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LIST OF JAVS REPORTS

L] JAVS Technical Report: Vol. 1, User's Guide. This report is an intro-
duction to using JAVS in the testing process. Its primary purpose is to acguaint
the user with the innate potential of JAVS to aid in the program testing pro-
cess so that an efficient approach to program verification can be undertaken.
Only the basic principles by which JAVS provides this assistance are discussed.
These give the user a level of understanding necessary to see the utility of
the system. The material on JAVS processing in the report is presented in the
order normally followed by the beginning JAVS user. Adequate testing can be
achieved using JAVS macro commands and the job streams presented in this guide.
The Appendices include a summary of all JAVS commands and a description of JAVS
operation at RADC with both sample command sets and sample job control state-
ments.

® JAVS Technical Report: Vol. 2, Reference Manual. This report describes
in detail JAVS processing and each of the JAVS commands. The Reference Manual
is intended to be used along with the User's Guide which contains the machine-
dependent information such as job control cardc and file allocation. Througi-
out the Reference Manual, modules from a sample JOVIAL program are used in

the examples. Each JAVS command is explained in detail, and a sample of each
report produced by JAVS is included with the appropriate command. The report
is organized into two major parts: one describing the JAVS system and the
other containing the description of each JAVS command in alphabetical order.
The Appendices include a complete listing of all error messages directly
produced by JAVS processing.

° JAVS Technical Report: Vol. 3, Methodologv Report. This report describes
the methodology which underlies anc is supported by JAVS. The methodology is
tailored to be largely independent of implementation and language. The dis-
cussion in the text is intended to be intuitive and demonstrative. Some

of the methodologv is based upon the experience of using JAVS to test a large
information management system. A long~term growth path for automated verifi-
cation systems that supports the methodology is described.

] JAVS Computer Program Documentation: Vol. 1, Svstem Design and Implemen-
tation. This report contains a description of JAVS software design, the organi-
zation and contents of the JAVS data base, and a description of the softwarc
for each JAVS component: its function, each of the modules in the component,
and the global data structures used by the component. The report is intended
primarily as an informal reference for use in JAVS software maintenance as a
companion to the Software Analysis reports described below. Included in the
appendices are the templates for probe code inserted by instrumentation pro-
cessing for both structural and directive instrumentation and an alphabetical
1list of all modules in the system (including system routines) with the formal
parameters and data type of each parameter.

® JAVS Computer Program Documentation: Vol. 2, Software Analvsis. This
volume is a collection of computer output produced by JAVS standard processing
steps. The source for each cowponent of thc JAVS soitware has been analyzed
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to produce enhanced source listings of JAVS with indentation and control struc-
ture identification, inter-module dependence, all module invocations with formal
and actual parameters, mcdule control structure, a cross reference of symbol
usage, tree report for each leading module, and report showing size of each
component. It is intended to be used with the System Design and Implementation
Manual for JAVS software maintenance. The Software Analysis reports, on file

at RADC, are an excellent example of the use of JAVS for computer software
documentation.

® JAVS Preprocessor for JOVIAL. This report, prepared for GRC by its sub-
contractor, System Development Corporation (SDC), describes the software for
the JAVS-2 component: its origin as the GEN1 part of che SAM-D ED Compiler,
the modifications made in GEN1 to adapt the code for JAVS-2, the JAVS-2 code
modules, and the data structures. It contains excerpts of other SDC reports
on the SAM-D ED JOVIAL Compiler System. The repcrt reflects the status of the
software for JAVS-2 as delivered by SDC to GRC in September 1974. The de-
scription of JAVS-2 software contained in the System Design and Integration
report reflects the status of JAVS-2 as delivered to RADC by GRC in September
1975 and thereby supercedes the SDC report.

i . JAVS Final Report. The final report for the project describes the im-
| plementation and application of a methodology fcr systematically and comprehen-

sively testing computing software. The methodolegy utilizes the structure of

the software undergoing test as the basis for anlaysis by an automated verifi- 4
cation system (AVS). The report also evaluates JAVS as a tool for software

development and testing.
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1. INTRODUCTION

JAVS is a system of compatible tools intended to be applied during
program testing to aid in the recognition of untested program paths, to
assist in the development of additional testcases appropriate to improvement
of testing coverage, and to automatically document the computer program.
Program validation is provided by analysis of program structures, instrumenta-
tion of the system through insertion of appropriate software probes to measure
testing coverage, and comprehensive reports which pinpoint paths in the prog-
ram structure that remain to be exercised. In addition, guidance is provided
for the generation of testcases that will assure coverage of the untested
portions. JAVS can be thought of as a partner during the testing process,
supplying a wide variety of automated aids to the user in comprehensive test-
ing activities.

This Reference Manual is intended to be used along with the JAVS User's
Guidel and describes in detail JAVS processing and each of the available JAVS
commands.

The machine-dependent features are described in the JAVS User's Guide
which contains a description of the overlay version of JAVS, the JAVS macro
commands, examples of job setups for RADC, and file and processing time
information.

The format for this Reference Manual is as follows:

Section 1: JAVS system overview and organization, library and file
description, data management, command structure, example
test program, START-TERM source text identification and
JAVS computation directives. The last two items deal
with additions the user makes to his source code before
JAVS testing begins.

Section 2: Description and diagram of each processing step.
Section 3: JAVS constraints

Section 4: System level description of JAVS commands
Section 5: Description of each JAVS command

|
|
|




R s T J

FUIN SRS S R

V"

g

-

BRIEF DESCRIPTION OF JAVS

Processing Steps

In the standard version, JAVS is organized as a series of independent

processing steps, each devoted to a unique task, that communicate through a
common data base to provide thorough software verification assistance. The
overlay version of JAVS maintains the same processing tasks, but it allows
the user to perform multiple processing steps in a single module selection or
in a single activicy. The various steps and their basic functions are listed

3ASIC, Source Text Analvsis: Source text input, lexical analysis, and
initial source library creation

STRUCTURAL, Structural Analvsis: Structural analysis and execution path
identification; library update with structure and path information

INSTRUMENT, Module Instrumentation: Program instrumentation for path
coverage analysis and program performance directed by user; library
update with probe test instrumentation

ASSIST, Module Testing Assistance and Segment Analvsis: Testing assist-
ance for improved program coverage

DEPENDENCE, Retesting Guidance and Analysis: Retesting requirements
analysis for changed modules

Test Execution: Execution of instrumented code and analvsis of directed
program performance

ANALYZER, Test Effectiveness Measurement: Detailed analysis of program
path coverage; execution traces and summary statistics

These steps need not be performed in the above order. Other orders may be
preferable at times.

An overview of how JAVS is used in the testing process is shown in

Fig. 1.1.
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JOVIAL source code is input for processing and
analysis. A special form of comment (optional)
inserted by the user directs JAVS processing for
progran performance analysis.

JAVS analyzes the code and generates a directed
graph of the control structure.

The possible flows through the program are
determined. All pertinent data is stored in a
data base for later use. Additional or

changed source code causes an existing data
base to be updated.

JAVS automatically inserts software probes

into the source code to intercept and record
program flow during execution. A second type
of instrumentation is used to record statistics
on program performance according to directives
inserted by the user in the source.

JAVS provides a variety of services which assist
in the establishing of a continuing testing strat-
egy both at the detailed level within a module and
at the module interdependence level. Test cases
are constructed by the user. Reports can be used
as program documentation.

Program execution provides normal computational
results as well as outputs from the instrumen-
tation. Structural flow output is recorded for
later post-test analysis by JAVS. User-directed
program performance output is interspersed with
normal program output.

JAVS includes detailed post-test analysis
facilities which provide measures of testing
thoroughness, both individually and cumula-
tively for a set of test cases.

The results are examined by the user to determine
if test goals have been met and testing 1is
completed.

Figure 1.1. An Overview of the JAVS System

1-3




{
i
é

1.1.2 Library Definition and Contents

JAVS utilizes a random-access file which includes the original source
text, as well as subsidiary tables that contain structural information, sym—
bols and their classification, and cther module-descriptive information. The
initial random library is created during the first processing step (BASIC).

The second step (STRUCTURAL) uses the initial library data to create ian up-
dated library containing program structure data as well as the source text.
INSTRUMENTATION adds instrumented text to the library. The library and instru-
mented file are then used as input for other analyses. The major secticns of

a completed library are listed below:

1. Analyzed source text (BASIC)
2c Module descriptions (BASIC)
3 Statement descriptions (BASIC)
4. Symbol descriptions (BASIC)

5 Program structure information (STRUCTURAL)

6. Probe text (INSTRUMENTATION)

1.1.3 File Identification

JAVS makes use of various files during zxecution of the standard and

overlay processing steps. The files used in JAVS processing are shown in
Table 1.1. '

TABLE 1.1 FILES USED IN JAVS PROCESSING

&umber Name Function Mode Tvpe Usage
1 LIBOLD |01d library Binary | Random | Read/write
2 LIBNEW |New library Binary | Random | Read/write
3 LIBWSP | (Temporary) workspace Binary | Random | Read/write
4 COMAUX (Temporary) command itera- BCD Serial | Read/write
tion
5 }ggiiig* JAVS command input BCD ﬁgrial Read only
6 LOUT Standard printer output BCD Serial | Write only
7 LPUNCH Instrumented source text BCD Serial | Write only
3 AUDIT Test execution probe data BCD Serial | Read/write
9 READER | Source text input BCD Serial | Read only
10 COMMAN* | (Temporary) JAVS command BCD Serial | Read/write
workspace

* Used only in JAVS overlay version.

. 1-4
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1.1.4 System Execution Control

JAVS utilizes a command language to provide control over many of the pro-
cessing steps. The command language provides the means to select various pro-
cessing options within the selected step and, in addition, allows the user to
repeatedly execute certain sequences of commands for sets of program modules
contained within the library file. Certain commands are available for use in
all steps and are therefore termed "universal commands." 1In the standard ver-
sion of JAVS, some commands are unique to each processing step and are recog-
nized only when employed within that step. The overlay version of JAVS allows
commands from any processing step to be utilized in a single run.

1.1.5 Data Management

Included within the standard processing steps is a data management com-
ponent which provides the following capabilities:

14 Library merging

2. Processing initialization commands

3, Module selection

4. Standard printouts of library contents

1-5
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a2 COMMAND STRUCTURE

A JAVS run is defined by a set of ccmmands. These commands--one to a
card--are freeform; blanks are ignored. The card scan ends with a period (.)
or with the end of the card. Each command consists of a sequence of terms
separated by a comma or an equals sign. A term with an initial digzit is
assumed to be an integer. If a command must be continued on more than one
card, a comma must appear as the last non-blank character of each card pre-
ceding a continuation card. Up to three continuation cards may be used.

A JAVS command set always begins with scme library commands ending with
the command START®. Next comes a set of action and information commands de-
scribing what processing is to be performed, listing which modules are to be
used, and which options are to be included. A JAVS run terminates on the END.
command, which provides for correctly closing any files and writing a wrapup i
summary.

The commands shown in Fig. 1.2 for a hypothetical JAVS run were designed
to help show the structure and use of JAVS commands.

COMMAND TYPE

OLD LIBRARY = OLD1. Library command

CREATE LIBRARY = NEW2. Library command

START. Startup command

FOR LIBRARY. Module selection command
STRUCTURAL. Execution command

END FOR. Module selection command
MODULE = EXMPLI. Module selection command
PRINT,MODULE. Universal print command
END. Run termination command

Figure 1.2. Hypothetical Command Sequence

The JAVS macro commands contain the START and additional commands. The macro
commands require the JAVS overlay version and are described in the JAVS User's
Guide, along with other system dependent information.

1-6




1.3 EXAMPLE PROGRAM

Throughout this Reference Manual, modules from a sample JOVIAL program
are used in the examples. Figure 1.3 shows a complete listing of the sample
program with its five modules: COMPOOL EXCOMPL, PROGRAM EXPROGM, PROC EXAMPLI,
CLOSE EXAMPL2 and CLOSE EXAMPL3. These modules are so simple that they do not
in any way demonstrate the power of JAVS; their purpose is solely to provide
simple output examples for each of the commands. The output from the execu-
tion of the program is shown in Fig. 1.4. This output is generated from the
MONITOR statements which appear in the main program EXPROGM.

DEPENDENCE processing deals primarily with inter-module dependencies. A
program with a large number of modules is used as an example to illustrate the
power of inter-module analysis performed by JAVS. STRUCTURAL analysis (Sec.
2.2) is illustrated using an example procedure from the JAVS User's Guide.
This small module is used to demonstrate the identification of DD-paths.

#2,JAVSTEXT EXCOMPL PRESFT=z#

STARTS
#2COMPOOL ExAMPLE CONTAINING PRESET OUTPUT MESSAGES =%
COMMON MESAGES
BEGIN

JTEM MSG1 W 18 P JRHM(]JAVS TEST CASE )'s
ITEM MSG2 H 18 P J8H(ORFSULT LT & 'S
ITEM MSG3I H 1R P 18N (ORFSULT EQ & )s
ITEM MSGa H 18 P 18M(ORFSULT GT & 'S

ITEM MESSAG H 18S%
END
TERMS

22, JAVSTEXT EXPROGM COMPUTE (EXCOMPL) 22
STARTS
22 JOVIAL SIMPLE TEST PROGRAM g2
DEFINE INTG 221 26 S z2%
DEFINE HLL 22 H & 22$
DEFINE NBYTWD 22 & z2$%
ITEM 1D HLLS
ITEM ITER] INTGS
ITEM ITER2 INTGS
ITE~ ITERIA wmLLS
ITEM ITER2A HLLS
OVERLAY ITER] = [TER]IAS
OVERLAY ITER? = ITER2AS
ITEM CARD H B80S
FILE READER W 0 R R4 VI(0OX) V(EOF) TaAPESS
FILE PRINTR W 0 R 128 V(0OK) V(ENF) TAPERS
MONITOR IDs ITER]As ITERPAS
MESSAG = MSG)S
OUTPUT PRINTR MFSSAGS
BG. INPUT READER CAPDS
IF READER NQ VI(EOF) S

Figure 1.3. Example Program Used in the Reference Manual

(Continued on next page)
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BEGIN
BYTE (SO.NBYTwWOS) (IN) = RYTF (S0 NRYTWDS) (CaARM S
BYTE(SONBYTwOS®) (ITERIA)= RAYTE (SF«NRYTWDE) (CASO)S
SYTE(SQNBYTWOS) (ITER24)= QAYTE(S]19.NRYTWDS) (CARD)S$
EXMPLI(ITERLITFR2) %
CLOSE ExmPL2S 22 MAIN CLOSE =2#
BEGIN
ITER] = 1S
ITER2 = 1%
END 22ExMPL 222
IF ITERY GG 100¢
GOTO ExMPL2%
GOTO AGS
END 22[F2#
STOPS
PROC EXMPL] (LIMITI.LIMIT2)S
BEGIN
ITEM LIMIT]L INTGS
ITEM LIMIT2 INTGS
ARRAY FILL 100 INTGS
ITEM RESULT [NTGS
ITEM INDXS [NTGS
22, TRACE JRESUL Y22
IF LIMITY GO 100
LIMIT] 3 39%
RESULT 2 4§

FOR [ 3 lolsLIMIT]S
REGIN
22 ,EXPECT, RESULT=2],522
FILL (Sl=1%) = IS
RESULT = (RFSULTsI1)/1S
£2,ASSERTRFSULT GR 10#2¢
FOR J = JelelIMIT2S
BEGIN
CLOSE ExmMPL3s 22 PROC CLOSE #e
BEGIN
RESULT = 2es
END 22CLOSFz2
IFEITH J LO 3%
INDXS = US
ORIF 18
INDXS = 4%
END 22IFE[THz22
SWITCH PICK = (LABEL]1,LABEL1.LAREL1.LABEL2)S
GOTO PICK (S[NOXS=1€) ¢
LABEL?2,. GOTO ExMPL3x
LABEL] . IFEITH RESULT LS &%
MESSAG a3 MSG?2s
ORIF RESULT £Q &%
MESSAG = MSG1S
ORIF 1%
MESSAG = MSG4S
END 22[FE[TH22
OUTPUT PRINTR MESSAGS
END #2J22
END 22122
#2 ,0OFFTRACERESULT22
END #2EXMPLLlz22
TERMS

Figure 1.3. (Comtinued)
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JAVS TEST CASE

eee MONITORED HOLLERITH DaTa 10 s TwO

eee MONITORED HOLLERITH DATA [TFRiA s 300
eee MONITORED HOLLERITH DATA [TER2A s 199
RESULT GT &

ese MONITOREN HOLLERITH DATA 1D s ONE

®80 MONJTORED HOLLFRITH DATA [TER]A = 45
ese MONITORED HOLLERITH DATA ITER2A Y

RESULTY GT &

Figure 1.4. Output from Execution of Sample Program




1.5 TEXT IDENTIFICATION

JAVS autcmatically separates a START-TERM sequence of JOVIAL source
which contajns executable JOVIAL statements (i.e., not a COMPQOL) into modules
of invokable co 1 s, 4@ PROC, a CLOSE). After the source code has been
instrumented, it is reassembled into the START-TIRM sequence in preparation
for compilation and Taest Zxecution. If more than one START-TERM sequence is
contained on the lidbrary, it is necessary to identify each sequence separately
with a unique name. JAVS has provision for naming a START-TERM sequence and
distinguishing between types of text through the use of a special form of
comment called a JAVSTEXT directive:

" JAVSTEXT
R

VSTEXT<name><type>((<related~rext-list>)][<description>]"
7T P

wherea
<name> is the name given to the START-TERM sequence (name
must De 8 or less characters, in which the first 6
characters must be unique among the JAVSTEXT names)
<type> is COMPUTE for an executable START-TERM text (e.g.,
a program) or PRESET for nonexecutable text (e.g.,
a COMPOOL)
<relatad-text-lisc> is an optional list of related text names separated
by commas (e.g., the name of a COMPOOL text used
H during compilation with a program text)
<description> is optional descriptive information
The JAVSTEXT directive should appear immediately before the START for a main
program or for a PROC subprogram (external PROC). 1In the case of CLOSE sub-
B P C

program (external CLOSE), the JAVSTEXT name must be different than the CLOSE
name, and the JAVSTEXT directive should appear before the CLOSE statement.

In the example program, the JAVSTEXT directive
".JAVSTEXT EXCOMPL PRESET"

is used to inform JAVS that a COMPOOL is being processed. The JAVSTEXT direc-
tive

", JAVSTEXT EXPROGM COMPUTE (EXCOMPL)"

is used to inform JAVS that an executable START-TERM sequence which references

a COMPOOL (EXCOMPL) is being processed. This directive is required, even if

the COMPOOL is not to be processed, if COMPOOL defined names are referenced in
the program text. Only one COMPOOL may be put in the database library for each
execution of the BASIC step, when processing both COMPOOL and executable text.
L[f a COMPOOL is to be processed by JAVS, it should be analyzed only by the

BASIC step. The COMPOOL will then be available on the library for documentation
printing.

1-10
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.5 JAVS COMPUTATION DIRECTIVES

JAVS contains facilities for analyzing a special form of JOVIAL comment,
called the JAVS directive. There are two types of JAVS directives: computation
directives and text identification directives (Sec. 1.4). The computation
directives, described in this section, are intended for use in monitoring com-
putations performed by the program.

The directives are inserted by the user in the JOVIAL source before it
is processed by BASIC. They are stored as separate statements in the state-
ment block on the library created by BASIC. Later INSTRUMENT analyzes
the computation directives and produces probe text (under option MODE = FULL/
DIRECTIVES) which, when added to the source text, generates execution-time
output interspersed with normal program output.

There are four JAVS computation directives: ASSERT, EXPECT, TRACE, and
OFFTRACE. Each directive generates JOVIAL text which becomes part of the probe
text. The user is cautioned that BASIC does no checking .for errors in JAVS
directives. Since the probe text is ultimately compiled, it must be error-free.

1.5.1 ASSERT Directive

The ASSERT directive provides the user with a means to monitor the truth
value of a particular logical condition. The format of the ASSERT directive
iss

" .ASSERT,<JOVIAL-boolean-expression>"
The ASSERT directive may be placed wherever it is legal to place a simple IF
statement followed by an assignment statement in the executable text. During
Test Execution of a directive-instrumented module, a message is generated if

the assertion is false.

During INSTRUMENT the ASSERT directive will generate the following
code:

ITEM JAVS'ASSERT H 60 S

MONITOR JAVS'ASSERT $

IF NOT <JOVIAL-boolean-expression> $

JAVS'ASSERT = xxH(<JOVIAL-boolean-expression> AT STMT.

xxxx NOT TRUE.)$

where xx is determined and inserted automatically. If the <JOVIAL-boolean-
expression> is longer than provided for in monitor output, it will be truncated.
The statement number xxxx is computed during INSTRUMENTATION to be the state-

ment number assigned by JAVS. The statement numbers are located in the PRINT,
MODULE and PRINT, JAVSTEXT reports.




Tad o, Lo

e Aok i

S T

- e 2F

1.5.2 EXPECT Directive

The EXPECT directive provides the user with a means to monitor the value

of selectad variables and a method by which variables which exceed certain
boundaries may be detected and reported. There are two formats for the EXPECT
directive:

".EXPECT,<variable> = <low-value>,<high-value>"

" . EXPECT,<variable> = <value>, TOLERANCE = <error>"

In the first form the expected range of values of the named variable is speci-
ftied by <low-value>,<high-value>. In the second form the expected value
together with a tolarance for error of the named variable are specified. The
EXPECT directive must be placed in the body of executable text for a module.
During Test Execution a message is produced if the assigned value of the named
variable falls outside the declared value range.

T

The EXPECT directive gzenerates a monitor statement, as follows:
for ".EXPECT,<variable> = <low-value>,<high-value>"
MONITOR (<variable> LS <low-value> OR <variable> GR
<high-value>)<variable>$
for " EXPECT,<variable> = <value>, TOLERANCE = <error>"

MONITOR (<variable> LS <value> - <error> OR <variable> GR

<value> + <error>)<variable>$

1.5.3 TRACE and OFFTRACE Directives

The TRACE and OFFTRACE directives allow the user to observe the effect
of computation upon the variables in the program at execution time. The TRACE
directive establishes the place in the program flow where tracing is to begin
for a specified variable; the OFFTRACE directive establishes the place where
tracing ceases. The format for these directives are:

".TRACE, <name-1>,<pame-2>,...,<name-n>"
' .OFFTRACE, <name-1>,<name-2>,...,<name-n>"
The value of the named variable is monitored during Test Execution. For a

particular variable, monitoring commences when the TRACE directive is en-

countered in the execution of the instrumented module; monitoring is terminated
when the OFFTRACE directive is encountered.

The TRACE directive generates the following statements:

1-12
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".TRACE, <name-1>,<name-2>,...,<name-n>"

ITEM FLAG'l BS

ITEM FLAG'2 B$S

ITEM FLAG'n BS$

FLAG'1 = 15§
FLAG'2 = 1§
FLAG'n = 1$

MONITOR (FLAG'l) <name-1>$

MONITOR (FLAG'2) <name-2>$

MONITOR (FLAG'n) <name-n>$

The OFFTRACE directive sets the specified flags to zero.

1-13
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2 JAVS PROCESSING STEPS

JAVS operates as a system of compatible tools which communicate through
a common database. The order in which the processing steps are executed de-
pends upon the task that the user wishes to accomplish. Source text (BASIC)
processing must be executed first in order to build the database library.

The following tasks can be aided by JAVS, using the processing steps

in the specified order:
TASK
Text reformatting
Documenting

Debugging using
directives

Testing

Retesting

PROCESSING STEPS

BASIC
BASIC,STRUCTURAL ,ASSTIST ,DEPENDENCE

BASIC,STRUCTURAL,INSTRUMENT,
Test Execution

BASIC,STRUCTURAL ,INSTRUMENT,
Test Execution,ANALYZER

BASIC,STRUCTURAL,INSTRUMENT,
Test Execution,ANALYZER,ASSIST,
DEPENDENCE

In most cases BASIC, STRUCTURAL, and INSTRUMENT processing need to

be performed only once.

The overlay version of JAVS consists of the same processing steps as the

standard (non-overlay) version augmented by the following features:

® Smaller core size required to operate

® Macro commands to permit shorter command streams

o Operation of multiple JAVS processing steps within a single activity

e Extensibility for a planned interactive version of JAVS
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Lk SOURCE TEXT PROCESSING

The analysis of a JOVIAL program begins wich BASIC, where a LIBNEW is
made with information describing the texts (see Fig. 2.1). Each START-TERM
sequence in the JOVIAL source is broxen down into a series of invokable modu-
les. The information saved for each module is a module descriptor block,
a statement descriptor tabls, a statement table, a symbol locator table, and a i
symbol table. The results of BASIC processing can be displayed with the '
standard print commands (Sec. 4, PRINT, [option]).

JOVIAL
SOURCE

AN-43840

USER i il
COMMANDS SCURCE TEXT 8ASE
ANALYSIS LIBRARIES

|

BASIC STRUCTURAL
REPORTS ANALYSIS

Figure 2.1. BASIC processing




IO

) AR

2.2 STRUCTURAL ANALYSIS

The analysis of a set of modules continues with STRUCTURAL, where infor-
mation describing the graphical properties of each module is added to the in-
formation generated in BASIC. STRUCTURAL begins with a library created by
BASIC. 1In BASIC, processing is done on one or more START-TERM texts, breaking
each such text down into one or more invokable modules. STRUCTURAL processing
is done on a single module at a time.

Normally, the library generated during BASIC is processed as LIBNEW, a
read/write library during STRUCTURAL. However, if it is used as LIBOLD, a
read only library, then a LIBNEW must also be provided. If LIBOLD is used, as
each module is processed by STRUCTURAL, the BASIC data for the module is first
copied to LIBNEW from LIBOLD, and then the new structural data is added.
STRUCTURAL processing is shown in Fig. 2.2.

from
BASIC

AN-43841

DATA
BASE
LIBRARIES

USER
COMMANDS

STRUCTURAL
ANALYSIS

\

to
STRUCTURAL INSTRUMENT

REPORTS through
ANALYZER

*FROM BASIC

Figure 2.2. STRUCTURAL Processing
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STRUCTURAL performs two types of computations:

1o [nter-statement analysis which establish €3 statement-ro-

statement links (e.g., in IFEITH-ORIF statement sequences)

Modula structural analysis which identifies the nature of
program flow within the module.

The structural analysis performed by STRU
(program, procedure, or close) consists of determining all decision-to-decision
b paths (DD-paths) in the module.l Decision-to-decision paths are sequences of
‘ statements between decision, or branch, poxﬂts. Programs are represented as
[ a directed graph of DD—oatns, as shown in Fig.

-3 and Fig. 2.4. Figure 2.3
shows the statement nembershi p for each “D-oatn in module EXAMPL.

IURAL on each invokable module

This module
contains 12 DD-paths. 3Below each DD-path number is listed the order in which
the statements are placed on each ,D—pagn. For example, DD-path 2 consists of

i statements 15, 16, 29, 30, and 31, in that order.
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Statement Execution Order j
DD-Path
1 2 T H 6 7 ) o7 J b D
1 "', JAVSTEXT EXAMPL COMPUTE ( cowpoL )
2 START
3 PROC EXAMPL ( AA = BB ) § 1
& ITIMAAF S$
S IT™ BB P S
6 ARRAY CC 2278
7 BECIN
8 BECIN
9 +10.E-001 +10.2-001 END
10 BEGIN
11 +10.E-001 +10.E-001 END
12 B
13 BECIN 2
14 MONITOR B3 , CC §
15 IFEITH AA LS 00.E-001 § 3 1 1
16 B3 = - AA § 2
17 ORI¥ AA BQ 00.E-001 $ 2 1 1
18 BECIN 2
19 BB = 00.E-001 § 3
20 POR10,1,1$ 4 2
21 BEGIN S k]
22 FORJ=0,1,13$ 6 2 4
23 CC (81,78 =00.3-C01 ¢ 7 13 1 5
24 ZND 2 1 1
25 RETURN § 2
26 XD
27 ORIF 1 § 2 1
28 BB = AA § :
29 Bno 3
30 PORE=0,1,18$ 4 2
3 CC($K,08) =33/ 20.E~001 § S 3 5 L3 1
32 o J . o 2
3) TERM S

Figure 2.3. Example of Structural Analysis
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IFEITH
(31)

Figure 2.4.

ORIF (17)

Numbers represent DD-paths
Dots represent dacision points
Words represent decision statement types

Parenthetical numbers represent
statement numbers

Pictoral Example of Structural Analysis




2.3 MODULE INSTRUMENTATION

This step performs the instrumentation of modules which have been pro-
cessed through BASIC and STRUCTURAL. The primary result of this step is a
set of probed modules which can then be compiled in instrumented form for use
in Test Execution (see Sec. 2.4). The instrumented modules are logically
identical to the original source code. The probe statements are saved on the
library along with data generated by BASIC and STRUCTURAL (e.g., the source
text, etc.). INSTRUMENT processing is shown in Fig. 2.5.

from
STRUCTURAL
\\\\\~\ .,
-
=
-
DATA i
USER MODULE Sace 2
COMMANDS INSTRUMENTATION LIBRARY
1 TEST EXECUTION
\
INSTRUMENT INSTRUMENTED
REPORTS SOURCE

*FROM STRUCTURAL

Figure 2.5. INSTRUMENT Processing
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There are two types of instrumentation generated during INSTRUMENT:

1o Structural Instrumentation. Software probes are automatically
inserted into the source text at each invecation point, each
return point, and each statement which begins a DD-path. Each
probe includes a call rto special 2uditing routines which cap-
ture and record infeormation concarning flow of control in th
executing module(s).

[

2. JAVS Directive Instrumentation. Software orobes are manually
; inserted inthe source text for JAVS directives (Sec. 1.3) which
1 are autcmatically expanded into JOVIAL code to monitor the re-
sults of assiznment and exchange statemencs durin: Test Execution.
Each directive controls execution-tim output which is inter-
spersed with normal program output. .

o
|
(o]




2.4 MODULE TESTING ASSISTANCE AND SEGMENT ANALYSIS

The purpose of ASSIST is to provide computational and output reports for
use by program testers to meet the following objectives:

° To provide "source text flow'" information needed to support de-
tailed analyses of the legitimacy of test cases

. To provide for identification of properties of sequences of
DD-paths

ASSIST commands are designed to provide detailed information on specific
DD-paths in modules. Some of the commands require that the DD-paths for which
test assistance is needed be identified. Therefore, ASSIST is usually run
after an initial series of test cases is run, and additional information is
needed to assist the user in setting up new test cases that give coverage of
specific DD-paths. ASSIST reports are most effectively used for retesting
assistance and for computer documentation in conjunction with reports from
the standard print commands and from DEPENDENCE (Sec. 2.5).

ASSIST operates from LIBOLD and, under active user control, generates
reports of various kinds. It is assumed that BASIC and STRUCTURAL have been
completed for each module present on LIBOLD for which analyses are requested
by ASSIST commands. ASSIST processing is shown in Fig. 2.6.

from
STRUCTURAL

AN-43843

DATA
BASE
LIBRARY

MODULE TEST
ING ASSISTANCE
AND SEGMENT
ANALYSIS

USER
COMMANDS

!

ASSIST
REPORTS

*FROM STRUCTURAL

Figure 2.6. ASSIST Processing
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o provide the means to assess the impact
f test cases. In contrast with ASSIST
3 program flow within a module), DEPENDENCE is
concerned primarily with inter-module dependencies. Taken with the reports
1 from both ASSIST and ANALYZZR, the analyses performed by DEPENDENCE allow
the tester to specify the subset of test cases which must be re-executed in
order to maintain comprehensive testing coverage. The reports from DEPEND-
ENCE coupled with some of the ASSIST reports provide valuable soitware docu-
mentation.
DEPENDENCE operataes from LIBOLD, gzenerating raports under active user
control. It is assumed that BASIC and STRUCTIURAL have been completed for
every module present on LIBOLD. DEPENDENCE processing is shown in Fig. 2.7.

i STRUCTURAL

AN-43844

USER RETESTING
COMMANDS GUICANCE AN
ANALYSIS

DEPENDENCE
REPORTS

*EROM STRUCTURAL

Figure 2.7. DEPENDENCE Processing
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2.6 TEST EXECUTION

The purpose of Test Execution is to collect test execution data and per-
formance data from JAVS directives while executing a set of instrumented modu-
les produced by INSTRUMENT. Test Execution differs from other JAVS steps in
that the instrumented program itself is executed, not a JAVS processing step.
There is no access to the JAVS library during Test Execution. Rather, the
probe data is recorded on a test file; these data include the information
needed by ANALYZER to properly correlate with data on the library (e.g., module
name, test name, and DD-path number).

The instrumented program under test is first compiled, then loaded with
JAVS data collection modules. The program operates normally, reading its own
data and writing its own outputs. During program execution, the instrumented
modules call the data collection routines which record on AUDIT (the test file)
an execution trace and accumulated data on module invocations and return and
on DD-path traversals. Performance data resulting from JAVS computation
directives (Sec. 1.5) is interspersed with normal program output for the
printer. Test Execution processing is shown in Fig. 2.8.

Each Test Execution may consist of a number of test cases. The program
identifies the start of each new test case by executing a call to one of the
data collection routines; the end of all test cases is similarly treated.
These identification calls can be manually inserted by the user in the program
prior to compilation, or thev can be inserted automatically during instrumen-
tation by using the INSTRUMENT,STARTTEST or INSTRUMENT,STOPTEST commands
(Sec. 5). All other instrumentation of the source is automatically performed
by INSTRUMENT.

2.6.1 JAVS Data Collection for Structural Instrumentation

There are four procedures in the JAVS data collection routines which may
be invoked during test execution:

® PROBE* is called at the beginning of each DD-path in an instru-
mented module (INSTRUMENT option DDPATHS or FULL)

o PROBM™ is called upon module invocation or return in an instru-
mented module (INSTRUMENT option INVOCATION, DDPATHS or FULL)

° PROBI* is called to identify a new test case, or to end all
test cases

* . -
° PROBD™ is called to record descriptive information about a
test on the test file

INSTRUMENT automatically generates the probes for PROBE and PROBM. The calls
to PROBI are inserted by the user, manually or by command, in the instrumented
source (see Sec. 2.6.2). The optional calls to PROBD are inserted manually by
the user.

*
An arbitrary name used in data collection routines.
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INSTRUMENTED NON-INSTRUMENTED gty
: U InAr x T U;— ,\,‘ - (<A ON BYGH
i SER SOURCE SER SQURCE SOURCE
\ |

1

i
JOVIAL
COMPILER

|

AN-43845

0BJECT
TEXT

from
INSTRUMENT

USER TEST USER
DATA REPORTS,
FILES

] to ANALYZER

JAVS
DIRECTIVE
REPQORTS

“FROM INSTRUMENT

"MAY ALSQO CONTAIN CALLS TO PROBI AND PROBD

Figure 2.8, Test Execution Processing
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The data collection routines utilize a COMMON block (PROBEC*) for com-
munication with one another and for storage of data by module and DD-path. In
the standard version of the COMPOOL for the data collection routines, provision
is made for a maximum of 100 instrumented modules and 2000 DD-paths for those
modules whose DD-paths are instrumented. If larger space is required, the

data collection routines must be recompiled with appropriate changes made in
their COMPOOL.

Caution: The program being analyzed may include symbols which conflict
with the names used in the data collection routines for the procedures, the
COMMON block, or the test file. Should such a conflict exist, (1) appropriate
changes must be made in the source for the data collection routines and their
COMPOOL and (2) INSTRUMENT processing must be done with the PROBE option com-
mand(s) to change the names of the data collection routines.

Summary data is accumulated in the workspace only after the first call
is made to PROBI. Thereafter whenever a call is made to PROBI signalling the
beginning of a new test case (or the end of all test cases) the accumulated
data is recorded on AUDIT and the workspace is cleared. For each call to
PROBE or PROBM, an execution trace record is recorded; for each call to
PROBI, test case identification data is recorded; for each call to PROBD,
descriptive information is recorded.

For each module the amount of data which it is possible to accumulate
is controlled by the level of structural instrumentation done during INSTRU-
MENT. If the module is instrumented at the invocation level, only PROBM is
called and DD-path executions cannot be recorded. If the module is instru-
mented at the DD-path level, both PROBM and PROBE are called, and full data
acquisition can be made.

The amount of

data actually recorded during a test is further controlled
by a parameter to PROEI

(see Sec. 2.6.2.2

2.6.2 Compiling The Instrumented Program

During INSTRUMENT processing, the instrumented program source must first
be written to a punch file from the library by using the command

PUNCH, JAVSTEXT = <text-name>,INSTRUMENTED = <specification>.

while processing under JAVS execution. Next the instrumented program source
is prepared for the compiler as described in the following subsections.
2.6.2.1 References to Data Collection Routines and Test File.

If the program has a COMPOOL, the procedure declarations for the data
collection routines must be added to the COMPOOL.* 1If the program has no

*
If the JOVIAL compiler accepts a list of processed COMPOOLs while compiling
executable modules, then one for the source shown in Fig. 2.9 must be in-
cluded in the list.
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EERNE 8 S

COMPQOL, the one shown in Fig. 2.9 must be provided. This is necessary in
order to compile the instrumented source.

A FILE declaration for the test file (AUDIT) zay
the compilation ptocess.* The location of the FILE d
COMPOOL or in the main program) is dependent on the JOV
used. Figure 2.9 contains the proper file statement £

2, JAVSTEXT PRCMPL PRESET = COMPOOL FOR PROBE ANALYSIS OURING EXECUTION
ez

START ¢
CEFINE INTG #2 | 24 S 28 §
DEFINE ~LL 22 = & 22 §
CEFINE DINTG 22 | <3 5 22 §
CEFINE Or(L #2 n 8 22 §

PROC PIOBM(MOCNAM, _AVTIT,NOCPS) S

8EGIN

ITEM MADNAM OWLL $

(TE% JavTal CHLL §

ITEm NNOPS  INTG §

£NO

PROC P90BE (MOONAM. JAVTXT,OCP)S

3EGIN

[TEw “NONAM 2NLL §

ITEw JayTxT D=Ll 8

ITEM ONP INTG §

END

PROC POCBI(TESNAMGTFLAG) S
3EGIN

ITEW TESNAM OMLL $
ITEM TFLAG INTG §

END

PROC PROBDI(LINEWFLAG)S
3EGIN

1TEw LINE H 80 8

[TEW FLAG INTG §

ENO
COMWON PRCBEF § #2COMMON SLOCK FOR PROBE FILEx»
I
FILE ACOIT 8 364 R QO VICK) VIX1) v(X2) v(X3) V(ECF) Qss
ENO
TERM §

Figure 2.9. COMPOOL for References to JAVS Data Collection Routines

*

Some JOVIAL compilers require the FILE statement to be in the main program;

others require it to be in a processed COMPOOL loaded with the executable
code.
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2.6.2.2 Test Case Identification and Test File Control.

At appropriate places in the instrumented source program (i.e., where
a new test case begins and at the end of all test cases) a call to PROBI must
be inserted. PROBI performs two services: it identifies each test case and
controls the recording of data on the test file. PROBI has two parameters:
the first is used as a test case name on ANALYZER reports and is a Hollerith name
of 8 characters; the second is used to control the amount of data actually
recorded on the test file.

The possible values for the test file control parameter TFLAG are shown
in Table 2.1. A zero value signals the end of all test cases. A nonzero
value signals the start of a new test case (and the end of the previous test
case, if any). The value of the second parameter (if nonzero) determines the
amount of execution tracing. If TFLAG is 1, no tracing is maintained; if
TFLAG is 2, invocations and returns are traced; if TFLAG is 3, invocations,
returns, and DD-paths are traced.

TABLE 2.1

TEST FILE DATA CONTROL WITH PROBI

TFLAG SIGNAL TEST-FILE DATA RECORDED ANALYZER REPORT OPTIONS
0 end-of-test (last) test case summary
file
X new test test-case summary SUMMARY, HIT, NOTHIT,
case MODLST, DDPATHS
2 new test test-case summary, module SUMMARY, HIT, NOTHIT,
case invocation/return trace MODLST, TIME, MODTRACE,
DDPATHS
3 new test test-case summary, module SUMMARY, HIT, NOTHIT,
case invocation/return trace, MODLST, TIME, MODTRACE,
DD-path execution trace DDTRACE, DDPATHS

2.6.2.3 Test Description.

At user option, descriptive information about the test can also be re-
corded on the test file by inserting PROBD calls. There are two parameters
to PROBD (see Fig. 2.9): the first parameter is a Hollerith test description
string of 80 characters, and the second parameter controls the initialization
of data workspace. The value zero indicates the start of a test set (i.e., a
new set of test cases), and a nonzero value indicates the start of a new
test case. PROBD calls, if used, should immediately precede PROBI calls.

Each PROBD call results in a single line of output during ANALYZER pro-
cessing. There is no limitation on the number of consecutive calls to PROBD.
When the test file is analyzed by ANALYZER, the descriptive information is
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printed cn the output file as encountered. The purpose of PROBD is to allow
the user a facility for correlating program behavior to test results. For
example, strategically placed PROBD invocations can identify program linkages
executed for speciriic tests.
2.6.2.4% Compilation.

The procedure for compiling the instrumented source program with the
JOVIAL compiler is as follows:

i 8 Punch the instrumented text after INSTRUMENT execution.
(Seec. 2.6.2).

Ze If the text contains structural instrumentation {INSTRUMENT
default option, INVOCATION, DDPATHS or FULL) then

. Provide COMPOOL definitions for data collection
routines (Sec. 2.6.2.1).

) Insert PROBI and PROBD calls (Secs. 2.6.2.2 and
2.8.2.3) .
3 Compile the COMPOOL and the instrumented program. If the text

contains JAVS directives for performance data (INSTRUMENT
options DIRECTIVES, FULL), use the MONITOR opcion* for the
JOVIAL compiler. Additional core storage may be required for
compiling the instrumented code.

Figure 2.10 shows an example listing of probed text with PROBI calls inserted.

*
In the present JAVS implementation, JAVS performance directives make use of

the MONITOR feature available in some JOVIAL compilers, including the JOCIT
JOVIAL compiler at RADC.
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o, JAVSTEXT LRPROOM COMPUTE

STARY
s

#2 JOVIAL SIMPLL TEST PROGRAM gs

ITem 1D H 46 8

TTEM JItR]L | 24 S 8

ITPM JTER2 1 26 S 8

1TFM [TERIA M & 8

TP 1TERPA n & 8
OVFRLAY 1TER] = J1EK)IA §
OVFRLAY 1TEKZ = 1TERK2A §
ITFmM CARD » A0 §

( ERCOMPL ) o0

FILE READER w 0 K He V(OK) V(EOF) TAPES §
FILE PRINTK m 0 R J2E VIOK) V(EOF) TAPEG §

FILE AUDIT R 0 R 0 V(OR) VIEOF) AUUITR § ##TEST PRORE ##¢
MONITOR 1D o ITEKIA o ITER2A 3

—— PROB] (BM(SAMPLE )43)%
PRNBM { BR(EXPROLM ) o BH(EXPROGM ) S) s
PRNBE (BH(EXPROCGM ) BH(EXPROGM ) s
MESSAG = “S0) s
OUTPUT PRINTR MESSAG $
86.
INPUT READER CARD §
S——— pROBI (BH(SAMPLE ) 43)S

YFEITH READER NQ VIEOF) §

REGIN

PROBE (BH(EXPROGM )o BNIEXPROGM ) 2) s

BEGIN
= BYTE ($ 0 v @ %) ( CakD » $

BYTE ($ 0 « « $) ( 10
BYTE ($ 0 « « $) ( ITVEFR
BYTE ($ 0 ¢« &« $) ( ITER
ExXMPL) ( JTER] o+ ITER2
CLOSE ExMpPLZ §

#2 MAIN CLOSE ==

BEGIN

PROBM ¢ BHIEXMPL?
PROBE (BHIEXMPL2
17ER] = 1§

1TERZ = 1 8

PROBM ( BH(EXMPL2
END

22 EXMPL2 22

1A ) =

BYTE (% 9 « « $) ( CARD ) §

2A ) = BYTE (3 19 « « $) ( CARD )} §

) s

) o 8™
e BHI(E

) « B8

1IFELITH JTER]1 GG 100 $

BEGIN
PROBL (BH(EXPROGY
GOTO ExmpL2 §
END
ORIF 1 §

(EXPROG™ ) o 1) s
XPROOM ) 1) s
(EXPROGM ) o 0 s

Yy BHIEXPROOM ), LR

PROBE
END
GoToe BG
END
2z 1F #»
END
ORIF 1 §

PROBE (BH(EXPROGM )

END

PROBM ( BH(EXPROGM ) o+ BH(EXPROGM ) o [}

(BH (EXPROGM

s

o BHIEXPROGM )

BH(EXPROGM ) N

S)

— D P OB 1
STNE

IBHISAMPLE
s

14008

PROC ExmPLl ¢ LIMIT]

REGIN

TTEM (IMIT] | 26
TTEM LIMITZ ] 24
ARRAY FILL 100 1
JTEM PESULT ] 24

S
S
24
S

o LIMIT2 ) 8

$

s
S

$

$

1TEM INDXS | 24 S §
s, TRACE o+ PESULY @2

PROBM ( BH(EXMPL] ) o BHIEXPROG™ ) 20 ) s
PROBE (BREERMPLY )y BH(EXPROOM ) s

IFEITH

LIMIT] GO 100 8

BEGIN
PRO&E (BHIEXMPLY )
LIMIT) = 99 §
END
ORIF 1§

BH(EXPR

0G¥ ) 2y §

PROBE (BHIEXMPL] )¢ BH(EXPROGM ) s

END

RESULY = & s

FOR 1 L 1 . 1 .
BEGIN
1¥ 1 %01 8

[SLIAJ

1 s

PROBE (BH(EXMPL]  )o BHIEXPROGH ) 19) s

BEGIN

Figure 2.10. Excerpt from Probed Text
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2.6.3 Loading the Instrumented Program

If the instrumented program contains structural probes (i.e., calls to
PROBM, PROBE, PROBI or PROBD) the JAVS data collection routines anust be added
to the load module for Test Execution. In additiom, provision amust be made
for the test file to be saved on a suitable medium (e.g., tape or disk).

The requirements for main memory are larger in Test Execution than in
normal program execution due to the following factors:

[ ]
(]

nstrumented code is larger than non-instrumented code.

] JAVS data collection routines, workspace, and test file are
needed for structural instrumentation.

expansion due to instrumentation depends on the nature of the source
Experience has shown that code expansion of programs with moderately

complex control structures can have 100% expansion from DD-path instrumentation.

The JAVS data collection routines, although

3000 words for data space in the standard
for the test file control information aad
ent.

nput and Qutput

The input data requirsments for test
€ ) Th
routines.

In addition to normal program output,
test execution of an instrumented program:

elatively small, utilize about
3 5 Ehe space required
er space is installation depend-

2xecuticn are

tho
ere is no input data read by the JAVS data collection

two types of output result from
a test file ( or ANALYZER) which

contains execution data collected from structural instrumentation probes and

printout from the JAVS performance probes.
put from JAVS performance probes.

Figure 2.11 contains a sample out-

JAVS TEST CASE

MONITCRFN HALLERITH NATA ID s ONE
MONTTCRED MALLERITH NATA [TFI|A (] 5
MONTTCREN WOLLER[TH DATA [TEQ2aA L] 16
MONTITARED INTESEQ DaTa AESULT .
MONITO36N WOLLEQITH DATA _AVSAASSER s
MONTTORFN INTEGER JATA [NDZXS .
MONITAOREN WwALLEQITH DATA UAVS2ASSER =

AESULT 5T &

MONTTCREN SOLLERITN DATA [0 e TwQ
MONITZAEN =OLLER[THM NATA [TEQA « 300
MANITOAFEN MO LFATTH SATA [TF32a = 199
MANTTCOEY [INTEAER DATA GESULT .
MONTTCREN HALLEQTTHM DATA JAVS#ASSER e
MON[TCRED INTEGER OATA INDXS .

®0e MON[TOAFN WOLLERITHM NATA LAVSAASSER w

4 = 0(00000000000000000004)
: RFSULT 3R |A AT STuT, 18 NOT TRUE,
1 « 0(00000000000000000001)

INDXS GR 2 AT STMT, 34 NOT TRUF,

MONITCAFD MOLLERITH DATA “ESSAG ® ORESULT GT o

4 ® 0(00000000000000000004)
RESULT GR 10 AT STuT, 18 NOT TRUE,
010000000%9000000000001) %
INOKS GR 2 AT STuY, 30 NOT TRUE.

-
L

00 WON[TOAED ~OLLERITW OATA MESSAG ® ORESULT 0T &

RESULT 4T &

Figure 2.11. Performance Data from JAVS Directives
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2a7 TEST EFFECTIVENESS MEASUREMENT

The purpose of ANALYZER is to provide test effectiveness measurement and
test execution tracing in terms of module invocation, DD-paths exercised,
and statements executed. For a specified set of modules, ANALYZER supplies the
following measures of test case effectiveness.

° A summary at the module level of the coverage achieved.

° A table of DD-paths exercised and the number of times each
DD-path was traversed.

® A list of the DD-paths not executed.

° A source listing of each module including the number of times
each statement was eXecuted.

@ A source listing of the key statements for each DD-path includ-
ing the number of times each DD-path was executed.

ANALYZER supplies the following types of execution tracing:

° A list of the module invocations and returns and the level
of invocation, or

° A list of the DD-paths interspersed with the module invocations
and returns.

In addition, ANALYZER summarizes the time spent in each module as measured by
the system clock.

ANALYZER operates from LIBOLD and a saved test file AUDIT produced by
Test Executior.. Tt is assumed that BASIC through INSTRUMENT and Test Execu-

tion have been accomplished for the specified modules. ANALYZER processing is
shown in Fig. 2.12.
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Figure 2.12.
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2.8 PROCESSING USING JAVS OVERLAY
JOVIAL 3
t SOURCE S
3 , =
<
|
USER” | JAvs™ ells
COMMANDS OVERLAY 1 LIBRARIES
BASIC,
P STRUCTURAL ,
INSTRUMENTED o ASSIST,
SOURCE DEPENDENCE
_ REPORTS
4 |
' TEST* '
EXECUTION L
i ,
s DATA
JAVS BASE
USER’ OVERLAY 2 LIBRARIES
COMMANDS
l ANALYZER**
: REPORTS

t+  JAVS STANDARD AND/OR MACRO COMMANDS

* SEE F1G6. 2.8

** REPORTS FROM ANY PROCESSING STEP EXCEPT BASIC

++ FOR CORE SIZE EFFICIENCY TWO JAVS OVERLAY PROGRAMS ARE USED:
OVERLAY 1 IS THE COMPLETE SYSTEM; OVERLAY 2 DOES NOT CONTAIN
SYNTAX ANALYSIS (BASIC)
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3 JAVS CONSTRAINTS

JAVS imposes certain restrictions on the size of the database library,
the command language, and the source text to be analyzed. Most of the limita-
tions based on size are generous (e.g., the maximum number of nested IF state-
ments is 100). Some of the limitations, such as those in the Test Execution
process, can be raised by recompiling parts of JAVS. Some of the restrictions
are based upon computer page dimensions and cannot be changed.

A number of the constraints which affect the incoming JOVIAL source code
are founded in the principle of analyzing invokable modules separately. The
dialects of JOVIAL recognized by JAVS allow certain constructs involving jumps
to global labels, invocations of externally declared switches, and TEST state-
ments where the FOR variable is external to the module. Some of these con-
structs require modification of the JOVIAL source code, and some cause a
warning message to be issued to make the user aware of limitations in the DD-
path test measurement report and execution tracing.

The constraints are listed in sections (Sec. 3.2 through 3.8) appropriate
to a particular JAVS processing step. Universal constraints (Sec. 3.1) affect
all of JAVS processing. The terminology used in describing the constraints
requires knowledge of JOVIAL and JAVS. The user should refer to the JOCIT
Compiler Users Manual3 for JOVIAL terms and to the index in this manual for
direction to the descriptions and references to JAVS terms.




g 5 | UNIVERSAL CONSTRAINT

L Maximum 3} continuation cards for any given JAVS command.

e Maximum 2% commas in any given JAVS command.

: & Maximum 130 modules selected for any given JAVS command iteration
loop.

- e oy : . . . *

“+. Maximum 250 word-pairs in a statement block.

3. Maximum 100 statements on any DD-path.

)

6. Maximum 25 internal data base tables during any JAVS executlon.

T 100 JAVS errors produce a fatal error.
8. Maximum 235

total =mod

i1 previously made library, the name specified
’ must be the same as when it was a CREATE

10. Maximum 150 modulas per JAVSTEXT. j
1% Maximum 30 characters per card image read.

12, Maximum 128 characters per line of output.

13. Yo analysis is performed on a DIRECT code sequence.

L4, of JOVIAL include JOVIAL/J3, CDC JOVIAL,

The combination of these is processed by

BASIC automatically separates long source statements into a sequence of state-
ments. The first statement is given the statement type according to the
original JOVIAL source statement. Subsequent statements are of type continua-
tion (CONT).

3-2
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3.2 JAVS BASIC CONSTRAINTS

BASIC processing is capable of handling quite large source text files.
Unusually large programs may have to be processed by several successive execu-
tions of BASIC, each operating on a separate file of START-TERM texts. In
this event it is essential that JAVSTEXT directives are inserted in the scource
L; code prior to BASIC processing.

The following implementation constraints are the current ones which must
be observed during BASIC processing:

13 Each module placed on the same library must have a unique
module name for a given JAVSTEXT name. For this purpose
only the first eight characters of any name are used. The
first six characters should be unique (a compiler restriction).

2. COMPOOL texts should only be processed through BASIC.
9. If any errors are detected in JOVIAL source by BASIC, one or
more statements on the library may be flagged as not parsed.

The errors found in BASIC are summarized in Appendix B.

4. Hollerith and transmission type items must not exceed 120
characters.

5. Only one COMPOOL for each execution of BASIC can be placed on the
library, when processing both COMPOOL and executable text. If
one or more COMPOOLS are referenced by an executable text, the
COMPOOL(S) need not be processed by BASIC, but the program text
must contain a JAVSTEXT directive which indicates the presence
of COMPOOL references.




3.3

JAVS STRUCTURAL CONSTRAINTS

10.

L1.

12,

13.

le should not GOTO a statement, directly or indirectly
gh a SWITCH, which is in another module.

ent must not appear in the range of a single factor

sequence.

oW
(ad

bW
(ol

s}

(2l %

E (i.e., two successive calls to

nction calls with side ef s
i erent rasults) are not permitted in

unction which produce di
OR, IF, IFEITH, and ORIF statements.

< -
4 -
3 pe

A declarartion statement containing an ZND cannot appear as the
E SE

last statement preceding the TERM statement of a program, pro-
cedure, or close.

The maximum depth of nesting of control or compound statements
(IFELTH, ORLF,; IF, EOR, BEGIN) is 100.

The maximum number of DD-paths which can begin at a statement
is 100.

The maximum number of statements on a single DD-path is 100.

CLOSE invocations which appear as switch points in SWITCH
declarations are treated as null switch points.

SWITCH invocations which appear as switch points (nested switches)
in SWITCH declarations are treatad as null switch points.

Invocations of externally declared switches are treated as
RETURNs.

The first three factor FOR statement in a parallel FOR is
assumed to be the controlling FOR. If there are no three
factor FOR statements in the parallel FOR, the first FOR state-
ment is chosen as the controlling FOR for the purpose of con-
structing interstatement pointers in the JAVS statement de-
scriptor blocks.

All programs, close and procedures must contain a BEGIN-END
set of statements surrounding the executable code.

CLOSE declarations within a FOR statement may not use a TEST
statement to reference the active FOR variable.
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3.4 JAVS INSTRUMENT CONSTRAINTS

3. The maximum number of

4. Subscript expressions
characters.

5. Item names and switch
length.

6. The maximum number of
directive is 18.

y The maximum number of
to 999 per module.

characters.

cedure or close.

nested IF

in SWITCH

names are

variables

variables

2. The first three factor FOR statement in a parallel FOR is
assumed to be the controlling FOR and is instrumented.

2. Invocations of externally declared switches are not instrumented.

statements is 100.

invocations are limited to 72

limited to 30 characters in

allowed in a single TRACE

in TRACE directives is limited

8. The maximum number of nested IFEITH and/or IFEITH/ORIF statements
is 100.
9. The maximum DD-path number is 9999.

10. The maximum length of the TEXT in an ASSERT directive is 72

35 9 The functional modifiers BIT, CHAR, MANT, NENT, POS and BYTE
may not appear in the numeric formulas for FOR statements;
i.e., no side-effects are allowed in the initial value formula.

12. FOR variable may not appear in TRACE or EXPECT directives.

13. A declaration statement containing an END cannot appear as the
last statement preceding the TERM statement of a program, pro-

T T TR TR AT
. ’ Ve

-




3.5 JAVS ASSIST CONSTRAINTS
L. Maximum of 100 DD-paths per reaching set path.
24 Maximum of 100 outways per decision.
L5 Maximum of 1200 DD-paths per analyzed module for reaching set.

Maximum of 2400 statements per analyzed module for reaching set. L

——abin
+

S Maximum of 200 statements in reaching set.

Laf)

or

(2]

6. Maxinum 100 JAVSTEXTs specified ross-rererence mapping.

i Maximum of 125 modules specified for cross-reference mapping.
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3.6  TEST EXECUTION CONSTRAINTS

There is no probe test data recorded on AUDIT until after the first
invocation of PROBI has been made. (PROBI invocations must be inserted
manually or by using the INSTRUMENT, STARTTEST and INSTRUMENT, STOPTEST
commands.) The PROBI invocation which indicates end-of-test must be executed
to properly terminate data recording on AUDIT. When this end-of-test invoca-
tion is made, a message is issued.

There is a limitation of 100 instrumented modules in the workspace for

the JAVS data collection routines. This limitation may be changed by recom-
piling the routines.

There is a limitation of 2000 instrumented DD-paths in the workspace for
This limitation may be changed by recompil-

the JAVS data collection routines.
ing the routines.
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3.7

JAVS DEPENDENCE CONSTRAINTS

1.

Maximum 100 modules in each of the

3roups in group dependency
analysis.

Maximum of 115 modules in sum of zroup A and group C in group
dependency analysis.

Maximum bandwidth of 5 specified in 3AND analysi

1s.
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3.8 JAVS ANALYZER CONSTRAINTS

In a single execution of ANALYZER, either MODTRACE or DDPTRACE option
may be used, but not both.

Since ANALYZER does not reposition the file AUDIT at the conclusion of
processing, two consecutive executions of ANALYZER in the same command set

process different test cases on AUDIT.

Maximum of 100 test cases is analyzed.

If the test termination PROBI module is not invoked, ANALYZER will pro-
cess the test case data on the AUDIT file up to the start of the last test
case. When ANALYZER attempts to process the last test case on AUDIT and hits
an end-of-file before the required 4H(TERM), written on AUDIT by the test
termination call to PROBI, the error message '""Illegal record on AUDIT file"
will be issued. Thus, if there is only one test case on the AUDIT file and
no occurrence of 4H(TERM), ANALYZER will have no summary data to process.
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4 JAVS COMMANDS

JAVS processing is implemented by a command language (<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>