AD-A0O37 834 HONEYWELL INC MINNEAPOLIS MINN SYSTEMS AND RESEARCH ==ETC F/G 9/2
ADVANCED LOGIC TECHNOLOGY.(U)
FEB 77 6 A ANDERSON» E D JENSENs R Y KAIN F30602-75-C~0148
UNCLASSIFIED FO375=FR RADC~TR=76-388 NL

ol
n.. <8




A90T0NHI31 D190 A3INVAQV

DOG FiLE copy

4
RADC-TR~76-388
Final Technical Report
February 1977

ADVANCED LOGIC TECHNOLOGY

Honeywell Inc

Approved for public release; distribution unlimited.

ROME AIR DEVELOPMENT CENTER
AIR FORCE SYSTEMS COMMAND

GRIFFISS AIR FORCE BASE, NEW YORK 13441

- e -~

ST




This report has been reviewed by the RADC Information Office (OI)
and is releasable to the National Technical Information Service (NTIS).
At NTIS it will be releasable to the general public, including foreign
nations.

This report has been reviewed and approved for publication.

v e il

OSKAR A. REIMANN
Project Engineer

Gl

ALAN R. BARNUM
Asst Chief, Information Sciences Division

APPROVED:

P Hlhae

JOHN P. HUSS
Acting Chief, Plans Office

FOR THE COMMANDER:

B i o xa i i

Do not return this copy. Retain or destroy.

e
o

e

s

oy




This report has been reviewed by the RADC Information Office (OI)
and is releasable to the National Technical Information Service (NTIS).
At NTIS it will be releasable to the general public, including foreign
nations.

This report has been reviewed and approved for publication.

APPROVED: ‘:Zz%g:Lészjaé;agéi:;tihﬂ-

OSKAR A. REIMANN
Project Engineer

APPROVED: ﬁé K 6 Ly

ALAN R. BARNUM
Asst Chief, Information Sciences Division

i rh %f%«

JOHN P. HUSS
Acting Chief, Plans Office

Do not return this copy. Retain or destroy.




SSIFIED
SECU!!TVS}. $S IFICATION OF TiHIS PAGE (When Date Entered)

> READ INSTRUCTIONS 1
) REPORT DOCUMENTATION PAGE BEFORE COMPLETING FORM j
NUMBER 2. GOVT ACCESSION NO, 3. RECIPIENT'S CATALOG NUMBER

/j"L

4. TITLE (and Subtitle)

:,./// ADVANCED LOGIC TECHNOLOGY . 1
] . p [ l

-

- ] 1 i

S R ——— : A m375 FRL !
//...‘ 3 AUTROR(S) Ry SO 3 | Bk ’A/ OR GﬁwyMBERh) |
L/0) / = {
y/ G. A./Anderson, K. W. /Krause T - F306BZ—75-C—9148 1
~}|E. D./Jensen, J. A./White ( /5 )— ]

R. Y. ‘Kaln, e [T, B. Wing e
MIES GRGANIZATION NAME AND ADDRESS 10. ﬁ:giﬁahxoig-EMN{HNPU%OJECT. TASK

Honeywell Inc/Systems & Research Center, -~ 1 62702F ( //
2600 Ridgway Parkway N. E. { /é 45941216
Minneapolis MN 55413 i ey

11. CONTROLLING OFFICE NAME AND ADDRESS L~ 12. REPOW

Rome Air Development Center (ISCA) Febr \

e

s Februawy 1977 |\
Griffiss AFB NY 13441 s 13 NUMBER OF PAGES

i}

346 &

14, MONITORING AGENCY NAME & ADDRESS(if different from Controlling Office) 15. SECURITY CLASS. (of this report) '
rd ‘,
e | {

= / INCLASSIFIED
ol 15a. DECLASSIFICATION DOWNGRADING
7 AR SCHEDULE
£ ( N/A

16. DISTRIBUTION STATEMENT (of this Report)

Approved for public release; distribution unlimited.

17. DISTRIBUTION STATEMENT (of the abstract entered in Block 20, if different from Report)

Same

18. SUPPLEMENTARY NOTES

RADC Project Engineer:
Oskar A. Reimann (ISCA)

19. KEY WORDS (Continue on reverse side if necessary and identify by block number)

Content Addressed Memory Query Languages
Associative Memory Interpreter
Large Data Bases Computer Architecture

20. ABSTRACT (Continue on reverse side i{f necessary and identify by block number)

| This report describes an extended-capability content-addressed memory (CAM)
which operates on formatted data bases up to around 109 bits in size. The
system, called ECAM, consists of a Control Unit and a serial associative store
with logic blocks in the 100-gate complexity range provided at each word. The
organization is relatively independent of storage technology; the current design
assumes charge-coupled device (CCD) memory organized in 4K-bit words, shifted

at a l-microsecond rate. The Control Unit is microprogrammed to interpret a.

DD ,"5%%: 1473  eoition oF 1 OV 68 s OBsOLETE UNCLASSIFIED

}/ )Z 3 e SECURITY CLASSIFICATION OF THIS PAGE (When Data Entered)
/] ,
Ve 7y A

AL

—— iy : ,..ﬂ“u____H.......uauunuu-u--llllll-.-.l'I.......'.




UNCLASSIFIED

SECURITY CLASSIFICATION OF THIS PAGE(When Data Entered)

J block-structure query language which operates on logical data structures, such
as Codd's rel.cions. The mapping of logical structures to operations on
physical storage is performed by the hardware. A full repertoire of associative
search and arithmetic operators is provided. 1In its target application, the
ECAM will require less than one hour per day to perform a task that was estimat-
ed to require between 40 and 700 hours per day on a large commercial mainframe.

UNCLASSIFIED

SECURITY CLASSIFICATION OF THIS PAGE(When Date Entered)

\




AT

SECTION 1

SECTION 2

SECTION 3

SECTION 4

TABLE OF CONTENTS

INTRODUCTION AND SUMMARY

1.1 Background

1.2 Hardware Structure

1.2.1 Control Unit

1.2.2 Array

Application and System Software

Application Analysis and Performance Summary

1.4.1 Query Workload

1.4.2 Update Workload

1. 4.3 Host Operating System Communication
Overhead

1.4.4 Workload Summary

1.5 Recommended Program Plan

1.6 Report Organization

SACWARDANS SYSTEM REQUIREMENTS

-
wm» W

2.1 SACWARDANS Processing Model
2.1.1 Directory Types
2.1.2 Processing Operations

2.2 SACWARDANS Directories Data Base
2.2.1 Directory Content
2.2.2 Directory Sizes

2.3 Directory Algorithms
2.3.1 Maintenance of the Directories Data Base
2.3.2 Trend and Correlation Analysis
2.3.3 Workload

2.4 Requirements Summary
2.4.1 Data Base Storage Requirements
2.4.2 Algorithms
2.4.3 Use Factors

SOFTWARE STRUCTURE

3.1 Host Functions

3.2 Master Minicomputer Functions
3.3 Slave Processor

ECAM HARDWARE STRUCTURE

4.1 Control Unit
4,1.1 Master Control Processor
4,1,2 Slave Controller
4,1.3 Host Interface

iii




SECTION 5

SECTION 6

SECTION 17

TABLE OF CONTENTS (CONCLUDED)

4.2 ECAM Associative Array

Array Physical Overview
Word Logic LSI Chip

Hybrid Circuit Module

Array Storage Board

Control Generator Logic Tree
Associative Array Summary

. 2.
. 2.
. 2.
50%
a2

:hnbob»bnh»b
DU AW

2.
SYSTEM OPERATION

5.1 SACWARDANS Directory Storage
5.1.1 SACWARDANS Directories Organization
in ECAM Array
5.1.2 Data Base Size
5.1.3 Checkpoint, Restart, and Recovery
5.2 Slave Controller Functions
5.2.1 Programmer Visible Data Structures
5.2.2 Operations Available fo the Programmer
5.2.3 Implementation Data Structures
5.2.4 Instruction Interpretation
5.2.5 Firmware Register Assignments

HARDWARE IMPLEMENTATION

6.1 Memory Unit Cabinet
6.1.1 Power Supplies and Cooling
6.1.2 Storage Board
6.1.3 Storage Buffer Board
6. 1.4 Cabinet Buffer Board
6.1.5 Test Interface Board
6.2 Control Unit Cabinet
6.3 Peripheral Cabinet
6.4 Test Methodology and Equipment

PROGRAM PLAN

7.1 Introduction
7.2 Schedule
7.2.1 Phase I Schedule
7.2.2 Phase II Schedule
7.3 Detail Hardware Development Task Plan
7.4 System Software Subcontractor SOW
7.4.1 Scope
7.4.2 Statement of Work
7.4.3 Furnished Equipment and Facilities

iv

180
183

183
183

188
192
197
199
201
216
222
244

250

250
255
255
268
268
268
271
278
278

287

287
287
287
289

338
338
338
341




Figure

1
2
3
4
5
6
7
8
9

DN DN N NN N N N S e e e
© 0 N OO D WN O © 0O U R WN = O

LIST OF ILLUSTRATIONS

ECAM Structure

Prooosed Packaging Scheme

ECAM Associative Word

Memory Board Packaging Scheme
Stored Data Structure

Logical to Physical Mapping

Program Plan Summary

Add Location

Modify Location

Delete Location

Add Organization

Modify Organization

Delete Organization

Add Equipment

Modify Equipment

Delete Equipment

Add Location/Organization/Equipment
Modify Location/Organization/Equipment
Delete Location/Organization/ Equipment
Add Event

Add Message

Purge Messages and Events

First Sample Query

Second Sample Query

Third Sample Query

Simple Search Segment
More-Complex Search Segment

Count Responders Segment

Count Responders Exceed Threshold Segment

Page

© 0o =N oo O\

14
28
30
31
32
33
34
35
37
38
39
40
41
42
45
46
48
49
50
52
52
53
53




Figure
30
31
32
33
34
35
36
37
38
39
40

41
42
43
44
45
46

47
48
49
5C
51
52
53
54
55
56
57

LIST OF ILLUSTRATIONS (CONTINUED)

Analog Count Responders Segment

Analog Count Responders Exceed Threshold Segment
Sum Field Segment

Sum Field Exceed Threshold Segment

Return All Responders Segment

Return First N Responders Segment

Return Next N Responders Segment

Typical Query Search

Typical Query with More Complexity

Typical Query with Threshold Check

Typical Query with Return of Events of Threshold
Exceeded

Procedure for Preparing a Chart of Activity Over Time
Average Activity in the Indicated Period

ECAM System Software Major Functions

Control Unit Block Diagram

Interpreter Structure

Fetch Unit Registers Primarily Related to Driving
Register Busses

Fetch Unit Memories and Associated Registers
Other Fetch Unit Registers
Microinstruction Format O -- Operate
Type 1 Instruction Format

Parameter and Instruction Buffering
Iteration Control Sequences

IT Controller Microcode Formats
Iteration Controller Register Structure
IT Controller Control Logic

Storage Controller Functions

Memory and Word Logic Blocks

61
62
82
88
90
94

95

96

98
106
118
119
120
122
123
126
128



Figure
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80

81
82
83
84
85
86
87

LIST OF ILLUSTRATIONS (CONTINUED)

I/O Switch Data Connections

[/O Switch Control Connections

ECAM Array Signal Distribution

ECAM Storage Board Function Block Diagram
ECAM Hybrid Circuit Module Function Block Diagram
ECAM Word Logic LSI Chip Function Block Diagram
ECAM Word Logic Block

ECAM Match Memory

ECAM I/O Switch

I/O and Multiple Match Resolver Control Logic
Word Logic LSI Chip Function Block Diagram
ECAM Word Logic Block

Match State Information Transfers

ECAM Word Logic Match Memory

ECAM Word Logic I/O Switch

1/O Switch Operation Concept

Selector Matrix

Shifter Matrix

I1/O Switch Mode Control

Word Logic Interface Block

Selector /Shifter Blocks B1 and B3

Selector /Shifter Block B2

Physical Data Line Interface Block

[/O and MMR Control Logic

Decoder

Encoder

Word Logic Match Count Adder

Word Logic Function Code Decoding Logic
Hybrid Circuit Module

Array Storage Board Function Block Diagram

vii

130
131
132
134
135
137
137
138
139
140
141
242
146
159
159
160
161
162
163
164
166
166
167
168
169
169
170
171
172
175




LIST OF ILLUSTRATIONS (CONTINUED)

Figure
88 Storage Board Control Generator Logic Tree
89 Hybrid Interface Block
90 Control Generator Logic Block
91 ECAM Word Formatting Approach
92 Format 1
93 Format 2
94 Format 3
95 Format 4
96 Format 5
97 Formats 1 through 5 Consolidated
98 First Sample Format Field
99 Second Sample Format Field
100 Third Sample Format Field
101 Checkpoint Flowchart
102 Logical Data Structures
103 Activation Block Format
104 Record Descriptor Structures
105 Field Descriptor
106 Field Descriptor Table
107 Match Stack
108 Addressing Within Activation Blocks
109 Addressing Data Structures
110 Alternative Field Organization and Shift Direction
Possibilities
111 An Assignment of Registers into Two Files
112 Typical ECAM System
113 Floor Plan Concept
114 Memory Unit Cabinet Interconnect Scheme
115 Memory Unit Cabinet

116 Memory Unit Card Assignments

viii




Figure

117
118
119
120
121
122
123
124
125
126
12%
128
129
130
131
132

133
134
135
136
137
138
139
140
141
142
143
144

LIST OF ILLUSTRATIONS (CONTINUED)

Memory Unit Cabinet Interior Layout

3-inch x 3-inch Hybrid With T-10 Chip as Storage Device
Memory Board Assembly

Memory Unit Storage Board

Memory Unit Hybrid Assembly

CD-460 Hybrid Layout

Hybrid Packaging Concept

Word Logic LSIC

ECAM Memory Unit Storage Buffer Board
Memory Unit Cabinet Buffer Board

Control Unit Cabinet

Control Unit Cabinet Interior Layout

Control Unit Card Assignments

Control Unit Cabinet Signal Distribution Board
Master Signal Distribution Board

Software Subcontractor's Software Development Facility
for ECAM

Aerospace Division SDF /Test Facility for ECAM
Deliverable ECAM System Functional Block Diagram
Peripheral Cabinet

ECAM Phase I Master Schedule

ECAM Phase II Master Schedule

ECAM Program Overall Task Breakdown

Task 1.0 Breakdown -- Program Management

Task 2.0 Breakdown -- System Design

Task 3.0 Breakdown -- Electrical Design

Task 4.0 Breakdown -- Mechanical Design

Task 5.0 Breakdown -- System Software and Analysis
Task 6.0 Breakdown -- Support Software Development

X

Page

257
258
260
261
262
263
265
266
269
270
272
273
274
276
2717
279

280
281
282
288
290
291
292
293
294
295
296
297




LIST OF ILLUSTRATIONS (CONCLUDED)

Task 7.0 Breakdown -- Procure/Fab

Task 8.0 Breakdown =- Test

Task 9.0 Breakdown -- Delivery and Acceptance
Task 10,0 Breakdown -- Field Support

Task 11.0 Breakdown -- Test Equipment

Page

298
299
300
300
301

g




Table

© O =1 O O B W N -

e O = e
D W N = O

16
17
18
19
20
21

22
23
24
25

26

LIST OF TABLES

Word Logic Function Summary

Query Traffic

Equipment Index

Organization Index

Location Index

Message Index

Event Correlation Index

L/O/E Correlation Index

SACWARDANS Data Base Size

Distribution of Record Lengths

Distribution of Item Lengths

Use of Array in Algorithm for Add Equipment
Use of Array in Algorithm for Add Organization
Use of Array in Algorithm for Add Location

Use of Array in Algorithm for Add Location/
Organization/Equipment

Use of Array in Algorithm for Add Message

Use of Array in Algorithm for Add Event

Use of Array in Algorithm for Modify Equipment
Use of Array in Algorithm for Modify Organization
Use of Array in Algorithm for Modify Location

Use of Array in Algorithm for Modify Location/
Organization/Equipment

Use of Array”in Algorithm for Delete Equipment
Use of Array in Algorithm for Delete Organization
Use of Array in Algorithm for Delete Location

Use of Array in Algorithm for Delete Location/
Organization/Equipment

Use of Array in Algoritiim for Purge Messages and
Events

Xi

Page

11
21
22
23
23
24
25
26
64
64
65
66
66
67

67
68
69
69
70
70

71
71
71
72

72

aa—————




Table
27

28
29
30
31
32

33
34

35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54

LIST OF TABLES (CONTINUED)

Estimated Use of Array Operations for Data Base
Management

Use of Array in Algorithm for First Sample Query
Use of Array in Algorithm for Second Sample Query
Use of Array in Algorithm for Third Sample Query
Query Workload Assuming Sample Queries

Query Workload Assuming Extreme of 11 Fields
Searched per Query

Query Workload -- High Expected Value

Query Workload -- High Expected Value, Including
ID Return

Kernel Machine Interface Lines

Assigned Operand Addresses

Operand Addressing Modes

Preassigned OPOP Codes

Condition Register Bits Assigned by the Fetch Unit
Register Module Specifications

ALU Functions

IT Interface Register Assignment

Register Address Assignments

OPOP Codes for the Slave Controller

Condition Register Bit Assignments for Slave Controller
Match Manipulation Functions

ECAM Associative Array Function Summary

Use of ECAM Bytes in Sample Formats

Iteration Controller Commands Summary

Register Assignments within Register File A
Register Assignments within Register File B
ECAM Word Logic LSIC Estimated Area

Storage Device Alternatives

ECAM Minicomputer and Peripheral Requirements

xii

Page

73

75
76
76
77
78

79

91

92

98
101
108
131
112
114
116
116
116
144
157
192
229
248
249
267
267
283



EVALUATION

The "Advanced Logic Technology'" study was aimed at developing
an architecture solution for a large data base application embodied
in the indications and warning problem. This effort developed a
detailed register-level definition of a content addressed memory
to solve that problem. A program plan for implementing such a system
was also developed. The study results will be an input for further
trade-off and analysis prior to making a decision to implement a
system to meet operational requirements.
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SECTION 1
INTRODUCTION AND SUMMARY

This is the final report describing the results of a study conducted by
Honeywell Inc., Systems and Research Center (S& RC), for the United States
Air Force, Rome Air Development Center (RADC), under contract F30602-
75-C-0148. The objective of the study was the architectural definition of an
Extended Content-Addressed Memory (ECAM) suited for large data base appli-
cations where conventional software solutions are inadequate. The require-
ments for a proposed system called the SAC Warning Data Analysis System
(SACWARDANS) were used as a baseline for machine development.
Informatics, Inc., assisted Honeywell in the definition of these requirements.

The major results of the effort are: (1) the register-level definition of the
ECAM, and (2) a plan for its development. These and other results are sum=-
marized in this section, and recommendations are presented. Details are
presented in succeeding sections of this report.

1.1 BACKGROUND

Motivation for the development of the Extended Content-Addressed Memory
came from the data base requirements of an application at the Strategic Air
Command (SAC) called Indications and Warning Support, This system, called
the SAC Warning Data Analysis System (SACWARDANS), was scheduled for an
initial operating capability in 1978 and would allow intelligence analysts at
display consoles to make on-line queries to a data base containing ''messages"
pertaining to various activities of interest, Approximately 3000 messages per
day are added to the data base. Messages are retained in the system for a
minimum of 30 days before being deleted. This results in an average data
base on the order of 109 to 1010 bits, SACWARDANS is considered typical of
the high-performance data base requirements of the U. S. intelligence com-
munity.

An analysis of the processing requirements for SACWARDANS was performed
for RADC by Planning Research Corp. (PRC) and Informatics, Inc. under
contract F30602-73-C-0359. This work, documented in PRC report WPO217
dated January 1974, shcwed that conventional serial processor approaches
could not meet system performance requirements. In the report, three
approaches were compared: a conventional Honeywell Information Systems
HIS-6080 implementation, the Goodyear STARAN with a backing disc con-
taining data base directories, and the ECAM, which, at that time, was in the
conceptual design phase at Honeywell. The report's conclusion was:




"To summarize, the ECAM is expected to provide superior perfor- ,‘
mance and in many ways result in a high-quality system which can |
serve both operational requirements and also provide a vehicle for

developing new methodologies in the subject area of SACWARDANS, "

The ECAM was shown to offer speed advantages of from 125:1 to 226:1 over
the HIS-6080 processor used as a baseline, and storage efficiency improve-
ments of 3.6:1, Compared with STARAN, the ECAM offers a speed advantage
of approximately 3:1 and a storage efficiency improvement of 1. 2:1.

The requirement for a device such as the ECAM stems from the inherent
performance limitations in conventional data base approaches. Conventional
data base systems are implemented on serial processors with limited amounts
of fast memory. This has resulted in performance which deteriorates dras-
tically as the data base size increases. Also, conventional memories are
location-addressed, a fact which complicates the processing problem with
issues not inherent in either the data or the system functional requirements.
The major effect of location addressing has been increased storage overhead
for index tables. In large data bases, management of these tables is a prob-
len: in its own right. Fast insertion and deletion of records requires that a
minimum of tables be involved; fast retrieval of records requires that a large
number of different attributes be indexed in the directories. Thus, the fast
update requirement of SACWARDANS conflicts with the requirement for fast
retrieval.

In contrast to conventional techniques, content-addressed memories like the
ECAM have the capability of retrieving information directly, based on attributes
of the data itself, This is done by including sufficient processing capability in
the data storage medium to perform searching operations. The use of Content-
Addressed Memories (CAMs) to overcome the constraints of conventional data
base systems has been suggested by many, but, until recently, the cost of
CAM systems has been prohibitively high, This high cost was due primarily

to the cost of logic reqmred for content addressability and the high cost of the
storage itself., To date, 108 bits has been the upper limit on implemented
CAMs while SACWARDANS requirements call for capacity to approximately
109 bits,

In 1973, the contractor's ongoing work in large-scale integrated circuits
(LSICs) indicated that advances in LSICs would allow systems of 109 bits to be
built at reasonable cost by 1978, and that the historical limits on CAM sizes ‘
would no longer apply. Investigations were then begun into CAM organizations e
appropriate for such sizes. Thus, the overall ECAM concept was under inter-
nal development as a technology investigation prior to this contract effort.

The effort expended under this contract has been directed toward refining the
ECAM concepts into a register-level design expressly for data base applica- .
tions, and towards developing the program plan. 4




1.2 HARDWARE STRUCTURE

The ECAM is a special-purpose machine designed to be attached to one or
more host computers and to be used as an access processor for the data base
it contains. The major functional units of the ECAM are shown in Figure 1.
An artist's sketch of the proposed packaging is shown in Figure 2.

The machine is divided into two portions: the CAM array, and the control
unit, The control unit is designed around a bus-organized minicomputer and
ind udes the mini (called the master), a custom-designed controller for the
array (called the slave), and one (or more) interfaces to the host(s). The
array consists of a multiplicity of 4096-bit serial storage words, with combi-
national logic at each word to effect the associative functions.

1.2.1 Control Unit

The main unit within the control unit is the master minicomputer. Its mems-
ory bus provides the basic structure of the control unit, and the availability
of standard software facilitates writing of application code to mediate between
the host and the slave controller, Because of its ubiquity in intelligence
applications, the contractor recommends that the PDP-11/45 be chosen as
master control processor, but the control unit design is such that almost any
bus-organized minicomputer could be used.

The ECAM/host interface is designed to connect to the host as a standard
high-speed peripheral (such as a disc), It is controlled via the master's pro-
grammed input /output (I/O) facility, shown by the dotted line in Figure 1, and
transfers blocks of information between the host and the master's memory in
a transparent fashion. The design of this interface is obviously very depen-
dent on the choice of a host; details have not been specified in this initial con-
tract. In subsequent work, when a host has been selected and a final selection
of master processor has been made, design of the interface can proceed in a
straightforward manner.

The slave portion of the control unit is most critical to efficient operation of
the array and, as such, has received the most attention during the control unit
design effort. The two major subunits of the slave are the interpreter and
the iteration control. The interpreter is a high-speed, microprogrammed
unit which is designed specifically for interpretively executing a block-
structured query language used to specify ECAM operation sequences. Query
language sequences are passed from the master to the slave via buffers in
the master's memory. The control store of the interpreter is writable,
allowing easy changes to the query language. The output of the interpreter

is a stream of array primitives which are passed to the iteration control unit
via dedicated buffers within the slave, Iteration control is a hardwired sub-
unit which generates control signal sequences to effect the array operations.
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Figure 2. Proposed Packaging Scheme

To keep the bulk of the design independent of the storage technology, the
storage control functions of addressing, shifting, refresh, and others, have
been isolated to a single subunit of the slave. A high-bandwidth I/O capability
is also provided, under control of a distinct subunit of the slave. As was the ]
case for the main host interface, the fast I/O control design has been de-
ferred to a subsequent effort because of its specificity to a particular host.

The complexity of the slave controller is estimated at 500 to 800 small and
medium-scale integrated-circuit packages. It is designed for implementation
in standard and Schottky transistor-transistor logic (TTL) circuit technology
with clocks of 10 MHz,

1.2.2 Array

| The array consists of a large number (up to 250, 000) of associative words as
' shown in Figure 3, Each word consists of 4096 bits of charge=-coupled device
(CCD) storage, randomly addressable to 256-bit registers, and a block called
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Figure 3. ECAM Associative Word

the "word logic" which supports the content addressing and associative func-
tions of the array. The two major elements of the word logic are the match
memory and the arithmetic-logic block. Word logic operations such as
searches and arithmetic are performed by selecting one of 16 match bits from
the memory and repeatedly executing a sequence of combinational operations
on each bit of a field within the storage word. For most operations, the in-
puts to the combinational logic are the selected match bit, a ''global" data
signal from the control unit, and the "'local' data bit from the storage part.

A complete list of the word logic equations is presented and discussed in
Section 4. 2; a summary of functions is presented in Table 1.

The ECAM packaging baseline assumes that the storage is contained on LSICs
of 10 words by 4096 bits, This is within the capability of present CCD tech-
nology of many vendors, including Honeywell. (In the baseline, we have
assumed a shift rate of 1 microsecond per bit. This is somewhat slower

than current technology capabilities, but was chosen to simplify signal dis-
tribution.) Each storage chip is paired with a word logic chip containing 10
word logic blocks together with first-level support logic for the multiple-
match resolver, match counting, and I/O facilities. At the next level of

— N——




Table 1. Word Logic Function Summary

Operation ! Word Logic Function
e Add/Subtract 1
) e Reverse Subtract

Procesalng e Arithmetic Compare s
e Minimum/Maximum
e Input
e Output

Input /Output e Output and Tag Duplicates
e Broadcast Input
e Output ORing

State ° 17 logical functions between Match, T, and

manipulation other word logic state variables

I1/O and MMR e Five functions for I/O, MMR, and Match

control Counting

packaging, eight storage/word logic pairs are mounted on hybrid substrates. /
These substratés are then placed on conventional circuit cards. An artist's
sketch of the packaging scheme is shown in Figure 4.

Figure 4. Memory Board Packaging Scheme




Although the baseline ECAM storage technology is CCD, the design deliber-
ately has been kept as technology-independent as possible. Alternative
approaches are discussed in Section 6. The basic constraint on the storage
medium is a requirement for stop/start and read-modify-write capability on
a per-bit basis. Beyond this, the speed, cost, power consumption, and
mechanical attributes of the ECAM may be varied by changes in the storage
technology. For instance, use of magnetic bubble storage would allow ECAM
sizes to increase to perhaps 1010 to 1011 bits with a corresponding reduction
in speed.

In addition to the word logic shown in Figure 3, the ECAM is provided with a
high-speed 1/O path which allows 10 words to be logically selected to partici-
pate simultaneously in a single input or output operation. The switch which
implements this fast I/O mode is included at the word logic chip level. The
effective transfer bandwidth of the ECAM is raised from 106 bits per second
to 107 bits per second by use of the fast I/O mode.

1.3 APPLICATION AND SYSTEM SOFTWARE

The ECAM is primarily intended to operate on data stored as tables consisting
of a number of fixed-size records, each subdivided into fields of varying
length. The design is consistent with the relational view of data, where the
tables are the relations, the records are the n-tuples, and the fields contain
domain values. An example of this basic structure is shown in Figure 5. In
an application such as SACWARDANS, the table sizes are as indicated in the
figure. As discussed in Section 2, approximately 5 to 10 differently formatted
directories will coexist within the ECAM. Both binary integers and charac-
ters are used as field values; within the ECAM, they are treated uniformly

as bit strings.
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The division of functions between host and ECAM is made as follows: termi-
nal handlers and user job interfaces within the host support the generation of
query sequences. Once such a sequence has been prepared, it is transferred,
together with identification tags, to the ECAM via the host's standard [/O
subsystem hardware and software. The query sequence references the logi-
cal structure of the data stored in the ECAM and may, in addition, refer to
intermediate search results left by the user after a previous sequence.

The master control processor is responsible for management of pending se-
quences and for transmitting the results of queries back to the host. This
includes allocation of master memory buffers for incoming sequences, scan-
ning of sequences to create code for the interpreter, and allocation of master
memory buffers for results being returned by the slave. In addition, users
requiring temporary storage of results during the period between two queries
may request temporary storage areas within the ECAM. The master control
processor has responsibility for management of these areas. The scheduling
and dispatching of code blocks to the interpreter is also the responsibility of
the master. The slave is "'multiprogrammed," in that code blocks may in=-
clude "WAIT"-type operations which relinquish control, but no preemption is
allowed.

The mapping of the logical table structures onto the physical storage is as
shown in Figure 6. A small number of physical word formats are defined,
each having a different combination of directory entries. A word may contain
one or more of the directories. The particular packing strategy chosen will
result from a tradeoff of speed and storage efficiency for a given set of
directory widths and lengths. The choice of a packing strategy is a data base
administration function; changes are expected to occur infrequently.

[— Format Tag / Packed Records

~
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2 |RT.2 | RT.2 | RT.2 | R.T.2 R.T.2
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4 | RT. R.T.3 E o)
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ECAM Storage Word _ll

Figure 6. Logical to Physical Mapping
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The ECAM word formats are defined by a set of descriptor tables stored in

! the master's memory. These consist of: (1) a Record Type table listing

i attributes of the various records (n-tuples) and pointing to (2) Record Instance
Lists describing alternative physical placements of each record type. Finally,
a Field Descriptor Table provides information on the placement of fields with-
in records. These various tables are described in detail in Section 5.

The function of the interpreter is to execute the code sequences received from
' the master, including mapping references to the logical data structures into
references to the physical storage scheme by the use of the descriptor tables.
This involves creation of loops to sequence through multiple instances of
records and modification of programmer-specified loops to optimize shifting
of the array.

An example of the slave's language is shown in the example intermediate
language sequence that follows. The program marks that record containing

FOR ALL RECORDS (TYPE1) DO
FIND(VALUE1,FIELD1)
PUSH1
FIND(VALUEZ2,FIELD?2)

OR
MAXIMUM(FIELD3)

ENDFOR

the maximum value in FIELD3 among those records of type TYPE1 in which
either FIELD1 contains VALUEI1 or FIELD2 contains VALUE2, This lan-
guage has the following characteristics:

e It is strictly block-structured and can be interpreted using
a single stack.

e The programmer sees the data in its relational form. There
may be many instances of "TYPE1" records over which the
operations within the "FOR' block must be repeated; these
instances may occur in varicus word formats and various
positions, as specified by the descriptor tables.

e The programmer sees the match memory (Figure 3) as a

stack; between operations, these stacks are saved with the |
record instances. |
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The ECAM word formats are defined by a set of descriptor tables stored in
the master's memory. These consist of: (1) a Record Type table listing
attributes of the various records (n~tuples) and pointing to (2) Record Instance
Lists describing alternative physical placements of each record type. Finally,
a Field Descriptor Table provides information on the placement of fields with-
in records. These various tables are described in detail in Section 5.

The function of the interpreter is to execute the code sequences received from
the master, including mapping references to the logical data structures into
references to the physical storage scheme by the use of the descriptor tables.
This involves creation of loops to sequence through multiple instances of
records and modification of programmer-specified loops to optimize shifting
of the array.

An example of the slave's language is shown in the example intermediate
language sequence that follows. The program marks that record containing

FOR ALL RECORDS (TYPE1) DO
FIND(VALUEL,FIELD1)
PUSH1
FIND(VALUEZ2,FIELD?2)

OR
MAXIMUM(FIELD3)

ENDFOR

the maximum value in FIELD3 among those records of type TYPE1 in which
either FIELDI1 contains VALUE1 or FIELD2 contains VALUE2. This lan-
guage has the following characteristics:

e It is strictly block-structured and can be interpreted using
a single stack.

e The programmer sees the data in its relational form. There
may be many instances of "TYPE1" records over which tlie
operations within the "FOR" block must be repeated; these
instances may occur in various word formats and various
positions, as specified by the descriptor tables.

e The programmer sees the match memory (Figure 3) as a

stack; between operations, these stacks are saved with the
record instances.
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The syntax and semantics of the intermediate language are completely defined
by the microcode stored in the slave. No part of the language interface has
been hardwired. Rather, the hardware deliberately has been kept general, so
that experience with the operational system can be used to make improvements
in the master/slave language interface.

The software is structured and its functions divided among the system compo-
nents in a hierarchical manner: the host need not know any details of the data=-
base structure or the query language implementation; the master need not know
details of the iterations through bit positions to scan fields; the iteration con-
troller handles these lowest-level details in a predetermined way. By this,

we feel we have succeeded in moving complexities to the lowest possible level,
while simultaneously designing to allow change in all critical areas.

1.4 APPLICATION ANALYSIS AND PERFORMANCE SUMMARY

The ECAM workload is largely comprised of two functions, Queries and Up-
dates. The requirements and performance for each area are discussed below.

1.4.1 Query Workload

The SACWARDANS applications analysis in Section 2 of this document charac-
terizes a "high'' query level of 65,000 queries per day. We can use the aver-
age load estimated from this query level (shown in Table 2) to determine the
average traffic at several crucial points within the ECAM system.

Table 2. Query Traffic

Operation 65’.000
Queries/Day
Parameters to transfer to ECAM | ~412, 000
Bytes of parameters ~900, 000
Searches ~350, 000
Exact match searches ~260, 000
Between limits searches ~ 25,000
Greater than searches ~ 65,000
Results to be returned to host ~110, 000
Bytes to be returned to host ~325, 000
11




Traffic between the host and master contains three components:

° Search specifications
° Parameter values
° Result values

Each search specification contains record selection information, search-type
specifications, logical and control specifications, and result routing informa-
tion. This information will require approximately 20 bytes per search. Thus,
the approximately 350, 000 searches per day become 7,000, 000 bytes per day
of search specifications.

Parameter values are 900, 000 bytes per day, from the applications analysis.
Result values are estimated at 325,000 bytes per day. Thus, the total master-
host traffic is 8,225, 000 bytes per day, or approximately 100 bytes per second.

Array shifting times are another load factor. These can be estimated by com-
bining the parameter shifting times with estimates of the shift times required
to position the memory for each operation.

The applications analysis produced some basic data needed to estimate the
array shifting requirements. First, one must consider how many different
instances of each type of record will exist within the formatted words. This

is discussed in Section 2. Second, one must compute how many bit shifts will
be required to sequence through the implied loops. Third, one must determine
the number of record operations required per transaction (Section 2, Tables

12 through 16). Finally, one must find the expected query rates (Section
2.4.2).

By combining these numbers and reducing the averages to bit shifts per sec-
ond, we find that the ECAM array will be shifting to find or search operands
approximately 28, 600 times per second., This is less than 3 percent of the
maximum shift rate. The maximum rate that could be handled during crises
situations is thus 35 times the average demand.

1.4.2 Update Workload

Using the applications analysis data in Section 2, Figure 31, and applying
computations similar to those above, we determine the following worst-case
numbers:

® Master-host traffic: 24 bytes per second

e  Shifts: 13,408 shifts per second

Thus, the update workload is approximately 45 percent of the query workload.
Note that some of the update workload can be deferred during crises,

12




1.4.3 Host Operating System Communication Overhead

At 50,000 transactions per day (estimate of the application's requirements),
the GCOS operating system for an HIS-6080 would spend approximately 70
seconds of processor time per day constructing and handling messages to the
ECAM system. This is approximately 10 times the amount of time required
to transmit the messages between the twu system components, but it is not a
performance bottleneck.

1.4.4 Workload Summary

The total average workload requires 125 bytes per second communications
between the master and host machines and 42,000 ECAM shifts per second.
This represents approximately a 5-percent,or 1-hour-per-day, load on the
ECAM. This result is similar to the one obtained by the original PRC/
Informatics study team.

[t is important to understand, however, that these figures assume a relatively
idealized system. They should therefore be taken only as an indication that
the ECAM is more than adequate for the baseline problem. More detailed
timing information will be available from the simulations which begin the
next-phase program.

1.5 RECOMMENDED PROGRAM PLAN

The contractor's recommendations for ECAM development are summarized
in Figure 7. The plan is discussed in detail in Section 7 of this report.

Basically, it consists of a two-phase effort covering a period of 3 years and
resulting in an initial 10-million-byte system installed at an Air Force site,

The first phase of the program covers 1 year and has three major outputs.
First, it results in quantitative data on system performance. Second, it
carries the design work to a point where implementation costs for both soft-
ware and hardware can be accurately estimated. Third, it includes hardware
development work sufficient to minimize Phase 2 implementation risks, At
the end of Phase 1, then, the government will have complete cost/benefit

and risk information on the Phase 2 effort.

The Phase 1 effort covers three distinct areas: performance simulation,
critical array component development, and storage element work. Of these,
the performance simulation work may be separated as shown and performed
prior to the others. The effect of this would be to delay the machine develop-
ment, since the other two areas require 12-month efforts. Also, deferring
the array and storage work would delay the availability of accurate cost and
risk information,

13
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The Phase 2 program, as shown in Figure 7, covers the development and

testing of the initial 10-million-byte system. The baseline packaging approach

allows for expansion of this basic system in 10-million-byte (cabinet) incre-
ments up to a maximum of 160 million bytes (1. 28 x 109 pits).

1.6 REPORT ORGANIZATION

This report covers three general areas: the baseline requirements, the re-
sulting system design, and the program plan.

Section 2 of the report was provided by Informatics, Inc. under subcontract.
It describes the baseline SACWARDANS requirements and discusses how the
processing can be mapped onto the ECAM system.

Section 3 introduces the software structure that is expected to be used with
the ECAM.

Section 4 describes the register-level structure of the ECAM and includes
many logic-level diagrams and flowcharts. Following this, Section 5 de-

scribes the details of the way the ECAM is controlled to operate as a data
base machine,

Section 6 describes the mechanical baseline for the ECAM and includes a
discussion of alternative storage technologies.

Finally, Section 7 presents a plan for ECAM development, including detailed
task writeups and a software subcontractor Staternent of Work.

15
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SECTION 2
SACWARDANS SYSTEM REQUIREMENTS

Development of the ECAM design requires a functional specification of ECAM=-
related aspects of the SACWARDANS system. This section discusses the con-
tent and algorithms for manipulation of the SACWARDANS directory data base
as it might appear and be used. The discussion herein is functional and it
avoids discussion of either hardware or software design tradeoffs. Hence,
the content of the directory data base is discussed, but not its mapping into
associative storage. Mapping strategies are discussed in Section 5. 1.

This section is divided inio four subsections. Section 2,1 contains a para-
phrase of the processing model previously developed and reported by Plan-
ning Research Corporation and Informatics Inc. The conceptual model is
essentially the same as that developed before. The discussion in Section 2,1
expands upon the model description, adding foundation information not neces-
sarily known to those unfamiliar with this type of application system. Sec-
tion 2. 2 discusses the SACWARDANS directory data base, showing its con-
tent and estimating non-overhead storage requirements. The content is
described in a relational form as a system user would perceive it, Section
2. 3 discusses the algorithms for maintaining and using the SACWARDANS
directory data base. These are functionally specified, and specifics result-
ing from particular mappings of the data base into the associative storage
are not presented. Section 2. 4 discusses reliability, backup, and recovery
requirements,

2.1 SACWARDANS PROCESSING MODEL

Previous SAC on-line intelligence systems have been developed to support
cyclic processing on a multiday basis. In contrast, SACWARDANS is to
support minute-to-minute analysis and reporting of worldwide events. It
requires that historical data be correlated with incoming events to maintain,
in near real-time, an accurate and comprehensive picture of what is going
on in the world and how it affects all SAC forces.

Formulation of the SACWARDANS mission requirements began several years
ago. It became apparent that the SACWARDANS required capabilities vastly
greater than those of previous developments and that the capabilities of
existing hardware/software systems would be a limiting factor in the develop-
ment of the SACWARDANS system. It was hypothesized that some of the new
computer architectures, based on newer techniques, might be applicable to
the SACWARDANS. It was further thought that inclusion of an associative
processing capability withinthe hardware/software system for SACWARDANS
could provide the processing capability required to develop a system to ful-
fill the SACWARDANS mission requirement. A discussion of this was pub-
lished by Planning Research Corporation and Informatics Inc. in January 1974
in Report WPO217. This preliminary report led to a more comprehensive

16

——




analysis of the applicability of associative processing to the SACWARDANS
function. The results of this analysis were published by Planning Research
Corporation and Informatics Inc. in June 1974 in Report WP0O234, That re-
port contains a summary of the history of on-line data base development,
defines associative processing withinthe SACWARDANS context, presents a
model of SACWARDANS processing, describes three candidate hardware sys-
tems (two systems with an associative capability and one baseline system
without an associative capability), and contaius a performance analysis of the
three candidate hardware systems with respect to the SACWARDANS system.

This section contains a paraphrase of the SACWARDANS processing model
description contained in WPO234. This description has been modified some-
what to clarify it for readers who are unfamiliar with this type of application
system. The model remains essentially the same.

The SACWARDANS system is to operate at SAC headquarters. Analysts using
the system will be located in secure facilities and will be provided with ter-
minals. These terminals may be either CRT or hardcopy devices. The ter-
minals are connected to an application processor. Currently, there are dual
HIS-6080s which may serve as application processors. Initially, it was
hypothesized that only one of the processors would service the SACWARDANS
application, with the other in use for other purposes. Cutover to the other
6080 would be necessary in the event of system failure. This is a minimal
operational requirement--only one processor with switchover in the event of
processor failure has access to the SACWARDANS data base at any given
time. Implementation of the hardware system in a manner that precludes
multiple processor access to the data base is restrictive on system evolution
and development. It also precludes functionally shared usage of the associ-
ative system. Clearly, sharing the associative system with another applica-
tion (PACER, for example) is not a functional requirement of SACWARDANS.
It does, however, have the potential of enhancing other systems and making
wider use of the associative capability.

SACWARDANS has three main functions: 1) accepting input describing the
status of the real world, 2) correlating these inputs with historical data to
determine status changes, and 3) analyzing historical data to predict future
status. The processing model concerns itself with only the first two functions.

2.1.1 Directory Types

In the processing model, the total data base is indexed by several directories.
These directories serve as indices for data records which contain additional
information, The directories contain most of the data used in analysis.
Hence, access to the data records is relatively infrequent, with most of the
manipulation being performed on the directories.

The inputs to the system are messages containing status or event reports.
An event is defined as an interaction between two or more entities defined as

17




"'organization' positioned at one or more geographic positions defined as
"locations" usually involving "equipment" where equipments include people.

Organizations, locations, and equipments are defined to the system., Anor-
ganization is generally an operating entity. Organization identifiers are en-
coded to include both a type for the organization and a unique name. Detailed
information concerning an organization may be available in the SACWARDANS
system in a disk-based record. This record is accessed by an ID which is
unique to the organization. The organization IDs serve as keys which are
used in a hashing algorithm to access the disk records.

A location has a fixed geographic position, which is located in a country and a
geographic area. A uniform system for identifying countries exists. The
identifiers are referred to as country codes. There is also a system for
identifying geographic areas by area codes. A location is necessarily lo-
cated in a specific country and a specific geographical area; however, calcu-
lation of a country and an area from the location coordinates is not feasible
and is unnecessary in a system such as SACWARDANS. It is also the case
that the country code does not always uniquely define the geographic area.
Locations also have names, a unique ID, and a type--which denotes what type
of facility is at the iocation. The ID serves as a key for use in a hashing
algorithm to access an associated disk record for the location,

Equipment records are identified by a name and a unique ID. The ID serves
as the access key to a disk record. Each equipment has a type, such as air-
craft, and may have a model, such as B52,

The data on organizations, locations, and equipment is relatively static.
Clearly, new organizations, locations, and equipment come into existence.
Likewise, old ones can cease to exist or to be of interest. However, such
changes are infrequent, and there is no requirement to modify the data base
on a real-time or near-real-time basis.

Locations define places, equipments define things, and organizations define
operational entities. Normally, an organization operates at one or more loca-
tions. The organization also has various equipment assigned to it, and the
equipment is located at one or more of the locations associated with the organi-
zation. Analysts using SACWARDANS require information defining these rela-
tionships. Specifically, they need to determine, for each organization, with
which locations it is associated, and the types and quantities of equipment it
has at each location., Access by location to determine organizations and equip-
ment is also required, as is access by equipments to determine locations and
organizations.

The SACWARDANS system receives messages from external sources which
report status and events., The volume of messages will vary, reflecting the
level of world activity pertinent to the SACWARDANS mission. The messages
are retained in the SACWARDANS data base. As messages are received, they
are examined by analysts who prepare event records from them. A message
may report multiple events, and a single event may be reported in several
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messages. An event is an occurrence usually involving organizations, loca-
tions, and equipment and occurring at some time or times. The type of occur-
rence is encoded as an activity code. Also of interest to analysts working with
events are geographic area, country code, and environment. All of this in-
formation is structured by the analyst, working on-line, into an event record.
The event record is added to the data base. The validity of all the IDs (organi- ]
zations, etc.) and codes should be verified prior to recording in the data base,
Since there are multiple messages reporting some events, it is possible that
two event records could be prepared for the same event. Hence, the system
should attempt to locate potential duplicates. If the system detects any events
which may be duplicates, the analyst is requested to resolve the problem.

Messages and events are added to the data base as they are received and con=-
structed. They remain in the active data base for one or more months. Cur-
rently, the criterion for retirement of data from systems such as this is
antiquity. Usually, a purge algorithm is used which always purges old data
after "'n" days or which purges the oldest data as space is required for incoming
data. Typically, this type of criterion is used because of its simplicity, not
necessarily because it is the best. Use of other criteria requires an analysis 1
of what criteria are appropriate and a determination of how to mechanize the

application of the criteria. The costs of the analysis and of the mechanization

of the choice may preclude its development. The availability of an associative !
device, plus the research now going on in the adaptation of data base manage-

ment systems to hierarchical storage systems, may change the costs and thus

make it more feasible to use purge criteria other than antiquity. If an

antiquity-based purge algorithm is used for SACWARDANS, then it may be

necessary to retain messages and events for a period as long as 180 days to

perform some types of historical trend analysis.

2.1.2 Processing Operations

As incoming events are received and entered into the data base, they are cor-
related with previously entered events, These correlations are used by the
analysts to identify short-term disturbances to activity patterns. Changes in
levels of various types of activity are indicators of arising situations relevant
to SAC affairs. Longer-term trend analysis is conceptually similar and is
used to identify trends in activity patterns.

In its simplest form, correlation analysis consists of counting the number of .
events meeting specified criteria within a span of time. An example would be ]
to count all those events which occurred within the same hour, the same

environment, and the geographic area and with the same activity code as that

of the event being correlated. This correlation may be modified by requesting

a count of the number of equipments involved in the identified events. For

example, the first correlation would count the number of events involving

aircraft takeoffs, whereas the second correlation would count the number of

aircraft taking off. The results of these counts may be compared with thresh-

old limits which trigger reports to analysts and/or other actions.
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As new events are added to the data base, the application program selects a
predefined sequence of correlations which is to be performed. The selection
process is a function of the type of activity. The sequence could contain de-
cision points (e.g., branches) which depend on values determined up to that
point. For example, additional correlations might be performed if initial
correlations result in values outside of threshold limits. Analysts may develop
special sequences of searches which are evoked automatically or which may

be retained for execution upon request--that is, their execution is not triggered -
by creation of a new event. These special sequences are similar to those trig- :
gered by addition of events.

The correlation procedures currently in use are fairly simple sets of
searches, with the resulting values being compared with threshold limits.
This is done by using summary tables containing running counts of various
occurrences, This type of mechanization is feasible on existing hardware but
does not offer the option of performing ad hoc searches. Current searches
are certainly constrained by the available computing equipment,

It would seem desirabie to be able to extend the correlation concept to examine
the trend. This may be done by a succession of searches spanning several
intervals of time. Results of this type could be returned to the analyst in
numerical form or in a graphic display.

2.2 SACWARDANS DIRECTORIES DATA BASE

The SACWARDANS directories require processing which can be easily done on
a system with an associative capability. This fact, coupled with the response

requirements and extent of processing, has resulted in development of a pro-

cessing model in which the directories are stored in associative storage. The
longer records which the directores index are retained on disk from which they 1
may be accessed when required, The directories include sufficient data to ‘
permit most trend and correlation analysis to be performed against the direc-
tories without reference to disk-stored data.

This section describes the content and non-overhead storage requirements of
the SACWARDANS directories data base. The content is described in a rela-
tional form as a systemuser would perceive it. (A non-associative implementa-
tion would require some type of structural overhead to reduce brute-force
searching.) An associative implementation uses representation similar to the
relational form used in the description, hut with some overhead for record
identification, work space, and so forth.

2.2.1 Directory Content

The data content and record organization for the SACWARDANS directory data
base was previously described in PRC/Informatics' Report WPO234, This
description has been reviewed. There are some modifications which have been
incorporated in the description provided here. These changes are minor and
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do not alter the concepts--only details. The description of the data base
should be viewed as typifying the SACWARDANS directory data base require-
ment, not as an exact description of the data base content and record
organization.

There are six indexes in the directory data base. They are:

Equipment index,

Organization Index,

Location Index,

Message Index,

Event Correlation Index
Location/Organization/Equipment Correlation Index.

Each of these is described and discussed in the paragraphs that follow.

2.2.1.1 Equipment Index -- The equipment records describe kinds of equip-
ment which are relevant to the SACWARDANS mission. The equipment rec-
ords, which are stored on disk, are indexed by the Equipment Index. It is
anticipated that the Equipment Index would be stored in the ECAM. The index
contains four items: equipment name, type, model, and an equipment ID.

The name is an alphanumeric name of up to 18 characters. Alphanumerics
require six bits per character because the computer on which the application
programs operate uses a six-bit representation, It is likely that the repre-
sentation will eventually change to eight bits per character. The type describes
the kind of equipment (e. g., aircraft), and the model defines a model within
type (e.g., B52). The equipment ID is a unique identifier, which, when used
as a key in a hashing algorithm, results in an access address for the equipment
record. Table 3 lists the items in the Equipment Index and the number of bits
each is expected to require,

Table 3. Equipment Index

RORELS Re?ltiitisred
Type 36
Model 36
Equipment ID 36

Total 216
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2.2.1.2 Organization Index -- The organization records contain data defining
organizations. Organizations are operational entities which may have equip-
ment assigned to them, be assigned to one or more locations, and participate
in events. The organization records are listed in the Organization Index. The
index contains the organization name, a unique ID, and a type. The name is
alphanumeric with up to 38 characters. The ID is transformed via a hashing
algorithm and is then used to access the corresponding disk record. The con-
tent of the Organization Index and its anticipated bit requirements are shown
in Table 4.

Table 4. Organization Index

Bit
Content 2 Required |
Organization name 228 '
Organization ID 36
Organization type 18
Total 282

2.2.1.3 Location Index -- The location records describe places. These may,
for example, be air bases. The records, which are stored on disk, are
indexed by the Location Index. Each entry in the Location Index contains the
name of the location (up to 38 alphanumeric characters) and a unique ID. As
is the case with the other indexes, the location ID serves as a key which, after
transformation in a hashing algorithm, serves as the relative address of the
corresponding record on disk. The Location Index also specifies the type of
facilities at the location.

The remaining items define where the location is. The coordinates define its
location on the earth. The country code specifies the country in which it is
located. The geographic area specifies the area in which it is located. The
coordinates uniquely determine the country and area. However, the conver-
sion from coordinates to country or area is not simple. A country may be
split with parts in different areas. Areas usually span many countries or
parts of countries.

Table 5 lists the content and anticipated bit assignments for the Location Index.

2.2.1.4 Message Index -- The Message Index lists the messages which are
received and, after processing, stored on disk. Each message has two num-
bers assigned to it. One number is assigned by the originator and is trans-
mitted with the message. The second number serves as a unique ID which is
used as a key that is transformed into a disk address for access to the mes-
sage. Messages also have two times associated with them. The first time--
date, time, group (DTG)--specifies when the message was sent; the second
time specifies when it was received. The remaining items specify who sent
the message and its precedence. Table 6 lists the items and anticipated bit
assignments,
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Table 5. Location Index

Bits
Content Required
— —— m
Location name 228
Coordinates 90
Type 30
Location No. ID 20
Location country code 12
Location geographic area 18
Total 398
Table 6. Message Index
Bits
Content Required
Message No. ID 20
Receipt DTG 40
Message precedence 12
Originator ID 72
Transmit DTG 40
Originator message No. 22
Total 206
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2.2.1.5 Event Correlation Index ~- The Event Correlation Index entries are
created by analysts working at consoles. Thus, these entries do not index
disk records but rather record events that have occurred. More extensive
event data could, however, be structured into records which are stored on
disk and accessed by key. The Event Correlation Index entries refer to mes-
sages, locations, organizations, equipments, and times. The messages are
those which reported the event. The locations, organizations, and equipment
are those connected with the event. The times are start and stop date time
groups (DTG).

The remaining items specify activity, environment, country code, and geo-
graphic area. The activity refers to the type of event. Environment, country
code, and geographic area are itemsused as terms in correlation analysis.
Table 7 lists the Event Correlation Index items.

Table 7. Event Correlation Index

Content Ri}ixjfred
E—ﬁ

Event No. ID 20
First message No. ID 20
T4is message No. ID 20
Start DTG 40
Stop DTG 40
Start location No. ID 20
Stop location No, ID 20
Equipment ID 36
Equipment count 12
Initiating organization ID 36
Receiving organization ID 36
Environment
Activity
Geographic area
Country code 12

Total 330
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2.2.1.6 Location/Organization/Equipment (I./O/E) Correlation Index -~ The
L/O/E Correlation Index contains an entry for each type of equipment assigned
to an organization at a specific location. A location may have multiple organi-
zations assigned to it. Likewise, an organization may be assigned to multiple |
locations. Each organization may have several types of equipment dispersed
in various ways to the associated locations. The L/O/E defines all of these
relationships, including the quantities of equipment involved. Table 8 lists the
content of the L/O/E Correlation Index.

Table 8. L/O/E Correlation Index

Gonrent e
Location No. ID 20
Organization ID 36
Equipment ID 36
Count 12 ’
Total 104

2.2.2 Directory Sizes

The size of the directories, exclusive of overhead, has been estimated and is '
shown in Table 9. The number of entries of each type has been retained from -
the prior study. Deviations fromthese values are probable, but these are

reasonable estimates. The number of messages and events is based on an

average of 3000 messages per day, with an average of one event per message,

and retention for 180 days in the ECAM array. The size of the entries is based

on the record contents shown in Tables 3 through 8. Record sizes are rounded up

to eight-bit bytes. Eight-bit bytes are used as the unit of measure because

discussions of ECAM architecture have used the eight-bit type. This should not

be confused with the use of six bits for encoding of alphanumeric data.

2.3 DIRECTORY ALGORITHMS

The SACWARDANS application requires algorithms for maintaining the direc-
tories data base, for performance of trend and correlation analysis, for storage
management, and for restoration of the directories data base in the event of
failure, Maintenance of the directories data base refers to the addition, modi=-
fication, and deletion of directory entries, This represents a significant com-
ponent in system workload, with most of that component being maintenance of
the message and event indexes, Trend and correlation analysis supports the
near-real-time analysis activities of the SACWARDANS analysts. This is the
largest single component of system activity, overshadowing all others. Stor-
age management consists of those functions which are typically called system
housekeeping: initializing formats, reapportioning the allocation of space to
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Table 9. SACWARDANS Data Base Size (Bytes of Data Only)

Directory Em&ybsiti:%y?ges Number of Entries (g%téiﬁ));?;
mt Index 27 1,000 27,000
Organization Index 36 5,000 180, 000
Message Index 26 540,000 14,040, 000
Location Index 50 5,000 250, 000
L/O/E Correlation 13 30,000 390, 000
Index
Event Correlation 42 540, 000 22,680,000
Index
Total Data 194 1,121,000 37,567,000

different types of entries, and so forth. This represents a very small portion
of workload and is one which normally occurs when the system is not busy with
other tasks. Restoration of the directories data base must be done rapidly.
This infers that it cannot be done by reprocessing of disk-stored records.
Hence, a backup to the associative storage must be provided by hardware/
software means.

This subsection contains flowcharts and explanatory text for algorithms re-
quired for maintaining and using the SACWARDANS directory data base.
These are functionally specified, but modifications resulting from particular
mappings of the data base into the associative storage are not presented, as
they are handled within the slave.

2.3.1 Maintenance of the Directories Data Base

The SACWARDANS application requires algorithms for posting new entries
into the indexes, deleting entries no longer required, and modifying existing
entries.

The L/O/E indexes are relatively static. Hence, they do not impose any sig-
nificant workload. The algorithms for adding, deleting, and modifying them
are simple and not time-consuming. The L/O/E Correlation Index is also not
expected to impose much of a workload, and, again, the algorithms are rela-
tively simple.
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The Message and Event Correlation Indexes require extensive update activity
each day. The volume of new entries is such that a purge procedure must be
operated on a regular basis so as to avoid memory saturation. Further, each
event entry will trigger execution of standard correlation analysis procedures.
Hence, the total activity associated with message and event processing is
substantial.

2.3.1.1 Maintenance of L/O/E and L/O/E Correlation Indexes -- The algo-
rithms for maintaining (adding, modifying, and deleting entries) the L/O/E
and L/O/E Correlation Indexes are simple, similar to each other, and infre-
quently executed. Flowcharts, at a functional level, are provided in this sub-
section. The flowcharts also show which major system component(s) are
expected to perform each function of the algorithm. The flowcharts are further
explained in the text. Because the algorithms are similar for each of the
directories, the explanatory text in each case discusses aspects of the algo-
rithm which differ from previous explanations.

2.3.1.1.1 Maintenance of the Location Index -- After the Location Index
has been initially loaded, it is necessary to be able to add new entries, delete
obsolete entries, and modify existing entries. The add new entries procedure
can also be used for initial loading of the index.

Figure 8 is a functional flowchart for Add Location. The steps are as follows:

1) The entry to be added is constructed by an analyst or perhaps
a designated system manager or data base administrator., The
originator may directly prepare the Location Index entry or
may prepare a longer record which is to be stored on disk. If
the originator prepares a longer record, an application program
will subset it to prepare the index entry.

2) The application program receives the entry from the originator
and assigns a unique ID to the entry,

The next step is to edit the entry to verify its consistency and
to determine that it does not duplicate any other entry in the
Location Index. The application program specifies what checks
are to be made and directs the searches of the Location Index
and several code lists. The associative system performs the
searches. The edit procedure is mostly self-explanatory.
Duplicate names, coordinates, and ID are not allowed. The
remaining edit checks validate that the encodements for location
type, country code, and geographic area are valid codes. The
number of entries in these code lists (as well as several other
similar lists associated with other indexes) is small. There
may be as few as five to 10 entries or, in the case of country
code, a few hundred. These code validation edits are easily
mechanized within the application program but are naturals for
associative search. Hence, the code lists will undoubtedly be
recorded in the associative storage in otherwise wasted space.
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3) If any of the edit checks fail, then the originator is notified.
The report sent back must indicate which edit checks failed.
The originator may abort the entry or correct it.

4) If the edit is successfully completed, the application program
directs the ECAM to locate an empty space assigned to the Loca-
tion Index and then enter the entry. The marking which indicates
the busy/not busy state of the space mustalso be updated.

5) Finally, a backup copy must be recorded for use in the event of
system failure.

Figure 9 is a functional flowchart for Modify Location. The requestor speci=
fies the ID of the location to be modified. The application program directs the
ECAM to search the Location Index for the location and to return the entry to
the application program. The entry is then displayed to the requestor who
enters the modifications. The modification is then recorded in the Location
Index by executing the algorithms for Delete Location and Add Location.

Figure 10 is a functional flowchart for Delete Location. The requestor speci-
fies the ID of the location to be deleted. The application program directs the
ECAM to search the Location Index for the location with that ID. If it is found,
the entry is deleted and the space occupied by it marked not busy. The dele-
tion is logged on the backup copy record.

2.3.1.1.2 Maintenance of the Organization Index -- After the Organiza-
tion Index has been initially loaded, it is necessary to be able to add new
entries, delete obsolete entries, and modify existing entries. The add new
entries procedure can also be used for initial loading of the index.

Figure 11 is a functional flowchart for Add Organization. The operation of
Add Organization is structurally similar to that of Add Location. Only the
specifics of the edit checks vary.

Figures 12 and 13 are functional flowcharts for Modify Organization and Delete
Organization, respectively. These algorithms are essentially identical to the
corresponding algorithms for the Location Index.

2.3.1.1.3 Maintenance of the Equipment Index -- After the Equipment

Index has been initially loaded, it is necessary to be able to add new entries,
delete obsolete entries, and modify existing entries, The add new entries
procedure can also be used for initial loading of the index.

Figure 14 is a functional flowchart for Add Equipment. The operation of Add

Equipment is structurally similar to that of Add Location. Only the specifics
of the edit checks vary.
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Figures 15 and 16 are functional flowcharts for Modify Equipment and Delete
Equipment, respectively. These algorithms are essentially identical to the
corresponding algorithms for the Location Index.

2.3.1.1.4 Maintenance of the L/O/E Correlation Index ~- After the
L/O/E Correlation Index has been initially loaded, procedures are required
for adding new entries, modifying old entries, and deleting obsolete entries,
These may also be used for the initial data base loading.

Figure 17 is a functional flowchart for Add L/O/E. It is similar to those for
locations, organizations, and equipment,

Figures 18 and 19 are functional flowcharts for Modify L/O/E and Delete
L/O/E, respectively. These are similar to those for locations, organizations,
and equipment, except that the requested entry can only be uniquely identified
by a combination of the three IDs for location, equipment, and organization.
Hence, all three must be specified by the originator.

2.3.1.2 Message and Event Index Maintenance -- Event records are created
by analysts at terminals. As messages are received, they are displayed to an
appropriate analyst. The analyst may review several messages before an event
is formulated. It is also possible for a single message or a group of related
messages to result in the creation of several events. The process of creating
an event is an application program function which does not require ECAM
processing.

When an event has been created, it is then added to the ECAM Event Index.
The steps in this process are:

1) Construct the event,

2) Assign event number ID.

3) Edit the event.

4) Search for possible duplicate events.

5) Locate an empty Event Index record.

6) Write the Event Index record in the ECAM array.

7) Prepare backup copies of record for recovery use,
Figure 20 is a functional flowchart for Add Event. All of the steps, except for .
those associated with duplicates, are similar to those used in the add pro-
cedures for locations, organizations, and equipment. An analyst can construct
a duplicate event if it is reported several times by incoming messages. The
system can detect possible duplicates but cannot positively identify them as
actual duplicates. The search for possible duplicates requires locating any
events that occurred at approximately the same time, involving the same loca-

tions and organizations in the same type of activity with the same type of equip-
ment. This involves a simple search of several fields in the Event Correlation
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Index. All but two of the searches are exact match searches. The remaining
two fields are searched with between limits searches. Possible duplicates are
sent to the analyst who decides what to do.

Messages are retained on disk. An index of the messages is retained in the
directory data base. A procedure for Add Message is shown in Figure 21, It
is similar to those for the other indexes.

Messages and events are added to the indexes at a rate of several thousand

(an estimated average of 3000) per day. Those that are no longer needed must

be retired (purged from the active data base) on a regular basis; otherwise,

the active data base would become saturated. As discussed in Section 2.1, the

commonly used criterion for selecting entries for purging is age. A purge

algorithm based on removal of all entries older than a selected time is shown

in Figure 22. This algorithm coordinates removal of messages and events so

that any events in the Event Correlation Index refer to messages which are

still in the Message Index. :

The steps shown in Purge Messages and Events are:

1) The system manager requests that messages and events
older than a specified time be purged fromthe active data
base. An automatic procedure could be used (e.g., once
a day or once a week purge a day's or week's worth of data).

2) The application program directs the ECAM to locate all mes-
sages with a DTG older than the specified time. These are
marked for retrieval.

3) Each of the marked messages is processed in turn. Its ID
is obtained. The ID is then used as a search argument to
locate all eveats which refer to the message. The events
and message are then deleted. The backup records are
similarly updated.

4) The procedure terminates when the last marked message
has been processed,

2.3.2 Trend and Correlation Analysis

Whenever a new event is created, the 6080 application program will automatic-
ally select and execute a prespecified sequence of searches. This process and
also the process of specifying search sequences are implemented entirely in
the application programs. Hence, ECAM activity is not involved in these
functions,
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Analysts may develop special sequences of searches which are evoked immedi-
ately or which may be retained for execution upon request; that is, their execu-
tion is not triggered by creation of a new event, These special sequences are
similar to those triggered by addition of events,

The correlation procedures currently in use for SACWARDANS are fairly
simple sets of searches, with the resulting values being compared with thresh-
old limits. It appears likely, however, that more elaborate procedures might
be developed once the ECAM is available and the analysts become aware of the
potential power of the device. Current procedures are certainly constrained
by the available computing equipment,

The current correlation procedures use summary tables containing counts of
various occurrences. This is not the most suitable approach for ECAM
implementation,

The following are examples of correlation queries:

e How many events with activity-type ''value' have occurred in
the last ''value'' hours in geographic area 'value' and with
country code "'value' and in environment "value ?"

® Is the number of events with activity-type ''value'" which have
occurred in the last "value' hours in geographic area ''value"
and with country code "value'" and in environmental ''value'"
greater than the threshold "value?"

e How many events with activity-type "value' or ''value' or
"value'' have occurred in the last "value" hours in geographic
area "value' or "value" and in an environment between ''value"

and "'value?"

Figures 23, 24, and 25 are functional flowcharts of these three correlation
queries,

It is estimated that typical events would trigger a prespecified series of cor-
relation queries containing approximately 13 queries, each of which is about
as complex as those listed above,
The above-mentioned queries give typical search sequences. They do not fully
represent the types of responses the analysts want to receive. The response
patterns which have been identified are:

® How many responders are there”?

® Does the number of responders exceed a threshold 'value?"

° How many items of equipment are referenced in the

responders? (This is the sum of the equipment count field
over all responders, )
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responders.

Search Event Correlation Index for all Events:

Activity type = "value 1,"
Geographic area = "value 2,"
Country code = "value 3,"
Environment = "value 4," and
Start DTG> "value 5."

For all events, meeting requirement set as

g

Count Responders;
Call it Count Value.

v

Return to Application

Program. Count was
"Count Value."

Figure 23. First Sample Query




1

Responder

Search Event Correlation Index for A1l Events:

Activity type = "value 1,"
Geographic area = "value 2,"
Country code = "value 3,"

Environment = "value 4," and
Start DTG >"value 5."

For ail events, meeting requirement set as

Return to Applica-
tion Program.
Threshold was not
exceeded. Count
of Responders Was
"Count Value."

Figure 24.

v

Count Responders;
Call It Count

Value

Difference =
Count Value -
Threshold

NO
Difference >0 ?

Return to Applica
tion Program.
Threshold was ex-
ceeded by "Diff-
erence." Count of
Responders Was
"Count Value."

v

Second Sample Query




'

Search Event Correlation Index for All Events:

Activity type = "value 1" or "value 2,"
Geographic area = “value 3" or “value 4,"
"Value 5" <Environment <"value 6," and
Start DTG >"value 7."

For all events, meeting requirement set as
responders.

:

Count Responders;
Call It Count

Value

Difference =
Count Value -
Threshold.

Return to Applica-
tion Program. NO
Threshold not ex-
ceeded. Count of
Responders was
"Count Value."

Difference >0?

Return to Applica-
tion Program.
Threshold was ex-
ceeded by "Diff-
erence." Count of
gesponders was

Figure 25. Third Sample Query
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° Display the responders.
e Display the first '"N'"' responders.

e Display the first ""N'" responders and be able to display
another group of responders if there are any.

e Display the next group of ""N'' responders (a follow-on to
the above).

@ Increment a field in the responders (to keep an activity count).

Figures 26 through 36 show typical segments that could appear in a correlation
query. Figures 26 and 27 illustrate possible first segments in a query (e.g.,
the search component). Many variations of the search component will exist
providing for different combinations of search elements. Figures 28 through 36
show segments which can logically follow a search segment, Under some
conditions, the segments can cascade on each other. Figures 37 through 40
show typical queries with various options for return to the analyst.

The correlation queries discussed above are simple with respect to time.
They count, sum, and display occurrences in a single time interval. The
term trend analysis gives rise to the concept of performing these queries
over multiple time intervals, Thus, one could create a display to answer the
following question:

What is the average number of events with activity type ''value'' or
"value'" or 'value," in geographic area "value" or ''value,' and in
an environment between '"value' and ''value'" that have occurred per
hour in each of the time periods: last year, last six months, last
month, last week, last day, and last hour?

This query would result in a bar graph with an entry for each of the six defined
time periods. Such a graph would show the activity trend as well as current
activity, Figure 41 contains a functional flowchart for this query, and Fig-
ure 42 shows what a sample display might look like,

2.3.3 Workload

The dominant factors in system workload are the maintenance of the Message
Index and Event Correlation Index and the performance of trend and correlation
analysis, These functions are also time-sensitive and need to be performed

in near-real-time,
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'

Search Event Correlation Index for All Events:

o Activity type = "value 1,"

® Geographic area = "value 2,"
e Country code = "value 3,"

e Environment = “value 4," and
.

Start DTG > "value 5."

For all events, meeting requirement set as responders.

:

Figure 26. Simple Search Segment

'

Search Event Correlation Index for All Events:

Activity type = "value 1," or "value 2,"
Geographic area = "value 3 ," or "value 4,"

“Value 5" < Environment <"value 6," and
Start DTG >"value 7."

For all events, meeting requirement set as responders.

.

Figure 27. More-Complex Search Segment
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i

Count Responders;
Call it Count

Value.

Return to Applica-

tion Program.
Count was "Count
Value."

Figure 28,

Return to Applica-
tion Program.
Threshold Was Not
Exceeded. Count of
Responders Was
“"Count Value."

'

Count Responders Segment

NO
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'

Count Responders;
Call It Count
Value.

B!

Drfference =
Count Value -
Threshold.

Difference> 0?

Return to Applica-
tion Program.
Threshold was Ex-
ceeded by "Diff-
erence." Count of
Responders Was
"Count Value."

’

Figure 29. Count Responders Exceed Threshold Segment




Y

Count of Res
ers; Call it
Count Value

Obtain Analog

pond-

g

Return to Ap

Analog Count
"Count Value

cation Program.

pli-

was

!

Figure 30. Analog Count

Responders Segment

v

Obtain Analog
Count of Respond-
ers; Call it
Count Value.

'

Differences=
Count Value -
Threshold.

Return to Applica-
tion Program.
Threshold not ex-
ceeded. Analog
Count or Respond-
ers Was "Count
yalye "

Difference -

Return to Applica
tion Program.
Tnreshold was ex-
ceeded by "Diff-
erence." Analog
Count of Respond-
ers Was "Count

Value.

Figure 31. Analog Count Responde
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Sum Equipment
Count for All
Responders; Call
| it Sum Value

'

} Return to Applica
tion Program.
Sum Was "Sum
Value."

<

Figure 32. Sum Field Segment

R

Sum Equipment
Count for All
Responders; Call
it Sum Value

y

Difference =
Sum Value
Threshold

T

Return to Appli-
cation Program.
Thresnold was not
exceeded. Sum
was "“Sum Value."

Difference > 0 ?

Return to Appli-
cation Program,
Threshold exceed-
ed by "Difference'l
Sum was "Sum
Value."

T

Figure 33. Sum Field Exceed Threshold Segment
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Figure 34.

Figure 35.

Figure 36.

¢

Return Event Cor-
relation Index
Entries to Appli-
cation Program
for A1l Respond-

ers.

Return All Responders Segment

R

Return Event
Correlation
Index Entries to
Application Pro-
gram for First N
Responders

'

Return First N Responders Segment

i

Return Event Cor-
relation Index
Entries to Appli-
cation Program
for Next Respond-

ers.

Return Next N Responders Segment
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Search Event Correlation Index for All Events

e Activity type = "value 1,"

e Geographic area = "value 2,"
e Country code = "value 3,"

e Environment = "value 4," and
]

Start DTG > "value 5,"

For all events, meeting requirements set as
responder.

y

Obtain Analog
Count of Respon-
ders; Call it
Count Value.

v

Return to Appli-
cation Program.
Analog Count Was
"Count Value."

:

Figure 37, Typical Query Search
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Search Event Correlation Index for A1l Events

o Activity type = "value 1" or "value 2,"

e Geographic area = "value 3" or "value 4,"
e "Value 5" < Environment < "value o," and
e Start DTG > "value 7."

For all events, meeting requirement set as

Responders.

!

Sum Equipment
Count for Al
Responders;

Call it Sum Value

v

Return to Appli-
cation Program.
Sum was "“Sum
Value."

’

Figare 38. Typical Query with More Complexity
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Search Event Correlation Index for All Events:

e Activity type = "value 1,"

e Geographic area = "value 2,"
e Country code = "value 3,"

e Environment = "value 4," and
0

Start DTG > "value 5."

For all events, meeting requirement set as
responders.

v

Count Responders;
Call it Count

Value.

Difference =
Count Value -
Threshold.

Return to Appli-
cation Program.
Threshold not ex-
ceeded by "Differ-
ence." Count of
Responders was
“Count Value."

Difference > 0 ?

Return to Applica-
tion Program.
Threshold was ex-
ceeded by "Differ+
ence." Count of
Responders was
"Caynt Valye "

Figure 39. Typical Query with Threshold Check
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v

Return Event Cor-
relation Index
Entries to Appli-
cation for First
\ Responders.

Are There More?

Return Event Cor-
relation Index
Entries to Appli-
cation Progran
for Next N
Responders.

Figure 40,

1

Search Event Correlation Index for All Events -

o Activity type = "value 1,'

e Geographic area = "value 2,"
o Country Code = "value 3,"

(] Environment = "“value 4," and
.

Start DTG  “value 5."

For all events, meeting requirements set as
Responder.

Jbtain Analog
Count of Respond-
ers, Call it Count
value.

Difference =
Count Value -
Threshold

Return to Applice-
tion Program.
Threshold not ex-
ceeded. Analog
Count of Respond-
ers was "Count
Value

Return to Appli-
cation Program.
Threshold was
exceeded by
Drfference.'

Raklce Count
Analog Count

ey
Responders was
Count Value

'

Typical Query with Return of Events of
Threshold Exceeded
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1

Search £vent Correlation Index faor All Events:

e Activity type = "value 1" or "value 2,"

“value 3,"
e Geographic area = “value 4" or "value 5,"
® "Value 6" < Environment < “value 7."

For al) events, meeting requirement set as

responders.

:

Count Markers,
Call Count 2.

\

For A1l Events Marked as
Responders, Search for:

Start DTG >current DTG - 1 hour.

Set a marker but do not destroy
responder marker.

Count Markers;
Call Count 1.

:

For Al] Events Marked as
Responders, Search for:

Start OTG >current DET - 2 hours.

Set a marker but do not destroy
responder marker.

'

For A1l Events Marked as
Responders, Search for:

Start 0TG- current DTG - 8760 hrs.

Set a marker but do not destroy
responder marker.

Count Markers;
Call Count 6

Return All Counts
to Application
Program.

:

Divide A1l Counts,
by Number of
Hours 1n Period
Covered.

Prepare and Dis-
play a Bar Chart
Trend Analysis
for Analyst.

Figure 41. Procedure for Preparing a Chart of

Activity Over Time
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im

Last Last Last Last Last Last
Hour Day Week Month Six Year
Months

Figure 42. Average Activity in the Indicated Period

Updates (additions, modifications, and deletions) to the L/O/E Indexes are not
time-sensitive, can wait a while if the system is very busy, and are few and
infrequent in occurrence. New locations (such as air bases) and new types of
equipment (such as airplanes) do not come into being very often. Organizational
changes may occur more often, but they, too, are infrequent. Updates to the
L/O/E Correlation Index will occur more frequently as equipment or organi-
zations move, but this is, again, a small factor in system workload. The total
workload imposed by maintenance of these indexes should be less than 1 per-
cent of the estimation error in the workload associated with the Message and
Event Correlation Indexes.

It could be necessary occasionally to reapportion the associative storage to
increase or decrease the size of some of the indexes. This is a task that is
performed only when the system is virtually idle.

It is apparent that the throughput requirements of the system are determined
by the workload imposed by updates to the Message and Event Correlation
Indexes and performance of trend and correlation analysis.

It was estimated in WPO234 that the system should be sized for an average
daily receipt of 3000 messages, each with an average of one event. Subse-
quent discussion of workload has not altered this estimate., The trend and
correlation analysis workload has, however, gone up substantially, with the
current estimates being that about 13 searches per event will constitute the
standard, automatically evoked sets. This estimate has gone up twice, and
one should expect it to rise further as the capabilities of a system such as
ECAM become available to the analysts. They are conceptually bound at
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present by hardware constraints. As these are removed, they will be able to
perform analyses not formerly considered. Thus, the workload from these
sources is expected to be:

e An average of 3000 Message Index additions per day

e An average of 3000 Event Correlation Index additions per day

e An average of 3000 Message Index purges per day

e An average of 3000 Event Correlation Index purges per day

e An average of 39, 000 standard correlation queries per day

° 4n estimate of an additional 4000 (approximately 10 percent

more) ad hoc correlation queries per day

2.4 REQUIREMENTS SUMMARY

2.4.1 Data Base Storage Requirements

2.4.1.1 Data Base Size -- An estimate of the size of the SACWARDANS
directories data base is shown in Table 9. This estimate, of approximately
37. 6 million eight-bit bytes, is exclusive of overhead for format identifica-
tion, work space, and unusable waste space. The percentage of additional
space required for overhead is highly variable, being primarily a function of
the array architecture and also a function of the manner in which the array is
used. In previous analysis reported in WPO234, in excess of 30 percent addi-
tional space was required for overhead. Based on that analysis, the total
storage space requirement is approximately 49 million bytes.

A substantially smaller associative store could be used for a test bed system.
Thirty days of event and message entries plus all of the other indexes can be
accommodated in a 10-million-byte store, with approximately 40 percent
additional space being available for overhead. Thirty days of message/event
traffic is a meaningful and useful data base., This size data base is sufficiently
large to service a portion of the operational requirement. Such a system
would provide for study of the current concept and would provide the means

for investigation of additional analysis procedures.

2.4.1.2 Record Sizes -- As described in Section 2.2, the directories data
base contains six types of records, of which two types predominate -- over
95 percent of the record instances are either Message Index entries or Event
Correlation Index entries. All of the record types require 50 or fewer bytes
per entry, exclusive of overhead. Table 10 lists the percentage distribution
of record instance lengths.
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Table 10. Distribution of Record Lengths
Percent of Records Percent of Records
Ntzglgag/cgﬁg;tes With This Number With This Number
of Bytes or Fewer Bytes
| .
13 2.7 2.7
26 48.2 50.9
27 0.1 51.0
36 4,0 51.4
42 48. 2 99.6
50 0.4 100.0

the directories data base records.
of item instance lengths.
of the records which contain the items.

2.4.1.3 Item Sizes -- Section 2.2 also describes the items which make up
Table 11 lis.s the percentage distribution
These percentages include the number of instances

Table 11, Distribution of Item Lengths
Number of Bytes Percent of Entries Pex{;ir;lt ;{léln;;ies
(8 bits/byte) With This Byte Size Fewer Bytes

1 14.0 14.0

2 14.4 28.4

3 ~0 28.5

4 33.4 62.0

5 33.2 95, 2

9 4.7 99.9
12 ~0 89.9
14 ~0 99,9
228 ~0 100.0
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2.4.2 Algorithms

Functional flowcharts are presented in Section 2. 3 for the algorithms required
to maintain the SACWARDANS directories data base as it was described in
Section 2.2. Section 2.3 also contains typical queries, with the corresponding
search algorithms. These algorithms also are shown in functional form;
factors introduced by the manner of storing the directories are not shown.

Tables 12 through 26 contain a breakout of the ECAM-related operations for
each of the functional algorithms shown in Section 2. 3 that support data base
maintenance (add, delete, and modify entries). These charts list each opera-
tion (transfer parameter, exact match search, etc.), showing the size of the
operand involved. They also indicate the expected number of hits and other
results data. These charts reflect single executions of the algorithms.

Table 27 presents an estimate of ECAM operation usage in data base mainte-
nance functions. Information concerning parameter lengths is also provided.
These estimates were derived by applying the expected number of executions
of each algorithm per day to the data contained in Tables 12 through 26. The
frequency of execution of the algorithms is functionally dependent upon the
expected update rate for the various indexes. Since several of these indexes
have a low update rate, the frequency of execution of the corresponding algo-
rithms is low, and hence they contribute little to the composite workload.

The algorithms which dominate in the calculation of workload are those for
Add Event, Add Message, and Purge Messages and Events, Some additional
workload was factored in to account for surges in the activity of the infrequently
used algorithms and to account for ad hoc requests not accounted for by the
standard spectrum of data base maintenance activity.

Table 12, Use of Array in Algorithm for Add Equipment

: Operand Size, Bytes
Operation Type (8 bits /byte) Result
s =ﬂ
Transfer 4 parameters 1 of <15
to ECAM. 3 of <5
Search exact match. ~ 15 Test for no hits.
Search exact match. ~ 5 Test for no hits,
Search exact match. i Test for exactly 1 hit,
Search exact match. ~ 5 Test for exactly 1 hit.
Search for empty entry. Find first empty.
Write the 4 parameters 1 of ~15
into array as new entry 3 of ~5
and set nonempty.
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Table 13.

Use of Array in Algorithm for Add Organization

Operation Type

Operand Size, Bytes
(8 bits/byte)

Result

Transfer 3 parameters 1 of <30
to ECAM. 1 of <5

p of <3
Search exact match. ~30 Test for no hits.
Search exact match. ~3 Test for no hits,
Search exact match. ~3 Test for exactly 1 hit.
Search for empty entry. Find first empty.
Write the 3 parameters 1 of ~30
into array as new entry 1 of ~5
and set nonempty. 1 of ~3

Table 14. Use of Array in Algorithm for Add Location
- Operand Size, Bytes
Operation Type (8 bits /byte) Result

Transfer of 6 parameters 1 of ~30
to ECAM. 1 of ~12

4 of <4
Search exact match. ~30 Test for no hits.
Search exact match. ~12 Test for no hits.
Search exact match, <4 Test for no hits.
Search exact match. <4 Test for exactly 1 hit.
Search exact match, <4 Test for exactly 1 hit.
Search exact match. <4 Test for exactly 1 hit.
Search for empty entry. Find first empty.
Write the 6 parameters 1 of ~30
into array as new entry ol ~iZ
and set nonempty. 4 of <4
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Table 15,

Use of Array in Algorithm for Add

Location/Organization/Equipment

Operation Type

Operand Size, Bytes
(8 bits/byte)

Result

Transfer 4 parameters
to ECAM.

Search exact match.
Search exact match.
Search exact match.
Search for empty entry.
Write the 4 parameters

into array as new entry
and set nonempty.

~5

3 of <5
1 of <2

3 of ~5
1 of ~2

Test for exactly 1 hit.
Test for exactly 1 hit.
Test for exactly 1 hit.

Find first empty.

Table 16,

Use of Arrav in Algorithm for Add Message

Operation Type

Operand Size, Bytes
(8 bits/byte)

Result

Transfer 6 parameters
to ECAM.

Search exact match.

Search exact match.

Write the 6 parameters
into array as new entry
and set nonempty.

W N =
O 0 O
- h

A O ©

Test for no hits,

Test for exactly 1 hit.




Table 17. Use of Array in Algorithm for Add Event

Operation Type

Operand Size, Bytes
(8 bits/byte)

Result

Transfer 15 parameters

to ECAM.

Search exact match.
Search exact match,
Search exact match.
Search exact match.
Search exact match.
Search exact match.
Search exact match.
Search exact match.
Search exact match.
Search exact match.

Search exact match.

Search exact match, and
Search exact match, and
Search exact match, and
Search exact match, and
Search exact match, and
Search exact match, and
Search between limits, and

Search between limits.

Search for empty entry.

Write the 15 parameters
into array as new entry

and set nonempty.

20of 5
3 of ~5
5 of ~3
2 of ~2
3 of ~1

~3
~3
~3
~3
~5
~b
~5
~1
o)
~2
e~
~3
~3
o5
~5
~1
~H

Test for no hits,
Test for no hits,
Test for no hits,
Test for no hits.
Test for no hits.
Test for no hits.
Test for no hits.
Test for no hits.
Test for no hits.
Test for no hits,

Test for no hits.

Test for no hits; if
there are any, pass
back all 15 param-
eters of events
meeting criteria.

Find first empty.
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Table 18, Use of Array in Algorithm for Modify Equipment

Operand Size, Bytes

', Operation Type (8 bits /byte) Result

| ﬁamsfer 1 parameter ~5
to ECAM.
Search exact match. ~5 Test for exactly 1 hit.
Return entry to host. ~27

Transfer 4 parameters.

Perform Delete
Equipment.

Perform Add Equipment.

‘Table 19, Use of Array in Algorithm for Modify Organization

Operand Size, Bytes

Operation Type (8 bits /byte) Result
Transfer 1 parameter ~5
to ECAM.,
Search exact match. ~5 Test for exactly 1 hit,
Return entry to host. ~36

Transfer 3 parameters.

Perform Delete
Organization.

Perform Add
Organization,
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Table 20,

Use of Array in Algorithm for Modify Location

Operation T ype

Operand Size, Bytes
(8 bits /byte)

Result

Transfer 1 parameter
to ECAM.

Search exact match.

Return entry to host.
Transfer 6 parameters.

Perform Delete
Location.

Perform Add Location.

~3

~3
~50

Test for exactly 1 hit.

Table 21.

Use of Array in Algorithm for Modify

Location/Organization/Equipment

Operation Type

Operand Size, Bytes
(8 bits/byte)

Result

Transfer 3 parameters
to ECAM,

Search exact match, and
Search exact match, and
Search exact match,

Return entry to host.
Transfer 4 parameters,

Perform Delete L/O/E.

Perform Add L/O/E.

2 of ~5
1of ~3

Test for exactly 1 hit.
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Table 22. Use of Array in Algorithm for Delete Equipment

Operation Type

Operand Size, Bytes
(8 bits/byte)

Result

Transfer 1 parameter
to ECAM.

Search exact match.
Write zeros iato entry.

Mark format field with
NOT IN USE.

~NY

~5

21

Test for exactly 1 hit,

Table 23. Use of Array in Algorithm for Delete Organization

Operation Type

Operand Size, Bytes
(8 bits/byte)

Result

Transfer 1 parameter
to ECAM.

Search exact match.
Write zeros into entry.

Mark format field with
NOT IN USE.

o)

~5

Test for exactly 1 hit.

Table 24. Use of Array in Algorithm for Delete Location

Operand Size, Bytes

Operation Type (8 bits /byte) Result
Transfer 1 parameter ~3
to ECAM,
Search exact match. ~3 Test for exactly 1 hit.
Write zeros into entry. ~50
Mark format field with
NOT IN USE.
Tl




Table 25. Use of Array in Algorithm for Delete
Location/Organization/Equipment

Operation Type

Operand Size, Bytes
(8 bits/byte)

Result

Transfer 3 parameters.

Search exact match, and

Search exact match, and

Search exact match.
Write zeros into entry.

Mark format field with
NOT IN USE.

2 of ~5
1 of ~3

~3
~5
~5
13

Test for exactly 1 hit.

Table 26. Use of Array in Algorithm for Purge Messages and Events

Operation Type

Operand Size, Bytes
(8 bits /byte)

Result

Transfer 1 parameter 5

to ECAM.

Search, less than o Should have ~3000 hits
if run one each day.

Read parameter from

first (next) marked

entry,

Search exact match, or ~3 Should have ~3000 hits
total per day. Each
instance of search
would average 1 hit.

Search exact match. ~3 Should have ~3000 hits
total per day. Each
instance of search
would average 1 hit,

Write zeros into entry. ~42 Total of 3000 entries
per day.

Write zeros into entry. ~26 Total of 3000 entries
per day.

Mark format field with Total of 6000 entries

NOT IN USE, per day.

T2
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Table 27. Estimated Use of Array Operations for Data Base
Management (Updates, Additions, and Deletions)

Operation Usage
a) Searches
Total: 90, 000
Single-field: 50, 000
Exact match 50, 000
Less than Negligible
Greater than Negligible
Between limits Negligible
Multiple-field: 6, 000
Add used 21,000
Or used 3,000
Eight fields 3,000
Two fields 3,000
Exact match 24,000
Between limits 6,000
Parameter: |
ST A ]
Less than or equal to 5 bytes >95% {
Less than or equal to 10 bytes >98% i‘
Longest parameter s30 bytes |
b) Parameter Transfers to/from ECAM |
Total: 100, 000 ;
To ECAM 65,000 :
From ECAM 20,000
Parameter lengths:
Less than or equal to 5 bytes >95% |
Less than or equal to 10 bytes >88% ‘
Longest parameter 230 bytes

13
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Table 27. Estimated Use of Array Operations for Data Base Management
(Updates, Additions, and Deletions) (Concluded)

Operation Usage
——

¢c) Write Parameter into Field

Total: 80, 000

Parameter length:

Less than or equal to 5 bytes 95%
Less than or equal to 10 bytes 98%
Longest parameter <30 bytes

d) Read Parameter from Field

Total: 25,000
Parameter length:
Less than or equal to 5 bytes 98%
Less than or equal to 10 bytes 99%
Longest parameter <30 bytes
e) Zero Entry
Total: 7,000
Entry length:
Longest 50 bytes

f) Examine for Number of Responders

Total: 50,000

Expected number: |

Zero 40, 000
One 4,000 ,
One to 10 range 3,000 ‘
Three thousand 1

-1

g) Find First Responder , 000
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Data base maintenance contributes fractionally to the ECAM workload. The
dominate factor is the execution of queries -- both standard and ad hoec.
Standard queries are standard only in the sense that once defined they are
automatically evoked under a specified set of circumstances. The query
sequence to be applied in a given circumstance and the circumstances in which
a sequence is to be applied may both be redefined as required by the analysts.
Thus, a "standard query sequence'' is a sequence which is currently defined
for automatic evocation. These definitions will, of course, change. What is
not likely to change is the nature of the query algorithms. They basically
consist of counting the number of occurrences during a given time interval
meeting a set of criteria. The information required to qualify occurrences
(events) is contained in the Event Correlation Index entries. Hence, selection
of events to be counted as responding to a query criteria is determined by a
sequence of searches, with the results being logically combined using ''and"
and "or'" operations. Ad hoc queries, against the Event Correlation Index,
are similar in nature.

The workload derivable from query operations is not well defined -- either in
terms of the quantity of queries or in terms of the complexity of the queries.
This stems from a lack of analyst experience in an environment which can
perform the extensive -=- both in quantity and complexity -- queries possible
with an associative system., Given a specific query, it is easy to show the
search requirements for the query. Tables 28 through 30 present breakdowns
for the three sample queries shown in Section 2,2, Figures 23 through 25.

Table 28. Use of Array in Algorithm for First Sample Query

; : Operand Size, Bytes
Operation Type (8 bits /byte) Result
Transfer 5 parameters 1of 5
to ECAM. 1 of ~2
3 of ~1
Search exact match, and (b |
Search exact match, and S
Search exact match, and ~2
Search exact match, and i
Search greater than. ~9 Multiple responders
likely.
Count responders.
Return count to host. 2 6f 3
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Table 29. Use of Array in Algorithm for Second Sample Query

Operation Type

Operand Size, Bytes
(8 bits /byte)

Result

Transfer 6 parameters
to ECAM,

Search exact match, and
Search exact match, and
Search exact match, and
Search exact match, and
Search greater than.

Count responders.
Return count to host.

Return difference to host,

1of 5
1 of ~2
3 of ~1
1 of ~3

ol
~1
~2
~1
5

2 of 3
2 of 3

|

Multiple responders
likely.

Only if threshold was
exceeded.

Table 30. Use of Array in Algorithm for Third Sample Query

5 Operand Size, Bytes
Operation Type (8 bits /byte) Result
Transfer 8 parameters 1of 5
to ECAM. 5 of ~1
20of 2or3
Search exact match, or ~L
Search exact match, and =i
Search exact match, or (b
Search exact match, and ~1
Search between limits, and ~1
Search greater than. 5 Multiple responders
likely.
Count responders.
Return count to host. 2or 3
Return difference to host, 2o0or3 Only if threshold was
exceeded.
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The estimate for the number of new events per day is 3000. It is also esti-
mated that each event will trigger a standard sequence of approximately

13 queries. This results in an estimate of 39, 000 standard queries to be
executed per day. Analysts will be expected to initiate other ad hoc queries.
An additional query workload of 4000 queries (approximately 10 percent addi-
tional) is allowed in our figures for ad hoc queries. Thus, the query work-
load is 43, 000 queries per day.

As indicated above, the confidence level in the query workload estimate is
low. Further, the workload could increase substantially during a period of
crisis, In a crisis environment, the number of events is sure to increase.
The number of queries resulting in the triggering of additional processing will
also increase. Determining the nature of the unusual occurrences is likely to
result in additional processing (additional queries) and readback to the host of
additional information concerning the events. It seems clear that the system
should have processing capacity considerably in excess of estimates of average
workload in order to accommodate surges resulting from higher short-term,
real-world activity levels. Hence, we have further extrapolated workload
estimates to account for an additional 50 percent query workload.

Table 31 contains workload information assuming 43, 000 and 65, 000 queries
per day and assuming an equal proportion of the three sample queries,

Table 31. Query Workload Assuming Sample Queries

el (o

Operation Qu:f‘igso;)Day Quzf‘ieogyDay
Parameters to transfer to ECAM ~273, 000 ~412, 000
Bytes of parameters ~600, 000 ~900, 000
Searches ~230, 000 ~350, 000
Exact match searches ~172, 000 ~260, 000
Between limit searches ~15, 000 ~25,000
Greater than searches ~43, 000 ~65, 000
Results to be returned to host ~72,000 ~110, 000
Bytes to be returned to host ~215, 000 ~325, 000




Analysis of the Event Correlation Index content shows that there are 11 fields
which could meaningfully serve as search fields in tallying the number of
occurrences meeting a set of criteria. Of these, two fields are DTG fields,
and hence they would frequently involve searches other than exact match, The
other nine would normally be searched for exact match, but searches involving
OR (e.g., equipment type equal A or B) are possible. Table 32 shows the
equivalent of the data in Table 31 under the assumption that all 11 fields are
searches in each query, with nine fields being exact match searched against

a single argument. This represents an extreme workload. A more reasonable
high level of workload is shown in Table 33. It assumes that seven fields are
searched, with eight arguments being transferred to the ECAM. These
searches may result from search of seven different fields or search of the
same field two or more times. Clearly, some queries might require only
four field searches, while others might require nine or 10. The number
seven is an average which is on the high side compared with the current state-
ment of the SACWARDANS query requirements. This table also assumes a
high number of queries (85, 000), which is double the currently stated estimate
and much higher than earlier estimates.

Table 32. Query Workload Assuming Extreme of 11 Fields
Searched per Query

Operation 43.’ g0 65.' 000 !
Queries/Day | Queries/Day
Parameters to transfer to ECAM ~559, 000 ~845,000
Bytes of parameters ~1,978, 000 ~2,990, 000
Searches ~473, 000 ~715, 000
Exact match searches ~387, 000 ~585,000
Other searches ~86, 000 ~130, 000
Results to be returned to host ~86, 000 ~130, 000
Byvtes to be returned to host ~260, 000 ~390, 000

Table 33, Query Workload -- High Expected Value

: 85, 000
CECE RS Queries/Day
| —— e —
Parameters to transfer to ECAM ~680, 000
Bytes of parameters ~2,125,000
Searches ~595,000
Results to be returned to host ~170,000
Bytes to be returned to host ~510,000
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Tables 32 and 33 contain estimates of return parameters based on return of
two values: the count of events and the difference between this value and a
threshold. It is assumed that this averages out to six bytes per query.

Additional workload occurs if event IDs are sometimes returned. Analysts
might in some cases require the message [Ds associated with an event rather
than, or in addition to, the event ID. The other values in the Event Index
records can be obtained easily from disk copies, given the ID. Hence,

return of these values is not a requirement. It may be the simplest way to
obtain the values, and if the system is not busy, the channels could undoubtedly
support the return of entire Event Index entries, It is not necessary to design
the system with this capacity during periods of heavy workload.

Analysts will not be able to inspect large numbers of event or message
entries. If one assumes that there are 15 analysts working on a round-the-
clock basis, then there are 21,600 analyst minutes per day. It is hard to
imagine them scanning 10 entries per minute. This would generate a require-
ment for 216, 000 IDs to be transferred. Since they might terminate some
scans before they were all examined, this could require as many as 500, 000
IDs to be transferred. At five bytes (for messages) per ID, this is 2.5 mil-
lion bytes, which is less than 30 bytes per second.

Table 34 adds a factor for the return of IDs to the estimates in Table 33.

Table 34. Query Workload -- High Expected Value,
Including ID Return

i 85, 000
Operation Queries/Day
| —————— —
Parameters to transfer to ECANM ~680, 000
Bytes of parameters ~2,125,000
Searches ~595, 000
Results to be returned to host ~700, 000
Bytes to be returned to host ~3,100, 000

As can be seen from Section 2. 3 and the preceding discussion, both the data
base management and query algorithms are basically simple. The quantitis
are high, especially when related to conventional data base management and
query access, But the complexity is not great. The algorithms make ext:
sive use of the exact match search, generally with short arguments. (x}
searches are used, but at a much lower frequency. The other frequen:
operations are those which count the number of responders and sum a !
within all records satisfying the search criteria. The algorithms ar«
turally simple, containing successions of searches which may be logi
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ANDed and ORed together. Generally, the searches can be ordered in a
manner convenient to the system. They must, of course, adhere to the proper
logic, but the constraints are minor in terms of search order. The algo-
rithms do not, with the exception of Purge Messages and Events, contain
high-level language loops. The algorithms generally can be performed as an
entity without interrupts for user intervention. Where interaction with the
user is required, then the search results could be saved within the array.
However, a simpler procedure which meets the requirement is to interrupt
for user intervention and then restart the algorithm from the start, thus
eliminating the problems which will arise from retaining intermediate results
and restarting from that point. Exception processing can be similarly treated.

2.4.3 Use Factors

SACWARDANS will initially have seven analysts on-line at a time. This is
likely to expand to 12 to 15 analysts.

Initially, SACWARDANS was planned for implementation on a single host
6080. This inferred that the ECAM would interface to a single computer,
with another computer as backup. This meets the reliability requirement,
However, system flexibility is enhanced by a dual interface, with either 6080
having access at any time. Thus, while not a requirement, this dual inter-
face is a desirable feature,

SACWARDANS is an on-line system. Analysts sitting at terminals require

a reasonable response time. It is generally thought that response time in
excess of 1 to 2 seconds is not acceptable to users; they become restless and
lose their train of thought.
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SECTION 3
SOFTWARE STRUCTURE

Although the major emphasis in this initial contract was on refining the hard-
ware design to show feasibility and to allow development of a plan, some initial
software work was done to ensure that the resulting hardware would ''fit" a
realistic environment. The major processing functions that were identified
and their assignment to hardware elements are shown in Figure 43. Each one
is briefly discussed below,

3.1 HOST FUNCTIONS

All host functions are intended to run under an existing operating system (OS)
and do not require that modifications to the OS be made. Host functions are:

® Query Processor -- This module receives query requests from
users at terminals and from other jobs within the host system:.
It analyzes the queries to identify those portions which are to be
executed in the ECAM, parsing them and generating an inter-
mediate-form query text for transmission to the ECAM via the
ECAM handler module.

° ECAM Handler -- This module operates as the front-end pro-
cessor for the ECAM, batching requec:ts, managing buffers,
monitoring status, and serving as the interf .e to the host's
I/O subsystem. It should be a general-pui pose element
designed to give extensive support and protection to the query-
generating software and users.

e Fast I/O -~ In contrast to the ECAM handler, this module is to
be very specific to the task of ECAM checkpoint /restart opera-
tions. If the fast I/O path is made directly from the ECAM to
the host's memory, this module will be responsible for providing
buffer space within its own user-job storage areas. It then will
pass buffer pointers to the ECAM using normal 1/O facilities,
Note that this approach requires that the fast I/O handler be
unswappable. User jobs can easily be made unswappable under
HIS-6080-GCOS and other operating systems.

e ECAM Device Driver -~ This is the interface component of the

[/O subsystem that is written specifically for communicating
with the ECAM as a peripheral device.
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3.2 MASTER MINICOMPUTER FUNCTIONS

The programs for the master are the major system software development
items in the ECAM. For this reason, the contractor recommends use of a
minicomputer (and its support software) instead of a more specialized urit.
Master minicomputer functions are:

e Master Executive -- It is expected that some type of rudimentary
executive will be developed to sequence among the master func-
tions, It will be interrupt-driven, with the host interface and
the interpreter as the major sources. For maintenance and
diagnostic functions, it may be desirable to use portions of the
minicomputer vendor's executive to handle peripherals.

e Maintenance and Diagnostic Functions -- These will include
system integrity tests (go/no-go), background array testing
tasks, and fault isolation routines.

e Initialization -« This module will handle creation of the descrip-
tor table structure which defines the mapping of the data base
logical storage scheme onto the physical storage of the array.
The function may operate exclusively within the master or may
be divided between the master and host. In either case, it in=
cludes the capability of working in a conversational mode with a
data base administrator at a terminal and analyzing the packing
and efficiency effects of alternative mappings.

® Query Processing -~ It is expected that very little transforma-
tion of the queries will occur in the master. Instead, this
module will be similar to a relocating loader, converting ad-
dress references, adding user identification tags, etc.

e Host Interface Handler -- This module is concerned with the
details of interface control and transferring data between the
host I/O multiplexer and buffers in the master's memory.

® Master Memory Management -- There are several distinct
memory management functions that must be performed in the
master. It is expected that the most cost-effective approach to
this function will not be to emphasize efficiency, however, In-
stead, the use of simple algorithms together with ample amounts
of storage will probably result in the lowest total cost, The
areas to be managed include:

- Host communication buffers
- Slave communication buffers
- Slave working storage (in master memory)
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- ECAM intermediate results (in array storage)

- Master working storage

e Multi-User Bookkeeping -- A considerable amount of master
processing will be allocated to managing the pseudo-multi-
programming of the ECAM required by the large number of
users. This function must be in the master rather than the
host; otherwise, multi-hosting is difficult. The functious to be
performed include obtaining and releasing temporary storage
for user activation records in master memory and for user
intermediate results in the array, monitoring ECAM files to
detect erroneous locks, and deadlock detection/prevention.

e Master Scheduler /Dispatcher -- This is the master program
module that is concerned with sequencing the modules execu-
ting in the master central processor.

® Slave Scheduler/Dispatcher == This module is similar to the
one for the master except that slave preemption is not allowed,
so state-saving and restoration requirements are simpler.

3.3 SLAVE PROCESSOR
Only two software-type functions are perfcrmed in the slave, and both are

implemented as microprograms. The only software implications of these
will be the requirement for an assembler for the interpreter,
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SECTION 4
ECAM HARDWARE STRUCTURE

In this section, each of the functional elements of the ECAM is described,
Prior to this, however, it is appropriate to briefly discuss the design philos-
ophy and tradeoff criteria that were used and to justify the level of detail to
which the design was taken.

It was known from the inception of the project that the performance of the
ECAM was substantially in excess of that required for the baseline applica-
tion. This characteristic caused system cost reduction, rather than speed,
to be the major design goal.

In the array, implementation decisions did not greatly impact the software
component of system costs, so design emphasis was on minimizing hardware
costs. Because of its size, the array is also the biggest contributor to hard-
ware cost. The cost minimization effort resulted in the following array
characteristics:

® The design is very storage-technology independent. Because
storage technology is advancing rapidly, both the first and
subsequent systems should be able to take advantage of devel-
opments without significant software or hardware changes.

® Logic speeds are conservatively specified. The baseline
shift rate is 1 microsecond per bit. Signal distribution for
a large system running at this rate is straightforward and
"unexotic. "

® The number of wires in the signal distribution system is
minimized by the choices of processing algorithms and by
multiplexing. The cost of the distribution system is
obviously a function of the number of wires. Less obviously,
it has been found that the signal distribution system is also
the biggest reliability problem in parallel machines.

® The word logic functions and the processing algorithms are
chosen to minimize the size and pin count of the word logic
integrated circuit.

In the control unit area, the situation was reversed in that system cost was
best reduced by using hardware to reduce software cost. During the program,
the approaches taken by many parallel machine designers were examined

and, where possible, user experience data were reviewed, The results of
work in this area are as follows:
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e The data-handling and "host relations' functions are divorced
from the function of controlling the sequencing of array
operations. The master processor handles the former, the
slave the latter.

° The use of a conventional minicomputer as the master is
recommended in order to capitalize on existing software
and programmer experience.

® The language interface to the ECAM is raised from the
conventional sequence-of-primitives level to an HOL*-like
intermediate language that can be easily generated from a
compiler or written directly by a programmer.

e The mapping between the logical data storage schema
and physical storage is specified by the user, but the
query transformations that are necessary to reflect the
mapping are handled by the hardware.

e The slave controller is designed to be changed as experi-
ence with the system results in ideas for improvement.
Strategies are not hardwired.

In the subsections that follow, the hardware of the machine is described.
Then, in Section 5, we describe the transformation of this hardware, via
microcode, into a data base machine for SACWARDANS-~type environments.

The level of detail developed for each of the hardware blocks has been
chosen by the following criteria:

° Areas critical to performance (e. g., the slave controller)
and areas critical to cost and "producibility" (e. g., the
word logic and signal distribution) have been carried past
the register level, to the point where detailed flow charts
are provided and some generic logic has been specified.

® Areas specific to a host machine have been specified only
at a functional level. Design of these is straightforward
once a final choice is made.

® The design has been left relatively independent of the type
of minicomputer chosen. Our work has not yet required
detailed specification of interfaces to the master, so we
have deferred a choice until software requirements are
available.

*Higher~-Order Language
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The discussions below are separated into two subsections, covering first the
control units and then the array.

4.1 CONTROL UNIT
As shown in Figure 1, the control unit consists of the host interface, the
master control minicomputer with its memory, and the slave controller.

The connection of these subunits is shown in Figure 44, These are described
individually in the following subsections.

4.1.1 Master Control Processor

As was mentioned previously, our design work has not yet required that we
commit to a particular minicomputer as the master processor. Our require-
ments for the machine are as follows:

® The minicomputer must allow for direct access to its main
memory bus by the host interface and the slave controller.
Access priority should be a round-robin or similar strategy
to guarantee the host interface adequate bandwidth for
block transfers.

@ The minicomputer must have an interrupt capability sufficient
to allow the slave and host interface to communicate errors,
We expect that further definition of the host interface will
produce additional requirements for the master's interrupt
structure,

e The minicomputer must provide a programmed I/O facility
by which the host interface and the slave can be controlled.

@ The minicomputer's operating system must provide a static
addressing environment so that the table structure and
stacks used by the slave can be implemented as described.
Dynamic relocation of data used by the slave is not allowed,
nor are dynamic changes to any address-mapping mechanism.

The major source for speed requirements on the master will be the simula-
tion efforts which occur early in the next phase. During this period, increased
definition of the software will allow estimates of required memory sizes.

We expect that the major selection criterion on the minicomputer will be the
cost of initial and maintenance programming. Minimization of these costs
requires use of higher-order languages, availability of good standard soft-
ware, and a high degree of programmer familiarity with the target machine.
Based on this, we recommend that the PDP-11/45 be used as the baseline *
processor, but that a final decision be deferred until the software cost
aspects of the ECAM application can be used in the selection process.

@
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4.1.2 Slave Controller

4.1.2.1 Interpreter -- The Interpreter is a dedicated function computer;
because the detailed algorithms of the interpreter function will evolve as
experience is gained using the ECAM, the Interpreter is highly flexible

and modular. The Interpreter consists of an application-independent Kernel
Machine (KM), and ECAM-~dependent Functional Modules (FMs). The KM

is described next in Section 4.1.2,1.1, after which the FMs are described
in Section 4.1.2.1.2, The KM provides flexible operand addressing mech- F
anisms, while the actual operand storage units (register files, master inter-
face registers, etc.) needed for efficient execution of the initial ECAM
algorithms are FMs, as described in Section 4.1.2.1.2.1. Similarly, the
KM includes the mechanism for invoking operations, while the actual oper-
ators which perform the required ECAM operations (such as Add, Shift,
etc.) are FMs, as described in Section 4.1.2.1.2.2.

The KM consists of a Fetch Unit (FU) and a set of control and data lines to
which the FMs are attached, as shown in Figure 45. The FU is vertically
microprogrammed, having highly capable microinstruction sequencing logic
which supports structured microcode, as described later,

4.1.2.1.1 Kernel Machine -- Physically, the Kernel Machine consists
of a Fetch Unit and a set of control and data lines to which the Functional
Modules are attached. The FMs are operators (such as adders, shifters,
etc. ) and storage (registers and memories); they are selected for efficient
execution of the algorithms of a specific application. The use of different
FMs, and changes in FM designs, do not affect the KM hardware. The FU
is driven by microcode stored in a microprogram memory; its interface to
the microprogram memory is asynchronous, so size and speed specification
has been deferred until simulation results are available.

4,1.2.1.1.1 Kernel Machine Interface Lines -~ Figure 45 illustrates the
KM and how FMs attach to its buses. The signal lines are listed in Table 35,
and briefly described as follows.

e '""Source Address'" lines select from among 256 locations.
Some locations are assigned within the FU (see Table 36),
but most are available for assignment to the attached FMs.

e '""Ready'" lines signify that the corresponding address or data
lines have stable signals.

® '"Source Data' lines carry the contents of the selected source
registers.

e '"Indirect" lines specify whether the selected operand registers

contain pointers.
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Table 35. Kernel Machine Interface Lines

Signal Line

|  No. of Bits

Source A Address
Source A Address Ready
Source A Indirect
Source A Data

Source A Data Ready
Source B Address
Source B Address Ready
Source B Indirect
Source B Data

Source B Data Ready
Operator Select
Operation Select

OPOP Ready

Operator Ready
Operator Complete
Destination Address
Destination Address Ready
Destination Indirect
Destination Indirect Inhibit
Destination Data
Destination Data Ready
Destination Ready
Condition Inputs
Condition Input Enables
Abort

Error

Interrupt Request

Hard Interrupt

w w
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Table 36. Assigned Operand Addresses

SAA SBA DA Assignment

00 00 --- Zero

== = 00 No destination

01 === 01 Indirect Tag Memory

02 === 02 FU Write Protect Memory

03 == 03 FU Operator/Indirection Counters: OPC,
SAIC, SBIC, DIC (left to right)

04 === 04 FU Condition Register bits 00-15

05 === 05 FU Condition Register bits 16-31

06 == 06 FU Condition Register bits 32-47

07 —oc 07 FU Condition Register bits 48-63

08 -—- 08 Microprogram Memory Data Register bits
00-11, right-justified, zero-filled

09 Si== 09 Microprogram Memory Data Register bits
12-27

0A ~-- 0A Microprogram Memory Data Register bits
28-39, right-justified, zero-filled

0B == 0B Microprogram Memory Address Register

0C == 0C Microprogram Memory Address Stack Pointer

0D ~-- 0D Microprogram Memory Address Stack.
(top entry)

0E ~=- 0E Unused

oF == OF Unused
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e ''Destination Indirect Inhibit" is used by the selected
operator to write directly into the specified destination
register even though it contains an indirect pointer.

e '"Operator Selection' lines select the FM operator to
be used to perform an operation.

e '""Operation Selection' lines select one of the operations
that may be performed by the selected operator module.

e ""OPOP Ready'" signifies that the Operator/Operation
lines carry stable signals.

e '"Operator Ready' signifies to the FU that the selected
operator is beginning to perform the operation.

|

e '""Operator Complete' signifies that the operator has
completed its operation(s).

e ''Destination Ready' signifies that the selected location
is prepared to receive information.

e '""Abort" commands all active operators to immediately
cease operation.

° "Error'" notifies the FU that a module has detected a
"fatal" error.

e 'Interrupt Request'" notifies the FU that some FM
operator wants control of the machine.

e '"Hard Interrupt" defines whether the interrupt being

requested is to be handled by FM hardware or FU

firmware. |
e '"Condition Inputs' and the associated "Enable" lines !

allow conditions generated by certain FMs to be tested
by the microcode. The Enable lines cause the values
present on the corresponding Condition Input lines to
be stored in the FU Condition Register.

4.1.2.1.1.2 Fetch Unit Registers -- The principal FU registers have
been divided into three groups for illustrative convenience:

® Register Bus Drivers (Figure 46)
® Memories and Associated Registers (Figure 47)

e Other (Figure 48)
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f Register Bus Drivers: There are three register address/data bus pairs;

| the FU contains registers to drive each of these (FMs may also drive these

f lines). Since all FU registers are addressable (see Table 36), circuits are

i included to detect their addresses (which all have zero in the four most signif-
icant bits). Each FU register is connected to the input selector for the
Source A Data register (SAD). Zero is provided as the data when the entire
address is zero. Figure 46 shows these registers and their inputs.

Fetch Unit Memories: Four distinct memories are used in the FU:

e Microprogram Memory

e Microprogram Memory Address Stack

e Indirect Tag Memory

® Write Protect Memory
The Indirect Tag Memory requires three read access ports (see Section
4.1.2.1.1, 3), so it is replicated three times; all three are written into
simultaneously.
Figure 47 shows these memories and some associated registers.
Other Control Unit Registers: The majority of the other registers (Figure
48) hold conditions or counts which may affect sequencing or detect errors.

The sequencer itself will not be specified at this time; it should not contain
any registers except those used to record sequencing progress.

4,1.2.1.1.3 Microinstruction Classes -- Two microinstruction classes
are provided:

° Operate
e Move, Test, and Branch.
Detailed descriptions of the instructions follow.

Microinstruction Format Type 0 -- Operate. - Type 0 microinstructions
specify one or two source operands, an operation to be performed on the
operand(s), and a destination for the result. The format is shown in Figure
49. The various fields will be described by following the flow of micro-
instruction execution.

Three bits define the Operand Addressing Mode (OAM); see Table 37. Until
specified otherwise, the following description covers the case when the OAM
is 4:*

*All codes, addresses, etc., are hexadecimal.
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Figure 49. Microinstruction Format O -- Operate

Table 37. Operand Addressing Modes

OAM Meaning
— el
0 SAA, SBA are addresses; indirection determined by ITM.
1 SAA is an address, SBA is an 8-bit literal; indirection
determined by ITM,
2 SAA and SBA are a 16-bit literal; indirection determined
by ITM.
3 Read last link of indirect chain pointed to by SAA and/
or SBA,
4 SAA, SBA are addresses; indirection-inhibited.
5 SAA is an address, SBA is an 8-bit literal; indirection-
inhibited,
6 SAA and SBA are a 16-bit literal; indirection-inhibited.
7 Write last link of indirect chain pointed to by DA.
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1) Source Operand Addressing. The KM has an operand address
space of 256 locations or registers. Not all implemented registers
need be accessible on all three operand buses, but the same address
is reserved on all three buses for each register. However, every
register must be accessible on at least one source bus and the
destination bus to facilitate initialization and debugging. Certain
operand addresses are assigned within the FU, as listed in Table 36.

Operand addresses are generated in three ways: they occur in
microinstructions fetched from Microprogram Memory by the FU;
they can be located by following a chain of registers containing
""pointers''; and they may be emitted by operators during the course
of an operation. A Programmed I/O (PIO) interface to another
processor is such an operator; PIO is discussed in more detail in
Section 4.1.2,1.1.5.

When an operand address is stable, the unit which generated it
activates an appropriate Address Ready Line -- Source A Address
Ready, Source B Address Ready, or Destination Address Ready.
Each register in an attached FM must decode its own address.

FU registers are selected by logic within the FU.

When a register detects its address on a source address bus, the
selected register places its contents on the corresponding source
data bus and activates the corresponding Source Data Ready Control
line -- Source A Data Ready or Source B Data Ready. A zero source
address is detected by the FU, which supplies a zero operand.

If the OAM is 4, this completes operand accessing. Alternate
addressing modes include indirect chains and literals, and are
described below.

2) Operator/Operation Selection. The 12-bit OPerator/OPeration
(OPOP) code consists of a 6-bit Operator Select field and a 6-bit
Operation Select field. The OPOP code can be generated in two
ways: it may occur in a microinstruction, or it may be emitted
by an operator during the course of an operation. In either case,
an OPOP code can be viewed as performing a hardware procedure
call within the currently executing microinstruction. The called
procedure may be as elementary as a single Arithmetic Logic
Unit (ALU) operation, or it may be a complex algorithm which
emits sequences of source and destination addresses and additional
OPOP codes. When an OPOP code signal is stable, the unit which
generated it activates the OPOP Ready control line; the selected
operator acknowledges this signal with a signal on the Operator
Ready Control line. When an operator completes execution, it
activates the Operator Complete control line.

Hardware procedures, like their software and firmware counterparts,
may pass control among themselves in a hierarchical fashion. Each

99




operator which is capable of emitting OPOP codes has an Operator
Counter which is initialized at zero. When the operator is invoked,
it increments its counter by one. While the counter is nonzero,
every subsequent OPOP Ready (by any operator) increments the
counter, and every subsequent Operator Complete decrements the
counter. The operator whose counter equals "'1" is the lowest level
one which is active: it has control of the machine and is the only
operator which can drive the KM interface lines; its Operator
Complete decrements its counter to zero, which disables it until

it is invoked again, and returns control to the next higher level
operator. The counters are four bits; attempts to overflow or
underflow the FU counter will cause an error condition and set
Condition Register bit 04 or 05 (see Section 4.1.2. 1. 1.4). The

FU Operator Counter is an addressable operand (for diagnostic
purposes), as may be those of the operators.

A machine may contain one Interrupt Operator module, through
which operators can request their own invocation. When the
Interrupt Operator receives an input signal from some other
operator, it activates the Interrupt Request and Hard Interrupt
control lines. At the completion of the current microinstruction,
the FU executes the Activate Interrupt Module OPOP code (see
Table 38) with zero source and destination addresses, which
transfers control to the Interrupt Operator. The Interrupt
Operator arbitrates its inputs and calls the requesting operator
with the highest priority. There are two preassigned inputs to

the Interrupt Operator: the PIO Operator, and the Control Panel
Operator (see Sections 4.1.2.1.1.5 and 4.1.2. 1.1.6), The
Interrupt Operator may have additional inputs available as desired;
the priorities of the PIO and Control Panel Operators are assigned
by the designer in the context of the other operators which may
cause interrupts, The Interrupt Operator also has facilities for
enabling and disabling the input levels individually or as a group,
and clearing the interrupt requests individually or as a group --
Table 38 lists the OPOP codes for each of these operations.

FMs can also invoke firmware routines by activating the Interrupt
Request line with the Hard Interrupt line inactive. At the end of the
microinstruction being executed when the Interrupt Request line
becomes active, the FU will do a subroutine CALL to a micro-
program memory address selected by special switches within the
FU. Once at that location, the microcode must determine the
cause of the interrupt by testing an FM register or the Condition
Register.

If the microprogram memory address stack is full, the interrupt

request will be disregarded until the completion of the next RETURN
instruction.
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Table 38, Preassigned OPOP Codes

Operator Operation As45ignment
0 0 No operation,
0 1 Activate interrupt module.
0 2 Clear all interrupt requests.
0 3 Clear interrupt request whose number
is the A operand.
0 4 Set interrupt mask to value of A operand.
0 5 Capture interrupt priority level.
0 6 Set interrupt priority level.
0 7 Read interrupt priority level.
0 8 Write microprogram memory.

All interrupt processing must either be done with all interrupts
inhibited or else the interrupt handler (whether FM hardware or
FU microcode) must stack the current priority level before
establishing the new one. After processing the interrupt, the
previous priority level must be restored.

Parameter passing among operators is by mutually-agreed-upon
design conventions using the register address and data buses; the
details depend upon the specific operator designs.

Each operator stores its source operand(s) internally, permitting

the source buses to be used for accessing the other operands while
the operator executes. When an operator has received its operand(s),
it begins the operation. An operator which will issue further

OPOP codes must copy the DA from the bus before it begins other
actions if it wishes to place results in the specified destination
register.

3) Destination Addressing. When an operation is complete, the
operator places the result on the Destination Data Bus and activates
the Destination Data Ready control line. If the operator has issued
OPOP codes, it must retransmit the destination address before
sending the data. If the operator wishes to use the register directly,
independent of the bit in the FU's ITM, the operator must activate
the Destination Indirect Inhibit (DII) line, which will prevent the FU
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from sending any Destination Indirect signal. The operand register
which decodes its address on the Destination Address bus sets a
selection flip-flop when the Destination Address Ready control
signal is present and the Destination Indirect control signal is
absent. All other destination selection flip-flops are cleared by
the Destination Address Ready control signal. If a register
decodes its address on the Destination Address Bus and both the
Destination Address Ready and Destination Indirect control signals
are present, it transmits its contents on the Destination Data bus,
sending the Destination Data Ready control signal when the data
signals are stable. If the Destination Indirect control signal is
absent, the destination register whose selection flip-flop is set

will activate the Destination Ready control line when it is ready to
accept data. The conjunction of Destination Ready and Destination
data Ready causes the selected register to store the information
from the Destination Data bus. The conjunction also causes the
operator to deactivate Destination Data Ready. The Destination
Ready line controls the rate at which the destination register receives
data; it is not intended to accommodate varying destination register
setup times, which are required to be small (this may require a high-
speed buffer register in some modules).

Each unit capable of generating operand addresses contains a Write
Protection Memory (WPM), defining which registers it is not allowed
to write into. Unauthorized write attempts cause an error and set
Condition Register bit 03 (see Section 4.1.2.1. 1.4).

The WPM in the FU is itself an operand location which is always
protected against FU writes, regardless of the corresponding
protection indicator in the WPM. The same is true for the WPMs
in all address-emitting operators except for the PIO Operator.
The WPM in the PIO Operator may be simply a gate which permits
PIO to write into any register. The method for writing into WPMs
(where allowed) are described later in this section under "Write
Protection. "

The completion of an operation or microinstruction is detected by
the conjunction of Destination Ready, Destination Data Ready, and
the Operation Counter of the unit being one. The next action is then
performed; if the r'U is in control, the completion signifies the
completion of a Type 0 instruction, which causes a test for interrupt
requests; if none are present, the microprogram memory data
register is loaded with the next microinstruction.

The general discussion of the execution of Type 0 instructions is now
complete. Numerous variants and special cases can modify this
sequencing, as we now describe.

4) Reserved Values. A zero OPOP code designates no operation.
A zero Destination Address corresponds to no register; it is used
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when the result of an operation is not to be stored (for example,
when the result is only to be tested, as occurs with Type 1
microinstructions). The FU controls the Destination Ready line
when the Destination Address is zero or when the destination is
a FU register.

5) Constants. There are two ways to introduce constants. The
first is to store the constant in a register which is a write-protected
(as required). The advantage of this is that constants are treated
like all other operands. The disadvantage is that the constants
occupy register space which may be needed for variable operands.

The second means of introducing constants is to place them in micro-
instructions as literal quantities. Short constants are specified under
Operand Addressing Mode 1 or 5, in which the information on the
Source B Address bus is an 8-bit literal consisting of seven value

bits and a sign bit. The FU transfers the literal to the Source B

Data bus in right-justified and sign-extended form and activates
Source B Data Ready. This approach accommodates the most
commonly used numeric constants without consuming registers.

Long constants are specified when the OAM is 2 or 6; a full 16-bit
literal is located in the pair of source address fields, with the low-
order byte on the B side; the FU transfers the literal to the Source

B Data Ready. If the Destination Address is nonzero, the FU copies
it onto the Source A Address bus to obtain the A operand; this register
is also used as the destination in the usual manner. (Note that this
requires the destination register to also be attached to the Source A
Bus.) If the Destination Address is zero, the A operand is zero, and
the result of the operation is not stored. This approach to literals
avoids registers, and provides for logical and large magnitude numeric
constants; however, it is less flexible than the byte literal mechanism.

6) Indirection. Thus far, we have assumed that all operand register
references were direct (i. e., addresses of registers which contain
the operand). However, the FU also provides for multilevel indirect
operand addresses (i.e., addresses of registers which themselves
contain addresses rather than operands). Indirection is specified by
a tag associated with each operand register; this frees the microcode
and operators from the necessity of knowing whether references are
indirect. Operand Address Zero (containing the zero operand) is
always direct.

Indirection may occur when the OAM is 0, 1, or 2. The procedure

is as follows, If a referenced operand's indirect tag is set when its
Ready Line is active, the referencing unit (FU or operator) changes
the operand address to that in the low-order byte of the corresponding
data bus, Indirections are resolved on all three operand buses
simultaneously; each non-overlapped level adds one FU clock period
to the microinstruction execution time. Up to 15 levels of indirection
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are allowed in each of the operand addresses in a single micro~
instruction; an attempt to exceed this limit causes an error
condition and sets Condition Register bits 06 or 07 (see Section
4.1.2.1.1.4).

The three operand addresses will be direct, regardless of the
values of the corresponding indirect tags, if the OAM is 4,5, or

6 (normal addressing, byte literal, and word literal, respectively).
This allows the microcode to read or change pointers without
having to first clear and then restore the corresponding indirect
tags.

It is also possible for the microcode to directly read or write the
last pointer in an indirect chain by setting the OAM bits to 3 &r 7,
respectively. Literals cannot be used, nor can indirection be
inhibited. When OCAM is 3 and both sources are direct, or when
OAM is 7 and the destination is direct, an error condition occurs
and Condition Register bit 08 is set (see Section 4.1.2.1.1.4).
Special operators for more~complex list manipulation may be
implemented as operator modules connected to the buses if required.

Instead of being physically located with their corresponding registers,
the indirect tags are gathered in an FU Indirect Tag Memory (ITM).
The ITM has 256 one-bit words, each of which specifies whether

the corresponding register currently contains a pointer or an
operand. Any appearance of an operand address on the address buses
causes an ITM access; the ITM has three read ports to allow all three
operand addresses to be checked simultaneously. The ITM outputs
are control lines called Source A Indirect, Source B Indirect, and
Destination Indirect. The Destination Indirect signal will not be
activated if the FU is receiving the Destination Indirect Inhibit signal
from an operator, or if the OAM bits inhibit indirection and the FU's
Operator Counter contains ''1".

The FU also uses the Indirect control lines to reflect in bits 0C and
0D of the Condition Register whether the operand addresses specified
in the current microinstruction are direct or indirect (literals are
direct), independent of whether the OAM bits inhibit indirection.
Subsequent operand addresses supplied by the specified operator do
not affect these Condition Register bits, This provides a convenient
means of testing whether a register contains an operand or a pointer,
especially by use of the Type 1 microinstruction.

The value of a specified ITM bit may be read and stored as well as
tested. To read the ITM, it is addressed as a source on the Source A
Address bus, with the desired bit number on the Source B Data bus.

The bit value is placed in the least-significant bit (LSB) position of

the Source A Data bus. The bit number may be know to the micro-

code and expressed as a byte literal or it may be unknown (e. g., indexed)
and be supplied from a register specified by the Source B Address.
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Because the ITM cannot be correctly accessed until the Source B
operand is available, the ITM does not activate Source A Data
Ready until Source B Data Ready is active and Source B Indirect
i1s inactive; thus, reading the ITM is one FU clock period slower
than testing it. The ITM address is forced by the FU to be direct,
regardless of the value of the corresponding ITM bit.

To write into an ITM bit, the ITM is addressed as a destination, with
the desired bit number in the low-order eight bits of the Destination
Data bus, and the value to be written in the most-significant bit
(MSB) of the Destination Data bus. Some operator (such as a "move"
operator) is required to appropriately position the contents of the
source data buses on the Destination Data bus. As when reading,

the ITM cannot be written until a bit number is available; the ITM
does not activate Destination Ready until after Destination Data
Ready is active; thus, writing into the ITM is also one clock period
slower than testing it.

7) Write Protectionn. If a unit is sending data to a destination, the
WPM 1in that unit is consulted t¢ determine whether the write is

legal. This test is made by using the Destination Address signal

to select the WPM bit. However, if the module is using a Destina-
tion Address as a component of an indirect addressing chain, the
WPM bit is ignored, since that register is not actually receiving data.

A WPM is read in about the same way as the ITM: the output of the
FU WPM is also input to Condition Register bit OE when read. Other
WPMs may direct their outputs to the KM's Condition Register; this

is a module design issue. Writing a WPM is also nearly the same as
writing the ITM. As usual, the write protect mechanism of the module
controlling the bus governs whether or not the write to a WPM is legal.

8) Hangups. A timeout mechanism is used to detect illegal addresses
and operator/operation codes. Whenever an Address Ready signal or
Operator Ready signal is detected by the FU, a timer is activated. If

the timer times out before the corresponding Register Ready or Operator

Ready signal is detected, an error condition is signalled and Condition
Register bit 01 or 02 is set (see Section 4.1.2.1. 1.4),

Microinstruction Format Type 1 -- Move, Test, and Branch. - Type 1 micro-
instructions move information, test Condition Register bits (which include the
values of the moved information), and perform microinstruction sequence
modifications. Four types of sequence changes are possible: GOTO, CALL,
IF-THEN-ELSE (ITZ), and RETURN,

Figure 50 depicts the format of all Type 1 instructions. Generally, the fields
are used as follows:
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Figure 50. Type 1 Instruction Format

11 specifies inhibition of indirection on the RA and RB fields.

L specifies that the RA field contains a byte literal.

CC specifies that the condition is to be tested for 0 rather than 1.
RA and RB specify registers.

BT specifies the branch type: GOTO, CALL, ITE, or RETURN.,
COND selects the Condition Register bit to be tested.

ADDRESS specifies the branch address (in case of GOTO, CALL,
and ITE); it is not interpreted in RETURN instructions while the
FU is operating in Normal mode (see Section 4.1.2.1.1.4).

general sequence of operation for Type 1 microinstructions is the follow-

1) Find the effective RA (if L = 0) and RB addresses. The RB
address is used as a destination during this instruction.

2) Copy the contents of the A target register or the literal value
(if L = 1) to the destination register, If the RB field is zero,
the A value will not be copied anywhere, but will be used to
change Condition Register bits (this will affect some condition
values). However, if both RA and RB are zero, no value is
copied and no Condition Register bits are changed. The FU uses
the Source A and Destination buses to make the move; internally
the FU copies the Source A Data to the Destination Data bus.

3) Test the condition and select the next microinstruction (which, in
the case of CALL and ITE, requires pushing the return address
onto the Microprogram Memory Return Address Stack).
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Branch conditions are selected from among condition lines available to the
FU in a predetermined way. Some of the conditions are generated and
selected by circuitry within the FU; others are generated by FMs attached

to the buses and to the condition lines. Table 39 lists the conditions assigned
and detected within the FU.

The 31 unassigned Condition Register bits may be set by FMs attached to
the KM. Two lines are associated with each of these condition bits -- the
Condition Value line and the Condition Enable line. An activated Condition
Enable line causes the value on the corresponding Condition Value line to be
stored in the Condition Register bit. This bit may be tested by Type 1 mi-
croinstructions; the FU hardware does not otherwise modify its execution
sequences based on the values in these 31 condition bits. (Possible uses for
these condition bits include arithmetic overflow indication, and FM or ex-
ternal control signals; the exact assignments depend upon the application. )

The specifics of selecting the next microinstruction depend upon the branch
type; they are discussed below,

1) GOTO. If the condition is true, the GOTO is performed by copying
ADDRESS from the microinstruction to the Microprogram Memory
Address Register. If the condition is false, the next sequential micro-
instruction is executed.

2) CALL. If the condition is true, the address of the next sequential
microinstruction is pushed unto the Microprogram Memory Return
Address Stack, and a branch to the address specified in the CALL
instruction is made, If the condition is false, the next sequential
microinstruction is executed. (Note that this constitutes the structured
programming IF-THEN construct.) The Microprogram Memory Return
Address Stack allows subroutine nesting to 16 levels; when nesting
reaches 15 levels, the Condition Register stack almost full bit (0A)

is set. If the application microcode is such that the stack may become
filled, this bit should be tested prior to the CALL; the remaining
location in the stack permits this test also be performed with a CALL
microinstruction. Attempting to perform a CALL when all 16 stack
locations are filled will cause an error condition with Condition
Register bit 09 set (see Section 4.1.2.1.1.4).

3) IF-THEN-ELSE. One of two subroutines is called, depending on

the Condition Register bit: if the condition is true, the entry address

is taken from the ITE instruction; if the condition is false, the entry
address is taken from the next sequential microinstruction (the remain-
der of that word is ignored). Either subroutine returns to the second
microinstruction following the ITE instruction. Stack overflow is handled
the same as for CALL.
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“" Table 39. Condition Register Bits Assigned by the Fetch Unit
(Bits 00-09 are reset when tested)
Condition Bit (hex) Assignment (Bit=1 if Condition True)

00 External error signal

01 Register timeout elapsed

02 Operator timeout elapsed

03 Unauthorized write attempted

04 Operation counter underflow

05 Operation counter overflow

06 Source indirection counter overflow

07 Destination indirection counter overflow

08 LAST mode used with no pointers in register

09 CALL attempted with Microprogram Memory
Return Address Stack full (=16)

0A Microprogram Memory Return Address
Stack almost full (=15)

0B. Microprogram Memory Return Address
Stack empty

0oC A source was indirect

0D Destination was indirect

OE Last destination WPM bit from FU

OF Destination Data = 0

10-1F Destination Data Bus Bits 0-15

20 Always = 0
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4) RETURN. If the condition is true, the Microprogram Memory
Return Address Stack is popped and the address that is removed is
placed in the Microprogram Memory Address Register. The ADDRESS
field of the microinstruction is not used (but see Section 4.1.2.1.1. 4).
If the microcode is such that there is a possibility of stack underflow,
the Condition Register stack empty bit (0B) should be tested prior to
the RETURN. Attempting to RETURN with an empty stack causes an
error condition (see Section 4.1.2.1.1,4),

4.1.2.1.1.4 Errors -- Error conditions may be caused by a machine
condition detected by the FU or by a signal emanating from an FM connected
to the KM. Error signals from FMs are ORed to produce a single FM error
signal. (If the system designer wishes to discriminate among the FM-caused
errors, he must use external inputs to the Condition Register or define them
in some other FM register. )

The FU operates in one of two modes: Error mode and Normal mode. Errors
and interrupts are not detected while the machine is in Error mode, although
they can be found by testing the Condition Register. The FU enters Error
mode whenever an error condition is detected; it reenters Normal mode by
executing a RETURN instruction bit 0 = 0. This allows the machine to return
to Normal mode as soon as possible after the error has been detected, even
though the error handler may not have completed execution and returned con-
trol to the interrupted routine. Details are provided in the following para-
graphs,

Every machine-detected error condition is associated with some bit in Con-
dition Register positions 00-09 (these conditions are listed in Table 39).
Whenever any internal error bit is first set (note that if an error bit remains
set, no error actions occur -- to permit error handling on a priority basis),
all operations currently in progress are terminated by the FU, which emits
a signal on the Abort control line. The Abort signal resets the Operator
Counters in all operators attached to the KM and sets the FU's Operator
Counter to 1, thus prohibiting all operators from emitting bus control signals
and placing the FU in control.

The FU now enters Error mode and behaves as though a subroutine whose
entry point is located at a switch-selectable microprogram memory location
is called: the current Microprogram Memory Address Register value is
saved in the Microprogram Memory Address Stack, and the Microprogram
Memory Address Register is then loaded from special switches within the
FU. If the Microprogram Memory Return Address Stack was full before the
error was detected, the oldest entry will be lost and the more recent entries
will be savec. The stack full condition bit is not cleared by this action; then
the error-handling microcode can test whether stack overflow occurred.
Note that if stack overflow occurred there is no way to return from the sub-
routine nest. This occurrence is fatal; the recovery routine will have to
abort everything.
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The error handling routine at the switch-selectable location w1l test the
Condition Register or some FM register to determine the specific error
condition and branch to the appropriate handler.

Normal mode operation is resumed when the FU executes a RETURN opera-
tion whose least significant address bit is zero. However, the existence of
any set bit in Condition Register positions 00-09 cause an immediate reentry
to Error mode without affecting the Microprogram Memory Return Address
Stack.

4.1.2.1.1.5Programmed Input/Output -~As used here, the term "Pro-
grammed Input/Output” (PIO) refers to the capability for the Master mini-
computer to obtain control of the Slave Controller to initialize it, read its
status, diagnose it, etc. All Slave access is done through the Interpreter.
PIO is a straightforward instance of an operator which can request its own
invocation through the Interrupt Module.

4.1.2.1.1.6 Control Panel -- The requirements for a control panel are
as yet undetermined. With few conceivable exceptions, the control panel
functions can be handled by making the control panel an operator.

4.1.2.1.2 Functional Modules for the ECAM Interpreter -- This section
describes the functional characteristics of the modules that will be connected
to the KM to construct the Interpreter and to connect to the other subunits of
the Slave. The modules are divided into three categories:

e Register modules
e Operator modules
e Interface modules
Each module has been arbitrarily assigned addresses and operation codes;

these assignments could be changed in any way compatible with the reserved
assignments described herein,

4.1.2.1.2.1 Register Modules ~- Two modules containing register files
are used in the Interpreter. One interface module (Section 4.1.2.1.2.3) also
has register addresses.

Each register file module contains 32 registers, each 16 bits wide. Each
register file interfaces with one source bus and the destination bus. The
only actions taken by the register files are reading amd writing individual
registers; these activities do not imply further action.

The two modules are specified in Table 40.
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Table 40. Register Module Specifications
| Register Register
Hor File 1 File 2
Register Addresses (hex) 20-3F 60-7F
Y Source Bus A B
; Destination Bus Yes Yes
Operations Read/ Read/
Write Write
Function 32 32
Registers/ | Registers/
16 bits ea. 16 bits ea.

4.1.2.1.2.2 Operator Modules -- The Interprete~ does not require

extensive arithmetic capability. It does require logical operations and shift-
ing for instruction field isolation. Two modules are described, one for shift-
ing and the other for arithmetic and logic, only because in currently available
technology the ALU and shifting functions are offered in different chip sets.
When the machine is built, however, it may be desirable to combine these
functions into one module, thereby effecting some savings in the bus inter-
face logic.

Both Operator modules interface with both sets of Source Data lines, the
Destination Data lines, and the OPOP lines. Register Address lines and the
associated control lines are not used by these modules. Inthe following
descriptions, A, B, and D are used to denote the values onthe A, B, and D
data lines, respectively.

The ALU has 10 functions, listed in Table 41. All arithmetic functions pro-
duce a carry/borrow result that is held within the ALU module; this bit is
called C in the descriptions. The ALU module transmits C to the controller's
Condition Register at the completion of each ALU operation. Bit 23 of the
Condition Register is assigned to receive this information.

The 12 leftmost bits of B are ignored during short multiply; no overflow or
error condition results if these bits are nonzero.

No error or interrupt signals are caused by the ALU., It does not issue OPOP
codes itself.

The ALU is assigned OPOP codes 1/0 Operator code "1" selects ‘

-1/9, ..
this module, 16 16
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Table 41. ALU Functions

OP/OP Code Function Action
1/0 Add D=A+B
1/1 Add with Carry D=A+B+1
1/2 Add with Saved Carry D=A+B+C
1/4 Subtract D=A-B
1/5 Subtract with Borrow D=A-B-1
1/6 Subtract with Saved Borrow | D= A - B-C
1/3 Short Multiply D=A%*By q
1/8 AND D=A/N\
1/9 OR D= A\/B
1/7 NOT D=r—A

Assume, for purposes of functional description (but not necessarily the imple-
mentation), that the shift unit has two internal 16-bit registers, S and T.
These are connected as a simple bidirectional shift register, with T to the
right of S. The operation of the shift unit is given by the following algorithm:

1) Copy Ato Sand Bto T or A to T and B to S; the latter is
performed when the Operator Code is 3.

2) Shift S, T by the amount specified (in the Operation Code!} in
the direction specified (in the Operation Code).

3) Copy T to D (the result).

Shifts are allowed in either direction with a maximum 31 shifts possible.
All shifts fill with zeros. (Note that left shifts of more than 15 positions
produce a zero result. )

The shift unit does not produce any errors, interrupts, or condition values.
It does not issue OPOP codes itself.

The shift unit is assigned OPOP codes 2/0-3/3F. (The six operation bits are
the direction and shift count, while the operator select of ''2'" or "8" selects
this module, and the choice of operator number determines how the A and B
data are loaded before shifting. )

4.1.2.1.2.3 Interface Moduleé -- Each interface module has different

characteristics which are heavily dependent upon the modules at the other
side of the interface. Four interfaces are required for the slave controller:
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Master Interface

Iteration Controller Interface
Fast Copy Interface
PIO Interface

Note that though each of these modules is serving as an interface, it still
appears from the slave side as a register module or an operator module.
The interface characteristics manifest themselves in the actions taken when
the module is selected by the controller.

The interface modules are discussed below,

1) Master Interface. The Master Interface is viewed as an operator
module from the controller. Therefore, it is connected to all Source

and Destination Data buses and to the OPOP lines. Its three operations
are:

e Read Master Memory (code 4/2)
e Write Master Memory (code 4/0)
e Send Interrupt to Master (code 4/1)

For all three operations, the Source A value is interpreted as a master
memory address, The Source B value is ignored for READ, and used as
a data word for WRITE and INTERRUPT. READ produces a result onthe
Destination Data bus which is the contents of the word selected from the
master's memory; the other operations do not produce data; they are
terminated after the interface module has buffered the request. Request
buffering may incur a delay if the interface module is still handling a
previous request; this delay is controlled by the module not sending an
Operator Ready Control signal until it is ready to buffer the following
operation request,

The READ and WRITE operations perform obvious functions. INTERRUPT
performs a write using the address and data from the A and B inputs,
respectively, before transmitting the interrupt signal to the master. This
Write can be used to transmit status information to the master's inter-
rupt handler.

The interface module remains busy after initiating an interrupt action
until the interrupt signal has been received by the master's processor.

This interface module does not send condition or error signals to the
controller.

2) Iteration Controller Interface. The Iteration Controller, or IT, inter-
face is viewed as a set of registers from the controller. It is connected
to the Source A and Destination Data buses.
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This module has eight register addresses, with the assignments shown
in Table 42. Three of the registers are read-only: they present status
and count output information from the array. Three other registers are
read/write in conventional ways. The two remaining registers are read/
write, but reading or writing into them causes other actions to be initi-
ted, as described below.

Table 42. IT Interface Register Assignment

Register | width Name Read | Write

(hex)

40 12 Length X X
41 13 Parameter Buffer Address X X
42 16 Parameter Buffer Data X X
43 8 Instruction Code X DG
44 1 Buffer Select Bit X X
45 16 IT Output0_15 X --
46 16 IT Outputw_31 X --
47 16 Array Status X --

“See text for explanation of implied operation.

The IT interface places IT commands and data in buffer memory loca-
tions; upon signal, the command is performed using the supplied data.
There are two identical sets of buffer registers -- Set 0 and Set 1.

Each set contains registers holding length, parameter buffer address,
and instruction code. In addition, each set is associated with a random-
access memory (RAM) holding 8192 sixteen-bit words. The Buffer
Select Bit selects which set will be used.

The Parameter Buffer Address and Data registers are used to access the
RAMs within the interface. These registers are not the actual address
and data registers associated with the memory, however, since the IT
must also have access to the memory. Accessing the Parameter Buffer
Data Register causes a corresponding access to.the memory location
selected by the Parameter Buffer Address Register, followed by an in-
crementation of the Parameter Buffer Addresé Register. When data are
written into the Data register, they are also written into the selected
memory at the selected address. When the Data register is used as a
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source, the value is obtained by reading from the memory (and
then incrementing the address). The source data will not be
available until the memory has placed the selected word in the
Data register, from which it is placed on the Source A Data bus.

Writing into the Instruction Code register causes the interface
module to set an occupancy bit associated with the register; the IT
may perform an operation whenever the occupancy bit associated
with either Instruction Code register is set. If both are set, the
interface module will not signal the IT about the last one that was
set (until the first has been cleared). The Code register occupancy
bits are cleared by the IT upon completion of the operation held in
the register. In addition, the interface sets Condition Register
bits 21 or 22 when the instructions in buffers 0 or 1, respectively,
are completed. The Condition Register bits are reset when the
Instruction registers are loaded.

This interface module controls two condition bits in the KM; it does
not emit error signals. It uses eight register addresses: 40-4716.

3) East Copy Interface. The Fast Copy Interface controls the mech-
anism for quickly copying information between the host machine and
the array. This mechanism has not been designed in detail during
this contract, but can be specified at the interface level. It will
behave like an operator in which control words are sent to it on the
Source A and Source B Data Lines. The outputs to the KM control
unit include status information regarding whether the fast copy unit
is active. There are no error conditions detected in this module.

4) Programmed I/O Interface. The PIO Interface is used by the
master machine to set and read registers within the slave. This
action may cause the slave to initiate a new sequence of events, or
may be used to test the health of the slave machine. General details
of PIO modules are given in Section 4. 1.2, 1. 1.5,

5) Mo¢dule Summary. The register address assignments and OPOP
Code assignments for the slave machine are summarized in Tables
43 and 44. Condition Register bit assignments are specified in Table
45. Assignments for the Fast Copy Interface are not included in the
tables.

4.1.2,.2 Iteration Controller -- The function of the IT is to transform the
commands it receives from the interpreter into sequences of signals causing
the word logic to perform the specified operation on all bits of a field.
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Table 43. Register Address Assignments
Acl?;rgei:tse(r}‘xex) Register Location
00-0F Kernel Machine
10-1F Unused
20-3F Register Module A
40-47 IT Interface
48-5F Unused
60-7F Register Module B
80-FF Unused
Table 44. OPOP Codes for the Slave Controller
OPOP Code (hex) Function T e
0/0-0/8 Miscellaneous Kernel Machine
0/9-0/3F Unassigned
1/0-1/9 Arithmetic ALU
1/A-1/3F Unassigned
2/0-3/3F Shift Shift
4/0-4/2 Signal Master Master Interface
4/3-3F/3F Unassigned

Table 45. Condition Register Bit Assignments for Slave
Controller (See Table 39 for bits 00-20)

Condition Bit

(hex) |

Assignment

21
22

23
24-3F

IT Instruction from Buffer 0
Completed

IT Instruction from Buffer 1
Completed

ALU Carry Bit

Unassigned

‘“-———-—-——--—--—d—-—d
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The interface between the Interpreter and the IT is via a pair of dedicated
buifer memories, as shown in Figure 51. Each memory contains an 8-bit
IT-code register used to pass the instruction, a 12-bit register in which field _
lengths are specified, and an 8K (twice word size) parameter buffer. The |
status of the buffers is maintained by a ''ready" flip-flop in each one. The ‘
ready flip-flop is set when an IT code is entered in the register by the Inter-
preter, and is reset by the IT when the buffer has been processed. The IT
responds to the first buffer which becomes "ready, " latching up a buffer
select signal which causes the appropriate paths to be connected.

The IT is internally microprogrammed to emit two types of control sequences
to the array, as shown in Figure 52. The first is straight-line execution of a
series of micro-operations within the array. This structure is used for oper-
ations such as match-bit transfers which are not repeated over a number of
bits.

The looping structure is primarily used for operations (such as searches)
which are repeated a number of times. The structure allows a block of setup
instructions, followed by a block which is repeated until a lcop exit criterion
is satisfied. Either of two exit criteria may be used: '"end-of-field" based
on a counter, and ''mo-activity'' where the activity indicator is true when any

match bit (m) in the array is true.

The microinstruction formats which are used to code sequences of IT opera-
tions are shown in Figure 53. Type 0 instructions are the ones which cause
operations in the array and are the principal ones used. Type 1 instructions
cause internal IT operations and are mainly provided for maintenance and
diagnostic purposes.

Within the Type 0 instruction, the first three fields are used directly to cause
array operations and the last two control IT sequencing. The "code" field
contains the value to be transmitted as the array function code, the S field
determines the storage operation to be performed, and the P field controls
parameter transfers.

Looping in the IT microprograms is controlled by the L field of the Type 0
instruction. For nonlooping sequences, all microinstructions except the last
have a "'0" in bit 7 of the word. The last microinstruction contains the "111"
unconditional termination code. Loops are created by marking the beginning
of the loop with an L-code of ""0x1" and using either ''100" or ' 101" in the L
field of the last instruction. Instructions preceding the first one of the loop
have "0" in bit 7. Instructions within the loop have L-code "0x0."

The H (hold) field of the Type 0 instruction specifies the length of time the
microinstruction is to remain in execution. This is done by specifying a hold
count of 1 to 31 bit-times. In the baseline, this is 1 to 31 microseconds.

Type 1 instructions are used to map the 8-bit instruction code received from
the Interpreter into a longer code to transfer data among the slave's registers.
Details of this control code format will be determined during logic design.
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The register-level structure of the IT is shown in Figure 54 and the control
sequence is shown in Figure 55. The IT control sequence is separated into
four major functions: Interpreter Buffer access, Type 0 execution prepara-
tion, execution control operations, and Type 1 execution. These are
described below.

Interpreter Buffer access is made when an instruction-ready signal is re-
ceived from either of the Instruction buffers. When this signal is sensed,
the identity of the Ready Buffer is latched in a flip-flop, causing the steering
logic of Figure 51 to make the proper connections. (The way in which the
interpreter handles the buffer guarahtees that no races can occur.) Once the
buffer has been selected, the upper six bits of the IT code are used as the
upper six bits of a 9-bit microprogram address, with zeros as low-order bits.
This primitive hashing is adequate to scatter the short sequences of micro-
operations evenly through the storage. Where more than eight microinstruc-
tions are required for a given operation, the next succeeding code is left
unused.

Assignment of codes to the IT functions of Figure 53 is a trivial exercise that
has been left until microprogramming is done.

Execution preparations for Type 0 instructions use the lower two bits of the
IT code, together with the S field of the current microinstruction and the
mask portion of the Parameter Buffer, The first test made determines
whether the current microinstruction includes a storage operation. If it does
not, masking and storage control tests are skipped. If it does, and the IT
code specifies that a mask is to be used for storage operations, then the bit
is accessed and tested., The P-buffer address of this bit is formed by left-
concatenating a ''1" onto the bit-count register, thus accessing the upper 4K
bits of the buffer. If the operation is masked in this bit position, a NO-OP
is selected as input to the Word Logic Code (WLC) register. If not, the code
from the microinstruction is selected.

Once the proper code has been determined, the IT next requests access to

the appropriate bit (from BIT ADDRESS). When the Storage Controller makes
the bit available, the completion status of the previous array operation is
checked, and newly-prepared code is issued ("triggered") for execution.

This is done by loading the WLC, Store Code, and Hold Count registers and
enabling the storage controller. Once these things have been done, timing of
the operation is independent of the IT and is based on the Hold Count. When
the time required for the operationthas elapsed, the WLC register is cleared
to NO-OP status and the "Array Operation Complete' indicator returnsto true,

While the issued instruction is executing, the IT performs a number of exe-
cution control operations to determine the next microinstruction to be fetched.
If a storage operation is being performed, the BIT COUNT is incremented to
reflect the activity and the (next) BIT ADDRESS is obtained by incrementing
or decrementing the register. Next, the L field is checked to determine

loop control actions. If the instruction is the first in a loop, its address is
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saved and the Memory Address register is incremented. If it is a "middle, "
onlv the increment is performed. If it is a "last, ' then the loop exit criterion
is checked to determine whether the execution should be terminated or the
next instruction should be from the previously-saved ''first" address.

Type 1 instruction execution distinguishes between the "TO" instruction and
other IT cperations. For the "TO," the Bit Address register is loaded and
the Storage Controller is notified so that any required shifting can be begun.
Detailed specification of the other Type 1 operations has been left until the

logic design of the IT is done.

The handling of parameters (specified by the P field of the microinstruction)
is done directly by combinational logic connected to the P register. The pur-
pose of most P options is apparent. The index insertion codes are used to
provide the Match Memory Address field for those word logic functions which
require it. For access to a single bit, the lower four bits of the Length regis-
ter are used directly. For "block" transfers of the stack to and trom storage,
the lowest four bits of the Bit Count register are used (they are incremented
during the execution control operations, so each iteration of the loop accesses
a new match memory bit).

4.1.2.3 Storage Controller -- As has been discussed, detailed internal design
of the Storage Controller has been deferred to allow a choice of storage tech-
nology to be made at the same time as a build commitment, In this section
then, the terminal characteristics of the Storage Controller are described.

In addition, the internal requirements of the Storage Controller are discussed
in the context of the baseline CCD technology.

As shown in Figure 56, the Storage Controller is connected to three other sys-
tem subunits; the Fast I/O Controller, the Iteration Controller, and the Central
Signal Distributor. Functionally, it is responsible for shifting the storage to
any bit position required by either of the controllers, generating the control
signals to perform required operations, and handling any storage maintenance
functions (e. g., refresh).

The design of the slave is such that operations cannot occur simultaneously in
the Fast I/O and IT Controllers. Thus, the interfaces to these units may be
handled in an identical fashion with confidence that no contention will occur,

When the Storage Controller receives a "REQUEST, " it compares the bit
address received from the requesting unit with an internal counter indicating
the index of the next bit available for an operation. If the values match, the
Storage Controller returns a '"Ready" signal, indicating that the requestor

may proceed to operate on the requested bit. The requestor may then return
an "OPENABLE" signal which causes the Storage Controller to perform the
operation specified by the '"type' code and to increment its internal bit counter.
If the bit addresses do not match, the Storage Controller performs the neces-
sary block accessing and shifting prior to returning the ''Ready' signal.
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e Bit Position -- A 12-bit register used to hold the current position
of the storage. The upper four bits of this register specify the
256-bit block and the lower eight bits the position within the block.

e Block Position Memory -- A 16-word by 8-bit memory containing
the current bit position of each of the blocks in a storage word.
The lower eight bits of the Bit Position Register may actually be
the memory word addressed by the upper four.

e Refresh Timeout -- Some type of timer must be provided so that
the Storage Controller can cause a refresh cycle when the time
since the last normal array operation has exceeded a threshold.

4.1.2.4 Fast I/O Controller -- It is expected that the Fast I/O Controller will
transfer blocks of data between the host's memory and the array without the
intervention of the master processor or the host I/O subsystem. The fast

I/O operation will be initiated by the Interpreter after the words to participate
have been selected (SELECTGROUP). The Fast I/O Controller will use the
Storage Controller just as the IT does, transferring the required data and
halting.

This capability is provided as a distinct control subunit because the normal
host-to-array path has been optimized for control functions and it is expected
that the simulations will show that this path is too slow to support a 10/ bit-

5 per-second rate, If this is not the case, the Fast I/O Controller can easily
’ be deleted from the design. ~

4,1.3 Host Interface

The interface between the host and the master control unit will physically

| connect as a high-speed peripheral device of both units. On the host side,
this connection can be made via an I/O multiplexer (IOM) on the Contractor's

: machines or by some equivalent path on other machines. On the master side,

connection will be made directly to the main processor bus. From the soft-

ware viewpoint, transfers will be memory-to~-memory.

If the ECAM installation is made with an HIS-6080 as the host, and PDP-11/
45 as the master, it is expected that the interface design can be based on a
unit designed by Univac, Inc, and installed at the NMIC in Washington, D. C.
The unit, called a Bus-to-Bus Converter, is described in Univac specification
PX11464. It has an estimated transfer rate capability of 120, 000 bytes per
second. [t is expected that this rate is in balance with the average rate capa-
bilities of other system elements, but would suggest that evaluation of ECAM
burst transfer rates be checked via simulation prior to committing to the
design.

If another combination of host and raaster is finally chosen, simulation results
can be used to determine the required capability of the interface.
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4.2 ECAM ASSOCIATIVE ARRAY

In this section, the functions and logic of the ECAM Associative array are
discussed. The discussion covers the word logic and signal distribution
system and, briefly, the storage part requirements.

The ECAM Associative array is a memory which has a data processing capa-
bility at each individual word. This capability is provided by the Word Logic
Blocks (WLBs) which are connected as shown in Figure 57. A WLB operates
in a bit serial manner using a field (L) of its respective memory word as a
data source or destination. Each block contains an activity control called a
match bit (m).

s s
| ]
t {
: (& r—b WLB
Bl WLB
(IR : 4——>{ WLB
T
(ST 44— WLB
N 1
X |
45 £ F——n wLB
| | H
; (& 1 WLB
]
: L $WLB
|l L WLB
v v

Figure 57. Memory and Word Logic Blocks

The match bit determines the operational state of a WLB. If the match bit
is set (m = 1), the block is a participant. If the match bit is reset (m = 0),
the block is a nonparticipant. All WLBs operate in synchronism to execute
commands which are broadcast to the array.

Several types of processing are possible. Data processing functions trans-
form data fields by addition or subtraction of a value. They also search
participating words to locate the maximum or minimum. A compare opera-
tion identifies which are larger, smaller, or equal to a broadcast value.
Match manipulation functions allow search and compare results to be
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combined. Thus, the array can execute complex search expressions.
Input/output functions allow data fields to be entered into or removed from

the array words.

To facilitate rapid input and output, the array includes I/O switches which
selectively connect the WLBs to 10 parallel I/O lines. Each I/O switch
serves 10 WLBs, as shown in Figure 58. During an I/O operation, each
[/O switch examines both the WLBs it serves and control information de-
scribing the status of the I/O lines. The switch then connects as many as
possible of its participating blocks' unused I/O lines. The switch also re-
ports the number of connections made to the I/O control mechanism.

Control signals for the I/O switches are created in the Control Generator
Logic (CGL) tree (Figure 59). The tree sums the number of responding
WLBs in a hierarchical fashion and produces a list of partial sums which
control the I/O switches. The combined logic of the I/O switches and the
CGL tree facilitates multiple match resolution and responder counting within
the array. The tree also provides a pointer to the physical location of the
first responding WLB.

4.2.1 Array Physical Overview

As will be discussed in Section 6, the array is implemented in cabinets of
8.4 x 107 bits or approximately 10 million bytes. Each cabinet contains the
following equipment:

e Thirty-two storage/word-logic circuit boards

® Four storage buffer boards (board Type A) cabinet buffer
circuit board (board Type B)

® A back panel, cable interface, and external connector assembly
@ Modular power supplies

® A cooling system consisting of fans for the power supplies, and
fans/ducting for the circuit boards

Control signal distribution throughout the ECAM array is in the form of a
fan-out tree as shown in Figure 60. This technique takes advantage of the
physical parallel structure of the array. Commands (called function codes)
are issued by the slave controller to all words of the array. Distribution of
the function code signals is performed by a hierarchy of signal buffers as
shown in the figure. Tree-structured logic for I/O control and multiple
match resolution is packaged with the signal distribution buffers,
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A circuit board is the smallest plug-in replaceable unit. It has a storage
capacity of over 2.62 million bits. A schematic diagram of one circuit board
is shown in Figure 61. Each board contains:

e Eight hybrid circuit modules (all identical)

e Signal distribution buffering circuitry

e Control generator logic (CGL)

The CGL is a tree-structured control circuit implemented in off-the-shelf
integrated circuits. It provides the control mechanism for the following
functions:

Input/output

Multiple match resolution

Match counting

Physical address determination of first responding hybrid

To achieve desirable I/O rates, the array has been provided with 10 parallel
[/O paths. The CGL allows selection of the array words which are to be con-
nected to the I/O paths and controls the 1/ O switches (discussed later) which
make the actual connection. The circuit board as shown in Figure 61 con-
tains approximately 52 standard integrated circuits and requires approximate-
ly 55 connector pins.

Each hybrid circuit module (Figure 62) has a storage capacity of 327. 68 Kbits
and contains:

° Memory and word logic chips

e Signal distribution buffering circuitry (chips)

To simplify the structure and construction of the hybrid circuit module, the
CGL at this level has been designed into the Word Logic LSI Chips (WLLC).

As stated previously the array design has intentionally been made as storage
technology-independent as possible. The baseline storage chip organization
is 10 words of 4096 bits each., Alternative organizations are discussed in
Section 6.

Each of the eight WLLCs in a hybrid consists of:

Ten WLBs

A 16-word by 10-bit static RAM (Match Memory)
A 10-word, bit-serial I/O switch

[/O and Multiple Match Resolver control logic

Function Code decoding logic
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The interconnection of these components is shown in Figure 63.

} The WLBs comprise the data processing portion of the ECAM array. Each

I WLB is directly connected to one storage word (4096 bits). A WLB can per-
form such functions as:

Add

Subtract

Compare with value

Input / out put

Maximum search

Minimum search

Between limits search

Each WLB (Figure 64) contains a match bit (m). In general, the match bits
serve two purposes., Prior to an operation, the match bits indicate those
WLBs (and their respective storage words) which will participate in a func-
tion. After an operation, the match bits indicate those WLBs (and storage
words) which "passed' the function. For example, prior to a Maximum
Search function, the match bits indicate the storage words which will be
searched; and after the search, the match bits indicate the word (or words)
with the maximum value.

[n addition to its match bit (m), each array word has a match bit storage
memory of 16 bits. This feature facilitates evaluation of complex search
expressions by allowing intermediate search results to be stored and later
retrieved for combination with the results of additional tests. Word Logic
functions are provided for manipulation and storage of match bit results.

To ease implementation of the WLLC, the match bit storage vectors of the
10 WL Bs are combined into a single 16-word by 10-bit RAM called the Match
Memory (MM). This is shown in Figure 65. Transceivers are provided to
reduce the number of interconnections required on the chip. Functionally,
the Match Memory still operates as if each WL B had its own dedicated 16-bit
match bit storage vector.

The I/O switch (Figure 66) allows the simultaneous bit-serial input or output
of up to 10 data storage words. Each WLLC contains one 10-path I/O switch
which is connected to the 10 WL Bs within the chip. The data I/O lines from
all I/O switches are combined (10 parallel) by a hierarchy of logic similar
to the signal distribution buffering. The [/O switch is also an integral part
of the Multiple Match Resolver control logic within the ECAM array. In
single mode, the I/O switch selects the first responding WLB (m = 1) within
the entire array. In multiple mode, the I/O switch selects the first 10 (or
less) responding WLBs. In either case, the respective storage word (words)
may then be input or output.
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To perform the Multiple Match Resolution function, each I/O switch requires
control signals which describe the number of detected responding words.

This control information is in the form of a list of partial sums, Each partial
sum indicates (modulo 16 with overflow) the count of responders beginning at
one end of the array. Rather than allow the sum to ripple through the array
(a time-prohibitive procedure), a summing tree is provided which computes
partial sums via a hierarchy of adders. As mentioned earlier, this logic,
called the Control Generator Logic (CGL) tree, provides the control mechan-
ism for:

Input/output
Multiple match resolution
Match counting

Physical address determination of first responding hybrid

The [/O and Multiple Match Resolver control logic (Figure 67) generates and
combines match resolver signals in conjunction with the I/O switch and the
CGL tree.

The functions of the WLLC are directed by a six-bit Function Code (FC). The

FC is decoded for I/O switch and Match Memory control by the FC decoding
logic. Also, each WLB contains logic (all identical) to decode the FC lines.
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4.2.2 Word Logic LSI Chip (WLLC)

This chip (shown in Figure 68) is the bottom level of the ECAM Associative
array structure. It includes five functional subunits: The WLB, Match
Memory, I/O switch, I/O and MMR control logic, and the Function Decode
logic. These subunits are discussed below.

4.2.2.1 Word Logic Block -- This section discusses both the hardware of
the WLB and the processing functions which it performs. For completeness
the I/O and MMR functions which affect the WLB are included in this section
also.

’

The WLB (Figure 69) is the data processing element of the ECAM array.
Three flip-flops determine the state of the block:

® Storage Latch (L)

® Match Bit (m)

e Temporary (T)
The Storage Latch captures and holds the most recent (current) data bit read
out of the Data Storage chip. The Match Bit is used to indicate that the block
is an active participant in the current operation (search, count, [/O, etc.).

The temporary bit serves several purposes, including Data Storage, Status
Indication, and Control.
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Processing of both data and state is performed by a combinatorial logic
block. The operation of the block may be conceptually broken into two steps:

e Decode
e Processing

One part of the block decodes the six function control lines from the slave
controller. The decoded function opcodes direct data and state processing
which takes place in the "ALU" portion of the block. Implementation of the
combinatorial logic block will be in the form of a programmable logic array
(PLA) or read-only memory (ROM).

The combinatorial logic block also provides outputs to (and accepts inputs
from) the Match Memory (MM) and the I/O switch. The match bit may be
stored in (or loaded from) the Match Memory. The match bit line also sup~
plies the [/O switch with information necessary for multiple match resolution
and high-speed I/O. The Global Data line (G) transfers data to and from the
[/O switch., The Pointer (P) is an output from the Multiple Match Resolver
circuitry that indicates the selected (resolved) word or words.

The ECAM word logic can perform three types of processing functions:

e \atch manipulation
° Data processing
e Input/output

In general, these functions are supplied by the decoding of function codes
(FCs) and the combination of the decodes with array state or data.

In the function descriptions which follow, state or data variables which do
not have a new value explicitly stated remain unchanged. Also, some func-
tions may require setup processing (usually state manipulation) prior to the
iteration of the function across bits of the selected data field.

4,.2.2.1.1 Match Manipulation Functions -- The Match Manipulation
functions (Table 46) provide the capability of saving, restoring, manipulating,
and initializing word logic state contained in the match bit (m) and the tempor-
ary bit (T). The Match Memory functions move matck state to or from the
Match Memory. The Boolean functions perform logical operations on m and
T. The Initialize functions load m and T from the Global Data line (G). The
Input/Output and Multiple Match Resolver functions determine the operational
state of the I/O switch and Multiple Match Resolver as well as effecting
match resolution.
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Table 46. Match Manipulation Functions

Function Operation
e \latch Memory to Match Bit (m ~ Z\I.\Ii)
e \latch Memory to Storage (L - MM,)
Match Memory | o Storage to Match Memory (.\IMi - L)
e 1latch Bit to Match Memory (.\I.\Ii - m)
e AND (mem. T)
e OR (m = m + T)
e Exclusive OR (m-=m=3T)
Boolean e Complement m (m ~ m)
e Exchange (m — T)
e Copy (T « m)
e Complement T (T - T)
Initialize m (m ~ G)
HstAlige e Iitialize T (T « G

e Zero Hybrid Interface Register
e Load Hybrid Interface Register
I/O and MMR
Control e Capture Carry
e Report Carry
e Report Matches
e Select First m -~ P (slow) ;
Multiple Match e Select First Set me~ P (fait)
Resolver e Discard First me+~ m - P (slow)
e Discard First Set me~ m - P (fast)
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4.2.2.1.1.1 Match Memory Functions -- The Match Memory functions
move match state information to or from the Match Memory. Transfers to
or from the match bit (m) and to or from the data storage (L) are possible.
The temporary bit (T) is used as a control variable. Addressing of the
AMatch Memory is performed by the four least significant function control
lines (FC3 21 0). The possible match state information transfers are

shown in Figure 70. The Match Memory functions are:

1) Match Memory to Match Bit. The Match Memory to Match Bit
function transfers the value of the addressed Match Memory bit (MM;)
of each array word to the match bit (m) of each array word. All
words participate in the transfer:

m « MMi

The temporary bit (T) must be initialized to 1 (T ~ 1). The transfer
equation is:

m e~ (T . .\mi) +(T . m)

This equation is also used to implement the Match Memory to Storage
function when the temporary bit equals zero.

2) Match Memory to Storage. The Match Memory to Storage func-
tion transfers the value of the addressed Match Memory bit (MMj;)
of the participating array words (m = 1) to the current bit position
of the selected data storage field (L), The storage field of non-
participant words remains unchanged. The transfer is:

L ~ MM,
p !

The temporary bit (T) must be initialized to zero (T ~ 0). The func-
tion may be repeated to move all or part of the Match Memory con-
tents., The iteration equations are:

L =(m- MM + (f - L)
me~ (T . MM,) +(T . m)

These equations are also used to implement the Match Memory to Match
Bit function when the temporary bit equals 1.
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3) Storage to Match Memory. The Storage to Match Memory func-
tion transfers the value of the current bit position of the selected
data storage field (L) of the participating array words (m = 1) to the
addressed Match Memory bit (MM;). The Match Memory bit of non-
participant words is cleared (set to zero). The transfer is:

MM, -~ L
1

The temporary bit (T) must be initialized to zero (T -~ 0). The func-
tion may be repeated to load all or part of the Match Memory. The
iteration equation is:

I\IMiv-m - (L+T)

The equation is also used to implement the Match Bit to Match
Memory function when the temporary bit equals 1.

4) DMatch Bit to Match Memory. The Match Bit to Match Memory
function transfers the value of the match bit (m) of each array word
to the addressed Match Memory bit (MM;) of each array word. All
words participate in the transfer:

l\’IIVIi ~m




The temporary bit (T) must be initialized to 1 (T ~ 1). The transfer
equation is:

M.\Ii =y (L + 1)

The equation is also used to implement the Storage to Match Memory
function when the temporary bit equals zero.

4.2.2.1. 1.2 Boolean Functions -- The Boolean functions perform
logical operations on the match bit (m) and the temporary bit (T). All array
words participate and no initialization is required:

1) AND. The AND function replaces the match bit (m) with the logical
product of m and the temporary bit (T):

memas T

2) QR. The OR function replaces the match bit (m) with the logical
sum of m and the temporary bit (T):

m = m +T

3) Exclusive OR. The Exclusive OR function replaces the match
bit (m) with the Exclusive OR of m and the temporary bit (T):

memST

4) Complement m. The Complement m function replaces the match
bit (m) with its logical complement:

m -~ m
5) Exchange. The Exchange function replaces the match bit (m)
with the value of the temporary bit (T) and simultaneously replaces
T with the value of m:

me~T

6) Copy. The Copy function replaces the temporary bit (T) with the
value of the match bit (m):

Te~m

7) Complement T. The Complement T function replaces the
temporary bit (T) with its logical complement:

Te~T




4,2,2.1.1.3 Initialize Functions -- The Initialize functions transfer the
value supplied by the slave controller via the Global Data line (G) to either the
match bit (m) or the temporary bit (T). All array words participate:

1) Initialize m. The Initialize m function replaces the match bit
(m) with the value supplied by the slave controller via the Global
Data line (G):

m~G

2) Initialize T. The Initialize T function replaces the temporary bit
(T) with the value supplied by the slave controller via the Global Data
line (G):

Te-G

4.2.2.1.1.4 1/0 and MMR Control Functions -- The Input/Output (I/O)
and Multiple Match Resolver (MMR) control functions determine the opera-
tional state of the CGL tree, and consequently the state of the I/O switch and
Aultiple Match Resolver. Proper operational state is required for:

Input/output
Multiple match resolution
Responder counting

Responding hybrid address determination

Input / Output Control Functions Description:

1) Zero Hybrid Interface Register. The Zero Hybrid Interface
Register function clears all Hybrid Interface registers as the first
step in establishing the proper operational state of the CGL tree:

HIF ~ 0

2) Load Hybrid Interface Register. The Load Hybrid Interface
Register function causes all Hybrid Interface registers to capture
and retain their respective code values as computed by the CGL tree.
The captured values are applied to the hybrid circuit modules as

the Match Count In. This function is the second step in I/O switch
control preparation and multiple match resolution:

HIF ~ Count




3) Capture Carry. The Capture Carry function causes all WLLCs
to capture and retain their respective carry values as computed by
the CGL tree and by the [/O, MMR control logic on each chip. This
function is one of several which constitute an iteration process for
counting responders.

4) Report Carry. The Report Carry function causes all WLLCs to
present their carry value (1 or zero) to the match count adders. This
function is one of several which constitute an iteration process for
counting responders. Under normal (noncounting) conditions, a match
count value generated by the [/O switch is presented to the adders.
The WLLCs are restored to their normal state by the Report Matches
function.

5) Report Matches. The Report Matches function causes all WLLCs
to present their [/O switch-generated Match Count value to the match
count adders. This is the operational state required for [/O switch
control preparation, multiple match resolution, and responding hybrid
address determination.

AMultiple Match Resolver Functions Description: The Multiple Match Resolver
functions modify the vector of match bits (m) across the array in accordance
with the result of the Multiple Match Resolver logic. The resolver produces

a pointer vector (P) which may indicate either the first true match bit (m = 1)
or the first 10 or less true match bits. The ordering implied by the word
"first'" is determined by the wiring of the resolver. This ordering is arbitrary,
but deterministic. The CGL tree must be in the proper operational state be-
fore the Multiple Match Resolver functions will produce valid results, The
AMultiple Match Resolver functions are:

1) Select First. The Select First function resets all match bits (m)
except the first one as indicated by the pointer vector (P):

m ~ P (slow)

2) Select First Set. The Select First Set function resets all match

bits (m) except the first 10 as indicated by the pointer vector (P), If

less than 10 match bits are true prior to the execution of the function,
then no bits will be reset:

m ~ P (fast)

3) Discard First. The Discard First function resets the first true
match bit (m) as indicated by the pointer vector (P):

me-m. P (slow) ?
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4) Discard First Set. The Discard First Set function resets the
first 10 true match bits (m) as indicated by the pointer vector (P).

[f less than 10 match bits are true prior to the execution of the func-
tion, then all bits will be reset:

me~m . P (fast)

4.2.2.1.2 Data Processing Functions -- The data processing functions
are: Add/Subtract, Reverse Subtract, Arithmetic Compare, and Minimum/
AMaximum. They are arithmetic and relational operations that are performed
over fields contained within participating words of the ECAM array. The re-
sult of these functions is either a transformed data field or a match result.
[f the word logic match bits (m) are viewed as a vector indicating the word
participants of a data processing function, then a match result may be viewed
as a transformation of the match vector so that the resultant match vector
indicates those words which were both participants and also satisfied the con-
dition evaluated by the function.

4.2.2.1.2.1 Add/Subtract -- The Add/Subtract function is a multiple-
use function which adds the global value (G) supplied by the slave controller
to the value in the selected data field of each participating word (m = 1) and
replaces the data field with the result of the addition/subtraction. The
operation is bit-serial beginning with the LSB. The currently addressed data
storage bit is held by the data storage latch (L) within the WLB.

The transformations which are possible with the Add/Subtract function include:
L e R G
L v L ~G
Ll =B B
L= L=1
| R T 20
T =G s
For each data bit, the iteration proceeds by placing the binary sum of L, G,
and T into L. Simultaneously, the binary carry is placed in T. At the com-
pletion of the iteration process, T contains the carry-out of the MSB.
The iteration equations are:
L -~-m(L23G8T)+mT
T -« mi(L: G+L: T+G- T)+m T

Note that the values of L. and T remain unchanged in those words which are
nonparticipants (m = 0), and that the match bit of all WI.LBs remains unchanged.
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Details of the Add/Subtract function transformations are as follows:

1) L~L +G. This use of the Add/Subtract function requires that
T be initialized to zero for all participating words (state manipula-
tion). The global value (G) is then supplied by the slave controller,
LSB first, one bit at a time (one bit for each iteration of the function).

2) Le~L -G. To perform subtraction of the global value, the
temporary storage bit (T) of each participating word must be initial-
ized to 1 (carry-in = 1). Then, the global value (G) is supplied in
one's complement form. Alternatively, T may be initialized to zero
and G then supplied as two's complement.

3) L~-L +1. Incrementing a data field by 1 is done by initializing
T to 1 (T ~ 1) and adding zero (G = 0).

4) L ~L -1. Decrementing a data field by 1 is done by initializing
T to zero (T ~ 0) and adding a global value of all ones (two's comple~-
ment form of minus 1).

5) LeL +0. The Add/Subtract function will result in no change
to the data field if T is initialized to zero (T ~ Q) and the global value
is also zero (G = 0).

6) T -G < L. This comparison may be performed LSB first by
executing the Add/Subtract function in its L « L - G form and noting
the value of T at completion. A value of 1 (T = 1) indicates that the
global value was less than or equal to the field value. Both values
are assumed to be unsigned integers. Normally, T should be moved
tom (by m ~m . T) to record the result of the comparison.

4.2.2.1.2.2 Reverse Subtract--The Reverse Subtract function subtracts
the value of the selected data field (L) of each participating word (m = 1) from
the global value (G) supplied by the slave controller, and replaces the data
field with the result of the subtraction., The data transformation may thus
be described as:

L - G-L

The operation is bit-serial beginning with the LSB, The temporary bit (T)
must be initialized to 1 (T ~ 1) prior to the iteration of the Reverse Subtract
function.

For each data bit, the iteration proceeds by placing the binary sum of ., G,
and T into L. Simultaneously, the binary carry (borrow) is placed in T, At
the completion of the iteration process, T contains the borrow generated by
the MSB.
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The iteration equations are:
L -~-m(LeGST)+mL
T -m(L.G+L.T+G.T)+mT

The values of L and T remain unchanged in those words which are non-
participants (m = 0), and the m bit of all WLBs remains unchanged.

4.2.2.1,2,3 Arithmetic Compare--The Arithmetic Compare function
compares the value of the selected data field (L) of each participating word
(m = 1) with the global value (G) supplied by the slave controller, and codes
the result of the comparison into m and T:

m gt Condition

0 it Lo< (G

1 1 L = G

i 0 L > G

0 0 Nonparticipant

Proper operation of this function requires that the temporary bit (T) be made
equal to the match bit (m) for all words in the ECAM array (i.e., T ~ M)
prior to beginning the iterations. The operation is bit-serial beginning with
the MSB.

For each data bit, the iteration proceeds by comparing L. and G and resetting
the match bit (m) if L < G, or resetting the temporary bit (T) if L > G. Once
either bit is reset in a particular WLB, neither bit will be changed again
(only one reset can occur per word). At the end of the iteration process,
WLBs which have both m and T still true correspond to words where L = G,

The iteration equations are:
m e m(T+G+1L)
T -~ T(m+G+T)

This function does not change the contents of the data storage. Normally,

the encoded result should be moved to the match bit (m) or the Match Memory
(MM) in order to prevent the value of T from being lost during subsequent
processing.

4,2.2.1.2.4 Minimum/Maximum =-- The Minimum/Maximum function is
a dual-use function which selects the participating word (m = 1) which contains
the minimum (or maximum) value data field (L). The selected word is
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indicated by a match bit value of 1. (The match bits of unselected participants
are reset.) The two possible transformations are:

m -~ m . (minimum L)

or
m ~ m - (maxdmum L)

AMultiple responses will result when more than one word contains the minimum
(or maximum) value. The operation is bit-serial beginning with the MSB.

The iteration process consists of two steps per bit of the selected data field.
The first step is the application of the Output function (Section 4. 2. 2. 1, 3).
In the second step the slave controller broadcasts the value produced by the
Output function back to each word for comparison. The Output function in
this application results in the OR of the current bit from all participating
words. The iteration equations are:

G -« m. (T 3L) < output ORing>
and

me~-m-[T(C+G +T(L+O]
The value of L is the same for both steps of the iteration.
Details of the Minimum/Maximum function are as follows:

1) Minimum. This use of the Minimum/Maximum function requires
that T be initialized to 1 for all participating words (T ~ m). This
causes the output function to apply L to the output OR. A true value

(1) from the output OR indicates that at least one of the participating
words contained a zero at the current bit position. If a zero is de-
tected, the Minimum/Maximum function (with T = 1) will retain as
participants only those participating words which contained a zero.

[f a zero was not detected, all participants will be retained. At the
completion of the iteration process, only the word (or words) contain-
ing the minimum value in the selected data field (L) will be a participant.

2) Maximum. This use of the Minimum/Maximum function requires
that T be initialized to zero for all participating words (T «~ 0). This
causes the output function to apply L to the output OR. A true value
(1) from the output OR indicates that at least one of the participating
words contained a 1 at the current bit position. If a 1 is detected,

the Minimum/Maximum function (with T = 0) will retain as participants
only those participating words which contained a 1. If a 1 was not
detected, all participants will be retained. At the completion of the
iteration process, only the word (or words) containing the maximum
value in the selected data field (L) will be a participant.




4.2.2.1.3 Input/Output Functions -- The Input/Qutput functions are:

Input, Output, Flag Duplicates, Broadcast, and Output OR. They allow the
loading or unloading of words (or fields within words) in the ECAM array.
The I/O switch permits up to 10 array words to be loaded or unloaded
simultaneously in a bit-serial manner. Additionally, a single value may be
broadcast to all array words, or all words may be combined by logical ORing
to form a single output.

Details of the Input/Output functions are as follows:

1) Input. The Input function transfers data from the Global Data lines
(G) to the selected data field (L) of each participating word (m = 1),
The data transfer is:

L-~G

The operation is bit-serial beginning with either the LSB or MSB.
No initialization is required and up to 10 words may be loaded simul-
taneously.

For each data bit, the iteration replaces the data storage bit with the
binary value of one Global Data line. The mapping of Global Data
lines to array words is performed by the I/O switch (Section 4. 2. 2, 3),
The iteration equation is:

Lem.G+m. L
Nonparticipant words (m = 0) remain unchanged.

2) Output. The Output function transfers data from the selected
data field (L) of each participating word (m = 1) to the Global Data
lines (G). The data transfer may be in either true (L) or complement
(L) form. Thus, the data transfers which are possible are:

G -~ L

G -~ L

The operation is bit-serial beginning with either the LSB or the MSB.
The temporary bit (T) must be initialized to zero (T ~ 0) for true data
transfer, and to 1 (T ~ 1) for complement data transfer. Up to 10
words may be unloaded simultaneously.

For each data bit, the iteration places the value of the data storage bit
(true or complement) on the Global data line. The mapping of array
words to Global Data lines is performed by the I/O switch (Section
4.2.2.3)., The iteration equation is:

G em:- - (T8L)
All words, fields, and match bits remain unchanged.
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3) Flag Duplicates. The Flag Duplicates function is an adjunct to
the Output function. It detects those participating words (m = 1) in
which the selected data field (L) is equal to the field of the word being
output from the array. The state transformation is:

T « L =G

The operation is bit-serial beginning with either the LSB or the MSB.
The temporary bit (T) must be initialized to 1 (T ~ 1).

For each data bit, the iteration process consists of two steps. First,
the Output function is applied. Then, during the Flag Duplicates func-
tion, the slave controller broadcasts the output data bit back to the
array for comparison. The Global Data line (G) is compared with the
current data bit (L) and the result is placed in the temporary bit (T).
The iteration equation is:

T -~ T-(C30G)
The match bit (m) of all WLBs remains unchanged.
4) Broadcast. The Broadcast function transfers data from the first

Global Data line (Gg) to the selected data field (L) of each participating
word (m = 1). The data transfer is:

= i

L Go |

The operation is bit-serial beginning with either the LSB or the \ISB. :

No initialization is required and all array words may be loaded |
simultaneously with a single value.

For each data bit, the iteration replaces the date storage bit with the
binary value of the first Global Data line, Gg. The I/O switch operates
in the Broadcast mode to perform this function. The iteration equation
is:

L—m'GO+r71'L

Nonparticipant words (m = 0) remain unchanged.

5) Qutput OR. The Output OR function transfers data from the se-
lected data field (L) of each participating word (m = 1) to the first
Global Data line (Gy). In the process, the bit output of each array
word is logically O?%ed with the bit outputs of all other participating
words. The source data may be in either true (L) or complement
(L) form. Thus, the data transfers which are possible are:
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Gy -~ L (ORing)

G. ~ L (ORing)

0

The operation is bit-serial beginning with either the LSB or the MSB.
The temporary bit (T) must be initialized to zero (T - 0) for true

data ORing, and to 1 (T ~ 1) for complement data ORing. All words of
the array may be ORed as output simultaneously.

For each data bit, the iteration OR's the value of the data storage bit
(true or complement) onto the first Global Data line. The selection
and ORing is performed by the I/O switch which operates in the

Output ORing mode to perform this function. The iteration equation is:

G0 -~ m- (TEL)

All words, fields, and match bits remain unchanged.
4.2.2.1.4 ECAM Associative Array Functions Summary -- Table 47

presents the ECAM Associative array functions in tabular form. The mean-
ings of the columns are discussed in the following paragraphs.

Control of the array is established by both the word logic FC lines and the
storage control lines (shift, RMW). The first 32 FCs (00-1F) use the four
LSBs (3,2,1,0) to address the Match Memory. Those same codes also use
the temporary flip-flop (T) as an additional control variable. Note that only
‘he Read and Modify modes of the storage device are used. The Write mode
is not required. Function Codes 3D through 3F are currently shown as
performing no operation (i. e., they are identical to NOP, 37). Those codes
are reserved for maintenance functions which have not been defined. One
possible maintenance feature would be the inclusion of a Fault flip-flop (F)
in each WLB. Reserved codes would be used to control and sense this flip-
flop. A short discussion of the use of such a flip-flop is presented in Section
6.4.

The Function column describes each array activity in symbolic form. The
Local Match Input column lists the logic equations applied to the input of the
match bit flip-flop (M). The Temporary Input column lists similar equations
for the temporary flip-flop (T).

The Match Memory requires both input and control. The input equations are
listed under the MM; Input heading. The symbol X indicates a "don't care”
input. The equations shown also serve as input to the I/O switch, There-
fore, some functions list a value even though the Match Memory is not af-
fected. The Read/Write control is meaningful only when the Match Memory
is enabled (ENAB = 1).
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The Global Data columns list both the output equation (input is determined by
the slave controller) and the I/O switch controls. The F/S/B column desig-
nates Fast (F), Slow (S), or Broadcast (B) as the operating mode of the
switch. The Input and Output functions require that the switch not be in the
Broadcast mode. For those functions, fast or slow is determined by a pre-
viously executed Resolve function (such as Select First).

The Storage Part columns show the storage device input equations and the
storage data latch (L) control signal (ENAB). A 1 indicates that the latch is
enabled to capture a data bit from the storage device.

The Notes column provides explanatory comments for many of the function
codes.

4.2.2.2 Match Memory -- The Match Memory (Figure 71) is a 16-word by
10-bit static RAM. Each of the 10 data bits is dedicated to a particular WLB.
To minimize conductor paths on the WLLC, the inputs and outputs are com-
bined into bidirectional lines by transceiver circuits, Word addressing is
controlled by the four least-significant FC lines (FC3 9 1 0). The control

signals, Enable and Read/Write, are derived from the FC by the FC Decoding
logic. Because the memory is static, no special clocking or refresh cir-
cuitry is required,

As mentioned earlier, the consolidation of match bit storage vectors into a
random-access Match Memory is a means of achieving packaging efficiency.
It does not limit the information processing or searching capabilities of the
array.

4.2.2.3 Input/Output (I/Q) Switch -- The 1/O switch (Figure 72) is the data
transfer element of the ECAM array. All data being transferred to or from
the WLBs and data storage devices passes through an I/O switch. There is
one switch on each WLLC.

4.2.2.3.1 Interfaces -- Each switch serves 10 WL3s. Each WLB sup-
plies the switch with that block's match bit. (The same line also connects to
the Match Memory.) The switch generates the pointer bit (P) which is part
of the Multiple Match Resolver (MMR) logic. Ten bidirectional data lines
connect the I/O switch to the WLBs.

All of the I/O switches are connected to a common [/O port. Conceptually,
the 10 data I/O (DIO) lines from all switches are ORed together in parallel
to form a 10-line port. In reality, the ORing is performed in stages at the
hybrid, board, and cabinet levels by buffering logic.

The FC Decoding logic supplies each /O switch with signals which control
the operating mode of the switch.
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The I/0 and MMR control logic supplies each [/O switch with shift enables
which indicate the number of available DIO lines. In turn, the I/O switch
supplies the [/O and MMR control logic with Match Count signals which
indicate the number of data I[/O lines required by the switch,

4.2.2.3.2 Operating Concept -- The operation of the I/O switch is shown
concep*uallv in Figure 73. A switch matrix selects the "first"' 10 participat-
ing words (m = 1) and switches them onto the first available I/O lines. For
example, assume the words 4, 5, and 9 are participants. If an I/ O switch
higher in the array has already used one [/O line, then the switch pictured
must route data from words 4, 5, and 9 to [/O lines 2, 3, and 4. The switch
must also produce a latch Count value (equal to 3 in this case) which can be
added to previous match counts, thereby providing a control input to sub-
sequent I/O switches. The Match Count additions are performed by the I/O
and MMR control logic and by the CGL tree. The P vector indicates the first
(or rfirst 10) responder(s) of the entire array.
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Figure 73. 1/O Switch Operation Concept

4.2.2.3.3 Implementation -- The I/O switch operation concept is im-
plemented as a triangular matrix which performs two functions:

® Selection
e  Shifting
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Participating array words are selected on the basis of the match bits (m).
Selected Word Data I/O (WDIOQ) lines are connected to Logical Data I/O
(LDIO) lines which are then shifted to Physical Data I/O (PDIO) lines.

The selector matrix is shown in Figure 74. The matrix is triangular because
the first word, if matched, will always connect to the first logical data line.
The second word can connect to either of the first two logical data lines, and
so on. The selector matrix is controlled by a Connection Enable (CENAB)
signal which propagates in a stairstep fashion through the matrix. Matched
words cause the enable to be passed up and to the right on the next level.
Non-matched words cause the enable to be passed to the right with no level
change. The final level of the enable indicates the number of matches de-
tected by the I/O switch.
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Figure 74. Selector Matrix

The shifter matrix is shown in Figure 75. The matrix is triangular because
the first LDIO line may require connection to all 10 PDIO lines. The second
LDIO iine can be shifted to only nine of the PDIO lines, etc. The shifter
matrix is controlled by 10 Shift Enable (SENAB) signals which run diagonally
through the matrix. Only one Shift Enable is energized at a time. The value
of the Match Count In controls selection of the proper Shift Enable. If more
than 10 responders have been selected by the previous I/O switches, no Shift
Enables will be energized.

161




PHYSICAL DATA IO LINES

LOGICAL DATA 1O LINES

Figure 75. Shifter Matrix

The I/O switch is designed to perform four functions: K

Input
Output 3
Broadcast 3
Output ORing

These functions correspond to the operating modes shown in Figure 76.
Broadcasting is an Input mode and Output ORing is, of course, an Output
mode.

The I/O switch allows both multiple (fast) and single (slow) input. In the
Multiple Input mode, the '"first'" 10 participating (m = 1) array words are
loaded simultaneously in bit-serial fashion from the 10 PDIO lines. If there
are less than 10 participating words, then only the participating words will
be loaded and unused PDIO lines will be ignored.

In the Single Input mode, the "first" participating (m = 1) array word is load-
ed in bit-serial fashion from the first PDIO line, PDIOg. The remaining
PDIO lines will be ignored.
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Figure 76. [/O Switch Mode Control

Selection of the "first" one (or 10) participating array words is performed by
the I/O and MMR control logic operating in conjunction with the CGL tree.

The I/O switch allows both multiple (fast) and single (slow) output. In the
Multiple Output mode, the ''first" 10 participating (m = 1) array words are
unloaded simultaneously in bit-serial fashion onto the 10 PDIO lines. If
there are less than 10 participating words, then only the participating words
will be unloaded.

In the Single Output mode, the "first" participating (m = 1) array word is
unloaded in bit-serial fashion onto the first PDIO line, PDIOg.

Selection of the ''first'" one (or 10) participating array words is performed by
the I/O and MMR control logic operating in conjunction with the CGL tree.

In the Broadcast Input mode, all participating (m = 1) array words are loaded
simultaneously in bit-serial fashion from the first PDIO line, PDIOgy. For
proper operation, the remaining PDIO lines must be either zero or 1dentical
to the data on the first PDIO line.

Because the FC Decoding logic forces the first Shift Enable line (SENABg) to
be true when the Broadcast mode is used, the I/O and MMR control logic and
the CGL tree do not affect the operation of the switch during Broadcast Input
mode.




In the Output ORing mode, all participating (m = 1) array words are ORed
simultaneously in bit-serial fashion onto the first PDIO line, PDIQg.

Because the FC Decoding logic forces the first Shift Enable (SENABg) line to
be true when the Output ORing mode is used, the I/O and MMR control logic
and the CGL do not affect the operation of the switch during ORING output.

The implementation of the I/O switch is realized by combining the selector
and shifter matrices into a common I/O switch matrix with input and output
controls. The matrix is constructed with three types of logic building blocks:
® Type A - Word Logic Interface
e Type B - Selector/Shifter
® Type C - Physical Data Interface
The blocks are interconnected as shown in Figure 72.
The Word Logic Interface block (Figure 77) converts the bidirectional DIO
line (G) from a WLB into two unidirectional Word Data lines, WDI and WDO.

It also provides buffering for the Pointer signal (P) and inversion of the match
bit (m).

INPUT/QUTPUT

e e e {
MATCH | (m) | MATCH |
i MATCH
-
|
|
|
I WD
|
! WDO
|
1 P
+
_____ PRETRUPRES. |

Figure 77, Word Logic Interface Block
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The Selector/Shifter block exists in three nearly identical forms. Forms Bl
and B3 (Figure 78) differ only in the source direction of the leftmost CENAB
input. Form B2 (Figure 79) contains an additional gate (No. 10) which effects

multiple/single control.

Selection and shifting, although co-located in the Type B blocks, are function-
ally distinct and operate independently. Selection is accomplished by Cates

1 through 5 and Gate 9. Gates 1 and 2 are used to control connection between
a word and a LDIO line. If the word connected to the block has its match bit
set (m = 1), and the LDIO line which passes through the block is the first one
available, then the output of Gate 2 enables the connection and propagates the
enable (CENAB) to the next LDIO (now the first one available)., If the match
bit is not set (m = 0), but the LDIO is available, then Gate 1 propagates the
enable to the next block on the same LDIO. Gate 9 combines two CENAB
scurces for the next block. Gates 3 and 4 make the connection between the
Word Data lines and the LDIO lines. Gate 5 generates the P pointer that
enables the word itself (match resolution) if a PDIO is available.

Shifting is performed by Gates 7 and 8 which connect the LDIO lines to the
PDIO lines when the SENARB line is true (SENAB = 1). Driver 6 generates a
signal (LPC) indicating that a logical-to-physical connection has been made.
This signal is necessary because not all of the words connected to LDIO lines
may actually be connected to physical data lines by the shifter. The coinci-
dence of match (m), CENAB, and LPC generates the Pointer signal, P.

In the Type B2 block, Gate 9 is used to introduce the Broadcast/Switch control
line into the switch matrix. This line, when energized in conjunction with
SENABg causes the data received as input on the first (leftmost) PDIO line to
be broadcast to all active (m = 1) WLBs. The data received on all the remain-
ing physical data lines must be either zero or identical to the data on the first
PDIO line. In the Output mode, energizing the Broadcast/Switch control line
in conjunction with SENAB(, causes the data supplied by all active (m = 1)
WLBs to be ORed together and applied to the first (leftmost) PDIO, PDIOg.

The PDIO line Interface block (Figure 80) converts the bidirectional PDIO line
into two unifirectional Physical Data lines, PDI and PDO,

4.2.2.4 1/O and MMR Control Logic == The I/O and Multiple Match Resolver
control logic (Figure 81) generates control signals for the 1/O switch. It also
generates and combines Match Resolver signals in conjunction with the CGL
tree.

The logical components of the I/O and MMR control logic are a decoder, an
encoder, and an adder.

The decoder (Figure 82) is connected to the Match Count In (MCI) and Disable
signal lines. It transforms those lines into the 10 SENAB lines which control
the shifter matrix in the I/O switch. The decoder also provides an input for
the Broadcast/Switch signal which is generated by the FC Decoding logic.
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The encoder (Figure 83) is connected to the final CENABs lines in the I1/0
switch. It transforms those 10 lines into four Match Count lines which are
inputs to the adder. The encoder also contains the carry flip-flop and a con-
trol flip-flop, both of which are used during responder counting.

The adder (Figure 84) adds the value applied on the five Match Count In lines
to the match count indicated by the ~ncoder outputs. The sum is the Match
Count Out. The adder consists of three full adder circuits, a half adder, and
an OR gate.

The I/O and Multiple Match Resolver control logic controls the I/O switch
during the following operations:

e Input/Output
®  Multiple Match Resolution
® Responder Counting

During I/O and Multiple Match Resolutior, the 1/O and MMR control logic
decoder transforms the Modulo 1¢ plus overflow representation of the number
of responders ""above'' the controlled I/O switch into SENABs which result in
the connection of Logical Data lines to unused Physical Data lines. Mean-
while, the encoder converts the CENAB signals, which indicate the number
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of responders detected by the controlled I/O switch, to a binary representa-
tion which is used by the adder to compute the number of responders detected,
including the particular WLLC.

During Responder Counting, the encoder first presents the number of detected
responders to the adder for accumulation. After the slave controller has
received the Modulo 16 result, the adder carrys are captured by the capture
flip-flop in each encoder. The control flip-flop is then set, causing the en-
coder to present the number of carrys (0 or 1) to the adder for accumulation.
Carrys are captured and accumulated until no overflow exists at the slave
controller. With each iteration, four bits of Responder Count value are
recorded at the slave controller.

4,2.2.5 Function Code Decoding Logic -~ The FC Decoding logic (Figure 85)
is a combinatorial logic block which generates specific control signals re-
quired on the WLLC, Its function is analogous to that of the FC Decoding
portion of the WLB.

DECODE BROADCAST/SWITCH

CAPTURE CARRY (OP X) >
REPORT CARRY (OP V) >
REPORT MATCHES (OP R‘

MM ENABLE >
(0 MM READ/WRITE >
1 | MULTIPLE/SINGLE

/
FUNCTION 2 FUNCTION INPUT/QUTPUT >
CODE

3
4

—_—
)]

Figure 85, Word Logic Function Code
Decoding Logic

4.2.3 Hybrid Circuit Module

The organization of a hybrid circuit module is presented in Figure 86. The
components and their interconnection are discussed first. Then the operation
of the hybrid during certain array operations is described.
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Each hybrid circuit module contains eight sets of WLLC Data Storage chip
combinations. Thus, a single module provides 80 ECAM array words. The
module also contains signal buffering circuits which are standard, commer-
cially available chips.

In addition to the usual power and ground distribution, the hybrid circuit
module contains interconnections for clock, data, and control.

Two clock distributions are provided. The Storage Clock lines serve the
Data Storage chips. A separate set of Clock lines is used by the WLLCs
(WLC Clocks). Baseline storage devices are shown in the figure. Alterna-
tive devices may have different clocking requirements. Ten bidirectional
DIO lines (called PDIO in the I/O switch) are wire~ORed from each WLLC.
Bidirectional buffers (transceivers) are used at the hybrid connector pins.
Control of the Data Storage chips is supplied by four Storage control lines
which are connected directly to those chips. Function control of the WLLCs
is supplied by the six FC lines.

I/O switch and MMR control is both supplied to and generated in the hybrid
circuit module. The Hybrid Interface (HIF) circuits capture the Match Count
In and Disable control signals to the hybrid (Carry is captured in the first
WLLC). Additionally, each WLLC generates four Match Count Out signals
and a Disable signal which are connected to the next chip. The outputs from
the last chip are supplied to the CGL tree.

The hybrid circuit module uses function control signals and I/O/MMR control
signals. FunctionCodes (FC) applied to each WLLC control both the actions
performed by the WLBs, and also the operating mode of the I/O switch. These
functions are described in Section 4.2.2.1. The I/O/MMR control signals are
supplied by the CGL tree (board level). They consist of Match Count In,
Disable, and Carry In. The controls support the operations of Input/Output,
MMR, and Responder Counting.

The Match Count In is four lines which are binary coded to represent the
number of responders which have been detected "above' the WLLC to which
the count is applied. The I/O switch will not connect a WLB to an I/O line
when the Match Count In is greater than 10, EXach WLLC adds the number of
responders (m = 1) it detects to the Match Count In to produce the Match
Count Out. The Match Count Out becomes the Match Count In of the next
WLLC. The final Match Count Out informs the CGL tree of the number of
matches detected by the hybrid, NOTE: Match Count In to a hybrid and
VMatch Count Out from a hybrid are not used simultaneously. Section 4.2.4
describes the operation at a higher level. The Match Count In signal to a
hybrid is not used during the Responder Count operation.

The Disable control signal is generated (by the CGL tree or by a WLLC when
the accumulated Match Count exceeds 15. Once generated, the Disable con-
trol signal is propagated to the end of the array. This signal is necessary
because the Match Count lines contain the result of Modulo 16 additions. The
Disable signal is not used during the Responder Count operation.
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During the Responder Count operation, the Carry In signal to the hybrid indi-
cates thata carry has occurred in the CGL tree. The carry will be captured
in the first WLLC and counted on the next iteration. The Carry In pin of each
of the remaining sevel WLLCs in the hybrid is forced to a logic zero. Adder
carrys in those chips will be captured within each chip. The Carry In signal

is ignored during Input/Output and MMR operations.

4.2,4 Array Storage Board

The organization of an array Storage Board is presented in Figure 87. The
components and their interconnection are discussed below.

Each Storage Board contains:
° Eight hybrid circuit modules
e A CGL tree(Levels 1, 2, and 3)
] Function Code decoding and buffering
] Interconnect signal butfering

One board comprises the storage, processing, and control hardware for 640
array words (each 4096 bits in length).

One hybrid circuit module contains 80 Data Storage words and 80 WLBs (pro-
cessing elements). The construction and operation of the hybrids are dis-
cussed in Section 4.2, 3.

The CGL tree (Figure 88) controls the operation of the I/O switches and pro-
vides the MMR capability for eight hybrid circuit modules. It also generates
Responder Address signals which identify the first hybrid circuit module
which contains a participating (m = 1) array word,

The FC Decode and Buffering logic is a read~only memory (ROM) or program-
mable logic array (PLA) which generates board and hybrid-level control
signals based on the FC lines. This logic also serves as a buffer for those
lines and thereby aids signal distribution,

The Interconnect signal buffering reduces the signal load requirement created
by the card. It also increases the drive and ORing capability of signals
leaving the card.

In addition to the usual power and ground distribution, the array circuit board
contains interconnections for clock, data, and control.
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Two identical clock distributions are provided. Each consists of a set of
three lines and each is connected to the hybrid circuit modules. One set
serves the Data Storage chips, while the second serves the WLLCs,

Ten bidirectional DIO lines are wire=ORed from each hybrid circuit module.
Bidirectional buffers (transceivers) are used at the card connector pins.

Control of the Data Storage chips within the hybrid circuit modules is provided
by four Storage Control lines which are connected to each hybrid. Function
control of the WLLCs is supplied by six FC lines which are also connected
to each hybrid. The FC Decoding logic generates an I/O control line which
is used by the hybrids and the data transceivers. In addition, the FC Decod-
ing logic produces two controls for the HIF logic within the CGL tree, and
buffers the six FCs before they are applied to the hybrids. I/O switch and
MMR control signals are created within the CGL tree and applied directly to
each hybrid. Eleven control signals (six in and five out) are used to connect
the circuit board to the more global levels of the tree (cabinet buffers, etc.).
The Responder Address lines (3) which originate in the CGL tree are sent to
the card connector for combination with signals from other cards and used
by the slave controller,

4.2.5 Control Generator Logic (CGL) Tree

This logic structure deserves additional discussion. In the following para-
graphs, the structure of the tree is presented first, then the overall opera-
tion is described, and finally, the operation of the indi- ‘dual components is
explained,

4.2.5.1 Structure -- The structure of the CGL tree is evident in Figure 88.
Packaging constraints require that the number of chips contained in each
hybrid circuit module be minimized, Therefore, the tree structure is not con-
tinued within the hybrids, Instead, a ripple technique is used to control the
I/O switches within the hybrid, Refer to Section 4.2, 3 for details. The re-
sult of this break in the uniformity of the tree structure is that HIF circuits
are required, These circuits (located within the hybrid) consolidate the
operational differences that exist between the tree structure and the ripple
structure,

Identical building blocks are used to implement the branch nodes of the tree.
The tree structure is continued by interconnecting array Storage boards to
similar logic on the Storage Buffer and Cabinet Buffer boards and at the sub-
system level. The logic at the higher levels is not described in this section.
It is merely a continuation of the tree structure.

The base of the tree is connected to the slave controller. It indicates the
Modulo 16 count of the number of active (responding) array words. The tree
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also supplies the slave controller with the address of the first responding
hybrid. The Address lines (RAg, RA1,..., RAp) are wire-ORed across
array circuit boards,

4.2.5.2 Overall Operation -- The CGL tree provides control environment
for the hybrid circuit modules. The operations controlled by the tree include:

® I/O Preparation and Multiple Match Resolution
8 Responder Counting
) Responding Hybrid Address Generation

4.2.5.2.1 I/O Preparation and Multiple Match Resolution -- The result
of this operation is the selection of one array word or a set (maximum 10)
of array words. The word (or words) selected is the first of the matched
(m = 1) words of the array. While the actual selection is performed by the
I/O switches, the selection is based on the outputs of the CGL tree.

The tree receives a match count from each hybrid indicating the number of
matched array words within the hybrid. The tree combines the match counts
to produce a series of partial sums, one for each hybrid. A partial sum
(called Match Count In) indicates to a hybrid the number of matched words
which have been detected in previous hybrids. The partial sums are repre-
sented Modulo 16 with an overflow indication.

During I/O Preparation, either one or a set (maximum 10) of words is
selected. This is controlled by the Multiple/Single control derived from the
FC. During MMR, usually one word (the first) is selected, again using the
Multiple/Single control. The two functions are the same. Only the objective
may be considered different.

The tree structure is fully combinatorial and does not, if fully implemented,
require a sequence of operations to reach its final state. However, because
the tree is not implemented within the hybrid circuit modules (a packaging
restriction), and because the hybrids do not follow the interconnection rules
of the tree, a two-step operating sequence is required.

First, the HIF registers are cleared, This causes the Match Count In of each
hybrid to equal zero. The hybrids will each simultaneously accumulate their
own Match Count sum by ripple adding the count of each WLLC. When the
sums reach the Match Count Out lines of each hybrid, the tree begins gener-
ating partial sums by using a hierarchial adding technique. When the partial
sums are present at the inputs of the HIF registers, the first operating step
is complete.
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As the second step, the HIF registers are loaded with the partial sums gener-
ated by the tree. This causes each Match Count In to equal the sum of the
previously supplied Match Count Out values, or

n-1
MCI = Z MCO.
n i
i=0

The hybrids will then Simultaneously accumulate new partial sums internally
until the Match Count In of each WLLC is correct. The final Match Count Out
of the hybrid will be supplied to the CGL tree, but is not used.

4.2.5.2.2 Responder Counting -- The object of the Responder Counting
operation is to inform the slave controller of the total number of matched
(m = 1) words within the array. The counting is performed by an iteration
proccss that produces four bits of result at the slave controller with each iter-
ation,

To initialize the array, the HIF registers are first cleared. This causes the
Match Count Out generated by each hybrid to indicate the Modulo 16 repre-
sentation of the number of matched words within the hybrid, The tree com-
bines the Match Count in successive stages until a four-bit result is produced
at the base of the tree. The four bits represent the least significant four bits
of the responder count. If the Overflow signal at the base of the tree is zero,
the counting is complete.

In the summing process, carrys are generated at each point in the tree where
the sum exceeds 15. These carrys are propagated back toward the hybrids,
The Capture Carry FC causes the carrys to be latched in flip-flops in the
hybrids. Tree-generated carrys are captured in the first WLLC of a hybrid.
Carrys which are generated within the ripple adder Structure of a hybrid are
simultaneously captured in the seven remaining WLLCs in each hybrid.

After the carrys have been captured the Report Carrys function is executed,
This FC disables the I/O switch so that it does not detect matches. The Carry
Capture flip-flop then presents its value (1 or 0) to the adder, A Modulo 16
sum of carrys is then generated by the adders and may be removed by the
slave controller at the base of the tree. This sum represents the next four
bits (more significant than the previous four) of the Responder Count, If the
Overflow signal at the base of the tree is zero, the counting is complete. If
not, carrys are again captured and another four bits of sum are generated,

When the éounting is complete, the Report Matches function is executed. This
restores the I/O switch to its normal match-detecting state. Because four
bits of sum are generated with each iteration, no more than] - (log2N)/4
iterations are required, where N is the number of responders (matches) and

I is rounded upward to an integer value.,
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During 1/O Preparation and Multiple Match Resolution, the CGL tree indi-
cates, in binary, the physical address of the hybrid circuit module which
contains the first responding (m = 1) array word. The address is present on
the Responder Address lines (RAg, RA4, ..., RAp) after the HIF registers
have been cleared but before they are reloaded.

4.2.5.3 Component Operation -- The HIF consolidates the operating differ-
ences between the CGL tree and the hybrid circuit modules. One HIF block
is shown in Figure 89. This logic is located in the hybrid circuit modules.

When the Zero Hybrid Interface Register FC (OP Z) is executed, all HIF
flip-flops are cleared. When the Load Hybrid Interface Register FC (OP L)
is executed, all HIF flip-flops are simultaneously loaded with the code value
supplied by the CGL tree.

The Control Generator Logic block (Figure 90) is the basic unit of the CGL
tree. Each block connects to one block on the right (trunk or base side) and
to two blocks on the left (leaf side).

The block contains two adders and two OR gates which are used for most
functions. The adder and gate at the lower left combine the Match Count and
Overflow signals from two sources (blocks or hybrids) and pass the result to
the right. An Overflow signal from this adder constitutes a carry which is
passed to the hybrids for capture during Responder Counting, The adder and
gate at the upper right combine the Match Count and Overflow signals from the
upper source with the Code and Disable signals from the block on the trunk
side to produce Code and Disable signals for the block or hybrid to the lower
left (leaf side). The Code and Disable signals contain partial sum information
like the Count and Overflow signals, but they propagate toward the leaves
rather than toward the trunk of the tree. At the base (trunk) of the tree, the
Carry, Code, and Disable signals are hardwired to zero.

The three remaining gates detect the occurrence of no responses above with
one or more responses below. This serves as a binary Responder Address
line. All Responder Address lines generated at the same tree level are ORed
together.

4.2.6 Associative Array Summary

The elements of the ECAM Associative Array have been presented and dis-
cussed. Word Logic Blocks provide each Storage Word with a processing
capability that supports Associative array functions. A RAM supplies the
WLBs with a workspace for intermediate- result storage during evaluation of
complex search expressions, A unique switch mechanism enables high-speed
input and output. The I/O switch combines with a tree-structured control
scheme to perform Multiple Match Resolution and Responder Counting. A
hierarchy of signal distribution and buffering is mated with the CGL tree to
take advantage of the various packaging techniques and thereby assure an
easily implemented and realizeable array structure.
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SECTION 5
SYSTEM OPERATION

This section describes a candidate mapping of the SACWARDANS directories
onto the ECAM hardware and discusses the slave microprograms which pro-
vide access to the data base. The SACWARDANS mapping is provided as a
context for discussion; the final mapping will depend on the data requirements
when the ECAM is installed and will be the result of a series of storage effi-
ciency/speed tradeoffs, The microprogram approach, however, provides a
general-purpose relational environment which will support a wide range of
applications. Changes to the approach are expected to result from actual user
experience, rather than from additional a priori design work.

5.1 SACWARDANS DIRECTORY STORAGE

This section describes the mapping of the SACWARDANS data base (as des-
cribed in Section 2) onto the ECAM hardware. It was prepared by Informatics,
Inc. as part of the analysis work done early in the contract. As such, it is in
slight variance with the final design. Specifically, it describes a contiguous
format field containing scratch storage when, in fact, this information is
distributed across words as described in Section 5,4, These format changes
have virtually no impact on the discussions which follow.

5.1.1 SACWARDANS Directories Organization in ECAM Array

Search time and algorithm complexity are reduced, with the current ECAM
word architecture, by formatting the ECAM words as a series of different
record types. Figure 91 illustrates this approach., The problem that arises

LEFT-
5 LOCATION | MESSAGE | EVENT ORGANIZATION EQUIPMENT OVER
£CAM WORD RECORD RECORD RECORD |RECORD RECORD SPACE
OR
¢— LEFT-
ECAM WORD LOCATION | MESSAGE | ORGANIZATION EQUIPMENT EVENT OVER
RECORD RECORD RECORD RECORD RECORD SPACE

Figure 91. ECAM Word Formatting Approach
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in attempting to format with a single instance of each record type in an

ECAM word is that it may not be possible to fill the words, or even come
close to filling the words. As shown in Figure 91, one instance of each
record type less than half fills an ECAM word. In addition, the wide disparity
in the expected number of entries in the various directories would result in
further unused space. This occurs as the result of not using space allocated
to a particular record type because there are insufficient instances of the
record type as compared with the number of instances of another record type.

5.1.1.1 SACWARDANS Formats -- The SACWARDANS directories data base
contains a large number of message and event correlation records and rela-
tively few other records. Consequently, it is necessary to pack several of
each of these records into a single ECAM word. Otherwise, the amount of
wasted space would be very high (greater than 80 percent of the memory
when a word length of 512 bytes is used). Figures 92 through 96 show five
formats for ECAM word layouts for use with the SACWARDANS directories
data base. The first format, shown in Figure 92, contains only message and
event records. The other formats use the same basic structure but the space
occupied by one message and one event record is allocated to other record
types. All five formats would be required in order to accommodate the
SACWARDANS directories data base. Formats 2, 3 and 5 would be used to
record the Equipment, Organization, and Location Indexes. The L/O/E Index
appears in formats 2, 3, and 4. These formats would be used to the extent
required to accommodate the instances of these lists. Format 1, which con-
tains only message and event records, would be used to contain the remaining
message and event instances. The mix of formats required for the
SACWARDANS directories data base as previously described is:

Format type 1 occurs in 60,000 instances.
Format type 2 occurs in 1000 instances.
Format type 3 occurs in 5000 instances.
Format type 4 occurs in 9000 instances.

Format type 5 occurs in 5000 instances.

Figure 97 shows all five formats in a single diagram. The five formats are
structurally similar. All have a format field in the same position. All have
six message=-type records and six event-type records. Again, the structuring
is such that these records occupy the same columnar position in all five for-
mats. Hence, a search of the message list is performed by the same search
algorithm over all five formats, except that one additional record position
must be applied to words in format 1 (which has a seventh message record).

5.1.1.2 Format Field -- Figures 92 through 96 show a format field in all of
the layouts, This field serves three purposes: identification of which format
a particular word is in; markers indicating which records within the format
are actually in use; and provision of work space for use by algorithms.
Thirty-six bytes are shown for this purpose. This may be more than neces-
sary, but it should offer a flexible capability.
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There are various ways to structure the format field. The conceptually
simplest is to assign to each format an ID. The ID would be recorded in a
subfield of the format field. This subfield would be followed by a subfield
which is a busy/not busy bit vector. Corresponding to each bit in the bit
vector there would be a record in the format. Hence, the bit vector would
declare which records were occupied. The bit vector would be large enough
to accommodate the format with the greatest number of records. The remain-
ing space would be reserved for work space. Figure 98 shows the format
fields for the five defined formats. This arrangement of the format field is
not easily examined, because a given record type/position combination is not
necessarily in the same column., Figure 99 shows an expanded bit vector
which includes a bit for each record type/position regardless of whether it is
included in the format. A further elaboration is shown in Figure 100, In this
concept, two bits are used for each record type/position. One bit indicates
whether the record type/position is included in the format, and the other indi-
cates whether the space is occupied. The format field layout shown in Fig-
ure 100 is easily manipulated in software, It uses more bits, but even in a
fairly large system the number of bits required would not be excessive. In
theory, the format ID could be eliminated, since the bit pattern would define
the ID. In practice, an ID field is convenient and may be worth the space.

5.1.2 Data Base Size

The design objective for the ECAM has been to develop a system capable of
holding 80 million or more bytes within the associative array. In developing
the original estimates, allowances were included for system growth, waste
space, and identification (format) information as well as actual data content.

Table 48 details the use of ECAM words for the SACWARDANS directories
data base. The values shown assume that the sizes of the directories are the
same as previous estimates and that the formats shown in Figure 97 are used.
The total space requirement of approximately 41 million bytes is consider-
ably lower than the design objective of 80 million bytes for the ECAM. There
has been a reduction because:

1) The longer ECAM words provide more efficient packing and
consequent reduction in waste space and format information.

2) Changes in the pointer structure (e.g., use of IDs to provide
access to disk records and elimination of hard disk addresses
in the directories) and some other data items have resulted in
some data volume reduction.

In addition, the design objective of 80 million bytes included a provision for
system growth.
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Table 48. Use of ECAM Bytes in Sample Formats

Number of
F opmmat ECAM Data Bvtes Format Bvtes | Empty Byvtes [ Total Bytes
Forma Words (8-bit byvtes) | (8~bit bytes) (8=bit bytes) (8-bit bytes)
(512 bytes/word)

1 |  60.000 28,360,000 | 2,160,000 0 30, 720, 000
2 1.000 461,000 36,000 15,000 512,000
! 3 5.000 2,350,000 180, 000 30,000 2,560,000
' 4 9,000 3,206,000 324,000 378,000 4,608, 000
5 5,000 2,290,000 180,000 90, 000 2,560,000
l Total 80,000 37,567,000 2,880,000 513,000 40,960, 000

7, Total. data bvtes Ch s

7 Total, format byvtes 7.0

T Total, emptv byvtes 1.2

" Total, non-empty byvtes 98, 7

5.1.3 Checkpoint, Restart, and Recovery

The system (hardware and software) must provide absolute assurance that
there will be no loss of data in the event of a failure. [t must also be possible
to fully or partially restore the data base, subsequent to a system failure, in
the ECAM memory array or in available portions of the memory array. If a
portion of the array becomes inoperable, then it should be possible to use the
remaining portions of the memory, loading the more critical data into it.

The most obvious way of providing for data base restoration is to periodically
prepare a checkpoint copy of the directory data base and maintain a journal of
changes -- or additions, deletions, and modifications. In the event of a
memory failure, the last checkpoint copy is loaded into the ECAM, after
which the entries in the journal are reposted. The journal is, of course,
segmented into a precheckpoint copy journal and a postcheckpoint copy
journal. Hence, only those entries not reflected in the checkpoint copy are
reposted.

Full memory checkpoint creates an image of the ECAM memory array on
another storage medium (disk or tape). A full memory checkpoint copy is,
in effect, an instantaneous snapshot of the memory content. In reality, the
snapshot is not prepared instantaneously. If during the time period in which
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the checkpoint image is being created the content of the memory array is not
altered, then the image is effectively an instantaneous snapshot. Thus, the

dump operation must be undivided with respect to ECAM memory write, al-

though it need not be undivided with respect to ECAM search and read.

Preparing a full memory checkpoint copy and restoring from it requires bulk
unloading and loading of the memory. If the memory is serially dumped, a
word at a time, at a shift rate of 1 million bits per second, then approximately
11 minutes are required for dumping 80 million bytes. Memory restoration
would require a similar load time plus the time required for reposting the
journal entries. A faster parallel [/O is provided, but it increases costs and
system complexity. Hence, alternative checkpoint/restart strategies have
been considered.

In a memory which is addressable, it is possible to segment a checkpoint
operation. This is done by making a copy of a predefined section of the
memory. Writes are locked out of that section while the copy is being made.
The copy operation then moves to another section. It is always possible,
when writing into the memory, to determine whether the write is to a section
which has already been copied, is in the process of being copied, or has not
vet been copied. Writes to the section being copied are delayed -- that is,
locked out. Writes to copied sections are logged in the new journal, whereas
writes to the as yet uncopied sections are logged in the old journal.

The ECAM does not have a word addressing structure that is available to the
software. Hence, when an entry is added to the ECAM memory, there is no
way of determining where it is placed, As a result, if the memory output is
altered during a memory dump, one cannot determine whether the change is
or is not reflected in the checkpoint copy. It would, of course, be possible
to examine the checkpoint copy, but this would require searching it. This
search would not be in the ECAM; hence, it is expensive to implement. As a
result, any changes made during the checkpoint operation would have to be
recorded in the journal, but it would not be clear whether the changes are or
are not reflected in the checkpoint copy. If a restart is required, then re-
posting of all entries in the journal could result in some changes being made
twice. For example, an entry could be added and included in the checkpoint
copy. If the checkpoint is used for a restart, then the entry would be re-
posted. The ambiguities in the journal entries can probably be resolved in
software procedures used in reloading the memory. Reposting can be avoided
by searching the memory after the checkpoint copy has been reloaded and
before the journalled entry is added., While such software procedures could
be developed, they add to the complexity of the software and great care must
be taken to absolutely ensure data integrity., Thus, this is not an ideal solu-
tion to the problem and it does not aid in context switching as is the case with
the incremental checkpoint procedure described below.
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An alternative strategy for creating checkpoint images has been developed.
The alternative strategy, referred to here as incremental checkpointing,
creates a total ECAM memory image as a set of smaller images, each of
which is an image of a portion of the ECAM memory. The images of the
ECAM memory increments cover the entire ECAM memory and they are dis-
joint with respect to each other. It is not, however, the case that the full
image thus created is an effective instantaneous snapshot of the memory
content. Each image increment is within itself an instantaneous snapshot,
but a composite of two or more image increments is not an instantaneous
snapshot. A procedure has been devised which permits determination of
whether an update is to an area of the memory which has already been copied
for the checkpoint copy. Thus, all entries in the journal are properly identi-
fied with respect to whether thev are or are not included on the checkpoint
copy.

The incremental checkpoint procedure is based on a software addressing
scheme which is superimposed onto the ECAM architecture. The existence

of the software addresses provides for determination of where new entries

are placed in the memory arrav. Hence, it is possible to determine whether
a new entry has or has not been posted to a portion of the memory array which
has already been checkpointed. If the checkpoint copy has been made, then
the entry is recorded in the journal which contains changes to the new check-
point image. Otherwise, the entrv is recorded in the journal only for the
prior checkpoint.

The memory is subdivided into sections. Each section is assigned, probably
by software, an address. The address is recorded in each word of the sec-
tion. It is thus possible to locate all of the words comprising a section by
searching the memory for the section address. Likewise, it is possible to
determine what section an entry is in by reading the section address recorded
in the word.

Checkpointing is done a section at a time. The procedure may be interrupted
between sections, with array content alteration being a permissable operation.
Checkpoint of a section requires a memory search on section address followed
by a readout of memory contents for those words identified in the search, See
Figure 101 for a flowchart.

Whenever a change is made to the array content (add entry, delete entry,
modify entry), the section address is read so as to record the section address
in the journal. If checkpointing is in progress, the section address is checked
against a list of those which have already been checkpointed, This is used to
determine whether the change should be recorded in the new journal. It
should be recorded in the journal for the previous checkpoint image in either
case.
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Figure 101. Checkpoint Flowchart

It is clear that the write lockout time using the incremental checkpoint proce-
dure can be as small as desired -- depending upon the size of the section. It
is also clear that restart is conceptually simple -- reload the last full check-
point and repost all entries in its associated change journal. However,
restart time has not been shortened, except for elimination of some problems
with the journal.

The size and manner of selecting the memory sections is not relevant to the
checkpoint procedure. It is also not necessary for a section to be in contig-
uous words. However the baseline ECAM storage parts, which contain 5120
bytes in 10 words, are a convenient size for an increment, Furthermore, it
would seem to be convenient to move all of the data contained by a part in the
event of a failure in the part. Hence, using the ECAM part as a memory
increment is attractive. There may, however, be problems associated with
software assignment of addresses to parts,

The above concept can be further modified to provide for retention of a
dynamically updated memory image -- the equivalent to a checkpoint copy
which is always up-to-date. A mirror copy is retained on disk. Each Section
of the ECAM memory is assigned a disk location which is accessed by the
section address. All updates to the ECAM memory are also recorded in the
disk copy. In the event of a total or partial memory failure, the memory
would be reloaded from the disk copy which is kept current., Hence, posting
of additional journalled entries would not be necessary,

Retention of a mirror copy on disk could be used as a total replacement for
memory checkpointing and journalling of changes. A more conservative and
safer approach is to continue periodic, but probably less frequent, check-
pointing and continue to retain a change journal. It is also possible to occa-
sionally validate the memory contents by comparing them with the disk copy.
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The procedures discussed here reduce the criticality of the high I/O band-
width in order to create checkpoint copies of the memory content. It is not
acceptable to lock out all updates to the memory for a prolonged period of
time, as would occur with full memory checkpointing, Incremental check-
pointing permits the write lockouts to be reduced to 1 second or less, which
is well within system requirements. If desired, incremental checkpointing
can operate on a low-priority background task basis. That is, when the sys-
tem is otherwise idle, the checkpoint task operates.

The procedures discussed here do not provide fast reload of the total ECAM
memoryv. The retention of a dvnamically-updated disk copy would speed up
reload, since it would not be necessarv to repost journalled changes. How-
ever, the time for total memory reload can be held to just over 1 minute by
use of the high-speed [/O facilitv.




5.2 SLAVE CONTROLLER FUNCTIONS

This section describes the language interface between the master and the
slave and discusses the microprograms and data structures required to
implement this interface in the slave.

The ECAM system must operate in at least two different modes:

e Setup
° Retrieval

Essentially all usage will be in the retrieval mode, as the setup mode is
required only for reformatting ECAM words to change the ECAM allocation
policy, an infrequent occurrence. Furthermore, the two modes are incom-
patible; one user cannot be retrieving while the system's data base is being
reformatted. (Limited changes -~ updating, for example -- are compatible
with retrieval.) This section describes the slave controller operating in the
retrieval mode. The setup mode is involved primarily with preparing the
tables required in retrieval; hence, no explicit discussion is included.

First, the way in which retrieval requests from analysts at terminals are
handled is reviewed. After an analyst at a terminal enters a request, the
following events occur:

1) The host software detects that a retrieval request for the
ECAM has been entered.

2) A buffer centaining the request is passed to the master machine
through the host's data channel.

3) The master's software massages the retrieval request to pro-
duce a command sequence and appropriate data structures for
the slave unit. The master's software also assigns a process
number for managing the use of the slave and other resources,
including space within the master's memory.

4) The master schedules the request and initiates slave proces-
sing when the slave becomes free.

5) The slave executes the sequence of commands contained in the
master's memory. Some of these commands are control func-
tions, while others request array operations. All array
operands are specified as fields within ECAM records. The
slave unit consults tables within the master's memory to find
all instances of the desired records and fields for each opera-
tion; it issues instructions to the iteration control for the
manipulation of individual fields. In this process it sequences
through all instances of the record.
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6) The iteration control performs all necessary sequencing across
the bits comprising the fields within the array. The iteration
control cannot make any decisions except whether the end of a field
has been reached; it is not programmed.

7) The actual processing of the request bits is performed by the
word logic associated with each word of the ECAM array.

Match bit information is kept within the ECAM words, contiguous with the
record for which the bits are applicable. As described in Section 5.2.1, the
match bits are processed as though they were located in a stack structure.

[n fact, however, they are located in fixed positions within the record and
brought into the word logic hardware when the associated record is about to
be processed. When the processing of the record is complete, the match bits
are stored back into the ECAM word. This detail is handled by the slave unit
without explicit commands within its program (in fact, these functions are
generated bv the slave and passed to the iteration control, which then passes
them to the array hardware).

Data being passed between the slave and the array are passed through a buffer
memory (discussed in Section 4.1). This buffer is constructed in two inde-
pendent parts so that operands can be buffered and passed to or from the
master using one buffer unit while array operations are taking place using

the other buffer unit,

\While the slave's primary function is to provide sequencing through the
multiple instances of records within the array, it also will perform some auto-
matic looping that will shorten the execution times for most code sequences.
Specifically, it will form loops of operations wherever a sequence of opera-
tions uses the same records; the loops will minimize word shifting and match
bit reloading.

In this section, the functions to be performed by the slave unit are specified.
In Section 5. 2. 4, detailed execution sequences are presented that could be
used to implement many, but not all, of the operations specified for the unit.
Finally, in Section 5,2.5, the register assignment for the interpreter hard-
ware is presented.

The instructions are described as a "high-level' language, but, in reality,
almost every statement corresponds to a single instruction.

The slave controller is designed to mask from the master-produced code any
need to know about multiple instances of records of the same type. Thus,
code in the language is written as though there were only one instance of each
record type. The instruction interpreter will implement the details required
for processing multiple instances of the records.
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Although the slave code automatically is generated from the retrieval request,
the code will be described as though it had been produced by a programmer.

Four types of information about the language are presented in the paragraphs
that follow:

e Data structures visible to the programmer
e Operations available to the programmer

° Data structures used to implement the operations (not visible
to the programmer)

® Control sequences for implementing a controller which performs
the desired functions.

5.2.1 Programmer Visible Data Structures

Two types of information are visible:

® Data base contents
® Intermediate processing results

The data base contents are shared among all processes, but each process has
a private copy of its own intermediate results.

The basic units of data base information are field contents. Fields are grouped
into records, of which there are a fixed number (although this number is im-
plicit within certain table structures, no part of this design makes any signifi-
cant assumption regarding the actual number of distinct record types) of
distinct types. All processing is grouped into blocks within which all trans-
actions interact with the same record type. (These blocks may be nested to
allow processing in different records.)

Intermediate processing results are either strings, which are stored in the
master's memory, integers, also stored in the master's memory, or match
bits, which are stored in the record itself, The programmer sees a stack of
match bits associated with each record; all manipulations of the match bits
use the top entries on this stack (which is private to the process). (The
appropriate match bits will be copied into the word logic during actual proces-
sing; see Section 5. 2. 4.)

Figure 102 summarizes these (logical) data structures, w
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5.2.2 Operations Available to the Programmer

The operations available to the programmer comprise the functional capa=-
bilities of the slave processor. Thus, in essence, this section is a pro-
grammer's reference manual for the slave processor. Most of the operations
will be described by specifying a syntax (useful only for examples, since the
programs are, in fact, generated automatically from the retrieval request
string) and semantics as either a sequence of statements or English text.
More semantic details (specified as possible implementations) for some of
the operations are given in Section 4.

Programs are modularized into procedures, exactly like procedures in any
programming language. Procedures are subdivided by using the compound
statement FOR which includes all operations to be performed on the single
record type specified in the FOR statement. FOR blocks may be nested to
create more-complex sequencing among record types. The components of
each FOR block are either other FOR statements or ''simple' statements.

5.2.2.1 Block Structuring Statements -- The PROCEDURE statement is the
only statement creating a block. A procedure block has the syntax:

"LABEL': PROCEDURE ("PARAMETER_LIST");
"DECLARATION_LIST"
"STATEMENT__LIST"

END;

(Quotation marks are used to enclose names of syntactic types.)

Control is passed to the procedure by execution of a CALL statement (see
Section 5. 2.2, 4) in which the entry point name matches the label on the pro-
cedure block, Parameters are passed (always by reference) in the usual
fashion. Any variable which can be declared can be passed as a parameter.

The PROCEDURE statement does not correspond to any code executed by the
slave processor,

Any variables local to the block, including the parameters, are declared in the
DECLARATION__LIST of DECLARE statements, Each declare statement has
the syntax:

DECLARE "NAME_LIST" "TYPE" "ALLOCATION";

The allowed TY PEs include:

e STRING e I[INTEGER
e BOOLEAN e FIELD
201
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A FIELD variable contains the name of a field. This name includes a specifi=-
cation of the record tvpe which contains the field.

The ALLOCATION specifies the length of the variable; if MIASTER is missing,
the space is allocated in the activation block for this procedure (see Section
5.2.3.3). Otherwise, ALLOCATION specifies that the master computer holds
the information:

"ALLOCATION" :.= (MASTER] "LENGTH"

Note: Declaration statements are included to assist understanding, but may
not be used anvwhere in the svstem. The allocations within the master will
be performed directly by the master's request processing software and by
pointer manipulations programmed by that processor. One consequence is that
the LENGTHS declared in the ALLOCATION for the MASTER are not used in
the processing, but do clarify examples. These lengths do appear in data
structures used by the instruction interpreter (see Section 5.2, 3. 3), but those
data structures are established by the master's request processing software.
The lengths of activation block allocations are used during the prologue of the
procedure to allocate space on the activation block stack (see Section
5.2.2.3.2); this is handled bv a specific ALLOCATE statement (see Section

Q. 220 302,

The STATEMENT_LIST specifies the algorithm used in the procedure; it is
constructed from compound and simple statements,

5.2.2.2 Compound Statements -- The compound statement FOR specifies
iterations within records:

ALL
FOR{MATCHED}RECORDS ("FIELD_DESIGNATOR'") [LOCK AND] DO;

"STATEMENT_LIST"
END_FOR;

The FOR statement specifies that the STATEMENT__LIST shall be executed
for every instance of the record containing the designated field. (Note: In
succeeding descriptions, the records containing the field designated in a FOR
statement will be called the selected or designated records.) The optional
LOCK action, if present, forces the selected record to be locked before
entering the block; it will be unlocked upon completion of the block. If the
record cannot be locked, the process will WAIT until the LOCK can be set.
The match bit at the top of the match bit stack associated with the designated
records is used to select which of the designated records actually participate
in the processing; when MATCHED is specified, the bit present atop the stack
before entering the FOR statement is used, but when ALL is specified, a '"1"
bit is pushed onto the stack as part of the FOR execution so that all copies of
the record will participate in the initial processing steps,
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FOR loops are terminated by the operator END_FOR which tests for loop
completion:

END_FOR;

When all designated records have been processed, the END_FOR causes the
records, if locked, to be unlocked, and the surrounding block to be reentered
(which may implicitly cause a new set of records to become the designated
records).

5.2.2.3 Simple Statements -- There are two types of simple statements:
iterative and singular. Singular statements are control statements or require
interactions between the instances of the selected record type. Iterative
statements require independent operations on all instances of the selected

record type.

"VALUE" is used in the following to denote a numeric quantity stored as a
double-precision quantity in the master's memory, whereas 'STRING' denotes
an arbitrary character sequence from the master's memory. The actual
addressing mechanisms and specifications used in instructions are described
in Section 5. 2. 3.

5.2.2.3.1 Iterative Operations -- The iterative operations require
independent operations on all instances of a record.

Let My, My, Mg denote the three top match bits on the stack associated with
the se}ecte record. The iterative operations are:

° FIND:;

Syntax: FIND ('"'STRING'", "FIELD")

Action: Ml = M1 (C(FIELD) = C(STRING))

e MASKED FIND:

Syntax:  MASKED_FIND ("STRING", "MASK", "FIELD')

Action: Same as FIND, except don't compare in bit positions
where the MASK bit string contains "'0",

e GREATER:
Syntax: GREATER (''STRING', "FIELD")

Action: Ml = .\/I1 (C(FIELD) .GT. C(STRING))
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® LESS:

Svntax: LESS ("STRING'", "FIELD'")

Action: Ml = f\Il (C(FIELD) . LT. C(STRING))

e¢ BETWEEN LIMITS:

Syntax: ~BETWEEN_LIMITS ("STRING,", "STRING,", "FIELD")
Action: M, :=M, (C(FIELD).GE. C(STRING,))
(C(FIELD) . LE. C(STRINGy))

° ADD:

Svntax: ADD ("STRING'", "FIELD")

Action: FIELD := C(FIELD) + C(STRING)

All arithmetic FIELD operations push one bit onto the match bit
stack; this bit will be set wherever an overflow has occurred.

The push operation is performed in all records, but the addition
and bit setting i1s performed only on those records where My = 1.

e SUBTRACT VALUE:

Syntax: SUBTRACT. VALUE ("STRING'", "FIELD")
Action: FIELD := C(FIELD) = C(STRING)

All arithmetic FIELD operations push one bit onto the match bit
stack; this bit will be set wherever an overflow has occurred.
The push operation is performed in all records, but the sub-
traction and bit setting is performed only in those records where
My =1

1 .

e SUBTRACT FIELD:

Syntax: SUBTRACT_FIELD ('"STRING", "FIELD")
Action: FIELD := C(STRING) - C(FIELD)

All arithmetic FIELD operations push one bit onto the match bit
stack; this bit will be set wherever an overflow has occurred.
The push operation is performed in all records, but the sub-
traction and bit setting is performed only in those records where

Ml = 1.

204




INCREMENT:

Syntax: INCREMENT ("FIELD")
Action: FIELD := C(FIELD) + 1

All arithmetic FIELD operations push one bit onto the match bit
stack; this bit will be set wherever an overflow has occurred.
The push operation is performed in all records, but the incre-
mentation and bit setting is performed only in those records
where M, = 1.

DECREMENT:

Syntax: DECREMENT ("FIELD'")
Action: FIELD := C(FIELD) - 1

All arithmetic FIELD operations push one bit onto the match bit
stack; this bit will be set wherever an overflow has occurred.
The push operation is performed in all records, but the decre-
mentation and bit setting is performed only in those records
where M; = 1.

FASTREAD:

Syntax: FASTREADMATCHEDRECORDS
("CONTROL_WORD", "FIELD")

The control word contains bits for the initial state of the controller

of array-host communication; generally, it specifies a BUFFER
allocated in the host's memory; the separate FIELDS are
concatenated to fill the BUFFER. Further details are not pro-
vided at this stage of the design.

FASTWRITE:

Syntax: FASTWRITEMATCHEDRECORDS
("CONTROL_WORD'", "FIELD'")

This performs the inverse of FASTREAD; the BUFFER specified
in the CONTROL_WORD is split apart inversely to the way it was
concatenated in FASTREAD. The write is performed in all
records having My = 1, Further details are not provided at this

stage of the design.
PUSH1:
Syntax: PUSH1

This pushes a new match bit equal to 1 onto the stack associated
with each instance of the selected record.
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PUSHO:

Svntax: PUSHO

Place a new cleared match bit on each stack associated with the
selected record.

POP:
Svntax: POP

Remove one match bit from each stack associliated with the
selected record.

DUPLICATE:
Syntax: DUPLICATE

Push an extra copv of the top match bit onto each stack associated
with the selected record.

EXCHANGE:

Svntax: EXCHANGE
Action: XIl = ,\12; 112 = .\[1 simultaneously

The operation is performed on all stacks associated with the
selected record.

ROTATE3PLACES:

Syntax: ROTATE3PLACES
Action: Ml = .\12: T\I2 = .\13: .\13 = .\Il simultaneously

The operation is performed on all stacks associated with the
selected record.

NOT:

Syntax: NOT
Action: MI = .\Il

The operation is performed on all stacks associated with the
selected record.
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OR:
Syntax: OR
Action: M, := .\/Il\/ M,

POP

The operation is performed on all stacks associated with the
selected record; the stack is now one bit shorter.

AND:

Syntax: AND
Action; Mz := .\/11 f .\Iz
POP

The operation is performed on all stacks associated with the
selected record; the stack is now one bit shor’er.

XOR:
Syntax: XOR

Action: Mz := Ml S NIZ

POP

The operation is performed on all stacks associated with the
selected record; the stack is now one bit shorter.

READ:

Syntax; READ ("VALUE")
Action: PUSH

My = MyapLug+

The operation is performed on all stacks associated with the
selected record; the stack is now one bit longer. This opera=
tion reads a bit from a lower position on the match bit stack
and copies it to a new top of the stack entry.

WRITE:

Syntax: WRITE ('""VALUE'")
Action: MVALUE := Ml
POP
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stack.
5.2.2.3.2 Singular Operations -- There are three classes of singular
operations: ]
® Control operations
° \Manipulation operations applied to values in the master
@ ECANI operations requiring interactions between selected

5.2.2.3.2.1 Control Operations -- Generallv, the control operations
affect the execution sequence within the slave. However, some control opera-
-ions actually manipulate the implementation data structures used by the slave.
ilence, we must describe the stack of activation blocks. :

A stack of activation blocks assoclated with each process is stored within the
master's memory. There is a block on this stack for each procedure which
has been called by the process but which has not returned control to its caller.
Each block has the format shown in Figure 103. The elements within the block

The operation is performed on all stacks associated with the
selected record; the stack is now one bit shorter. This opera-
tion writes the match bit value from the top position on the stack
to a position within the stack and then pops the value off the

records.

r—---——------1

: Looping '
States

|

|

Local L

[ ]
E
[ ]

Local 1

Parameter N

Parameter 1

Saved State

Figure 103, Activation Block Format
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are described in Section 5.2.3.3. Here we only need to know that the saved

state at the bottom of the block contains two words: one contains a pointer to
the next instruction inthe calling program and the other contains a pointer to
the bottom of the preceding block on the stack.

The control operations are:

e GOTO:

Syntax:
Action:

GO_TO ("ADDRESS")

Take the next slave instruction from the designated
address (within the master's memory).

e [F POSITIVE GO TO:

Syntax:

Action:

Note:

[F_POSITIVE_GO_TO ("ADDRESS")

If the value on the top of the activation block stack is
positive, take the next instruction from the designated
address. Otherwise, continue with normal instruc-
tion sequencing. See Section 3. 2,2,3.2,1 for instruc-
tions which place values at the top of the stack where
they may be tested by this instruction. The result
being tested is popped from the stack.

This statement can be used to create a loop within the
program, as shown in the following code skeleton:

GO_TO (LABEL2);
LABELI1:
(body of loop)
LABEL2: (evaluate condition)
[F_POSITIVE_GO_TO (LABEL1);
END_FOR;

e SAVE BLOCK:

Syntax:

Action;

SAVE_BLOCK

Allocate two words on the activation block stack and
place a pointer to the present activation block in the
first word of the pair. Keep a pointer to the pair for
use during the CALL instruction.
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Note:

Syntax:

Action:

e ALLOCATE:

Svntax:

Action:
[ RETURN:

Syntax:

Action:

e HALT:

Syntax:

Action:

This description precludes the use of subroutine calls
between SAVE_BLOCK and CALL to evaluate param-
eters of the procedure being called. If this possibility
is desirable, simply save the pointer to the SAVE_
BLOCK word and include a flag to indicate which calls
have been made -- the descriptions of CALL and
RETURN would require corresponding changes.

CALL "ADDRESS"

Call the procedure whose first instruction is located
at the designated address. This requires saving the
instruction counter in the SAVE BLOCK word which
is pointed to by the saved pointer (see SAVE BLOCK
description above), and updating the activation block
pointer (see Section 5.2, 3. 3. 2).

ALLOCATE "“VALUE"

Allocate VALUE new locations at the top of the acti-
vation block stack. The new locations will be used
to hold the local variables for the new block.

RETURN

Return from the current procedure to the calling
procedure. This requires freeing the topmost acti-
vation block on the activation block stack and making
corresponding changes in the slave's registers des-
cribing the status of the activation block.

HALT |

Terminate this process; signal the master that the
process has terminated and the slave is now free for
a new assignment,
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® WAIT:

Syntax: WAIT

Action: Suspend this process; signal the master that the pro-
cess has been suspended and the slave is free for
another assignment. The process must communicate
information to the master regarding the conditions for
resuming the processing. Note that the master may
not reassign any resources allocated to the process
after WAIT, whereas all resources must be freed after
HALT. These actions are taken by the master's con-
trol program.

5.2,2.3.2.2 Value Manipulation Operations -- All of these operations
manipulate double-precision quantities stored within the master's memory.
Any address which is zero will be interpreted to refer to the top (double word)
entry of the activation block stack: if the operand is read in the operation,
the stack will be popped; if written, a new top entry will be pushed onto the
stack. Within the syntax, the reserved word STACK is used to designate the
top of the stack used in this way.

The value manipulation operations are:
e ADD:
Syntax: ADD "VALUEI" TO "VALUEZ" GIVING ”VALUEB"

Action: Perform double-precision addition.

e SUBTRACT:

Syntax: SUBTRACT "VALUE," FROM "VALUE," GIVING "VALUE."
y 1 2 3

Action: Double-precision subtraction.

e COPY:

Syntax: COPY "VALUE," TO "VALUEZ"

1

Action: Copy a double word, Note tliat by using STACK operand ]
addresses, PUSH and POP actions can be achieved on
the activation block stack.
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e STRING COPY:

Svntax: STRING_COPY "STRINGI" TO "STRINGZ", "LENGTH"

Action: Length specifies the number of words to be copied,
while STRING and STRI.\IG2 are starting addresses,

e ADDRESS COPY:

Syntax: ADDRESS_COPY "ADDRESSI" TC) "ADDRESSZ”

Action: Place a copy of the first address in the location speci-
fied by the second address. The first address will be
converted to absolute form before being copied.

Note: This operation will usually be used to place the
address of a subroutine's parameter on the activation
block stack.

® MAKE POINTER:

Svntax: MAKE_POINTER "INDEX"

Action: INDEX is an index into the current activation block.
Convert this to a memory address by adding it to the
pointer to the current activation block; push the result
onto the top of the activation block stack.

5.2.2.3.2.3 Record Interaction Operations -- The operations in this
class use the values in selected fields from possibly all instances of the record
in the ECAMI.

The record interaction operations are:

e SELECT FIRST:

Svntax: SELECT_FIRST

Action: Push a new set of match bits onto the match bit stacks
associated with the designated record; all new bits
are cleared except the one on the first stack which
hiad My = 1 before the SELECT_FIRST instruction
was executed. Note that the ordering implied by the
word "first" is determined by the wiring of the mul-
tiple match resolver. This ordering is arbitrary,
but deterministic,
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e READ FIRST:

Syntax:

Action:

READ_FIRST ("'STRING", ""FIELD")

Copy the contents of the designated field in the first
selected (My = 1) record to the master's memory.
The first record is determined by the multiple match
resolver. The match bits are unchanged

e WRITE FIRST:

Syntax:

Action:

WRITE _FIRST ("STRING", "FIELD'")

Copy STRING into the designated field within the first
selected record. The match bits are unchanged.

e RESET FIRST:

Syntax:

Action:

RESET_FIRST

Clear the first set match bit atop the stacks associated
with the designated record. All other match bits
remain unchanged.

e READ FIRST ELIMINATING DUPLICATES:

Syntax:

Action:

READ_FIRST _ELIMINATING _DUPLICATES
("STRING", "FIELD")

Read the designated field from the first selected
record; reset its match bit (My), and reset the match
bits of all other selected records whose contents in
the designated field match the string read out to the
master's memory.

e MATCH COUNT TO:

Syntax:

Action:

MATCH _COUNT_TO "VALUE"
Place the count of set ] ‘\/[1 match bits into VALUE,

which is a double-precision integer in the master's
memory. Do not modify any match bits,
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e STATUS TO:
Svntax: STATUS_TO "STRING"

Action: Copyv the status of the ECAM system to the specified
string within the master's memory. The detailed
structure of the status information is not defined in
this document.

® NTAXINTTEN:
Svntax:  MAXIMUM ("FIELD'")

Action: Consider all selected records with Mjp =1, Clear
My in all records in which the contents of the desig-
nated field are not equal to the maximum value among
all fields being considered. The result will be My =1
only where the maximum value is found.

e MINIMUN:
Svntax: MINIMUM ("FIELD")

Action:  Consider all selected records with My = 1. Clear M
in all records in which the contents of the designated
field are not equal to the minimum value among all
fields being considered. The result will be My =1
only where the minimum value is found.

5.2.2,.3.3 Notes -- Every iterative operation must be iterated across all
instances of the designated record. Since these records do not interact in the
performance of the operation, the order of iteration does not affect the results.
Suppose that a program fragment contains a sequence of iterative operations:

OP1
OP2
OP38

Suppose there are four instances of the record: Ry, Ry, Rz, R4. Note that
these represent instances within formatted ECAM words, and that the instances
may in fact be in words of different formats; the record instance table (see
Section 5. 2. 3. 1) specifies these details. A simple sequencing of the opera=-
tions through the records is OPI(RI), OP1(Ry), OP1(R3), OP1(Ry4), OP2(Ry),
...OP3(Ryg). However, the same results wilf be achieved by any sequence
which includes all combinations of the operations and record instances, as

long as the operations on each record instance are performed in the specified
order. The sequence OP1(Ry), OP2(Ry), OP3(Rj), OP1(Ry), ...OP3(Ry) is
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equally valid; it is constructed by forming a loop around the sequence and
executing the loop for each instance of the designated record. Loops of this
tvpe may contain any sequence of iterative operations, but they may not con-
tain singular operations or FOR statements.

The slave will automatically form these loops whenever possible; they can be
efficient because they minimize the need to load and store the match bits with=
in the array.

5.2.2.4 Example -- Here is a procedure which searches for and marks all
records in which field D contains string W, or field C matches the contents of
field B in some other record (of possibly another type) in which field A con-
tains string Q.
MARK: PROCEDURE (A,B, C,D,Q,W);

DECLARE A,B, C,D FIELD;

DECLARE Q, W, CONTENTS STRING;

ALLOCATE CONTENTSLENGTH;

FOR MATCHED RECORDS (D) DO;

PUSHO; J*INITIALIZE THE BIT WHICH WILL
, COLLECT (BY OR) THE MATCH OF C
END_FOR; AGAINST THE B OF SOME RECORD*/
FOR ALL RECORDS (A) DO /DO THIS MATCH IN ALL
INSTANCES*/

FIND (Q, A); /*MARK ALL THAT MATCH STRING Q*/

END_FOR; [*THIS COULD BE REMOVED IF THE
NEXT FOR ALL RECORDS (A) IS
ALSO REMOVED:/

FOR MATCHED RECORDS (A) DO;
[*LOOP OVER ALL MATCHES OF Q IN A%/

GO_TO END_SOME;

READB_LOOP: READ_FIRST (CONTENTS, B); /*READ ONE B FIELD
INTO CONTENTS--THIS DOES NOT
CHANGE MATCH BITS*/

DELETE_FIRST; /*REMOVE THE USED B FROM FURTHER
CONSIDERATIONx* /

FOR ALL RECORDS (C) DO; /*NOW LOOK FOR CONTENTS IN
ALL INSTANCES OF Cx/

FIND(CONTENTS, C); /[*MARK EVERY C THAT
MATCHES THIS B*/

OR; /*COMBINE THIS RESULT WITH
END_FOR; PREVIOUS B SEARCHES* /
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END_SOME: SUBTRACT =1 FROM MATCHCOUNT GIVING STACK;
[#*EVALUATE TERMINATION CONDITION* /

IE_FQOSITIVE GO _TO READB_LOOP;
[*LOOP IF THERE ARE ANY ) ORE MATCHES*/

ENDEREOR,

FOR ALL RECORDS (A) DO; /COULD BE REMOVED: BUT
SEE THIRD END BACK#*/

1210)22 [*REJMOVE THE BITS WHICH HOLD THE
A NMATCH RESULT:=/

END;
FOR ALL RECORDS (D)
FIND(W, D); {*MARK ALL D's CONTAINING W/

OR; [**COMBINE THIS RESULT WITH
PREVIOQUS RESULT: THIS EORNIS
THE ROUTIXNE!'S RESULT:: [

BEND:

RETURN; [*END OF EXECUTIONX/
RINL {#*END OF PROCEDURE DEFINITION:/

Notice that the record and field=-naming conventions are redundant. Each
field is assumed to have a unique name; thus, its record can be inferred from
the field name (a rule similar to the PL/1 structure naming rule), Each
compound statement contains a field designation that implicitly selects a
record; each field used within the block must be within the same record.

This condition should not be violated because the request processing software
will generate consistent code; it will be checked, however, in the instruction
interpreter, which will cause an interrupt in the master if a mismatch is
detected.

5.2.3 Implementation Data Structures

The data structures described in this section are used in the implementation
of the language (i.e., by the instruction interpreter), but most are not visible
to the programmer of the slave machine. Most of these structures describe
memory allocations for a process, for fields within records, or for records
within ECAM words. These are discussed in reverse order,

5.2.3.1 Records within ECAM Words -- Each ECAM word has one of a fixed
number of fixed formats; each word contains a format field to hold the format
designator. In order to locate all records of the same type in words of any
format, the first records are classified by type number. For each record
tyvpe there is a descriptor of a list of instances of the record tvpe, a LOCK
field, and a STACKLENGTH field (see Figure 104), LOCK contains zero or
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Word Bit Position

List Stack Format of First Bit
Lock  Pointer Length sjgze Code of Record
/-
Record /
Type Number
=

Record Type
Table

Record Instance List

Figure 104. Record Descriptor Structures

the process number of a process which has locked this record type along with
a bit pattern which indicates the allocation of the match bit stack slots within
the record. (This allocation is handled by software within the master.)
Finally, the STACKLENGTH field contains the maximum size of match bit
stacks associated with the record (see Section 5. 2. 3. 3).

Each descriptor of an instance of a record contains the format code and bit
origin which specify the search algorithm to find an instance of the record.
All instances of a selected record type can be found by looping through the
corresponding record instance list until its length limit has been reached.

Note that these tables do not change (except within the LOCK fields) unless the
structure of the data within ECAM is changed. All processes use these tables.

5.2.3.2 Fields within Records -- Each field can occur only once within a
record. Its origin and length within the record specify the bits in the field.
The record type is included in the field descriptor (see Figure 105). An order
bit specifies whether the LSB or MSB comes first within the field.

Record Type Order Origin Lenath

Figure 105, Field Descriptor
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There are a fixed number of fields whose descriptors are collected in a field
descriptor table, indexed by the field tvpe number (Figure 106). This table is
common to all processes.

RT Order Origin L (lenath)

IR I Y

Field Type
Number

Figure 106. Field Descriptor Table

5.2.3.3 Process Local Information -- There are three types of process
local information:

Match bits in records
Buffer spaces in the master and host

Other miscellaneous state information

5.2.3.3.1 Match Bits In Records -= A process may have a stack of
match bits in every instance of every record type. Fortunately, most pro-
cesses do not require so many stacks. Each record contains a small field
holding some of these match bit stacks (the space can be sized only after more
information about the application is available). A table is needed for each
process describing the locations of its match bit stacks for each record tvpe
(see Figure 107. The TOP describes the current length of the stack. Assume
(arbitrarily) that the bottom of the stack has the smallest bit address (BASE).
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Process
Number
: Record
Type Base Top
No.

Process
Descriptor Table
for Match Stacks

Match Stack Descriptor Table
(Process Local)

Figure 107. \latch Stack

The sum of BASE and TOP will be the bit address of the top of the stack. The
amount of space allocated for each stack may be different for each record;
the actual allocated length will be found in the record descriptor (see Section
5.2 3. 1),

5.2.3.3.2 Miscellaneous Process State -= All information associated
with procedure calls is saved within a stack, grouped into activation blocks;
each activation block corresponds to a single activation of some procedure.
The format of an activation block (see Figure 103) is described next, The
items within the block are:

e SAVED_STATE: The addresses used to return to the calling
program upon completion of this activation. These include the
saved program counter and record index and the pointer to the
preceding activation block.

° PARAMETERS: Parameters passed to the procedure, placed
in the stack by the calling procedure.

e LOCALS: Local variables used during the execution of this
procedure, allocated space upon entry to the procedure.

e LOOPING STATE: The record type numbers of records speci=
fied in FOR statements whose statement lists have not been com-
pleted. These may be intermixed with numeric results pushed
on the stack by arithmetic operations.
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The space in each activation block for declared variables remains fixed after
the allocation for local variables is made upon entry to the procedure. How-
ever, entries are added to the stack during block entry, procedure call, and
some arithmetic evaluations. For each block entry one word containing the
record type index for the surrounding block is saved, along with a bit indi-

| cating whether the corresponding block locked the record, These words are
stacked at the top of the activation block. Each procedure call causes the
creation of a new activation block above the current one. The calling proce-
dure inserts parameter values and state holding space on the top of the current
block; this space is included within the next activation block bv action of the
CALL operator.

An item within the current activation block is addressed by an index giving its
location relative to the "bottom'' of the block -- the end where SAVED_STATE
is located. The addressing is shown in Figure 108.

Current AB Pointer

(part of process state)

Item

[tem
Index

Saved State

Figure 108. Addressing Within Activation Blocks

It also is necessary to access stacked items not in the current block, although
this is limited to references to parameters. The addresses of such items will
be specified by an appropriate master memory address.

5.2.3.4 Addressing Summary -- This design is based on the assumption that
there will be no dynamic relocation within the master's memory that is seen
by the slave controller.

Each address within a slave instruction contains two control bits and an ad-
dress field. The context of each address (the operation code plus the position
of the operand for the operation) determines whether a location within the
master's memory or a table index (for a field) is expected. Figure 109 sum-
marizes the addressing data structures,
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Figure 109. Addressing Data Structures
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5.2.3.4.1 Location Expected == There are four cases:

1) The address field contains the (master's) memorv address of
the location.

f 2) The address field contains the (master's) memoryv address
| where an indirect word (see Indirect Words below) will be found.

3) The address field contains the index of the location within the
current (topmost) activation block.

4) The address field contains the index of an indirect word within
| . g 5
the current activation block.

5.2.3.4.2 Table Index Expected == Here we have three cases:

1) The address field contains the table index.

2) The address field contains the (master's) memoryv address
where an indirect word will be found.

3) The address field contains the index of an indirect word within
the current activation block.

5.2.3.4.3 Indirect Words ~- Indirect words mav specifv further indirec-
tion, in which case thev contain a master's memory address, Otherwise,
their interpretation depends upon whether a location or table index is expected.
Thus, there are three cases:

1) The address field contains the (master's) memory address of
another indirect word.

2) The address field contains the (master's) memory address of
the location.

3) The address field contains the table index.
Note that onlv one bit need be used to select the appropriate case, since the

choice of cases 2 or 3 is determined by context.

5.2.4 Instruction Interpretation

The instruction interpreter reads instructions of the types specified in Section
5.2.2 and issues command sequences to the iteration controller for proper
execution of those instructions. This section describes one way to implement
many of the instructions. These specifications have been designed for rea=-
sonat lv efficient execution; usually, tradeoffs have been made in favor of
keepirg the array busy even though more references to the master's memory
mayv be required.
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Within these descriptions, PL/1 structure-like notation is used to denote
fields within objects, as in OBJECT. FIELD. The PL/1 declarations of these
structures will not be given, so the reader must rely on previous figures plus
his intuition.

5.2.4.1 Address Generation -- Operand specifications within the implemen-
tation sequences of Section 5.2. 4. 3 will be used. The reader should consider
each operand name to be the target address determined by following all in-
direction chains to find either a memory address or a field number. The
necessary addressing algorithms can be generated easily from the descrip=-
tions in Section 5.2, 3. 4.

5. 2.4.2 Iteration Controller Commands -- The following discussion sum-
marizes the commands that the interpreter may send to the iteration con-
troller. They are separated into four groups. The first three groups involve
the word logic. They are: 1) match manipulation commands which affect the
match and T bits; 2) processing (and searching) commands; and 3) I/O com-
mands. The fourth group, slave commands, results in alteration of registers
within the slave itself. The reader may wish to refer to Section 4.2 during
this discussion. The microcode which maps this set of commands into array
control sequences is discussed in Section 5.2, 4. 3,

5.2.4.2.1 Group 1. Match Manipulation Operations -- The match
manipulation operations are:

e SAVEm(INDEX): Copies value of m into MMjpqex (for all
words); m is unchanged, T is set to 1.

e SELECTm(INDEX): Copies value of MMj,qex into m (for all
words); MM; is unchanged, T is set to 1.

e STOREm(INDEX): Copies value of MMj qex into storage where
m = 1; storage is unchanged where m = 8 ’&IMi and m are
unchanged, T is set to 0, storage is advanced 1 bit position,

e STORESTACK(INDEX): Copies value of MM, through MMjndex
into INDEX+1 bits of storage where m = 1; storage is unchanged
where m = 0. MM and m are unchanged, T is set to 0, storage
is advanced INDEX+1 bit positions.

e LOADmM(INDEX): Copies value of storage into MMjpdex Where
m = 1; MMjdex iS cleared where m = 0, Storage and m are
unchanged, T 1s set to 0, storage is advanced 1 bit position,

e LOADSTACK(INDEX): Copies value of INDEX+1 storage bits
into MMy, through MMj,dex Where m = 1; clears MM, through

MMjndex Where m = 0. Storage and m are unchanged, T is set
to 0, storage is advanced INDEX+1 bit positions.
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The following Group 1 instructions involve operations on T and m and operate
in a common fashion:

Operation Name Operation
SETm 1~m
CLEARmM 0~m
SETT 1-T
CLEART 0-T
COMPLEMENTmM m-m
COMPLEMENTT T-T
MTOT m~T
TTOM T-m
mEXCHANGET Te=m
mANDTTOm m. T-m
mORTTOm m+T-m
mXORTTOm mE T-m

These operations occur in all words and have no side effects (unspecified
variables are unchanged); storage is not shifted.

The following Group 1 instructions involve use of the multiple match resolver
and are deterministic in that, for a given vector in m, the choice of m's to be
Selected/Reset is time=-invariant:

e SELECTFIRST: Sets all except one of currently true (=1) m
; bits to zero; T, MM and storage are unaffected.
e SELECTGROUP: Sets all except 10 of currently true m bits to

zero; T, MM and storage are unaffected. (If 10 or fewer m's

were true, all remain=1,)

e RESETFIRST: Clears one of the set of currently true m bits;
T, MM and storage are unaffected.

e RESETGROUP: Clears 10 from the set of currently true m bits;
T, MM and storage are unaffected. (If 10 or fewer m's are
true, all are reset.)

e MATCHCOUNT: Execution of this instruction results in a binary
count of the number of m's = 1 being placed in a register avail-

able to the interpreter (see the Group 4 instruction discussion
below). No state changes occur in the word logic.
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5.2.4.2.2 Group 2. Processing Functions -- This group includes both
searching (match) and arithmetic operations. At the interpreter level, the
ECAM arithmetic processing functions occur in pairs corresponding to MSB-
first or LSB-first ordering of arithmetic fields. This means that, unless MSB-
first and LSB-first algorithms exist for a given function, one member of the
function pair requires that bits be accessed in descending order of bit ad-
dresses. As may be recalled, the storage device baseline assumes only a
unidirectional shift capability. Thus, access in the reverse order implies
that 256 (the block size) + 1 shifts occur between each bit. In only one case
(GREATER-THAN) do MSB-first and LSB-first algorithms exist. For the
others, it is necessary to adapt to the time=-cost by choosing the bit-ordering
within a field to minimize total processing time,

In the discussions that follow, the function names indicate the bit (MSB/LSB)
that is to be processed first. An "R" indicates that the array is to be shifted
in the reverse direction. In either case, storage must be positioned at the
first bit to be processed prior to beginning the function. Figure 110 shows the
alternative field organization and shift direction possibilities.

The processing functions are:

e ADDLSB(LENGTH, BUFFER), ADDLSBR(LENGTH, BUFFER):
Adds a number from the parameter buffer to the LENGTH-bit
field in all words where m = 1. Words where m = 0 are un-
changed, m and MM are unchanged, T contains the carryout of
the MSB, and storage is shifted by LENGTH bits. (Note: Sub-
traction of the parameter from all matched words is done by
complementing the parameter in the interpreter.)

e REVSUBLSB(LENGTH, BUFFER), REVSUBLSBR(LENGTH,
BUFFER): Replaces the LENGTH-bit field in all words where
m = 1 with the value in the parameter buffer minus the value
previously stored in the field. Words with m = 0 are unchanged,
m and MM are unchanged, and T is the carryout of the MSB.

e¢ ACOMPMSB(LENGTH, BUFFER), ACOMPMSBR(LENGTH): Com-
ares the LENGTH-~bit parameter in the buffer with the correspond-
ing field in all words where m = 1; produces coded result in m and
T as follows:

M,T = 00 nonparticipant
01 field < parameter
10 field > parameter
11 field = parameter

where m = 0, T is set to 0, and storage is unchanged. (Note 1:
This operation interprets field and parameter values as positive
binary integers. Where negative numbers are in the permissible
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Figure 110. Alternative Field Organization and
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domain, the positive and negative sets must be separated prior
to use of ACOMPMSB. Note 2: The equality test of this function
is used for exact-match searches on non-numeric fields where -
masking is not required. In this case, the ACOMPMSB form is
always used since field order is irrelevant.)

MINMSB(LENGTH, BUFFER), MINMSBR(LENGTH, BUFFER) and
MAXMSB(LENGTH, BUFFER), MAXMSBR(LENGTH, BUFFER):

For the set of words where m = 1, all m's are set to zero except
those marking words which contain the maximum or minimum

field values within the set. Fields are interpreted as positive
integers; where m was 0, it is unchanged. Storage is not altered,
but is shifted by LENGTH bits, the previous value of T is destroyed.

COMPLEMENT(LENGTH): Replaces the LENGTH-bit field with
its two's-complement in all words where m = 1. Words where

m = 0 are unchanged, m and MM are unchanged, and T is set to 0.
(Note: Works independently of field bit order.)

MASKEDSEARCH(LENGTH, BUFFER): Compares the LENGTH-bit
parameter with the corresponding field of all words where the
second parameter in the buffer is zero, m remains set in all words
containing matches, words with m = 0 are unchanged, T is un-
changed, and storage is shifted by LENGTH bits.

.4.2.3 Group 3. Input/Output Functions -- The I/0O functions are:

WRITEALL(LENGTH): Transfers the LENGTH-bit parameter
from the buffer into all words where M = 1. Words withm = 0 are
unchanged, m and T are unchanged, and storage is shifted by
LENGTH bits.

READALL(LENGTH): Transfers the logical-OR of the values of
the LENGTH-bit fields in all words where m = 1 into the param-
eter buffer. Words with m = 0 do not participate, m and T are
unchanged, and storage is shifted by LENGTH bits. (Note: This
capability is provided in the array as a component of the MAX/MIN
algorithm. It is extended to the programmer level via this function
code so that it may be used if needed.)

WRITEFIRST(LENGTH): Transfers a LENGTH-bit parameter from
the buffer into the word having m = 1. Words having m = 0 are un-
changed, m and T are unchanged, and storage is shifted by LENGTH
bits. (Note: This operation can only be performed when there is a
single m that is true. This can be guaranteed by preceding the
WRITEFIRST with a SELECTFIRST operation.)
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READFIRST(LENGTH): Transfers the LENGTH-bit field from
the word having m = 1 to the parameter buffer. Words having
m = 0 are unchanged, m and T are unchanged, and storage is
shifted by LENGTH bits. (See note for WRITEFIRST. )

READFIRSTANDMARKDUPES(LENGTH): Operates like
READFIRST, but also sets T = 1 in all words having field values
identical to the one read out. (Note: Setting of T is independent
of m and MM values. )

READGROUP, WRITEGROUP: These operations will be imple-
mented within the Fast I/O controller, so cannot be specified in
detail at this time. In general, they will work like the
READFIRST/WRITEFIRST pair, except the data source/destina-
tion will be either host memory or some system I/O device.
Execution of either of these will involve the interpreter's relin-
quishing control of the array to the Fast 1/0 controller for the
duration of a 1 to 10 word group transfer. Groups are chosen
via the SELECTGROUP operation prior to beginning the transfer.

5.2.4.2.4 Group 4. Slave Commands -- This group of functions is the
method by which the interpreter reads and writes the working registers of the
interpreter. With the exception of the TO functions, they will primarily be
used for maintenance and diagnostic purposes.

The first two are transmitted through the normal buffer mechanism:

TO(BIT): Copies the value (BIT) from the Length register into
the Bit Address register of the Iteration controller, This action
causes storage to be advanced so that the indicated bit is ready to
be operated upon.

READREG(INDEX): Copies the contents of the indexed register
into the IT Output Register.

Index codes will be provided for:

BIT COUNT
BIT ADDRESS
MICROADR
FIRST ADR
PHYSICALADR

Registers as discussed in Section 4. 1.
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The third Group 4 "instruction' is access to the IT Output Register as a source
on the interpreter bus. After executing a MATCHCOUNT or a READREG
operation, the interpreter obtains the result by accessing the Output Register.

For reference purposes, the Iteration controller commands are summarized

in Table 49.
Table 49. Iteration Controller Commands Summary
Group 1: Group 2:
SAVEm ADDLSB, ADDLSBR
SELECTm REVSUBLSB, REVSUBLSBR
STOREm ACOMPMSB, ACOMPMSBR
STORESTACK MINMSB, MINMSBR
LOADm MAXMSB, MAXMSBR
LOADSTACK COMPLEMENT
SETm MASKEDSEARCH
CLEARm
SETT Group 3:
CLEART WRITEALL
COMPLEMENTmM READALL
COMPLEMENTT WRITEFIRST
MTOT READFIRST
TTOM READFIRSTANDMARKDUPES
mEXCHANGET: READGROUP
mANDTTOm WRITEGROUP
mORTTOm
mXORTTOm Group 4:
SELECTFIRST TO
SELECTGROUP READREG
RESETFIRST
RESETGROUP
MATCHCOUNT
229




5.2.4.3 Slave Instruction Implementation -- The following sections contain
""pseudo-programs” which may be thought of as prototypes for the interpreter
microprograms. In the interests of clarity, many details of information
transfer have been omitted, as has the MSB/LSB-first issue in the arithmetic
instructions,.

5.2.4.3.1 Useful Routines -~

PROLOGUE (FIELD):
FIELD_DESCRIPTOR:=FIELD_TABLE_ORIGIN-/*Retrieve

descriptors*/
FIELD_DES(FIELD);

IF FIELD_DESCRIPTOR. RTFRECORD_TYPE /*Field in wrong
THEN ERROR; record type %/
FLENGTH:=FIELD_DESCRIPTOR. LENGTH; /*Capture length*/

FORDER:=FIELD_DESCRIPTOR. ORDER; /*Capture order:/
RETURN;

END PROLOGUE;

PUSH_STACK: /*Manipulating the match bit stack/
IF MATCH. GT.STACKSPACE THEN OVERFLOW;
SAVEm(MATCH); /*Save previous value*/
MATCH:=-MATCH+1;

RETURN;

END PUSH_STACK;

POP_STACK: [*Manipulating the match bit stack®/
IF MATCH. EQ. 0 THEN UNDERFLOW;

MATCH:=-MATCH-1;

SELECTm (MATCH); /**Put new value in M*/

RETURN;

END POP_STACK;
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SAVE_MATCH_BITS: /* Copy match bits from word logic to

record* /
SAVEm (MATCH):

TO (MATCH_STACK _ORIGIN);

SELECTm (15); /*Select words of correct format#/
SAVESTACK (MATCH)

RETURN;

END SAVE_MATCH_BITS;

LOAD_MATCH_BITS: /*Copy match bits from record to word

logic /

TO (MATCH_STACK _ORIGIN);

SELECTm (15); /**Selected word formats only* /
/**Read occupancy bit and mask bit*/

LOADSTACK (MATCH)

SELECTm (MATCH); /*Put top of match stack in Mx*/
RETURN;
END LOAD_MATCH_BITS;

SELECT_WORDS: /*Find ECAM words of proper formats/

IF FORMAT_CODE:=RECORD_DESCRIPTOR.
/*Test FORMAT CODE from previous
and bypass this when the new record
instances are in the same words as the
cld record instances.*/

FORMAT THEN RET URN;

TO (WORD_FORMAT_NUMBER);

SETm;

MTOT;

FORMAT _CODE:=RECORD_DESCRIPTOR. FORMAT;
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B:=FIND_FREE_BUFFER;

COPY (FORMAT_CODE, B, 0); /*Copy string to beginning of
buffer:/
FOR M=1 TO LENGTH_OF_FORMAT CODE DO

J*We could build this into the iteration
box to set up match 15 and leave match
in the set bits*/

ATOMIC ARITH COMP (B);

END FOR;
MANDTTOM;
MTOMATCH (15);
CLEART; /*Save matched word indications in
match (15)%/
RETURN;
END SELECT_WORDS;
e ONE_STRING_PROLOGUE (STRING, FIELD); /*Common overhead
for operations with

PROLOGUE (FIELD); one field operand* /
IF FLENGTH. NE. LENGTH(STRING) /*Length checks/

THEN ERROR; [*Justify or abortk/
B:=FIND_FREE_BUFFER; [*Get buffer for string* /[
COPY (STRING, B, 0); [*Put string in buffer*/

TO (RECORD_DESCRIPTOR. ORIGIN [*Shift to field*/
+ FIELD_DESCRIPTOR. ORIGIN);
RETURN;

END ONE_STRING__PROLOGUE; /*Now all set up to per-
form function*/
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® TWO_STRING_PROLOGUE (STRING1, STRING2 ,FIELD):
/*Two=-field operand overhead#* /
ONE_STRING_PROLOGUE (STRING1,FIELD);

[F 2*FLENGTH.GT.BUFFERLENGTH /#Strings won't fit in

bufferx /

THEN ERROR;
[FF FLENGTH.NE. LENGTH(STRING2)

THEN ERROR; /*Length mismatch errorx/
COPY (STRINGZ2, B, FLENGTH);
RETURN;
END TWO_STRING_PROLOGUE;

° LOOP: /*In prologue of every instr. that can be in

automatic loop* /
[F LOOPING THEN RETURN; /*If in a loop now, do nothing* /

LOOPING:=TRUE;

RECORD_INSTANCE:=0; [*Initialize instance index* /
BIT_STACK _TOP:=MATCH; /*Save top of bit stack for
looping* /
LOOP*LENGTH:=RECORD_TABLE_ORIGIN->/*Capture loop
counterx /
RECORD_LIST _DESCRIPTOR(RECORD_TYPE), LENGTH;
LOOP_HEAD:=PC; /*Save origin of loop; comes back to this
target instruction*/
RETURN;
END LOOP;

e DONT_LOOP: /*Used in prologue of every instr. that cannot be
in automatic loop*/

[F LOOPING THEN RETURN;
SAVE_MATCH_BITS; /*Save last match bit stack*/

RECORD_INSTANCE:=RECORD_INSTANCE+1: /*Move to next
instancex/
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IF RECORD_INSTANCE. GE, LOOP_LENGTH THEN
LOOPING:=FALSE [*Terminate the loop*/

RETURN

RECORD DESCRIPTOR:=RECORD TABLE ORIGIN-
RECORD _LIST_DESCRIPTOR(RECORD_TYPE). ORIGIN~

RECORD DESCRIPTION(RECORD.INSTANCE);
[*Read descriptor of next instance /

[*Check for same word format#/

SELECT _WORDS; [*Mark match bit 15 in all words having
correct formats /

/*Read occupancy bit and use as mask:/

LOAD_MATCH_BITS; /*Copy match bit stack from ECAM to
match bits in word logic* /

MATCH:=BIT_STACK _TOP; [*Restore top of bit stack count/
PC:=LOOP_HEAD; [**Cause looping on next fetch*/
END DONT_LOOP;

5.2.4. 3.2 Instruction Implementations -- The following pseudo-programs are
prototypes for operational microcode:

e FOR(FIELD): [*The options ALL, MATCHED, and LOCKED are
tested within/

DONT_LOOP;
IF LOOPING THEN RETURN; /*Finish loop*/

PROCESS _TABLE _ORIGIN-PROCESS_TABLE_ENTRY
(PROCESS_NUMBER). MATCH_STACK _DES~
MATCH_STACK_DESCRIPTOR_TABLE_ENTRY
(RECORD_TYPE):=-MATCH//MATCH_STACK_ORIGIN;

/*Save status of match stack for the surrounding

block* /
FIELD_DESCRIPTOR:=FIELD_TABLE _ORIGIN~
FIELD_DES(FIELD); [Retrieve descriptors/
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RECORD_TYPE:=FIELD_DESCRIPTOR. RT; /*Set up record
type* /
TOP_OF_STACK _PTR:=TOP_OF_STACK_PTR+1;
TOP_OF_STACK_PTR_WORD:=LOCKED//RECORD_TYPE;
[*Stack new record type* [

MATCH_STACK_DESC:=PROCESS_TABLE _ORIGIN-
PROCESS_TABLE _ENTRY(PROCESS_NUMBER).
MATCH _STACK _DES~MATCH_STACK_DESCRIPTOR.__

TABLE_ENTRY(RECORD_TYPE); /*Retrieve match
stack information*/

STACKSPACE:=RECORD_TABLE _ORIGIN~ /*Length of space
in record for each
match stacks/

RECORD_LIST _DESCRIPTOR(RECORD_TYPE).
STACKSIZE;
[F MATCH_STACK _DESC=NULL
THEN DO [*Need a new stack*/
e SPACE_TEST: ALLOC_BITS:=RECORD_TABLE_ORIGIN-
RECORD_TABLE_ENTRY(RECORD_TYPE), STACK_USAGE;
e [F ALLOC_BITS.NE.ALL_1s
THEN DO [*Stack space is availablex/
INDEX:=SCAN(ALLOC_BITS,'0'); [*Find first unused
spacex [
RECORD_TABLE_ORIGIN-
RECORD_TABLE_ENTRY(RECORD_TYPE).
STACK _USAGE(INDEX):=1 [*Set allocation bit* /
MATCH_STACK _DESC. ORIGIN:= /*Compute stack origin*/
STACKSPACE*INDEX+STACK_SPACE _ORIGIN;
MATCH_STACK_DESC. TOP:=0; /*Set top of new stack*/

END_THEN; /*Note: Match stack descriptor will be
completely saved at end of loop*/
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ELSE DO

SIGNAL_MASTER_TO_WAIT_FOR_STACK

[*Send message to master that you can-
not proceed until there is stack space
available in this record type*/

(RECORD_TYPE);

WAIT;
GOTO SPACE_TEST; [*Try again on reactivation* /
END_ELSE;

END_DO; /*<End of stack allocation sequence/

MATCH:=MATCH _STACK _DESC. TOP; [*Capture top of
stack:x /

MATCH_STACK_ORIGIN:=MATCH_STACK _DESC. ORIGIN;
[*Capture stack origin*/

° LOCK _TEST: [**Note that the lock must be checked even if this
process won't lock it/

IF RECORD_TABLE_ORIGIN-RECORD_TABLE_ENTRY
(RECORD_TYPE). LOCK.NE. 0A

RECORD_TABLE _ORIGIN“RECORD_TABLE_ENTRY
(RECORD_TYPE). LOCK. NE. PROCESS_NUMBER

THEN DO [*Already locked*/
SIGNAL_MASTER_TO_WAIT_FOR_LOCK /*Await
(RECORD_TYPE); SaloEiagt]
WAIT;
GOTO LOCK _TEST;

‘ END_DO;
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[F LOCKED THEN

RECORD TABLE ORIGIN-RECORD /*Set the lock. Note
that the separation
_TABLE_ENTRY(RECORD_TYPE) works because this
- ( . sequence cannot be
. LOCK:=PROCESS_NUMBER; interrupted, as no
process in the in-
struction interpreter
stops except by its
own volition -= it
being assumed that
the query translator
will produce ''sound"
code. * /

[*sHowzaver, note that deadlocks are possible in this scheme*/
/*Process number is used in the lock to permit nesting

WHILES using the same record type; they would hang
up without a process number check.*/

[F ALL THEN /*:Check the ALL vs MATCHED option*/
PUSH1; /*<Execute the implied PUSH1*/
RETURN;

END_FOR; /*Note that the name FOR is ambiguous, being a
procedure -=- defined here -- and an element of the
defining language. The context should make the

meaning clear, */

END_FOR: [*This is a procedure entry-- see note at end of
FOR definition, */
DONT__LOOP;
[F LOOPING THEN RETURN; [*Finish loop*/

MATCH_STACK_DESC, TOP:=MATCH; /*Save top of match
bit stack*/

PROCESS_TABLE_ORIGIN=- |

PROCESS_TABLE_ENTRY(PROCESS_NUMBER).

MATCH_STACK_DES-MATCH_STACK_DESCRIPTOR

TABLE _ENTRY(RECORD_TYPE):=MATCH_STACK_DESC;
[*Save match stack descriptor*/




IF TOP_OF_STACK_PTR-WORD. LOCKED=1B

THEN [*Clear the lock*/
RECORD_TABLE_ORIGIN-

RECORD_TABLE_ENTRY(RECORD_TYPE).
LOCK:=0;

/*Now all state has been saved and we can restore
the state of the surrounding blocks /

TOP_OF_STACK _PTR:=TOP_OF_STACK_PTR - 1; /*Pop the
stack:: /

RECORD_TYPE:=TOP_OF_STACK_PTR~ /*Retrieve record
WORD. SAVED_REC_TY PE; type*/

MATCH_STACK_DESC:=PROCESS _TABLE_ORIGIN-

[**Retrieve match stack informations/

PROCESS_TABLE_ENTRY(PROCESS_NUMBER).
MATCiH _STACK_DES~MATCH_STACK_DESCRIPTOR _
TABLE _ENTRY(RECORD_TYPE);

MATCH:=MATCH_STACK_DESC. TOP;
MATCH_STACK_ORIGIN:=-MATCH_STACK_DESC. ORIGIN;
RETURN;

END END_FOR;

FIND (STRING, FIELD):

LOOP;
ONE_STRING_PROLOGUE(STRING, FIELD); /*Housekeeping* /

IF MATCH.GT. 12 THEN ERROR; [*Any space for results ?x/
mTOT; /*Set up initial match bits*/
ACOMPMSB(FLENGTH, B) [*Do comparex /
mANDTTOm; [*Combine results*/
RETURN;

END FIND;

238




GREATER (STRING, FIELD):

LOOP;

ONE_STRING_PROLOGUE(STRING, FIELD); /**See FIND for
comments* /

[F MATCH.GT.13 THEN ERROR;

mTOT; /*Initialize match bit*/

ACOMPMSB (FLENGTH, B)
COMPLEMENTT;

mANDTTOT;
RETURN;
END GREATER;

LESS (STRING, FIELD):

LOQOP;

ONE_STRING _PROLOGUE(STRING, FIELD); /*See FIND for
comments /

I[F MATCH.GT. 13 THEN ERROR;

mTOT; [*Initialize match bit* /
ACOMPMSB (FLENGTH, B)

COMPLEMENTm;

mANDNOTTTOm; L
RETURN;
END LESS;

ADD (VALUE, FIELD):

LOOP; ‘
ONE_STRING_PROLOGUE(STRING, FIELD);
PUSH _STACK; /*Save match bit*/
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ADDLSB (FLENGTH, B);
TTOM; [%Overflow left in M/
RETURN;
END ADD;
® SUBTRACT_FIELD (VALUE, FIELD):
LOOP;
ONE_STRING _PROLOGUE (STRING, FIELD):
PUSH_STACK; [**Save match bit*/
REVSUBLSB (FLENGTH B)
TTOM: [*:Put overflow in M/
RETURN;
END SUBTRACT_FIELD;
° PUSH1:
LOOP;
PUSH_STACK; [*Get new entry*/
SELECTm (15); /*Match (15) contains word selection bit:/
RETURN;
END PUSH1;
° PUSHO:
LOOP;
PUSH_STACK;
CLEARm;
RETURN;
END PUSHO;
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e POP:
LOOP:
POP_STACK;
RETURN;
END POP;

° DUPLICATE:;
LOOP;
PUSH_STACK; /*This leaves previous value in M/
RETURN;
EIND;

) EXCHANGE:
LOOP;
mTOT; [*Top*/
SELECTm (MATCH-1);
MEXCHANGET;

SAVEm (MATCH=-1);
TTOM;
RETURN;
END;
e ROTATE3PLACES:
LOOP;
[F MATCH. LT.2 THEN UNDERFLOW;

mTOT; [*T = .\Il*/
SELECTm (MATCH=-1); [*M = My, T = Ml*/
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SAVEm (MATCH); [*M = Mg, T = My; M, rewritten*/
SELECTm (MATCH=2); [#M = Mg, T = My; Mg rewritten*/
SAVEm (MATCH-1); [*M = Mg, T = My; M1,1\12 rewritten /
TTOm; /*M = T = My; My, M, rewritten*/
SAVEm (MATCH-2); [*M = T = My; all rewrittenx / ‘
SELECTm (MATCH); /*:Restore correct state in M/
RETURN;
END ROTATE3PLACES;

e NOT:
LOOP;

COMPLEMENTm;

RETURN;
END NOT;

LOOP; 1
mTOT;
POP_STACK;
mORTTOm;
RETURN;
END OR;

e AND:
LOOP;
mTOT;

POP_STACK;




J—

mANDTTOm;
RETURN;
END AND;

e XOR:
LOOP;
mTOT;

POP_STACK;

mXORTTOm;
RETURN;
END XOR;

Note: The foregoing list is not complete; the following instructions are among
those that have not been implemented due to time constraints on the current

effort:

DECREMENT
FASTREAD
FASTWRITE

READ

WRITE

GO_TO

[F POSITIVE_GO_TO
SAVE_BLOCK CALL
ALLOCATE
RETURN

HALT

WAIT

ADD

SUBTRACT

COPY

STRING COPY
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ADDRESS_COPY
MAKE_POINTER
SELECT_FIRST
READ_FIRST

WRITE _FIRST
RESET_FIRST
READ_FIRST_ELIMINATING _DUPLICATES
MATCH_COUNT_TO
STATUS_TO
MAXIMUM
MINIMUM

5.2.5 Firmware Register Assignments

This section specifies a possible assignment of emulation registers to the
register modules provided in the interpreter (see Section 4.1). The important
information is the module assignment, although specific assignments within
the modules have also been given. To develop the assignments, the registers
most frequently used are described; this leads to a tentative distribution of
the registers into two independent single-port register files.

5.2.5.1 Information for Slave Registers ~- The information that might reside
in the slave's registers will be listed in groups based on the frequency of
reloading the registers. Note that these frequencies can be quite different
from the usage frequencies.

There are six different groups; the least frequently changed group will be
listed first. Groups are designated within this list by the events causing
their contents to (potentially) change:

Modify data base structure or change descriptor tables

Process switch

Procedure call

Enter FOR block

Enter implicit loop

JRpaye

Begin macroinstruction execution
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Group A: This group includes registers holding the origins of system tables.
Normally, the contents of these registers are not changed. The registers in
this group are: .

Al: Process Table Origin

A2: Record Table Origin

A3: Field Table Origin
All of these pointers are absolute addresses within the master's memory, If
these tables should be length-checked, three additional registers holding the

lengths should be assigned within the group. Each length register should be
located in the same register file as the corresponding origin register.

Group B: This group includes registers holding information about the process
eing executed. The contents of these registers are changed when the master
switches the controller to a new process. The registers in this group are:

B1l: Process Number
B2: Stack Limit
B3: Stack Base
The process number is an integer used to index within certain tables. Stack

location information is kept as absolute addresses within the master's
memory. It is used to check for overflow and underflow,

Group C: This group includes registers holding information about the activa-
tion é'lock corresponding to the current or next procedure invocation. The
contents of these registers are changed during a procedure call code sequence
and during the return operation. The registers in this group are:

Cl: Base of Current Activation Block (AB)

C2: Next Value for C1
These quantities are absolute addresses within the master's memory. The
contents of C2 are changed by the SAVE-BLOCK operator, which initiates

calling sequences., The ENTER and RET URN operators modify C1, which is
used primarily to locate local variables allocated stack space.

Group D: Registers in this group hold information about FOR blocks, which
specéy array records to be manipulated. The contents of these registers are
changed by the FOR and END-FOR operators which bracket the blocks. The
registers in this group are:

D1: Record Type Number

D2: Record Instance List Origin
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D3: Record Instance Limit
D4: Match Stack Origin
D5: Match Stack Limit

The record type number and match stack limit are integers. The record
instance list origin and limit are absolute master memory addresses. The
match stack origin is a bit position index within array words.

Group E: Registers in this group hold information used to control implicit
loops. The contents of these registers are changed upon entering the implicit
loop or upon returning to the beginning of an implicit loop. All array opera-
tions that may be within implicit loops are considered to be within such loops
(even though this may require that the loop contain only one operator). The
registers in this group are:

El: Saved Top of Match Stack Index

E2: Record Instance Descriptor Pointer

E3: Record Instance Origin

E4: Word Format Code
The index is an integer; it is used to reset the top of match stack index (F3)
when the implicit loop is re-executed. The record instance descriptor
pointer is a master memory address used to find the descriptor of the
record instance used within the current loop. From this descriptor, the
origin of the record instance (a bit index within the array words) is retrieved

and the format code (an arbitrary bit pattern) used to select the appropriate
array words.,

Group F: Registers in this group hold information used within single macro-
instruction interpretation cycles. The contents of these registers may be
changed at arbitrary points within these cycles. The registers in this group
include:

F1: Program Counter

F2: Top of Activation Block Stack

F3: Top of Match Stack

F4: Field Number

F5: Field Bit Origin

F6: Field Length

F7: Macro Function Code

F8: Instruction Bits No. 1

F9: Instruction Bits No. 2
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F10:
F11:
F12:
F13:
F14:
F15:
F16:
F17:

instruction Bits No. 3
Instruction Bits No. 4
Operand Address No. 1
Operand Address No. 2
Operand Address No. 3
Operand Value No. 1
Operand Value No, 2
Buffer Number

5.2.5.2 Register Assignments to Register Files == From the preliminary
implementations of the slave machine instructions, it was determined which
pairs of registers participated in binary operations, with two registers as
data. These registers were then assigned to two files, resulting in Figure 111,

FILE A FILE B
Al Bl
F4 A3
F12 Cl
F13
Fl4
F2 B2

\ B3
D1 A2
E2 D3
D5 - F3
E3 F5
F8 F9
F10 / F1l
F16 F17

Figure 111. An Assignment of Registers into Two Files
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showing an assignment of registers into two files (A and B) such that no binary
operation requires two operands from the same file. Lines connect the pairs
of registers that must be located in different files.

The final register assignment (Tables 50 and 51) is constructed by assigning
those registers not appearing in Figure 111 to register files, using the con-
straints that: (1) those registers which supply binary operands used with
constant (literal) operands should be located in File A (since literals are
placed on the B bus); and (2) those registers supplying master memory
addresses should be located in File A (since the master interface takes
addresses from the A bus).

Table 50. Register Assignments within Register File A

Address (hex) | Code Name Descriptive Name
20 Al Process Table Origin
2t D1 Record Type Number
22 D2 Record Instance List Origin
23 D4 Match Stack Origin
24 D5 Match Stack Limit
25 E2 Record Instance Descriptor Pointer
26 E3 Record Instance Origin
27 E4 Word Format Code
28 F1 Program Counter
29 F2 Top of AB Stack
2A F4 Field Number
2B Fé6 Field Length
2C F8 Instruction Bits No. 1
2D F10 Instruction Bits No, 3
2E Fl2 Operand Address No. 1
2F F13 Operand Address No. 2
30 F14 Operand Address No. 3
31 F16 Operand Value No. 2
32-3F --- Unassigned/Temporary Storage
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Table 51. Register Assignments within Register File B
Address (hex) | Code Name Descriptive Name
60 A2 Record Table Origin
61 A3 Field Table Origin
62 B1 Process Number
63 B2 Stack Limit
64 B3 Stack Base
65 C1 Base of Current AB
66 C2 Next C1 Value
67 D3 Record Instance Limit
68 El Saved Top of Match Stack Index
69 F3 Top of Match Stack
6A F5 Field Bit Origin
6B F7 Macro Function Code
6C F9 Instruction Bits No. 2
6D F11 Instruction Bits No. 4
6E F15 Operand Value No. 1
6F F17 Buffer Number
70-7F --- Unassigned/Temporary Storage
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SECTION 6
HARDWARE IMPLEMENTATION

The ECAM system will consist of three basic cabinet types:

e Memory Unit cabinet
e Control Unit cabinet
e Peripheral cabinet

A minimum system will have one each of these cabinets and a maximum
Memory Unit storage capability of 10 million bytes. Expansion to 160 million
bytes will be accommodated by adding additional Memory Unit cabinets up to
a total of 16 per Control Unit. Each Memory Unit will be interfaced via dif-
ferential twisted-pair cabling into dedicated buffer boards in the Control Unit.

A typical ECAM system is shown in Figure 112. All Control Unit and Peri-
pheral cabinetry and other hardware is of the standard 19-inch-wide variety.
The Memory Unit cabinet is necessarily slightly wider - 23 inches. Com-
mercial-grade parts are used wherever possible to lower system cost. A
floor plan concept for a 160-million-byte system (16 Memory Unit cabinets)
is shown in Figure 113. Such a system would require approximately 400
square feet of floor space. Total power requirements would be approximate-
ly 100 kilowatts at 230 volts, 60 cycles.

6.1 MEMORY UNIT CABINET

The Memory Unit cabinet will contain up to 10 million bytes of storage capa-
bility. The functional organization will be 20,480 serial words of 4096 bits
each. The physical partitioning will be 32 storage boards with 640 words per
board. Each group of eight storage boards will be driven by one of four
Storage Buffer boards which will in turn be driven by a single Memory Unit
cabinet buffer board. These five boards, along with a small amount of logic
on each storage board and all of the back panel wiring, cabling, and termina-
tion, will comprise the signal distribution system within the Memory Unit
cabinet. A diagram of the physical interconnect scheme for the Memory Unit
is shown in Figure 114. An artists conception of the Memory Unit is shown
in Figure 115,

The total board complement of 38 boards is comprised as follows:
® 32 storage unit boards at 85 watts per board

® 4 storage buffer boards at 4 watts per board (Memory Unit
Signal Distribution Board A)
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Figure 115, Memory Unit Cabinet
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® 1 cabinet buffer board at 4 watts per board (Memory Unit
Signal Distribution Board B)

° 1 cabinet test interface board at 5 watts per board

Each board will be 12 inches x 16 inches with 200 I/O connector pins each.
All boards will be housed in two card cages with space for up to 19 boards
per cage. Figure 116 shows the arrangement of cards in the Memory Unit

cabinet.

6.1.1 Power Supplies and Cooling

Figure 117 is the Memory Unit layout showing location of boards, power sup-
plies, and blowers. Required voltages of +5, -5, and +12 are provided by
power supplies selected from the Honeywell 6000 Series computer main-
frame system. These supplies are manufactured commercially at the Deer
Valley Plant of the Honeywell Phoenix Computer Operations. Dual Rotron
MB-8100 cabinet panel blowers that deliver air at the rate of 500 cubic feet
per minute each were selected for the Memory Unit cabinet. Air ducting in
the cabinet will be designed to provide room temperature inlet air to the
power supplies and boards separately. Total air temperature rise through
the cabinet will be approximately 20°F.

6.1.2 Storage Board

The ECAM architecture was initially conceived and developed around the
Contractor-developed T-10(superchip) charge-coupled device (CCD), The
T-10 has been developed to the point of prototyping the chip, but further
development is questionable at this point. A major problem related to the
T-10 was identified early in the ECAM development when the requirement for
Read/Modify/Write (R/M/W) of the storage device became apparent. The
T-10 does not have this capability, but could be modified to incorporate it.
The initial baseline design of the storage board included eight 3-inch x 3-inch
hybrid modules with eight T-10 CCD chips per hybrid. The T-10 is organ-
ized as 10 serial words of 4096 bits each. Each hybrid had eighty 4096 -bit
words and each board had 640 words. An example of this hybrid organiza-
tion is shown in Figure 118.

Recognition of the R/M/W problem in the T-10 led to consideration of other
storage alternatives which might already be commercially available and
which might be easily accommodated without significantly changing the
architecture. The ECAM architecture is quite independent of the storage
media and therefore provides the capability to use serial storage devices
per the state of the art at the time of actual system build.
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Figure 116, Memory Unit Card Assignments
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3-inch x 3-inch Hybrid with T-10 Chip

as Storage Device

Figure 118.



Our current packaging baseline storage device is the Fairchild 4096 x 4 -bit
CCD (CD-460). This 16K-bit device is a dynamic N-channel device with a
shift rate of up to 5 MHz. The CD-460 is transistor-transistor logic (TTL)=-
compatible at all I/O pins except for the two-phase clock pins. It has four
operating modes:

e Read

° Write

e Read/Modify/Write
°

Recirculate

and has a maximum power usage of 200 mW. The CD-460 has a chip size of
201 x 219 mils and comes in a standard dip package of 22 pins. The base-
line packaging scheme for the storage devices in the ECAM system is to use
hybrid technology on a 12-inch x 16-inch motherboard (Figure 119),

An alternate packaging approach would be to use dip packaging. This ap~
proach would double the board count or, conversely, halve the number of
4096 bit words per 12-inch x 16-inch board to 320 instead of 640.

For systems that do not require as much memory storage or that do not have
a space problem, the dip packaging approach might very well be the most
cost effective. Also, there are expectations for a 65K version of the CD-460
to be available within 12 months (1977). This is a fourfold increase which
will have the same organization (four data I/O), but which will have 16K bits
per word. This will quadruple the amount of storage capability in the same
volume, but will also increase the ECAM search time by about the same
factor due to the loss of parallelism. The speed versus volume versus cost
tradeoff will have to be considered very carefully at the time of actual im-
plementation, since it is somewhat application-dependent.

The hybrid module approach described below will use a 3-inch x 3-inch hybrid
package with 80 words of 4096 bits each (327, 680 bits). Each board will
contain eight hybrids, with additional control and buffering logic in the form
of discrete logic dips (approximately 50 dips). A functional block diagram of
the Memory Unit storage board, using hybrids, is shown in Figure 120. The
board will be approximately 12~inches x 16-inches, will have approximately
200 I/O pins (estimated 55 required), and will dissipate approximately 85
watts of power.

6.1.2.1 ECAM Hybrid -- Each storage board will contain eight 3-inch x
3-inch hybrids (Figure 121) which will be organized as 80 words of 4096 bits
each., This organization still reflects the initial intentions of using the T-10
(10-channel) CCD., Not much is changed by the use of the CD-460 except that
instead of a single 500-mil x 500-mil chip connected to every 10-channel
WLLC, there will be 2.5 four-channel CCDs connected to every WLLC
(Figure 122), Minor control signal changes are also required. Total parts
complement for the 3-inch x 3-inch hybrid is:
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Figure 121. Memory Unit Hybrid Assembly
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20 CD-460 CCD storage devices
8 custom word logic LSICs

8 clock driver chips

Approximately 10 control and data buffer chips

A motherboard approach will be used in the hybrid package. Two subunit
types will be developed: a storage subunit, and a buffer subunit. Each hybrid
will have four storage subunits and one buffer subunit. Each storage subunit
will contain 20 words (two WLLCs and five CCD chips). If a different CCD
storage device (i. e., not CD-460) is used, a redesign of the storage subunit
should accommodate the differences with no impact on the rest of the hybrid.
More drastic changes, such as switching to RAM or Bubble devices, will
probably require more significant redesign of the hybrid.

Total hybrid power dissipation is expected to be approximately 10 watts. All
ICs are commercially available with the exception of the WLLC custom LSIC,
which is the main control chip for ten 4096-bit'words. Each hybrid will re-
quire approximately 42 pins for I/O, control, and power. A detailed dimen-
sion drawing of the hybrid package is shown in Figure 123.

6.1.2.2 Word Legic LSIC (WLLC) -- The word logic LSIC contains the main
control logic for 10 words of serial memory. A sample layout of the WLLC
LSIC is shown in Figure 124, As indicated in the figure, each word has a
certain amount of unique control logic associated with it. Also, the control
and switching matrix for DIO is shown. Additional gating and buffering
(drivers) for control signals will be necessary as well.

An N-channel silicon gate process was used for estimating the LSIC chip
sizing. This process has been used at Honeywell's Contractor's Solid State
Electronics Center and is known to be stable with consistent, predictable,
results experienced over many process runs. For this estimate, enhance-
ment-type clocked loads were assumed. For the final configuration, deple-
tion loads will also be considered as a possible means to minimize clocking
requirements and improve speed.

The estimated chip size of 213 mils square is broken down according to func-
tion in Table 52. To estimate interconnect, the active area is doubled.

Input and output pads plus buffers and scribe line are included in a 20-mil-
wide band around the periphery of the chip. Operating power estimate is

0. 5 watt for a 1-MHz clocking rate.

6.1.2.3 Storage Alternatives -- There are several possible alternatives for
the storage device in en ECAM system. As mentioned, system requirements
such as access time and word (record) size are important considerations.
Also, CCDs have a potentially limiting shortcoming in the inability to shift

in either direction. For certain systems, a need to shift bidirectionally could
force the use of devices such as the 16K x 1-bit RAM. The additional require-
ment for nonvolatility could make the bubble memory device very attractive.
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Table 52. ECAM Word Logic LSIC Estimated Area®

Function l Size (mils)

e Word Logic Block, 1000 mil? x 10 10,000
e [/O Switch Matrix, Encode, Decode, Selector, 1,960

and Adder

° Match RAM, Selector, Registers, and Decode 2,980
Subtotal 14, 940
° Double for Interconnects X 2
Total 29, 880

= Chip size =

(20 mils/side).

173 mils square,
Total chip size =

Include pads and buffers

213 mils square.

The basic ECAM architecture can accommodate any of these storage devices
with minor changes in the control unit, signal distribution, and in the word

logic control function.

Each of the three types of storage elements con-

sidered for implementation in ECAM (i.e., CCDs, magnetic bubbles, and
semiconductor RAMs) has certain unique features to offer the system.
These features are summarized in Table 53.

Table 53, Storage Device Alternatives
Paramotor Characteristic

CCD Bubble RAM
Addressing mode Serial Serial Random
Data retention Dynamic/volatile | Static/non- Dynamic/

volatile volatile

Shift capability Unidirectional Bidirectional Bidirectional
Transfer rate 2 to 10 MHz 100 kHz 2 to 4 MHz
Chip capacity 64K bits 256K bits 16K bits
(1976)
Power required for |16 to 20 watts 9 watts 45 to 50 watts
1 x 106 bits
Chip size 201 x 219 mils (See Note) 145 to 235 mils

Note: The bubble device is a pilot production device manufactured by TI
in a dip package containing sixteen 16K-bit bubble device chips.
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This range of access time and size/weight /cfower/density considerations is
certain to expand even more as the CCD and bubble technologies continue to

mature,

6.1.3 Storage Buffer Board (Memory Unit Signal
Distribution Band A)

The second board type in the Memory Unit cabinet is the storage buffer
board (SBB) (Figure 125). The SBB serves as a control signal buffer for
eight storage boards and contains the fourth, fifth, and sixth levels of the
CGL tree which does memory match resolution and responder counting.

Altogether, the SBB requires approximately 175 I/O pins and has approximate-
ly 50 TTL ICs. Data I/O is single-ended tri-state, both upstream to the
storage boards and downstream to the cabinet buffer board (CBB). All other
signals are TTL-compatible. The board will dissipate approximately 4 watts
of 5~volt power.

6.1.4 Cabinet Buffer Board (Memory Unit Signal
Distribution Board B)

The CBB is the third board type in the Memory Unit cabinet. It has upstream
I/0O and control connections to the four SBBs and connects downstream to a
counterpart buffer board in the Control Unit. Thz CBB converts differential
signals going to and from the Memory Unit cabinet to single-ended signals
within the cabinet. It also contains the seventh and eighth levels of the CGL
tree.

The CBB will require approximately 200 I/O pins, will use 45 to 50 ICs, and

will dissipate approximately 4 watts of 5-volt power. A functional block
diagram of the CBB is shown in Figure 126,

6.1.5 Test Interface Board

The test interface board is currently defined only to the extent that it exists
as a spare board slot and could contain simple exercisor logic or possibly
the interface logic to a more sophisticated tester. Issues of ECAM system
test and diagnostics are covered in Section 6.4.
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6.2 CONTROL UNIT CABINET

The Control Unit cabinet will contain the following functional units:

® Host (6080) interface subunit, including the DMA port for
fast I/0.

e \laster control processor - currently baselined as a PDP-11/45,
but the newly developed Honeywell Level 6 minicomputer system
is also a candidate.

e Slave control processing unit:

- Slave control processor
-  Storage controller

- Fast I/O controller

-  Data/instruction buffers

- Iteration controller

@ Cabinet buffer logic - containing CGL network and line drivers/
line receivers.

e Control panel interface logic paddle board.

An artist's conceptual drawing of the Control Unit cabinet is shown in Figure
127; a detailed dimension drawing is shown in Figure 128, The Control Unit
cabinet will be basically the same design as the Memory Unit cabinet from a
mechanical packaging and cooling point of view. Power supplies and power
distribution will be the same as in the Memory Unit cabinet also. The card
cages and card sizes will be the same (e. g., 12-inch x 16-inch circuit cards)
with the exception that the cards will be of the dip socket/wire-wrap inter-
connect variety as opposed to the more specialized printed-circuit board
which will be used for the Memory Unit storage board. Also, the card cages
will be 19-inches wide in the Control Unit as opposed to 23 inches in the
Memory Unit.

Board assignment for the Control Unit card cages is shown in Figure 129,
Maximum board complement will be twenty-six 12-inch x 16-inch boards as
follows:

Control Unit cabinet signal distribution boards
Master signal distribution board

Host interface

o N = @

Slave control processor

—

Storage controller
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e Fast I/O controller 1

e Data/instruction buffers 1

e [teration controller 1

e Control panel interconnect paddle board 1
Subtotal 18

Additional card slots will be available for:

e Memory Unit board test

e Spare 7
Total 26

Each of the cabinet signal distribution (CSD) boards will be capable of driving
two Memory Unit cabinets (20 million bytes). Expansion to a 160-million
byte system will require seven additional CSD boards. A functional block
diagram of the CSD board is shown in Figure 130,

The CSD boards will be driven by the master signal distribution (MSD) board
which will constitute the last three levels of the CGL tree (levels 10, 11, 12).
The MSD board is essentially the base of the signal distribution system which
ultimately fans out through the CSD boards in the Control Unit and the CBBs
and SBBs within each Memory Unit cabinet. A functional block diagram of
the MSD board is shown in Figure 131,

The other boards in the control unit are partitioned so as to preserve the
functional autonomy of the system and provide for unit functional testing.
Functional modularity also minimizes the redesign necessary when system
requirements force other changes such as:

e Different host machine

e Different master control processor

e Different storage media
Total power dissipated in the two Control Unit card cages will be approxi-
mately 250 watts with a complete board complement. The master control
processor will consume an additional 250 watts. Power supply efficiency of

50 percent will cause a requirement for 1 kilowatt of 115-volt, 60-cycle input
power to the Control Unit cabinet.
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6.3 PERIPHERAL CABINET

The Peripheral cabinet will contain standard peripherals and peripheral
controllers associated with the master control processor (PDP-11/45).

Three configurations for the ECAM system have been outlined as being neces-

sary to allow development of a system for SACWARDANS:

Each of these systems will have a slightly different complement of peripher-

A software development system to be located at the Software
Subcontractor's facilities.

A hardware development system to be retained at the
Contractor's Aerospace Division.

A deliverable system to be delivered and connected to the
6080 system at SAC.

als which is based on the nature of system usage. The three system con-
figurations are shown in Figures 132, 133, and 134, A detailed dimension
drawing of a typical Peripheral cabinet is shown in Figure 135, Table 54

lists the hardware complement for the three systems as currently envisioned.

6.4 TEST METHODOLOGY AND EQUIPMENT

Before discussing test equipment hardware, we must first consider test and
repair philosophy and the eventual ECAM system environment. It is neces-
sary to determine and address requirements such as:

System On-line Requirements - Can downtime for mainte-

nance and repair be tolerated? How does the system degrade -
gracefully or not so gracefully? Determination of actual
(real) requirements for system ''up' time and mean time be-
tween failure (MTBF) is important in order to determine the
need for hardware redundancy and the extent of self-test
capability. Unnecessary hardware for the purpose of in-
creasing reliability raises the cost of the total system and
should be avoided, but omitting necessary hardware to save
money is much more serious because it can cause the system
to fall short of performance expectations. The determination
of what hardware is necessary and what is unnecessary is, to
a large extent, determined by the function being performed by
the system.

System Repair Requirements - Who will do it, where will it be
done, and how long can it take? These are questions relating to
spare parts inventory, on-site test equipment, personnel, allow-
able mean time to repair (MTTR), the nature of line-replaceable
units (LRUS) on-site, scheduling of maintenance and the propor-
tion of it which is on-line, off-line, etc.
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Table 54. ECAM Minicomputer and Peripheral Requirements

Quantity Required

b

3 Software Aerospace
[tem Dshs‘t’::d Subcontractor Division
’(%’“{) SDF SDF/Test
(64K) (32K)
Main Frame:
1. PDP-11/45 FS; includes the following: 1 1 1
a) Power fail/recovery
b) 32K core memory with parity
(980-nsec cycle)
c) \lemory interleave
d) Cabinet
e) 30 characters/sec KSR device
and interface
f) Hardware memory management
2. 32K core memory (MF-11UR) 1 1 ---
(with parity)
3. Programmable RTC (KW-11P) 1 1 )
4, Bootstrap (BM 873-TA) b 1 1
Peripherals/Accessories:
1. Card reader (CR-11); 300 cards/ - 1 1
min.
2. KB/display (VT-52-AA); 24 lines, 1 1 1
80 columns
3. Line printer (LV-11BA); 500 LPM 1 i 1
4, \lag tape unit (TMA-11EA) with TU10 1 1 1
transport; 45 in/sec., 800 bpi
5. Cartridge disk (RK-11DE); includes - 1 1
cabinet, controller, 1 drive; 19\ bits
6. Expansion box (BA-11K) 1 1 1
7. Peripheral mounting panel (DD-114) 1 il 1
Software:
1. Comprehensive software package 1 1 1
(RSX-1111); supports the above
configurations

will not be used as an SDF.
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e System Failure Modes - This is simply a question of assigning
responsibility for detecting failures and determining what
should be done when one is detected. For example, power
failure can be detected by the system or by an operator or both.
If the system detects a power failure, it can notify the operator
by some means while holding on with a backup system, or it
can simply crash and let him figure it out. Usually, it is
necessary to be able to have a rollback point to return to or be
able to save critical data before power is lost completely, or
both.

This study has not included a rigorous analysis of reliability requirements,
but that which has been done allows us to prescribe the following baseline set
of requirements for the hardware which can at least serve as a departure
point for more in depth tradeoffs:

e System uptime should exceed 99 percent (23.75 hours per day).
e MTTR should be less than or equal to 5 minutes.
e Total sustained system failure is not acceptable.

e System hardware and software must provide assurance that
there will be no loss of data in the event of failure.

These requirements dictate certain requirements for test and maintenance
hardware: built-in and off-line. As such, the following capability will be
provided at a minimum:

e On-line self-test and diagnostic software will be executed by
the master control processor (MCP), in a background mode.
The 6080 host will also execute background mode T&D soft-
ware to verify the functional integrity of the master control
processor and the host/ MCP, I/O link.

e All tests involving the ECAM array will be conducted by the
MCP. Illness in the MCP will imply a sick ECAM, with the
possible exception that the host can force a system "dump"
over the Fast I/O, DMA channel to its own memory.

e There will be no redundancy in the Control Unit. The assump- :
tion being that spare parts will be available on-site and that,
in an operational mode, the LRUs are boards and replaceable
modules which can be isolated and changed in 5 minutes or less.
(This assumption is perhaps somewhat unrealistic, but then, so ;
too also might be the requirement for 99 percent up-time. ) 1
Further, the system will be designed so as to allow removal
and replacement of boards while the system is powered-up. An
exception to this may be in the MCP commercial minicomputer
which will have a separate power supply.
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The signal distribution system will be nonredundant. Spare
cable sets for intercabinet interconnect and possibly even
spare cabling harnesses for inside the Control Unit and )
Memory Unit cabinets will need to be available. This approach
to minimizing repair time implies a modularity of wire har-
nesses and therefore additional connections and connectors
which increase system cost. However, the alternative to
rapid repair is full-up, standby redundancy which can auto-
matically be switched in when failures occur. It is not obvious,
at this point, that this type of failsafe hardware is required.

The ECAM array is, by its very nature, fault-tolerant and
redundant. Bad or faulty words can be isolated and blocked
from participation in array activity. Memory words which go
bad after having had information stored in them can be isolated
and a backup copy retrived from disk or tape and restored to
another word. The assumption is that a nonvolatile backup
system exists on-line and that all ECAM data are redundantly
stored by either the MCP or the 6080 host. The MCP will have
the capability to isolate blocks of words and relocate the con-
tents to, in essence, create a hole in the ECAM array on which
T&D operations can be performed. Faulty words found within
a block being tested will have a dedicated ''fault” flip/flop set
which will block the word from further system activity. Fault
counts and absolute address locations will be accomplished by
copying the Fault flip-flops into the respective Match flip-flops
and doing match counts, etc. Recordkeeping will be the re-
sponsibility of the MCP. Replacement of Memory Unit boards
will require relocation of all information on the board by the
Control Unit and disabling the board by either setting all Fault
flip-flops, or alternatively a board Fault flip-flop. In either
event, the MCP will notify the operator when a board can be
removed. Such removal and replacement of Memory Unit
boards will not interrupt normal system operation.

The Memory Unit cabinet will have a board slot allocated for
test capability., The functional operation of the test board will
be to serve as a pseudo control unit which will be capable of
exercising a memory board or group of boards in a predeter-
mined sequence. This stand-alone capability will allow off-
line testing and maintenance to be done without the need to tie
up a Control Unit system to do Memory Unit board testing.
Furthermore, it is possible that a direct link to the MCP will
be developed to provide simple diagnostic capability without a
slave control unit.
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The Control Unit cabinet will have at least one board slot allo-
cated for a memory storage board and possibly two others for

a type A and B Memory Unit buffer board to allow simulation

of a Memory Unit cabinet within the Control Unit cabinet. If
on-site repair capability is required, an off-line Control Unit
with this capability should be all that will be required to accom-
modate all phases of system board test and repair.

A control panel will be associated with the slave control pro-
cessor (SCP) (see Figure 124) and interconnected with the system
via a ""paddle-board" technique which uses Card Slot 1 of Card
Cage A in the Control Unit. This control panel will serve as a
manual MCP with limited capability to control the SCP. The
control panel will be detachable and removable and, as such,

will only be used for factory checkout and field repair. A control
panel will be installed in the off-line Control Unit which is used
for repair and maintenance on-site.

Additional, nondeliverable, test equipment which will have to
be developed as part of a system development of this size is as
follows:

A. CCD storage device test fixture for evaluation testing (1).

Hybrid subunit test fixtures (2).

0

Hybrid unit text fixture (1).

o

Word logic LSIC evaluation test fixtures (2).

t

Board test fixtures - it is assumed that computer-
aided design (CAD) capability will be employed to do
logic simulation, generate wire lists, and do loading
and timing analysis. The logic design files developed
will also be used to create board logic and continuity
tests which will run on General Radio and DITMCO
board testers. These two testers will require one
fixture each to accommodate the ECAM boards.

k. 6080 simulator - This simulator will be a relatively
unsophisticated hardware adapter which will be pin and
function identical to the interface with the host 6080
machine, It is possible that another minicomputer will
be used in conjunction with the simulator to perform
certain 6080 operations and provide for complete func-
tional testing of the host interface logic.
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SECTION 7
PROGRAM PLAN

7.1 INTRODUCTION

This section describes a recommended follow=-on course of action and the
Contractor's plan for managing that course of action. The recommended
program consists of two phases of activity which culminate in the delivery of
the 10-million-byte ECAM system described in Section 6. Basically, the
system consists of a Control Unit, one 10-million-byte Memory Unit, a com=
plement of Peripheral Units, and an Operator's Station, (Refer to Figure 112.)
In addition, a Software Development Facility (SDF), system test equipment,
system software, and support software are also elements of the two-phase
development program.

The program plan describes the way that the ECAM development would pro=
ceed if done by the Contractor. As such, it coordinates the activities of three
entities: the Contractor's Systems and Research Center (S& RC), the Con-
tractor's Aerospace Division, and an unspecified System Software Sub-
contractor. A detailed schedule and task plan for the S& RC and Aerospace
Division activities are provided in Sections 7.2 and 7. 3.

Section 7. 4 contains a susgested Statement of Work (SOW) for the System

@@= Software Subcontractor. it covers only those tasks of the subcontract which

directly affect the hardware. Additional, application-oriented tasks will also
be required once a specific application and host are chosen. The Contractor
believes that such tasks would be most efficiently handled under the same
contract, but use of a separate contract and/or contractor is an option that

is available to the Government.

7.2 SCHEDULE
The proposed ECAM program is, in essence, one 36-month program.
However, it is separated into two phases because of the unique nature of the

two gross types of activities associated with the program. The schedules for
each phase are described in the following paragraphs.

7.2.1 Phase [ Schedule

Phase I of the program involves the definition and conceptual design of the
ECAM system. In addition, the development of certain test equipment and
two specific long lead items, the hybrid and WLLC, are also initiated during
Phase [. Those task elements are shown in the Phase I Master Schedule,
Figure 136. Although the Phase I effort embodies a larger number of tasks,

-
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only the major tasks are noted in Figure 136, A more detailed schedule
delineating all Phase I tasks would be prepared prior to program go-ahead.
The column on the schedule listing the Task Plan paragraph numbers is in
reference to the Task Plan described in Section 7. 3. )

7.2.2 Phase II Schedule

Figure 137 is the Master Schedule for Phase II of the ECAM program.
Along with the detail mechanical, electrical, software, and remaining test
equipment designs, the development of the hybrid and WLLC will be com-
pleted under this phase. A major procurement activity will be undertaken
to procure parts and equipment for the build and support of the 10-million-
byte ECAM system which will be delivered at the completion of Phase II.

Similar to the Phase I effort, the Phase II tasks shown in Figure 137 are
principal tasks and are representative of only a small portion of the total
number of tasks. Prior to program go-ahead, a more detailed Phase II
schedule will be prepared to afford finer control and monitoring of the pro-

gram. The column on the schedule listing the Task Plan paragraph numbers

is in reference to the Task Plan described in Section 7. 3.

7.3 DETAIL HARDWARE DEVELOPMENT TASK PLAN

The total set of tasks for the ECAM program is divided into 11 major tasks.
Each major task is further broken down into subtasks, sub-subtasks, etc.

The charts that follow (Figures 138 through 149) show the task plan organi-
zation, Figure 138 shows the overall categorization of the 11 major tasks;
Figures 139 through 149 describe each of the major tasks in detail.

Following the task charts is a Task Plan describing each of the subtasks in
detail for Tasks 1.0 (Program Management), 2.0 (System Design), 3.0
(Electrical Design), 4.0 (Mechanical Design, 6.0 (Support Software), and
8.0 (Test). Task 5.0 will be described in detail in the form of a Statement
of Work to the System Software Subcontractor. Detailed Task Plan sheets
will be prepared for the remaining four major tasks on an as-needed basis.
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TASK PLAN

TiayaTion SWEET

| au

Tase no
{1}
nant

QESCRIPTION OF EFFORT

oLrT. o
Gaour
RESP.

SCNEDULE

PROGRAN
ELEmtnt
numeEe

[LEFIS
ach Ty
[T

PROGRAM MANAGEMENT

TECHNICAL DIRECTOR
Technical Director, S&RC

Ths task covers all actrvity amociated with overall technical
supervision of the ECAM development acuvity (including Aero
Division and Software Subcontractor activities) dunng Phase |
of the program. The Technucal Director will be continually
aware of the technical progress and will assure that contract
technical requirements are met  Duning Phase 11 of the program
the S&RC Technical Director s scope of supervision shall be
limited to the specific Phase |l program tasks asugned to S&RC

Technical Director, Aero

This task covers all activity associated
with overall technical supervision of the
ECAM development activity (including S&RC
and Informatics activities) during Phase II
of the program. The Technical Director will
be continually aware of the technical progress
and will assure that contract technical
requirements are met. During Phase I of
the program, the Aero Technical Director's
scope of supervision shall be limited to

the specific Phase I program tasks assigned
to Aero Division.

ve08s 11728781
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CONFIGURATION MANAGEMENT

Establish Configuration Controle

Configuration Management shail provide to all

and disciplines to achieve effective configu-
ration control. This control shall be
implemented a continuing tasis from in
definition cf the ECAM syster to the fin,
use of the specific hardware and software,
and shall be provided bv

al

A A Configuration ldentification Baseline

all end items

B A Configuration Control Svstem which
controls all changes to the end items

C A Configuration Accounting Svstem which
documents all changes to baseline
configurations,

Identification and Configuration Reports

Provide controls tc assure proper hardware
and software identification and Part No
changes 1n accordance with appropriate

MIL STD's and Honevwell design procedures
Assist 1n defining nameplate requirements
and obtaining the "Kequest for Nomenclature'
isdentification. Provide the Configuration
ment reports (CIR, Bill of Material,
etc.) necessary to document all engineering
and "build to" requirements

levels of management the necessary procedures

Svstem which defines, through specificatipns
and sssociated data, the requirements for

D G O
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%,

This ask shall :nclude all functions
necessarv to provide visibility of program
Frogress to the customer ind tc assure cost
nd schedule adherence. The effort shall
taclude

3<

Prepare/coordinate customer/management
reports.

2laan

ag and control svstem.

anning and Ccontrel, l\ero

shall include 1ll functicns
o provide visibilu

lvnerate maintain scrk 3reakdown Structurp

‘peration of formal internal cost/schedulp

Trepare/maintain a orogram naster schedu.p.

TASK PLAN
CORTinuaTION SHELT
TASE mO. oEPT. OR PROGEAN PROJECT
Anp OESCRIPTION OF CFroaT Gaour SCHEDULE | ELENERT
nang nese, LTI}
b -onfiguration Control !mplementat:ion
Provide sonfigurarion control on 4 continuing
NEILS ¢ the iartiation Of Phase [l o
sinal 3 the suttware ind hurdware.
U3 PLANNING AND CONTROL
) o i | Planning and Ccntrol, SSRC

gram
to the customer and cost
ind <chedule adherence. The etffort shall
tnclude
EEL L T PR T i LYY
TASK PLAN [c e
ComTinyarTiOn SWEET LU sarg I B L .
ugust, 197
TASE WO, opEPT. I PRo.ECT
ano DESCRIPT.ON OF EFFORT Gaour | SCNEOULE ALTaca Ty
nane nese. nuwser fauuae nLavin
1.5.2 Planning and Control, Aero (Continued)
Generate/maintain Work Breakdown Structurp
(WBS) .
Prepare/coordinate customer/management
reports.
Operation of formal internal cost/
schedule planning and control system.
. aintain a program master schedulp.
1.4 PROGRAM ACCOUNTING
1.4.1 Program Accounting, S&RC
The Program Accountant shall monitor, analy:d
and report the financial status of the progr
to the Program Manager. [n addition, the Pro
Accountant shall prepare accurate and timely
customer financial reports.
1.4.2 Programs Accountin Aero

The Program Accountant shall monitor, analy:d
and report the financial status of the progrs
to the Program Manager. The program billed
and unbilled rece e balances shall be
monitored to insure maximum collectiun of
monies due. In addition, the Program
Accountant shall gropnrc accurate and timely
customer financial reports.

oem se. 4.01:008 \1/10408
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TASK PLAN l... v eeasce j ] — e
COMTImuATION SHLET . I .
ugust, 1974

no. bErr. OR PROGRAAN |5 0. W, PROJECT
And DESCRIPTION OF EFFORTY erour SCHEDULE J ELEmEnT | PaRa, AUTHOR Y
WANE nise. L} L LTI LI 1)

k.5 ILITIES
350 Product Assurance
1.5.1.1f Phase 1 P.A

frevelop a Product Assurance Program Plar
addressing the fellowing Juality Assurance
elements as appropriate to the ECAM progranm.

Receiving Inspection

Assembly Inspection and Process Control
Development Quality Engineering

Quality Assurance Data

Provide assistance 1n the preparation of
the Svstem Specifications to insure that
the Quality Assurance provisions are
adequately covered.

1.5.1.2) Phase TL P.X.

Implement the Product Assurance Program Plan
1ich was prepared under Tash 1.5.1.1.

foke we. F4.P1:00 RS PT )
& ol 1.0 0 syatis .
TASK PLAN s cf E
CORT NUATION SHEED SUETARCETS ]---- sresici oy Cart b e seeis i
3 1ugust, 1674 |
TASE O, DEPT. OR PROGRAN PROJECT
Anp QESCRIPTION OF EFFORTY LT SCHEDULE | ELEwERY ACTHOR Y
RANE RESP, RUMBER nuMpiR
Ea 5.2 Keliab
Develop a Reliab ty Program Plan addressing
the feollowing Reliabilaty Engineering
elements Conduct a Reliapility Program 1n
accordance with the approved plan
Reliability Predictions and Analvses
Parts Reliability Prograr (LSIC and
Hvprids
Failure Analvsis
, Design Review Suppert Participation
Deliverable Software \Validatiorn
(Minimum Standard Program
.83 Maintainabilaty
1.58.3.1 Maintainability brograr
Establish a minimum, but adequate, M Program.
Provide assistance in the preparation of the
Svstem Specifications tc insure that the
maintainability provisions are adeguatelv
covered

1.5.3.2 Maintainability Design Support

Implement the M Program which was defined
under Tash 1.5.3.1. Provide assistance to
the design tasks to insure that the ECAM
svstem design provides for rapid trouble
shooting and replacement of critical items
Perform trade off studie< as required and
select optimum approaches to insure that the
system maintenance requirements will be
achieved As part of this effort, appro
priate M design criteria shall be formulated
and coordinated with the design team

1e08s 11700481
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TASK PLAN
CauTiayatigl

[-.-

“wesie

suELY L IRRE TR ]nr- [.... e

Tase so.

DEICRIPTION OF EFFORY

EI1.14 K1Y

RIuBER

1.6
1.6.1

PROGRAM MANAGEMENT
Program Management, SARC

Assume the overall Program Managemen: leader-
ship role during Phase [ of the ECAM Program.
During Phase [I, the scope of Program Manage-
ment activities shall be limited to the spec:

S&RC tasks. As a minimum, the Progrum
Management function shall be responsible
for the following:

A

Management of the program to assure
performance against all contractual
requirements,

Attain program financial goals and
objectives,

€. Report to S&RC Division Management

on conduct and status of the program.

Define, analyze, and disseminate
Customer contract requiremen®s.

Establish and maintain a master prograa
schedule.

Provide program direction to the fechnxcﬁ&

Director, Planning and Control, Program
Accounting, and Contract Administration
functions.

Program Management, iero

Assume the overall Program Management leader

ship role during Phase [! of the ECAM Progran.

<

During Phase I, the scope of Program Managemqnt

1oaw a0, 74.01.08

DT

TASK PLAN

ComTimuaATION SWEET EREE SN 4V F"\ veen

e T
4]' 8 Rugust,

L3

TASE %0,

activitjes shall be limited to the specific

Aero tasks. As a minimum, the Program Hanlg!+

ment function shall be responsible for the
following:

A.

Mansgement of the program to assure
performance against all contractual
requirements.

Attsin program financiasl goals and
objectives.

Report to Aero Division Management on
conduct and status of the progras.

Define, analyze and disseminate customer
contrect requirements.

Establish and maintain a master program
schedule.

Pravide program direction to the Yechnic4
Director, Configuration Management,
Planning and Control, Program Accounting,
[lities, Contract Administration, Procure
and Production, Test Equipment, Field
Support, System Delivery and Acceptance
functions.

:
hone

QEPT. .« 13w 223,6CT
e DEICRIPTION OF EFFORT anour | scweovne|ecewent | rana. | alticaity
nANE RSP, [PETTLIN CREFTYY atid
1.6.2 Program Management, Aera (Continued)

100w ve, 14.01-080
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TASK PLAN
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BESCRIPTION OF CFFORT

BEPT. OR
ehour
rese,

scaEpuLe

PROGRAN
ELEmEnr
LT 1]

PRoJECT
. AuTuorITY
LTI sumbie

1.7
1.7.1

CONTRACT ADMINISTRATION

Business Administration, SERC

The Business Administrator shall interpret
all aspects of the program contract and
disseminate those interpretations in sppropri
form to the affected departments. In additid
the following functions shall be provided:

A. Conduct all contractural matters with Software
Subcontractor (Phase | only) and Aero.

B. Monitor all activities to insure that
contractual obligations are being met.

C.  Negouate all contractural matters with Software
fs:b:onmtw (Phase [ only) and Aero. Including
nding.

D. Initiate the contract rel
out contracted work.

se to carry

E. Review subcontract documents to insure
their compliance with all terms and
conditions of the primary contract.

F. Assure that the customer has continuous
and proper assessment of program status,
accomplishments, problems and plans.

Contract Administration, Aero

The Contract Administrator shall interpret
all aspects of the progras contract and
disseminate those interpretations in appropri
form tc the affected departments. In additig

jate

pte
&

vesm as. re.01-08s 117204810

TASK PLAN
CONTImvATION SHELT TR ]' E

I Vee swescs

T
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v B. . eae LL;‘.L
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anp
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DESCRIPTION OF EFFORT

oErT. Ot
GRO
RESP.

SCNEDULE

PROGIAN
ELEmEnT
AUMBER

$.0.9. PROJECT
AuTrCaTY
LY I}

e00n s 74.01.000

Contract Administration, Aero (Continued)

the following functions shall be provided:

A.  Conduct all contractural communixcations with
Software Subcontractor (Phase I only) and
S&RC

B. Monitor all activities to insure that
contractual obligations are being met.

C.  Negotiate all contractural matters with Software
Subcontractor (Phase |1 only ) and S&RC. including
funding

D. Initiate the contract release to carry
out contracted work.

E. Review subcontract documents to insure
their compliance with all terms and
conditions of the primary contract.

F. Assure that the customer has continuous
and proper assessment of program status,
accomplishements, problems and plans

Vi/esen
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TASK PLAN
CouTinyaTiQn SuEET L

er

.

’ Lﬁlyat. 197

Tasg f0.

QESCRIPTIAN OF (FFORY

pEPT, J0
asour
REse.

SCREPULE

PROGRAN

PRYJECT
Tagmi v

SYSTEM DESIGN

TECHNICAL MANAGEMENT
statement of aork

Prepare the ECAM Phase [ and Phase [l State-
nents of work SCws) The 3.Ws shall serve

335 the instruments wnich define the services,
materials, facilities and equipment to de
furnished by iero to the customer ~ithin the
agreed-on scnedules ind reguirement con-
straints. Preparation of the >UWs shall ve
coordinated with the \ero ECAM Program
lanager.

Task Plan

3ased on the contractual negotiations with
the customer, update the Preliminarv Engineer-
1ng Task Plan (which was prepared prior to con
tract award) as required to reflect the
nutually agreed on program tasks. T[he upda:eq
plan shall be defined as the Final Task plan
and shall serve as the basi1s tor all sub-
sequent englneering effort. [t shall be up-
dated as required pending program changes.

eew se. 74.°1-08s 11/204A
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oEer. St
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scwepuLE

PROGRIN
ELEwENT
nuUNBER

bR

rPROJECT
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Wwork Breakdown Structure

Based on the results of the contractual
negotiations with the customer, update the
Preliminary WBS (which was prepared prior to
contract award) as required to reflect the
mutually agreed on progras effort. The up-
dated wBS shall be known as (he Final %8S and
shall Jdefine the responsibilities and mag-
nitudes of all programs tasks. [t shall be
updated as required pending program changes.

Engineering Schedule

The Preliminary Engineering Schedule (which
was prepared prior to contract award) shall

be modified to agree with the Final Task Plan
chenges as a result of contractual negotiacion
with the customer. This schedule shall be
updated as required pending program changes.

Design Requirements Check List

Update, as required, the Design Requirements
Check List (DRCL) (which was originally pre-
pared prior to contract award) to agree with
the negot.ated contract. The DRCL shall

cover design Jdata, procedural and documen-
tation requirements for this effort ay defined
in Procedure 1.1 of the Design Procedures
Manual. The DRCL shall be updated as required
during the course of the program to agree

with progras changes.

V18008
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Preparc monthly status reports relating pro
gram progress for submittal to customer for
revies These reports are to relate progress
against the engineering schedule and relate
prohlem or potential problem ureus whi
could impact schedule This tash will alsc
include preparing other customer report~ and
data 1tems as definel upon contract award
S customer Liaisor
Perform customer coord tion and liaisor
periodic basi~ to appraisc the custoner
program progress and developments
Customer comments and change directives shall
he coordipated te allow modifications to the
tash plans, WES, and DK
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Preliminary oU DS (.ontinued)

L Master _ontrol
ave Controller
erface

tbution Svstem

plate for the Part (I
1cation

the Yl

Level™” Jetail Specy

ace Division Je Procedure 2.1l.
tar tne ipove onal 2ntities
irnisned under the Task 5.0 detail

pdite ind tfinalize tne U DS ahich was
pared er Task . «

Mlemory Unit Specirication

Prapare 1 preliminarv’ version of the
oyre [ "Svstem Lavel™ Detail Specification
3 YGXXXXXX) for the Memorv Unit MU) 1n
riance ~1th lerospace Design Procedure

The MU DS snall be in harmonv with
luitrements spec 4 1n the Jverall
m 3pec 1cation ¥YGXXXXXX), the

3n Sroundrules as det
the Svstem Functional Configuration as
ned in Tash 2.2.5. The MU DS shall dSe
ted a5 required to reflect the latest

XXXXX) ror the <U in accordance with

4l vn: Task 2.2.4,
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Preliminary MU DS (continued)

system requirements. The MU DS shall
incorporate the detail requirements for
the following major MU subfunctions:

1. Memory Board
1.1 Hybrid*
1.1.1 Memory Element
1.1.2 word Logic LSIC*

2. MU Power System
3. MU Signal Distribution System

The level of detail information 1in the
MU DS 1s limited to that necessary for
adequately defining the Memory Board

requirements. Detail Procurement/Develop-

ment Specifications for the asterisked
components are to be prepared under
Task 3.2.

Prepare the boiler plate for the Part II
“System Level'" Detail Specification

(DS YGXXXXXX) for the MU in accordance with
Aerospace Division Design Procedure 2.1.
Details for the above functional entities
will be furnished under the Task 3.0 detail
design effort.

Final MU DS

Update and finalize the MU DS which was
prepared under Task 2.2.3.1.
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2.2.4 Design Groundvules
I update, and coordinate oRI
rules document w! h spe the
de tc be observed the
€ clectrical and
mechanical design activity These ground
) kall extend to major sur ntract
1tems as The gr s are
to 1 be limited t
Appr List (JU's, XNistors,
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40 N Design Groundrul

8 Materials and processes
9 Thermal analvsis design guidelines
1 ¢ Human factors
11 EM
12 High voltage
13 Metai finish
14 Drissimilar metal protecty
1 PL boar
2.5 SEAL

Prepare and upd
tellowing documer whig
svstem configurat.

Svst funct sonal .
< System Functional [iagra

Svster Interconne Lagrar

This diagram 1s te show all cakling be
] tweer the HOST, CU', and M ALl cable
[} andé connectors skall be i1dentified on th

diagrar l
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EMC

Review and detfine the LM( requirements tor
the eatire ECAM svstem ind LU and W 1n
terms af the functional, operational require-
nents.

Provide
Jetail Specifications in Tasks 2.2.1, 2,2,2,

and 2.2.3.

Provide guidlines for th
IMC Jesign for :integrat
sroundrules of Task 2.2
turn are to ne followed :n the selection of
components snd in the Jetatl electrical
mechanical design zasks.

the Design

This task also includes support to the in-
dividual detail electrical and mecahn 1
design tasks as required <O ensure :nc3rpo-

to meetr equipment ind EMI reguiremen:s

cooling design factors

Review the Jdesigns 3f all vendor-furnished
equipments tor conformity to the
ments. For those squipments not meetin
the tMC requirements, Jef:ne
Ichieviag sime chrough addie
packagiag, etc,

tMC support to the oreparation of the

ectrx::x’necnanxcil

e gulidelines in

ration of tie EMC features which are required
Included are the power intertface specification

for the RFL filters, rack and cable shielding
design, external intertace Jesign, and svstem

MC require-
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2.3
2.5.1

Human Factors

Human Factor engineering shall be performed
on the system design to guarantee that there
are no operational safety hazards to humans.
In this task, the system operator interfaces
shall be reviewed and analyzed to: 1) insure
simplicity of human operation; and ) ottain
optimum interactive layout to achieve the
most convenient operation while minimizing
probability of operator error.

Support to Design, Build and Test

Provide support and coordination to the
electrical and mechanical effort during the
design, build and test activities. This
support effort is to cover all activities
relating to specifications, print releases,
test procedures, and system

build, checkout, and test. This task shall
provide the effort necessary to resolve any
conflicts between t system specification
requirements and the actual design, build,
and test activities.

SUSPART ™0 SOFTWARE SUBCONTRACTOR

Simulation Design Support

Provide support during the

functional simulation design and 1imple
tation effort under Task 5.2.1. Provide
CU and MU technical details to Informatics
as required.

e e, sa.P1-E8e V1770400
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Simulation Preliminary 4nalvsis

Provide support during the
preliminary performance and configuration
analvsis effort under Tash 5...3

Simulation Final dAnalvsis

Provide support during the
final performance and configuration
analvsis effort under Task 5.2.3

SYSTEM PARTITION
Analvsis § Selection

Prepare a svstem block Jiagram delineating the
various interfaces. From the Jdiagram, per
form tradecf{ analvses of Jifferent ways to
partition the svstem into major and minor
building blocks. The interface complexities
and resulting performance attributes are to
be considered in the analvses. From the
analyses, select the Optimum svstem partition
~ased on the best compromise of low cost,

10» rvisk, high performance, high reliability,
and ease of maintenance

R
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DESIGN REVIEWS

toncept ign Review

Upon completion of the Overall Svstem, (U,
and MU DS's a Concept Design Keview will be
held to assure that the proposed design has
a high probability of meeting the svstem
requirements This review will be conducted
prior tc the beg: ng of detail design

This review 11 be performed as defined b
Aerospace Division Design Procedure No. 5.1

Preliminary Uesign Keview

A Preliminary (lesign Keview will be held an
accordance with the program master schedule

to determine that the requirements of the
Jverall System, CU, snd MU DS's are being met.
The reviews will be performed as defined by
Aerospace Division Design Procedure No. 5.1

al Design Review

A Lritical Design Reviews will be held 1in
accordance with the program master schedule
pricr tc the general rejease of parts and
materials purchase orders to insure that all
system and subsystem desigr requirements
have been met The review will be performed
as defined by Aerospace Division Design
Procedure No. 5.1

Whew me. 14.01:080 \I/28/81
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TEST PLANS § REQUIREMENTS

Test Equipment Spectifications

Create the specifications necessarv to Jefine
the equipment required %o test and evaluate
the system to Jetermine that it functions ta
the requirements of the Svstem Specifications
These specifications snall e written in
accordance with standard ‘erospace procedures

{ntegration and Test ?lans

Create the plans necessarv to test the in-
dividual subsvstem units ind to integrate

and test these units torming the final svstem
configuration. These plans shall be written
as Jefined Dy Aierospace OJivision Jesign
Procedure No. 5.3

Test Procedures

Prepare System and Subsystem Test Procedures
to evaluate the functions of the svstem to
determine that it functions as required by
the System Specifications. The procedures
shall he as defined by ierospace Divisicn
Qesign Procedure No. 3.3, This task shall
include the preparation of 5Soth pxe~acceptanc1
and final acceptance test procedures

Test Software Requirements

Define the requirements necessary for the
test software to svaluate the cperation of
the system and subsystem components. The
specification for this software shall he as J
,ex aei by Aerospace Division Design Procedur
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3.1.1.1

3.1.4.2

ELECTRICAL DESIGN

CONTROL UNIT

Host Interface

Host Interface Circuit/Logic Design

In accordance with the CU DS (Host Interface
section) and the Design Groundrules, perform
the Host Interface detail logic and circuit
designs; prepare schematics/logic disgrams,
generate intra and inter board interconnect
wire lists, provide drafting coordination,
review drafting genersted documentation,
prepare detail test procedures, prepare brief

discourses on theory of operstion, and suppor}

the software development activity in defining
diagnostic reuqirements. Prepare the detail

Host Interface section for the Part II CU DS

prepared under Task 2.2.2.

Host Interface Simulation

Provide computer simulation support to

Task 3.1.1. The simulation shall be used
in the formulation and verification of the
Host Interface logic structure, operation and
algorithms.

Master Control

The Master Control comsists of the Master
Control Processor (MCP) snd Main Memory (MM).
Under this cask, the detsil electrical inter-
a (timis, ie pin gnment , etc.)
shall be defined and docunntod for the MCP
and M4 o3 required to assist ia the completi
aof other detail fuactiomsl designn

1000 00, 401888 1)
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Slave Controller Carcuit/logic Design

The Slave Controller consists of basic
control logic plus a semiconductor micro-
program memorv. In accordance with the

CU DS (Slave Controller section) and the
Design Groundrules, perform the Slave
Controller detail logic, circuit and
firmmare designs. prepare schematics/logic
diagram: and microcode, generate intra and
inter toard interconnect wire lists, prov.de
drarring coordination, review drafting
genceratea Jdocumenzation, prepare Jeta:l test
procedures, prepare brief Jiscourses on
theory of operation, anc suppert the softmar
dervelopment activit. 1in defining Jdiagnostic
requirements. Prepare the detail Slave (on
troller section for the Part Il CU DS pre-
pared under Task 2.2.2

Slave Controller Simu.ation

Provide computer simulation suppert to

Task 3.1.3.1. The simulation shall be used
in the formulation and verification of the
Slave Controller logic structure, operation
and algorithms.
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Support To CU Circuit Beard Design

Provide electrical design support to the

process under Task 4.1.6. Electrical
requirements relating to power/ground distri-
bution, signal distribution, power, etc, shal
be defined under this task

Cantyr! Dgmal

In accordance with the C!! DS ((ontrol Panel
section and the Desigr roundrules, per
form the Control Panel detai) logic and
circult designs, prepare schematics/Jogic
ciagrams, generate i1ntTa and inter board
interconnect wire lists, provide drafting
coordination, review drafting generated
documentation, prepare detail test procedures
and prepare a brief discourse on the theory
of operation. Prepare the detail Control
Panel section for the Part [1 CU DS prepared
under Task 2.2.0.

eneral -purpose circutlt hoard design selectio
13 P £

1

e V0
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MEMORY UNIT

Word Logic LSIC Chip Development

WLLC Derail Specification

Prepare a Part | "Device Level" Detail Spec:-
fication (DS 34XXXXXX) for the word Logic

LsIc Ch\x‘ﬁ (WwLLC) The requirements stipulated
In the 0S for the word logic function shall
be incorporated in the wLL( OS.

WLLC Design Groundrules

Define and document the standard cell library
and design groundrules to be observed in the
detail design of the WLLC.

WLLC Logic Design

Based on the WLLC DS and the WLLC Design
Groundrules, perform the WLLC dsrail logic
design, prepare schematics/logic diagrams,
generate interconnect information, provide
drafring coordination, review drafting
enerated documentation (schematics), prepare
etail test procedures, prepare brief dis-
courses on theory of operation. NOTE: This
task shall be interactive with Task 5.2.1.4
and the detail design shall be defined as
being complete after the simulation process
indicates that all functional requirements of
the WLLC are met.
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WLLC Simulation

Using the HISIM system or equivalent, simulatd
the WLLC to insure that all functional re-
quirements are met. The simulation process
shall check and verify all of the chip logic
and timing functions. The effort under this
task shall be interactive with the detail
Jdesign activity under Task 3,2.1.3,

WwLLC Layout

Using an interactive graphics svstem (Computer
Vision, halma, etc.), perform the word Logic
chip layout The generated composite check
plots siall be analy:ed for errors and
corrected based on the schematics generated
under Task 3.2.1.3.

eem w0, sa.vv1-00a 11/10/08
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3.2.F.8 WLlC Lavout (Cont'd)

Upon finalizing the lavour, the chip lavout
information shall be transferred to magnetic
| tape 1n a format compativle with the mask
generation equipment.

|
3 3.2.1.6 WLLC Mash Generation

Through the use of tlectromask equipment and
i using the magnetic tape containing the WLLC
} chip lavout information (Task 3.2.1.5/,
generate 10X chrome or glass emulsion mask
masters for the wiil chip

1 3.2.1.7 | Process WLLC Test Chips

Using the 10\ mask masters provided under TasM
3.2.1.6, process a minimum of 1V allC chips
Perform a functional probe and test of the
chips tc verifv that the chips meet all of
the functional requirements as defined in the
WLLC Detail Specification (DS 34NXX\AXY) All
chip design errors or Jdiscrepancies shall be
noted and documented and shall serve a> the
bas:s for the corrective design activit
under Task 3.2.1.8

S

3.3.3.8 WLLC Corrective Design

Based on the errors and discrepancies noted
under Task 3.2.1.7, modify the WLLC chip

Jdesign to corfecy sanme Th task shall an
clude re-simulation and re-lavout of the

chip as requared The ®wWiLLL DS anu
atation provided under Tash 3
shall be updated 3¢ U
tinal Je-icn, pretare
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3.2.1.9 Finslized WLLC Mask Generation

Using the updated mag tape WLLC chip lavout
information from Tash 3.2.1,8, generate
finalized 10X chrome or glass emulsion mask
masters for the WLLC chip

3.2.1.10] Process Finali:ed WLLC Test Chips

Using the finalized 10X mask masters provided
under Task 3.2.1.9, process a minimum of 120

WLLC chips Perform a final functional probe
and test of the chips to verify that the chipy
meet all of the functional requirements &8s
defined in the WLLC Detail Specification

(DS 34XXXXXX) The 120 chips will be allocated
as follows

WLLC Chip Charscteritstion - 10 Chips

Char. Mybrid Assy & Characterization
80 Chips

Evaluation Hybrid 16 Chips

Contingency - 14 Chips

1/mmn
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Memory Element Specification

Define the development and production status
of the various CCD (and other) memory element
chips which are candidates for the ECAM
application. Define their functional features
characteristic and limitations. Select the
optimum technology and chip which best suits
the ECAM requirements (performance, cost,
reliability, environmental, flexibility, etc.)
Prepare a "Device Level" Detail Specification
(DS 34XXXXXX) describing the memary chip.

The requirements stipulated in the MU DS for
the memory chip function shall be incorporated
in the memory element DS. The DS shall serve
as the memory chip procurement specification
as well as for design requirements for the
hybrid development effort under Task 3.2.3.

Hybrid Development
Hybrid Detail Specification

Prepare a "Device Level" Detail Specification
(DS 34XXXXXX) for the hybrid device. The
requirements stipulated 1n the MU DS for the
hybrid function shall be incorporated in the
hybrid DS.

Hybrid Electrical Design

In accordance with the hyhrid 0S and the Beugd
Groundrules, perform the hvbrid detail logic
and circuit designs, prepare schematics/logic
diagrams, generate intra-hybrid and intra-
board interconnect wire lists, provide Jraf::na
coordination, review drafting generated docume

tation, prepare detail test procedures, preparq
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J.2.3.4

3.2.3.5

Hy5rid Tlectrical Jesim [Ienti-.4)

brief discourses on theory of operation, and
support the software velopment activity in
defining diagnostic requiresents. Prepare the
hybrid section for the Part 11 MU DS prepared
under Task 2.2.3.

Hybrid Sisulation

Provide computer simulstion support to

Task 3.2.35.2. The simulation shall be used
to verify that the hybrid logic/circuit duxd
will seet all of its functional requirements.

Process Development

Based on the estimated 3"x3" hybrid, develop
the necessary fabrication techniques for same
Also, define the techniques necessary to bonﬂ

the substrate or carriers. Document the resu
of this effore,

Establish Hybrid Layout Groundrules

Review the circuit design documentation pro-
vided under Task 1.2.3. 2. dased on the
electrical design requirements, establish the
Hybrid Layout Groundrules. The Hybrid Layout
Groundrules shall define such parameters as
number of layers, signal line widths and
spacing, etc.

the larger chips, such as the memory chips, t$
]

O DT YT
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3.2.3.6 Artwork veneration |

B.\sed on the schematics generated under Tash
.2.3.2 and the LSIC chip pin out d4nd pad
information defined under Tasks 3.2 1
ar.‘. 3.2.2, genente a first pass 10X
drafting lavout and perform a check on <ame.
Digitize the corrected LU\ Jdrafting la.out
and generate a 10\ pen plot. Chech und
correct the 10\ pen plot from the corrected
10\ pen plot, generate a final I\ pen plot of
the hybrid circuit paths

w
.

B Generate Asscmblv Jrawings

uenerate the assemrly Jrasings and Jocumen
tation required for the hHyvbrid Jdevice

23008 Generate Assemblv Layout

w

Bazed on the fabrication technigues defined
under Task 3.2.3.4 and _the assembly draming:
prepared under Task 5.2.3.7, generate an
Assemblv Lavout tor the Hybrid device. The
Assembly Layout shall Jefine the step-bv-step
procedure for fabrication, assemvpling, and
inspecting the Hvhrid

3:2.3.9 Fabricate Evaluation Hybrad P

tabricate one (1. ivaluaticn m
subsequent (unc'xeul
of ICs on the hy

.. IXETYTY)
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3.2.%.10 Assemble Evaluation Hvbraid

Using the WLLC chips furnished under Task
3.2.1.10, and using the memory and SSX«MS!
chips furnished unge Tasks 7,1.6.3,2 and

7.1,6,3,3, assemble the evaluation hybrid which
was previously fadbricated under Task 3.2.3.9,

3.2.3.11] Test Evaluation ivbrid

Test the Evaluation Hvbrid tc verify that it
meets all of the functional reguirements as
stipulated 1n the Hyvbrid DS which was pre
pared under Tas» 3 2.3 1 Al) errors and
discrepancies shall be noted and documented

3.2.3.12] HMybrad Corrective Desigr

Based on the de-ign errors and discrepancies 1
noted under Task 3.2.3.11, perform the necessarv
electrical design, any generate nis artwork,

and ar assem | lavour
J design an finaliled forr

prepare Part 1}

assemhlv drawing
Document the uplat
Based on the f{.nasl desi
for the Hybrid D

Ve oo T
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Fabricate And Test Characterization Hybrids

Using the finalized Hybrid design Jdefined
under Task 3.2.3.12, fabricate and func-
tionally test five (5) Hybrids for subsequent
characteri1:ation test purposes.

WLLC chips fabricated under Task 3.2,1.10
shall be used in the five hybrids., The memory|
and SSI/MSI chips provided under Tasks 7.1.6.3}
and ".1.6.3.3 shall be used :n the five hybrid
The actual hybrid characterization tests shall
be performed under Task 8,l1.3.

Memory Board

[n accordance with the MU DS (Memory Board
section), the Design Groundrules, ind the
hybrid DS, perform the memory board detail
logic and circuit designs; prepare schematics/
logic diagrams, generate intra and inter board
interconnect wire lists, provide drafting
ccordination, review drafting generated docu-
mentation, prepare detail test procedures,
prepare brief discourses on theory of operatio
and support the software development activity
in defining diagnostic requirements. Prepare
the detail Memory Board section for the Part I}
MU O3S prepared under Task 2...3.

~
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SIGNAL ULISTRIBUTION
CU Cabinet Internal Interconnects

In accordance with the signal distribution
groundrules defined under Task 2.2.4 and
based on the signal interconnect wire list
information defined under Task 3.1 and 3.3.4,
perform the detail logic signal interconnect
(back plane) and cable designs for the CU
cabinet circuit boards, control panel, mini-
computer and main memory, and external con-
nectors. This activity shall include the
generation of all CU cabinet logic signal
interconnect wire lists and cable drawings,
coordination with drafting, review of draft-
ing-generated documentation, and specificatior
of connectors.

MU_Cabinet [nternal Interconnects

In accordance with the signal distribution
groundrules defined under Task 2.2.4 and
based on the signal interconnect wire list
information defined under Tasks 5.2.4, 5.3.5 o
3.3.6 perform the detailed logic signal inte
connect (back plane) and cable designs for thd
MU cabinet circuit boards and external con-
nectors. This activity shall include the
generation of all MU cabinet logic signal
interconnect wire lists and cable drawings,
coordination with drafting, review of draft-
ing-generated documentation, and specificatiol
of connectors.
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External Cables

In accordance with the signal distriburion
groundrules defined under Task 2.2.3 and
based on the signal interconnect wire list
information defined under Tasks 3.3.1 and
3.3.2, perform the detai) design for all ECAM
external logic signal interconnect cables
(between the 6080 Host computer, CU cabinet,
MU cabinet, and mini-computer/peripherals).
This activity shall include the generation of
cable drawings, coordination with drafting,
review of drafting-generated documentation,
specification of connectors, and coordination
with the activity of Tasks 3.3.1 and 3.3.2.

CU Signal Distribution Board

In accordance with the CU DS (Signal Distri-
bution System section) and the Design
Groundrules, perform the CU Signal Distributign
Board detail logic and circuit designs;
prepare schematics/logic diagrams, generate
intra and inter board interconnect wire lists |
provade drafting coordination, review drafting
generated documentation, prepare detail test
procedures, prepare brief discourses on theory
of operation, and support the software develop-

ment activity in defining diaghostic requirements.

Prepare the detail CU Signal Distribution
Svstem section for the Part 1I CU DS prepared
under Task 1.2.1
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3.3.8

3.3.8

MU Signal Distribution Board (A)

In accordance with the MU DS (Signal Distri.
bution System section) and the Design

Groundrules, perform the MU Signal Dutrlhundu

Board (A) detail logic and circuit designs;
prepare schematics/logic diagrams, generate
intra and inter board interconnect wire lists)
provide drafting coordinstion, review drafting
generated documentation, prepare detail test
procedures, prepare brief discourses on
theory of operation, and support the software
development activity in defining disgnostic

requirements. Assist in the preparation of :Wr

detail MU Signal Distribution System section
for the Part Il MU DS prepared under Task 2.2

MU Signal Distribution Board (B)

In sccordance with the MU DS (Signal
Distribution System section) and the Dengn
Groundrules, perform the MU Signal Distributi
Board (B) detsil )a{u and circuit designs;
prepare schematics/logic diagrams, generate
intra and inter bosrd interconnect wire lists
provide drafting coordinstion, review draftin
genersted documentstion, prepare tail test
procedures, prepare brief discourses on theory

E]

of operation, and support the softwary dt'qlﬂrtn(

sctivity-in defining diagnostic requirements.
Assist in the preparstio f the detail MU
Signal Distribution System section for the
Part Il MU DS prepsred under Task 2.2.3.

CUES 8. PA.PVERe V), 1]
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3.3

POWER SYSTEM
Power Supply Selection

Analy:e and estimate the voltage and power
requirements for the CU and MU. From the analy
prepare individual detailed Procurement
Specifications for each of the power supply
tvpes. The Procurement Specification format
shall, 1n general, follow the format defined for
Part [ DS's per iero Design Proceudre 2.1.

The Procurement Specification shall emphasize
low cost, off-the-shelf designs, high efficien
stability, and reliability and ease of maintena

CU Power Distribution Svstem :PDS)

In accordance with the CU JS (Power Svstem
Section), the Design Groundrules, and the
power supply requirements lefined under Task
3.4.1, perform the detail electrical design
for the CU cabinet PDS including the power
cables (internal and external to the cabinet)
and load distribution cables.

This task shall include the electrical design
effort associated with meeting system EMC
design requirements, generation of power cable
drawings, coordination ~1th mechanical
engineering relating to the mechanical design
aspects of the CU power distribution and
control, coordination with irarting, review

of lrafting-gyenerated documentation, speci-
fication of connectors, analyses of power loss
and voltage irops, preparation of test pro-
cedures for the P0S, and preparation of the
derail CU Power Svstem section for the Part [1

CU 0S prepared under Task 2.2.?

kY,
hce .
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M) Power Distribution System (PDS)

{n accordance with the MU DS (Power System
section), the Design Groundrules, and the
power supply requirements defined under Task
3.4.1, perform the detail electrical design
for the W Cabinet PDS including the power
cables (internal and external to the cabinet)
and load distribution cables/bus bars.

This task shall include the electrical design
effort associated with meeting system EMC
requirements, generation of power cable drawi
coordination with mechanical engineering
relating to the mechanical Jesign aspects of
the YU power Jistribution and control,
coordination with drafting, review of drafe-
ing yenerated Jocumentation, specification

of connectors, analysts of power loss, voltag
drop, and heating effects of the bus bars,
preparation of test procedures for the PDS,
and preparation of the Jetail MU Power System
,ection for the Part [l MU DS prepared under
Task &.2.8.

b

1
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Structural Design

In accerdance with the CU DS and the Design
Groundrules, perform the (U cabinet structural
design. The detail structural design shall
be based on the lavout concepts defined under

Task 4.1.10.

EMC Des:gn

In accordance with the CU DS and the Design
Groundrules, generate a mechanical design
approach that is compatible with the svstem
EMC requirements.

This will 1nclude the following areas

. Input power filtering

. Cabdle harness routing
Wire types
Grounding scheme
Chassis bonding to ground
Shield terminations
Enclosure design

Connectors

Define the mechanical reguirements for the
internal and external CU connectors. Define
the optimum locaticn/grouping for the various
connectors.
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Power System

Evaluate methods of routing power throughout
the CU cabinet assembly. This task will
address the following

. Input filtering requirements
Method of routing throughout assembly
Bus bars
Stranded wire
Size
Material

In addition, the power supply mounting
provisions, accessability, and other mechanica
thermal aspects are to be taken into account.
From the above, a firm mechanical design for
the CU power system shall be performed.

Signal Distribution

Based on the Task 4.1.10 layout concepts
associated with the signal distribution aspect
(backplanes, card cages, wire/cable tvpe,
routing and clamping), perform the deta:l
mechanical design of same.

Logic Board Design

This task pertains to all CU logic/memory
circuit boards. The functions shall include

Host interface
. CU signal distribution
Slave controller (including uprogram memory)

T
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Logic Board Design (Continued)

Based on the layout concepts and circult board
trade-off studies performed under Task 4.1.10,
design/define the general-purpose CU circuit
boars. Define the groundrules for design,
layout and method of interconnect for same.
The method of cannectxng the boards to the
backplane shall be coordinated with the effort
in Task 4.1.5.

Based on the layout concepts performed under
Task 4.1.10, perform a detail mechanical desig]
of the control panel.

Thermal Design/Analysis

Define the power requirements for each
subassembly comprising the CU cabinet. (This
also applies to the peripherals.) Based on
the power requirements, Jevelop air cooling
concepts for the CU cabinet and peripherals tqo
include volume of air required as well as air
distribution concepts. Perform a thermal
analysis of the CU and its major components tq
insure that adequate ccolin% is provided.
From the thermal analysis, finalize the CU
thermal design approach. [n addition, define
the pressure drop requirements,

n
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4.1.10

Consideration shall be given to using existin

CU Documentation

For each of the individual board assembly and
detail designs referenced under Task 4,1.6,
prepare and check layouts, assembly drawings,
detail drawings, artwork and schematics to
document the CU circuit board designs. For
the remaining CU cabinet items, prepare
concept layouts to document the design
approach. From the concept layouts, prepare
complete detail and assembly documentation.
All final documentation shall be EO-released.

CU Detail Layout Concept

Perform detail layout concepts for all facets
of the CU. Concepts shall be formulated for
partltlanxn, the CU cabinet assemblies in a ma
that will afford the most natural combination
of system functions. Concepts shall also be
formulated for mounting and providing the
necessary mechanical interfaces for the major
subassemblies and functions while maintaining
the EMC integrity and maintainability provisio
The subsssemblies and functions include:

CU power system distribution and components
. Circuit boards
. Signal distribution system and components
(including backplanes)
Card cages
. Control panel
. Minicomputer, main memory, peripherals

The concepts for i1mplementing the backplane

rner

hs .

and card cage assemblies shall be established

designs.

1
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CU Detail Layout Concept (Continued)

Also under this task, the methods of routing
signals throughout the CU shall be evaluated.
The following shall be addressed:

Stranded wire usage

Shielded wire usage

Tape cable usage

Method of routing and clamping

Location of external interface connectors

Perform a design trade-off studv to determine
the best method of packaging the circuit
board functions. Consideration shall be
given to utilizing existing general-purpose
board designs (Augat, etc.) as well as Aerc-
designed general-purpose bcards. From the
trade-offs, select the optimum approach.

This task also includes the generation of a
mechanical layout concept for the Control
Panel.
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MEMORY UNIT

Structural Design

In accordance with the MU DS and the Design
Groundrules, perform the MU cabinet structural
design. The detail design shall be based on t
layout concepts defined under Task 4.2.11.

EMC Design

In accordance with the MU DS and the Design
Groundrules, generate a mechanical design
approach that 1is compatible with the syster
EMC requirements.

This will include the following areas;

Input power filtering
Cable harness routing
Wire types

Grounding scheme

Chassis bonding to ground
Shield terminations
Enclosure design

Connectors

Define the mechanical requirements for the
internal and external MU connectors. Define
the optimum location/grouping for the various
connectors

e
Poee 9o, 4.01-080 11728481

324




I"" l (Y13 or

i

LT U S S— . N R e

‘: ] 3¢, 432

| Tase ne. pErT. 0N ProJECT
DESCRIPTION OF EFFORT daovr sCHEdNLE AVTH T

REse.

104 Power Svstem

Evaluate merhods >f routing power throughout
the MU cabinet assemolv., This task will
address cthe following

4
i ng requirements
uting taroughout assembly
1 randed wire
i Size
3 Material

1 v

ion, the power supply Mounting
provisions, 3ccessabilitv and other mechanical
thermal ispects are o Se taken into aclount.
From the 1bove, a firm mechanical design for the
MU power svstem shall be performed.

325 S:igaal Jist

ition

1 Based on the Task $.2.11 lavout concepts
| associated with the signal distribution aspectp
| (backplanes, card cages, wire/cable type,
routing and clampingl perform the detail mechapical
design of same.

1.2.6 Hybrid Cocrdination

Perform coordination and liaison with the hybgid b
development activity under Task 3.2.3 to insuge
that characteristics of the hybrid device are
known and understood. Cognizance of all hybrid
thermal and general design problems shall be
part of this task. The process methods shall
be understood. [nsure that the hybrid i:ckagl
1s compatible with the memory board packaging
approach. Make recommendations as required

to insure the hybrid/board compatibility.
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Y. 3 Memorv and Logic Board Design

8ased on the conceptual designs and circuit
bcard trade-off studies performed under
Tasks 4.2.10 and 4.2.11, perform the detail
mechanical designs for the Memory Board and
general-purpose logic boards. Define the
groundrules for design, lavout and method
of interconnect for same. The method of
connecting the boards to the backplane shall DL
coordinated with the effort in Task 4.2.5.

$,2.8 Thermal Design inalysis

Define the power requirements for each sub-
assemblv comprising the MU cabinet. Based on
the power requirements, develop air cooling
concepts for the MU cabinet. Define the
volume of air required as well as air distri-
bution concepts. Perform a thermal analysis
2f the MU and 1ts major components to insure
that adequate cooling is provided. From the
rmal analvsis, finalize the MU thermal

.gn approach. [n addition, define the
pressure drop requirements

3.2.9 ‘U "acumentation

For each of the individual board assembly and
detail designs referenced under Task 4.7.7,
prepare and check layouts, assembly drawings,
detail drawings, artwork and schemstics to
document the MU circuit board des:gns. For th
remaining MU cabinet items, prepare concept la
outs to document the design approach. From th
concept lavouts, prepare complete detail and
assembly documentation. ALl final documentatipn
shall be EQO released.
-1,
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Memory Board/Hvbrid Packaging Concepts

Perform detail layout concepts for packaging
the hvbrid and memory board functions. Establp
the concepts for the method of heat conductior]
from the hybrid to the memory doard Establig
the loncepts for mounting the hybrids to the
memorv bcard. Also, establish concepts for
the routing of power and ground on the memory
board.

MU Detai) Lavout Concept

Perform detail lavout concepts for all facets
of the U. Concepts shall be formulated for
partitioning the MU cabinet assemblies in a
manner that will afford the most natural
combination of svsterm functions Concepts
shali also be formulated for mounting and pro-
viding the necessary mechanical interfaces for
the major subassemblies and functions while
maintaining the EMC integrity and maintainabil|
provisions. The subassemblies and functions
include:

\iU power system distribution and components
Circuit boards

Signal distribution svstem and components
fincluding backplanes

Card cages

The concepts for implermenting the backplane anf
€arc cage assemblies shall be established
“onsideration shall be given tc us:ng existing
designs
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MU Detail Lavout Concept (Continued)

Alsc under this task, the methods of routing
signals throughout the MU shall be evaluated.
The following shall be addressed

. Stranded wire usage
Shielded wire usage
Tape cable usage
Method of routing and clamping
Location of external interface connectors

Perform a design trade-off studv to determine
the best method of packaging the MU signal
distribution circuit board functions
Consideration shall be given to utilizing
existing general-purpose board designs (Augat,
etc.) as well as Aero-designed general-purpose
boards. From the trade-offs, select the optim
approsch

-
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4.3 EXTERNAL CABLES
.31 Cable Design
Develop the conceptual approach for all
inter-cabinet cables. This includes the
cabling required between:
5080 Host Computer and CU cabinet
. CU cabinet and MU cabinet(s)
[t is assumed that an existing cable set will
be used to interconnect the peripherals and
minicomputer. Under this task, the concepts
for the external power cables shall also be
developed. As a minmimum, the following
requirements shall be established:
Wire size
Shielding
Jackets
Routing
The requirements delineated in the overall
system DS and the Design Groundrules shall
be complied with to insure that the basic
requirements including EMC are met.
After the concepts are firmly established,
the external cable mechanical design shall
be finalized.
4.3.2 Cable Documentation
Prepare complete detail and assembly docu-
mentation for the cable designs defined under
Task 4.3.1 All cable documentation shall
be EO-released.
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4“4 INTERFACE
6.4.1 Mechanical Interface
Generate & mechanicsl layout to depict the
mechanical interface of the CU, MU and periphprals
within the ECAM system installation area.
All special mounting provisions and restraint
shall be identified. The interface informatipn
shall be incorporated in the overall CU and
MU structure designs.
4.4.2 Cooling Interface
Define the cooling air inlet and outlet
interfaces. Speciasl requirements (such as
ducting) for the outlet air shall be defined
and incorporated into the two cabinet designs
Mobility of the cabinets for maintenance
operations shall be considered if ducting
is required.
.43 Electrical Interface

Under this task, the
the electrical int

thod of providin

es between the ECAN
efined. For example,

1t shall be ascertained if cabling under

the floor, on the floor, or overhead is to

be provided and the restraint the required
Appronch has on the mobility of the equipment
during maintenance and troubleshooting)
electrical interface definition shall be
used in defining the external connector
locations on the CU and MU cabinets.
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SYSTEM SOFTWARE AND ANALYSIS
NOT Task 5.0 will be a major subcontracted
package of work. Detail descriptions
of subtasks 5.1 through 5.8 will be
defined at a later time and will be in
the form of a Statement of Work tc the
software house subcontractor.
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SUPPORT SOFTWARY

MPC VT SOFTWARE

Host Interface/Simulator

!n acccrdance with Aero Division Design

Procedure 2.1, prepare a Part ! anc Il
Computer Prograr Tetail cation
GNXNXNAL  fer the DVT sc or the

host Interface 'Simulat Basecd on

the MY . desigr the The
appropriate hardware d¢ he
consultec as pa of t Lode
the DUT 1n MCF assemblv ianguage lebug the
M7 uysing the M7F Computer oL ument the

M7 in the form of listinge, flow Charte, and
a card dech The listing d €los charte
shall be included 1n Fart 11 of the DVY {
Hcet Interface’n’s

In @8Ccordance with Aero Division Desigr
Procedure 2.), prepare a Part | and |}

mputer Prograr DNetail Specification (DS

\XAXAL - for the software for the (1
Host Interface/6080 furit;on Based or the
DVT DS, design the D\'7 software The
appropriate hardware designers shall be
consulted as part of the design effort. (ode
the D\T in MCF aesemblv langusge Debug the

DVT using the MCPF computer Document the
OVT in the ferm of listings, flow charts, and
a card dech The listings ané flow charts

shall be included in Part [! of the DV DS
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Slave Controller

In accordance with Aero Division Design
Procedure 2.1, prepare a Part [ and I
Zomputer Program Detail Specification (DS
JGXXXXAl) for the DVT software for the CU
Slave Controller function. B8ased on the OVT
0S, lesign the DVT software. The appropriate
hardware Jdesigners shall be consulted as part
>f the design effort. Code the DVT in MCP
assembly language. Debug the DVT using the
MCP computer Document the DVT in the form
of listings, flow charts and a card deck

The listings and flow charts shall be included
tn Part [I of the DVT DS.

Array
LRI 4

{n accordance with iero Division Design
Procedure 1.1, prepare a Part [ and [I
Computer Program Detail Specification (DS
QGXXXXAl) for the OVT software for the W
memory board Array function. Sased on the

DVT DS, design the DVT software. The
appropriate hardware designers shall be
consulted as part of the design effort. Code
the DOVT in MCP assembly language. Jebug the
OVT using the MCP computer. Document the

OVT in the form of listings, flow charts,

and a card deck. The listings and flow charts
shall be included 1n Part [I of the DVT DS.
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6.2.1

6080 DVT SOFTWARE
Host Interface/MCP

In accordance with Aero Division Design
Procedure 2.1, prepare a Part [ and [I
Computer Program Detail Specification (DS
QGXXXXAl) for the DVT software for the CU
Host Interface/MCP function. Based on the
OVT DS, design the DVT software. The appro-
priate hardware designers shall be consulted
as part of the design effort. Code the DVT
1n CMAP assembly language. Debug the DVT
using the 6080 computer. Document the DVT
in the form of listings, flow charts and a
card deck. The listings and flow charts
shall be included in Part Il of the DVT DS.

SYSTEM CONFIDENCE TEST

OVT Software Integration

Inder this Task, the DVT software developed
inder Tasks 6.1 and 6.2 shall be integrated
into a single software package described as
the System Confidence Test. [t 1s essentially
a2 go/no-go confidence test and shall serve
as the ECAM System acceptance test.

In accordance with Aero Division Design
Procedure 1.1, prepare a Part | and I?
Computer Program Detail Specification (DS
JGXXXXAL) for the System Confidence Test
software Design the necessary linkages
and controls to execute the DOVT'y

as & total entity or (ndividually. C(ode

R
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6.4
6.4.1

S5 Psfeware TmvtqPetion

the linkage and control sottware in MCP/GMAP
assembly language. Debug the software using
the MCP and 6080 computers. Document the
System Confidence Test in the form of listing
flow charts, operator's instructions, card
deck, and s mag tape. The listings and flow
charts shall be included in Part Il of the
System Confidence Test DS.

MCP DIAGNOSTIC SOFTWARE
Host Interface/6080

In accordance with Aerc Division Design
Procedure 2.1, prepare a Part ] and II]
Computer Program Detail Specification (DS
QGXXXXAl) for the diagnostic software for the
CU Host Interface/6080 function. Based on
the DS, design the diagnostic software. The
diagnostic software design shall rely
heavily on the design of the corresponding
DVT software developed under Task 6.1.2 and
shall be capable of isolating failures to the
board level. Code the diagnostic software

in MCP assembly language. Debug the software

using the MCP computer. Document the diagnosgi

software in the form of listings, flow charts

and a card deck. The listings and flow chartg

shall be included in Part II of the above DS.
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Slave Controller

In accordance with Aero Division Desigrn
Procedure 2.1, prepare a Part [ and [I]
Computer Program Detail Specification (DS J
QGXXXXAl) for the diagnostic software for th
CU Slave Controller function. Based on the
DS, design the diagnostic software The
diagnestic software design shall rely heavil™
on the design of the corresponding D\7
software developed under Task ¢.1.4 and shall
be capable of 1solating failures tc the

board level. Code the diagncstic software

in MCP assembly language Debug the softward
using the MCP computer Document the diagnoy
software in the form of listings, flow charty
and a card dech The listings and flow chard
shall be included in Part [l of the above DS

CU Signal Distribution

In accordance with Aerc Division Design
Procedure 2.1, prepare a Part | and !l
Computer Program Deta:]l Specification (DS
QGYXXYAl) for the diagnostic software for the
CU Signal Distribution function Based on the
0S design the software. C(ocrdinate the des:igq
effort with the appropriate hardware designery
The diagnostic software shall be capable of
1solating failures to the board level Code 9§
diagnostic software in MCP arsemt.y language
Debug the soft e using the MCF computer
Document the diagnostic software in the form
of listings, rlow charts and & card dechk

The listings and flow charts shall be included
in Part 11 of the above DS

he
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MU Signal Distribution (A)

In accordance with Aero Division Design
Procedure 2.1, prepare a Part ! and [I
Computer Program Detail Specification (DS
QGXXXXA1l) fcr the diagnostic software for the
WU Signal Distribution (A) function. Based on

DS, design the diagnostic software. Coordinage

the design effort with the appropriate
hardware designers. The diagnostic software
shall be capable of isolating failures to the
board level. Code the diagnostic software in

MCP assembly language. Debug the software

using the MCP computer, Document the diagnosgic

software in the form of listings, flow charts
and a card deck. The listings and flow chartg
shall be included in Part I[I of the above DS.
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5.4.6

MU Signal Distribution (B)

In accordance with Aero Division Design
Procedure 2.1, prepare a Part I and I!
Computer Program Detail Specification (DS
QCXXXXAl) for the diagnostic software for the
MU Signal Distribution (B) function, Based
on the DS, design the diagnostic software.
Coordinate the design effort with the
appropriate hardware designers. The diagnostik
software shall be capable of isolating failures

to the board level. Code the diagnostic software

in MCP assembly language. Debug the software

using the MCP computer. Document the diagnostfic

software tn the form of listings, flow charts
and a card deck. The listings and flow charty
shall be included in Part [I of the above DS.

lvrlz

[n accordance with Aero Division Design
Procedure 2.1, prepare a Part [ and [I
‘omputer Program Detail Specification (DS
JGXXXXAL) for the diagnostic software for the
WU semory board Array function. Based on the
0s, dcs|1n the diagnostic softwa The
diagnostic software design shall rely heavily

on the design of the corresponding DVT softwage

developed under Task 6.1.4 and shall be
capable of isolating failures to the board
level, Code the d\-sno:(tc software in MCP
asseably language. ebug the software using
the MCP compu Document the diagnostic
software in the form of listings, flow charts
and s card deck. The listings and flow chartg
shall be included in Part [[ of the above DS.
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In accordance with Aerc Division Design
Procedure 2.1, prepare a Part I and II
Computer Program Detail Specification (DS
QCXXXXAl! for the diagnostic software for the
CU Host Interface/MCP functien. Based on the
DS, design the diagnostic software. The
diagnostic software design shall rely heavily
or the design of the correspending DVT
software developed under Task 6.2.1 and

shall be capable of 1solating failures to the
board level. C(ode the diagnostic software in
AVal assermblv language. Debug the software
using the 6080 computer Document the
li3gnostic software in the form of listings,
flow charts and a card deck. The listings and
flow charts shall be included in Part Il of
the abeove DS
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6.6
6.6.1

SYSTEM MAINTENANCE SOFTWARE

Diagnostic Software Integration

Under this Task, the diagnostic software
developed under Tasks 6.4 and 6.5 shall be
integrated into a single software package
described as the System Maintenance Software
It shall serve as a maintenance tool 1in
diagnosing and 1solating subsystem failures.

In accordance with Aero Division Design
Procedure 2.1, prepare a Part | and 1!
Computer Program Detail Specification (DS
QGXXXXAl) for the System Maintenance Software
Desigr the necessary linkages and contrels

to execute the diagnostic software modules

as a total entity or individually. Code

the linkage and control software in MCP/GMAP
assembly language. Debug the software using
the MCP and 6080 computers. Document the
System Maintenance Software in the form of
listings, flow charts, operator's instruction
card deck, and a mag tape. The listings and
flow charts shall be included in Part II of
the above DS This task includes the final
debug and rendering the svstem maintenance
software operational while the equipment 1s
at the interim 6080 site,

AERO SDF MINICOMPUTER AND PERIPHERAL PROCUREMH

Procure the minicomputer, peripheral complemer
and other 1tems associated with the Aerc SDF
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8.1 COMPONENT TEST i

8.1.1 Memory Device Characterization

Perform characterization tests of the selected
memory device using L0 sample devices. The
following three categories of tests and
subtests shall be performed:

1. Normal Operating Characteristics Tests

. Voltage variation
| . Clock timing variation
Interface voltage/current level

variation
| . Pattern sensitivity !
Frequency range of operation 3
Optimum operating point

. Temperature range
. Control timing variation
. Refresh period range

2. Destruction Tests

Absolute maximum voltage
. Maximum temperature

3. Application Tests

| . Noise sensitivity
. Parallel bus operation

The design and fabrication of a device inter-
‘ face to adapt the aemory device to the device|tester
and programming of the device tester shall be
] included under Tasks 11.1.5 and 11.2.5. This
task shall include data analysis, curve plott Ing ,
and preparation of a summary report.
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4 8.1.2 WLLC Characterizstion

Perform characterization tests of the Word

{ Logic LSIC device using 10 sample devices

t which are to be furnis under Task 3.2.1.10
The (ollovln! three categories of tests and
subtests shall be performed:

1. Normal Operating Characteristics Tests

. Voltage variation
. Clock timing variation
. Interface voltage/current level
variation
Frequency range of operation
ng point
.

. Temperature rang
. Control txlln, variation
. [/0 transfer function

2. Destruction Tests

-

Absolute maximum voltage
" . Maximus ature

$. Application Tests

. Noise sensitivity
H . Parallel bus operation

The design and fabrication of a device inter-
face to adapt the word logic LSIC to the

device r and prc:rn-lnl of the device
tester shall included under Tasks 11.1.4¢
11.2.4. This task shall include dats ans
curve plotting, and preparation of a susmary

report.
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¥, b3 Hvbrid Characterizat:icn
Perform characterization tests of the memorv
Hybr:d device us:ing five sample hvbrid device
which are 0 be furnished under Task 3.2.3.13
The following three categories of tests and
subtests shall be performed.
1. Normal Operating Characteristics Tests
. Veltage variation
Clock timing variation
. Interface voltage’current level
variaticn
freguencv range of operation
Optinum operating point
Temperature range
control timing variation
1’0 transfer functrion
2. Destruction Tests
Absolute maximum voltace
Max:mum temperature
Noise sensitivity
. Parallel bus operation
fabkrization of a Jdevice inter-
the nvbrid to the Jevice tester
of the device tester shall te
and 11,252 Thts
ta analvers,
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Hvbrid Test

Following fabrication and pricr to installat
of the lvtrid device on the Memory Board
each Hvbrid device shall pass a functional
test in accordance with the test procedure
prepared under L SR e, The high speed
static ceneral board tester (or
equivale e used to perform the
roor amb tests., 1sion of a device
adapter and programming of the bcard tester
shall be provided for under Taske 11.1.2 and

Slave Controller

sing the General Radic boarc tecter as test
equipment, perform a high speed stat:
functicnal test on the Siave Contreller in
aicordance with the test procedures preparec
under Task 3.1.3. Provision of a device
acapter and progranmming cf the board tester
shall be provided for under Tasks 11.1.1 and
) & =5 3%

sing the Genera. Radic board tester as test
eguipment, perform a high speed static
functional test on the Host interface in
accordance with the test procedures prepared
under Task 3.1.1 Provision of a device
sdapter and programring of the board tester
shall be provided for under Tasks 11.1.1 and
11.3.)

iirreset
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MCP Congutcr and Peripherals

Connect the MCP computer to the peripherals
(kevboard/display, line printer, and mag tape
unit) using the standard cables provided with
the equipment. Perform the standard "confider
diagnostic™ software tests provided with the
ecuipment to insure that the computer, periphd
aad cabling are all operational prior to theiy

(nstallation as part of the CU.

CU ‘.g4nal Distribution Board

Using the General Radio board tester as test
equipment, perform a high speed static
functional test on the CU Signal Distribution
8oard in accordance with the test procedures
prepared under Task 3.3.%, Provision of a
device adapter and programming of the board
tester shall de provided for under Tasks 11.1
and 11.2.1.

Control Panel

Using manual bench equipment (meters, scopes,
etc.), checkout and debug the Control Panel i
accordance with the test procedures prepared
under Task 3.1.5.

Memory Board

Using the General Radio board tester as test
equipment, performs a hish speed static functid
test on the Memory Board in accordance with
the test procedures prepared under Task 3.2.4
Provision of a device adapter and programming
of the board tester shall be provided for und
Tasks 11.1.1 and 11.2.1.
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8.2.7

MU Signal Distribution Board (A)

Using tues Goneral Radio board tester as test
equipment, perform a high speed static
functional test on the MU Signal Discribution
Board (A) in accordance with the test
procedures prepared under Task 3.3.5, Provisi
of a device adapter and programming of the
board tester shall be provided for under

Tasks 11.1.1 and 11.2.1.

MU Signal Distribution Board (B)

Using the General Radio board tester as test
equipment, perform a high speed static
functional test on the MU Signal Distribution
Board (B) 1n accordance with the test
procedures prepared under Task 3.3.6. Provisi
of a device adapter and programming of the
board tester shall be provided for under

Tasks 11.1.1 and 11,2.1.

CU Cabinet Power System

After cabinet installation of the power
supplies, filters, power cables/bus bars, and
other cabling/equipment associated with the
CU Power System, perform 3 Power System
electrical test to insure that there are no
“opens”, "shorts" or misconnections and that
all voltages are of the correct value and
properly distridbuted.
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CU Cabinetr Signa) Distribution

After cabinet installation of the signal
distribution wiring and cabling, perform a
continuity check to insure that the wire
routing 1s, in general, correct and that
there are no inadvertent connections to the
cabinet power system. Final correctness of
the signal distribution wiring will be
verified during the "unit level" tests.

MU Cabinet Power System

After cabinet installation of the power
supplies, filters, power cables/bus bars, and
other cabling/equipment associated with the
MU Power System, perform a Power Svstem
¢lectrical test to insure that there are no
“opens', "shorts', or misconnections and that
all voltages are of the correct value and
properly distributed

MU Cabinet Signal Distribution

After cabinet installation of the signal
distribution wiring and cabling, perform a
continuity check to insure that the wire
routing 1s, 1n general correct and that there
are no inadvertent connections to the cabinet
power system. Final correctness of the signal
distribution wiring will be verified during
the “unit level' tests.

Cable Set
Perform a continuity test on the cable set

wiring to insure that there are no “opens'',
“shorts'”,or misconnections

oen a0. 04.71-88s 1 1/20/02

TASK PLAN
CONTImUATION SNEET N AL T

I.

ras

[

o STV e o
] B I*ugus!. 1%

Tase wo.
AnD
wang

OESCRIPTION OF EFFORY

SCHEDULE

PROGRAN
'

LI LI

rROUECY
AUTRORTY
LTS

8.3
8.3.1

UNIT TEST

MCP/Host Interface/6080 Simulator

In accordance with the test plans and
procedures prepared under Tasks 2.6.2 and
2.6.3 respectively, the complete CU Host
Interface circuitry shall be verified by
exerci1sing the circuitry via the 6080 Simulatd
and the MCP. The Host Interface/Simulator

DVT software provided under Task 6.1.1 shall
be used for this purpose.

MCP and Slave Controller

In accordance with the test plans and procedu
prepared under Tasks 2.6.2 and 2.6.3 respect:
verify the functional operation of the comtin
MCP and Slave Controller circuitry. The Slavg
Controller DVT software provided under Task
6.1.3 shall be used for this purpose.

CU_and MU

After the CU functional operation has been
verified under Tasks 8.3.1 and 8.3.2, perform
a functional checkout of the connected CU

and MU cabinets. The Arrsy DVT software
provided under Task 6.1.4 shall be used for
this purpose. The tests shall be conducted
in sccordance with the test plans and procedu
prepared under Tasks 2.6.2 and 2.6.3 respect:
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8.4 SYSTEM TEST

8.4.1 Transport to [nterim Site

Transport the CU, MU and associated equipment|
to an interim 6080 site for system level

tntegration tests. This task shall include
the packaging, transportation, and unplCiallr\'
of the equipment at the interim site.

3.4.2 System [ntegration and C/0 W/Support Softwaref

{n accordance with the test plans and
rocedures prepared under Tasks 2.56.1 and
.3 respectively, set-up, integrate and
t the complete deliverable system hardware
at the :nterim 5080 site, For this purpose,
the System Confidence Test (SCT) software
Jeveloped under Task 6.3 shall he used,
NOTE: The SCT software shall he fully
debugged and verified under this task.)

Also under this task, the diagnostic softward
developed under Tasks 6.4 and 6.5 shall be
debugged and verified.

3.4.3 System C/Q W/System Software

This task 15 essentially a support effort
to the System >0ftware debug erfort

ander Tasks 5.6.1, 5.6.2 and 5.6.3 Inder
this task, all final hardware/software iesxqw
chinges are to 2e iccomplished.
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8.4.¢ {n-House Acceptance Test

{n accordance with the test plans and
procedures prepared under Tasks 2.6.2 and
2.6.3 respectively, perform a final “in-house
acceptance test at the interim 6080 site.

For this purpose, the System Confidence Test
software prepared under Task 6.3 shall be
used.

L T P R T YT 1)

337




R S R

7.4 SYSTEM SOFTWARE SUBCONTRACTOR SOW

7.4.1 Scope

This effort has two major objectives. The first is to analyze ECAM perfor-
mance in detail sufficient to allow design improvements, and the second is to

develop the system software necessary to operate the ECAM in the application
environment. This work makes up Task 5 of the Contractor's Program Plan.

7.4.2 Statement of Work

7.4.2.1 Preliminary System Software Spec (Honeywell Phase 1, Subtask 5.1)--
The Subcontractor shall prepare a preliminary specification of the ECAM-
resident software and the required support tools. This shall include, but is

not limited to, descriptions of the software for the following functions:

® Master Processor:

- Host Computer Interface

- Query Processing:
Mapping to slave language
Error handling

- Master Memory Management:
Host communication buffers
Slave communication buffers
Slave working storage
Master working storage

- Master Executive Functions:
Master processor scheduling and dispatching
Slave processor scheduling and dispatching

- ECAM Initialization:
Descriptor table initialization
Data base manager interface

- Multi-User Bookkeeping:
State-saving in master
Match-stack allocation in ECAM
Garbage collection
-  Maintenance and Diagnostic Software Interface
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° Host Processor:

- Host I/O Subsystem Modules (e.g., device drivers)
- Fast [/O Software
- User Job Interface Protocols

The level of specification shall be sufficient to allow timing estimates to be
made as input to the system simulation subtask (5. 2).

In addition, the Subcontractor shall develop a model of the system user
characteristics as input to the simulation. These shall include, but are not
limited to, the following:

e Normal and worst-case frequency distributions on:

- Queries

- Updates

- Deletions

-  Checkpoint /restart operations

® Query complexity characterization and distributions
® Record sizes and quantities

Draft documentation of the results of Subtask 5.1 is required 3 months after
contract award, with final documentation 30 days thereafter.

7.4.2.2 Simulation and Analysis (Honeywell Phase 1, Subtask 5, 2) ==

Using the data developed in Subtask 5.1, together with hardware performance
data provided by the Prime Contractor, the Subcontractor shall conduct a
functional simulation of the ECAM operating in the target environment. The
purpose of this simulation is identification of software and hardware prob-
lems early enough so that they may be eliminated. The simulation shall be
conducted in detail sufficient to develop usage distributions on the following:

Host 1/O subsystem hardware
ECAM-host interface hardware
Master-Control Processor

Interpreter
Iteration Controller
ECAM array




During and following the simulations, the Subcontractor shall participate with
the Prime Contractor in the design of improvements to remove bottlenecks
and to identify areas where system costs may be reduced by changes to the
hardware and to the software identified in Subtask 5.1. This latter activity
is expected to involve design simplifications of software and hardware ele-
ments which prove to be "overdesigned."

The Subcontractor shall participate with the Prime Contractor in documenta-
tion and review of the redesign work with the Government to ensure that the
overall program objectives are met.

Completion of this subtask shall be scheduled for a time consistent with the
requirement that detailed specification of hardware and software (Subtasks
2.2.2, 2.2.3, and 5. 3) be completed 11 and 12 months after contract start,
respectively.

7.4.2.3 Software Functional Specifications (Honeywell Phase 1, Subtask 5. 3)--
The preliminary specifications developed under Subtask 5.1 shall be revised
to reflect changes made during the simulation task and issued in final form.

Drafts of these documents are required 11 months after contract award, with
final versions 1 month thereafter.

7.4.2.4 Detailed Software Specifications (Honevwell Phase 2, Subtask 5. 4) ==
Detailed software design specifications shall be prepared for each of the
modules identified in Subtask 5.3. Any substantive changes made to the
modules during the design process shall be evaluated using the functional
simulator of Subtask 5. 2.

As a part of the specification, the timing estimates of Subtask 5.1 shall be
reviewed and the effect of any substantial variances shall be determined by
use of the functional simulator.

Draft specifications shall be completed 16,5 months after contract award,
with final versions 1 month thereafter.

7.4.2.5 Software Implementation (Honeywell Phase 2, Subtask 5.5) =~
Implementation and unit testing of the modules identified in the design
specification shall be performed on a schedule that allows integration (Sub-
task 5. 6) to begin 29 months after contract award.

An Implementation Plan showing the Subcontractor's approach to structuring
the code, incorporating requirements changes, unit testing, and software
configuration control shall be provided to the Prime Contractor 1 month after
beginning this task. A list of intermediate milestones shall be developed and
mutually agreed upon by Prime and Subcontractor at this point also.
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7.4.2.6 Software Integration and Test -- The modules which make up the
ECAM system software shall be integrated and tested according to a Test Plan
submitted by the Subcontractor.

The Subcontractor shall deliver a Software Acceptance Test Plan 29 months
after contract award and shall complete his testing 4 months thereafter. A
system software acceptance test will be conducted by the Prime Contractor
approximately 33. 5 months after contract award.

7.4.2.7 Software Documentation (Honeywell Phase 2, Subtask 5.7) == The
software developed under Subtask 5.6 shall be documented according to stan-
dards to be determined (TBD). Final documentation is to be complete at the
time of the acceptance tests.

7.4.3 Furnished Equipment and Facilities

A Software Development Facility (SDF) containing the master minicomputer
and TBD peripherals will be made available at the Subcontractor's site during
the period of Subtasks 5.5 and 5. 6.

TBD hours of computer time on the host or on an equivalent machine will also
be made available by the Prime Contractor or will be GFE during Subtask 5. 5.

Subtask 5.6 (Integration) will be performed on-site at the Government's
facility or, if security requirements prevent this, the work will be performed
at a site which includes a machine identical to the ultimate host in all major
respects.
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BASE UNITS:
Quantity
length
mass
time

electric current

thermodynamic tempersture

amount of substance
luminous intensity

METRIC SYSTEM

_Unit

metre
kilogram
second
ampere

kelvin

mole
candela

SUPPLEMENTARY UNITS:

plane angle
solid angle

DERIVED UNITS:
Acceleration

acuvity (of a radioactive source)

angular acceleration
angular velocity

area

density

electric capacitance
electrical conductance
electric field strength
electric inductance
electric potential difference
electric resistance
electromotive farce
energy

entropy

force

frequency
illuminance
luminance

luminous flux
magnetic field strength
magnetic flux
magnetic flux density
magnetomotive force
power

pressure

quantity of electricity
quantity of heat
radiant intensity
specific heat

stress

thermal conductivity
velocity

viscosity. dynamic
viscosity, kinematic
voltage

volume

wavenumber

work

SI PREFIXES:

radian
steradian

metre per second squared

disintegration per second

radian per second squared
radian per second
square metre

kilogram per cubic metre
farad

siemens -

volt per metre

henry

volt

ohm

volt

joule

joule per kelvin

newton

hertz

lux

candela per square metre
lumen

ampere per metre

weber

tesla

ampere

watt

pascal

coulomb

joule

walt per steradian

joule per kilogram-kelvin
pascal

watt par metre-kelvin
metre per second
pascal-second

square metre per second
volt

cubic metre

reciprocs) metre

joule

__Multiplication Factors

1 000 000 00 000 =

0.000 N0 00)

1 000 000 000 =
1000 000 =

0001
() 000 001

10N
10
10*
10°
102
10!
10+
10-2
10~
10=¢
10-*

0.000 000 000 001
0.000 00V 000 (000 001
0.000 000 000 NOO (00 001

* To be avoided where possible.

10~
10-1
10-1e

S1 Symbol

m

kg

s

A

K

mol

cd

rad

st

¥

S

H

v

v

|

N

Hz

Ix

Im

Wb

T

A

w

Pa

G

]

Pa

v

J
Prefix
tore
RIK0
mege
kilo
hecto*
deks*
dect*®
cantt®
milli
micro
nano
rlm
emto
stto

Formuls

m's
(disintegration)s
rad/s

rad’s

m

kgm

AV

AN

Vm

kg ms
(cycle)s
Imvm
cdm
cd-sr
Am
Vs
Wb/m
J's
Nm
As
N.m
Wisr
Jkg-K
N'm
Wim-K
ms
Pe:s
m's
WA
m
(wave)m
N-m

SI Symbol
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MISSION
of
Rome Air Development Center

RADC plans and conducts research, exploratory and advanced
development programs in command, control, and communications
(c3) activities, and in the ¢? areas of informatior. sciences
and intelligence. The principal technical mission areas

are communications, electromagnetic guidance and control,
surveillance of ground and aerospace objects, intelligence
data collection and handling, information system technology,
ionospheric propagation, solid state sciences, gu crowave
physics and electronic reliability, maintainabllity and
compatibility.
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MISSION
of
Rome Avwr Development Center
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& RADC plans and conducts research, exploratory and advanced

: development programs in command, control, and communications

: (¢3) activities, and in the C? areas of informatior sciences
and intelligence. The principal technical mission areas
are communications, electromagnetic guidance and control,
surveillance of ground and aerospace objects, intelligence
data collection and handling, information system technology.
ionospheric propagation, solid state sciences, microwave
physics and electronic reliability, maintainability and
compatibility.
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