat Setup

A SAMPLE HARDCOPY.DAT FILE

The following example, Figure 3, illustrates a complete hardcopy.dat file for the sample
graphics.dat file. The three hardcopy devices are associated with hardcopy device
names in the graphics.dat file entries; they are entered in their order of appearance in
ADAS user interface menus. Changing their order in hardcopy.dat will change their
order of appearance in ADAS menus.

plot

fil1l
bwplot
imagen
imfile
imfile2
hpfille
postscript

Figure 3. Contents of hardcopy.dat
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A Sample jravaics.dat and hardeopy.dai Secup

HOW HARDCOPY.DAT INTERNAL POINTERS WORK

When an ADAS user selects the hardcopy ontion from the user interface main menu.
2 submenu of hardecopy devices is displayed on the terminal screen (see Figure 4.
belowi. Device names are displayed in their order of occurrence in file hardcopy.dat.
Note that in Figure 4 the user has selected device bwplot. which is the third entry in
file hardcopy.dat. The hardcopy.dat entry matches one of the workstation/device
definition fines in {ile graphics.dat. The output device physical name (plot) in the
{rst part of file grapnics.dat connects the hardcopy device description to the physical
device in the second part of the file. bwplot is a Hewlett-Packard Model 7585 piotter
operaving in black/white mode; it is connected to terminal line ©tb3: running at 2400
baud.

command% hardcopy

=== menu ===
plot
fill
1
bwplot il
imagen bwplot
HARDCOPY: hardcopy device?
Contents of
hardcopy.dat Contents of graphics.dat
?iﬂ' ﬂ hpplotter null null type=7585 color=bw
bwplot A% )
imagen N ttb3: 2400

Figure 4. hardcopy.dat and Its Interaction with graphics.dat
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GRAPHICS.DAT DEVICE FLAGS AND THEIR VALUES

1. Output Device Flags

Second fTeid. All characrers must be lower case. The following output device types are
supported:

npplotter Hewiett-Packard pen plotter. Use the type flag to select model. the
color flag to select color mode. and the £111l flag to select plot fiil
mode.

imagen [magen laser printer. Third field {physical output device name) must be
set to null. Use the resolution flag to set output resolution and
the "command=value" flag to specify output disposition.

rastech Raster Technologies graphics device. Use the model flag to select
model.

ek Tektronix terminals. Use the model flag to select model and the dev-
ice flag to select input port number. .

vsii VAXstation. The third field (physical output- device name) must be set
to null. Use the color flag to select either B/W, 16 colors. or 256
colors.

im fille Imagen print to file. Use the resolutlon flag to set output resolu-
tion.

hp fille Hewlett-Packard pen plotter commands to file. Use the color flag to

select color mode and £111 flag to select plot fill mode.

postscript Generates PostSeript format file for printing on PostScript-supported
printers. Use the resolutilon flag to set output resolution.

2. Input Device Flags

Fourth field. All characters must be lower case. The following input device types are
supported:

mouse A Mouse Systems Model M-1 mouse or Summagraphics SummalMlouse
plugged directly into the computer. Use the type flag to identify the
type of mouse.

rastab Any type of data tablet or mouse that is plugged directly into a Raster
Technologies Model 1/10. 1/40. or 1/60 graphics device. No special flags
are required.

summa A Summagraphics Bit Pad One. No special flags are required.
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null Indicates there is no input device associated with the entry.

lagl

tektab Any tvpe of data tablet or mouse that is plugged directly into a T=k-
tronix terminal. No special tflags are required.

vsiitab VAXstation mouse or tablet. The fifth field (physical input device name?
must be set to null. No special flags are required.

3. Workstation Flags

Sixth and following fields. All characters must be lower case. One or more of the fol-
lowing flags may be specified as described above:

color=wvalue

"command=value"

device=value

f1ll=value

model=value

TEA

When used as a flag for the Hewlett-Packard plotters. it specifies
black-and-white plots (value is bw) or color plots (value is
color). Default is color.

When used as a flag for the Hewlett-Packard plotters. it specifies
black-and-white displays (value is bw), or for displays that sup-
port oniy 16 colors (value is color9), or for displays that sup-
port 256 colors (value is color).

Specifies disposition of the graphics driver output file for an
Imagen laser printer. The entire flag must be enclosed in double
quotation marks as shown since the wvalue field may contain
blanks. Typically, the value field is a print command giving the
disposition of the output; the file name is specified with a %s
which the ADAS programs replace with the actual file name at
execution time. For example:

"command=print/que=laser2/delete %s"

Specifics an inputl dcviee port number for a Tektronix worksta-
tion. Value is set to the integer number of the input port
(default is 0).

Specifies nonfilled nodes on plots (value is off) or filled nodes
on plots (value is on). The default value is off. NOTE: If this
option is provided at your site, it should be used with caution,
since node filling wears out plotter pens quickly and greatly
increases the time it takes to generate a plot.

Specifies a graphics device model. Value may be set to

10 for a Raster Technologies Model 1/10 (default for a Raster
Technologies device)

40 for a Raster Technologies Model 1/40 or 1/60

4107 for a Tektronix Model 4107 (default for a Tektronix device)
or 4207

4113 for a Tektronix Model 4113 or 4115

4125 for a Tektronix Model 4125
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resolution=value Specifies pixels per inch resolution for an Imagen laser printer.

vype=value

TEA

Derault is 240 pixels/inch.

Specifies a device type. Value may be set 7o

7220 for a Hewlett-Packard Model 7220-C plotter

7475 for a Hewlett-Packard Model 7475 plotter

7550 for a Hewlett-Packard Model 7550 plotter

7585 for a Hewlett-Packard Model 7585-B pioster (default for a
Hewlett-Packard plotter)

standard for a Mouse Systems Model M-1 mouse (defauit for a
mouse)

summamouse for a Summagraphics SummaMouse
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TROUBLESHOOTING THE INSTALLATION PROCESS

1. ADAS Cannot Initialize Graphics Device

heck fiie graphics.dat vo make sure there is a device by that name. Make sure the iine
name is correct. the input and wutput types are valid, and that device flags are set
correctly. Make sure the device name to port asscciations and baud rates are correct in
the second haif of the file.

[f there are no identifiable problems in graphics.dat, check the terminal line and make
sure it nas read/write protection. If she graphies device is a terminal emulator {for
example, the Raster Technologies Model 1/10 can emuiate a VT-100 terminal), make
sure it is cabled correctly by trying to log in using the graphics device as a terminal.

2. ADAS Monitor Generates An Error

If the error message reads

ADAS monlitor not runnlng. See your system manager.

activate the monitor as [system| by entering the command

$ @adas:[dist.bin]lrun_monitor

If the error message reads

ADAS monltor error. See your system manager.

you must stop the monitor that is running, then reactivate the monitor by entering the
command

$ eadas:[dist.binlrun_monitor

3. Licensed Simultaneous ADAS Use Exceeded

If this message appears. and the number of active workstations does not exceed the
number specified in your license, you must stop the monitor that is running, then reac-
tivate the monitor by entering the command

$ eadas:[dist.binlrun_monitor
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4. Mouse Will Not Track Or Tracks Incorrectly

Trv powering down :he mouse and then check the connections. Power rue mouse back
1p again and recaiibrace. If vou are using o Tekironix device. make sure the device
flag is sev correctly in tile grapvhics. dat.

3. Other Communication-Related Problems

Check device speeds and switch settings: check the cabling between the mouse or data
tablet and the graphics device.
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