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EVALUATION

The primary purpose of this effort was to develop an efficiency
enhanced version of the JOVIAL Automated Verification System (JAyS).
The enhancements provi ded include a re-written syntax analyzer component
which has significantly reduced the run-time primary memory requirement,
resulting In a system with a higher throughput characteristic. The new
system was installed and acceptance tested on the RADC 116180/GCOS
Computer System. Fol lowing acceptance testing, the system was release d
to Hq SAC, Offutt AFB , Nebraska.

FRANK S. LA ~ )NICA
Project Engineer
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1 INTRODUCTION

JAyS, for JOVIAL Automated Verification System , provides measurements of
testing thoroughness, retesting assistance, and automated software documenta-
tion for JOVIAL J3 programs.

This report describes the design, implementation and testing of a new
JAVS syntax analyzer. Background information regarding all JAVS contracts is
provided in this report, as are procedures for installing the complete JAVS
software package.

Familiarity with the JOVIAL language and with software verification term-
inology is assumed.

The primary purpose of this contract was to design and implement a new
JOVIAL J3 syntax analyzer for the JOVIAL Automated Verification System (JAyS)
with a main memory requirement of fewer than 60,000 words on the HIS 6180.
This design allowed a number of former JAVS constraints- which dealt with the
syntax and semantics of JOVIAL J3 programs to .b.e removed. Several minor en-
hancements were made to the control path analysis in the course of designing
the interface of this new syntax analyzer with the rest of JAyS.

This report contains a brief overview of JAVS capabilities and background
information on the evolution of JAyS. Section 2 descrIbes the newly imple-
mented syntax analyzer. Section 3 contains the procedures and results of ac-
ceptance testing for the syntax analyzer and other software components which
it affected. Section 4 presents recoutnendations for additional capabilities
and modifications .

Appendix A contains instructions for installing the JAVS software at
sites other than RADC , Griffiss AFB, New York , and SAC Headquarters, Offutt
AFB , Nebraska. Appendices B and C of this report contain the updated pages to
the JAVS User ’s Guide1 and the JAVS Reference Manual2. The changed pages are
provided in this report to ensure their distribution to holders of the 1976
edition of the referenced documents (since they will not be reprinted in their
entirety by the Government under this contract).

P 1.1 JAVS CAPABILITIES

JAVS is a software tool to be used during the testing of JOVIAL J3 pro—
grams to aid in recognizing unexercised program paths, assist in developing
additional test cases so as to improve test execution coverage, and automati-
cally document the program. JAyS ’ documentation features can also be applied
during software development and debugging stages as long as complete control
structures are provided .

Program verification is based on analyzing control flow structures , in-
strumenting the program by inserting software probes to measure testing cover—
age during execution, and comprehensive reports which pinpoint unexercised
paths in the program structure. Retesting guidance is provided identifying
program paths leading to untested program areas and by reports describing mod—
ule and symbol interaction.

1
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A s a t e s t  i i i g  t oo l , JAV S provides ~-over agc  and t race reports showing pro-
gram behavior dur1n~ j  t e s t .  Test  performance coverage r e p o r t s  showing
st a t e men t s  and /or  decision ou tway s  (cond i t iona l  branches)  can be o b t a i n e d  on
a pe r— n odule , p er — t e s t — c a s e , and p e r — t e s t — r u n  basis.  These reports  a l low  t h e
user to focus on un t e s t ed modules , program paths , and s t a t ement s .  T r a c i ng  can
be performed , at user option , to show module invocations and returns or to
show which outwav was taken for each conditional opera t ion in the p r o g r a m .  In
addition , the user can t race “important ” events, such as overlay link loading,
by invoking one of the JAyS data collection routines .

If the testing target is determined to be a set of modules which  received
little or no coverage during the test execution, JAVS reports can he obtained
to list all invocations (and the statement numbers of the calls) to the mod-
ules and to show the modules’ interactions with the rest of the system in
terms of calling trees and interaction matrices. If the testing targe t is a
segment of code within a module, the user can request a JAVS report showing
the statements that lead up to the target. Armed with this “reaching  set ” re-
port , the user can spo t key variables whose values a f f e c t  the f low through the
program paths and loca’:e all instances of the variables in the system—wide
cross reference.

Ret est ing  may necessitate code changes in some of the modules in the  sys-
tem to remove dead code or coding errors found during the test analysis. To
f~aci1itate determining all modules in the system which could be affected by
the code changes, a JAVS report will show the interac t ion between the selected
set of modules and the rest of the system.

JAVS uses a data base to store informat ion about the test  program . The
a v a i l a b i l i t y  and management of this information form the bas i s  for  a v a r i e t y
of services in addi t ion  to the pr imary  task of tes t ing assistance.  Computer
program documentat ion , debugging through JAVS computation directives , and re-
ports useful for code optimization are the major side benefits of JAyS .

Computer docutr~ntation requirements for the Air Force typically specify
flow charts an.s lists of program variables and constants. In the JAVS deve l-
opment and imp lementation contracts these requirements were replaced by speci-
fying certain JAVS reports , i.e., self—documentation. It was found tha t  t h e
m o d u l e  l i s t i n g s  ( enhanced by indentation and i d e n t i f i c a t i o n  of dec ision
points) , module con t ro l  f low p ictures , module invocation reports  ( showing  for-
mal and ac tua l  parameter  l ists) , module interdependence reports , and a cro ss—
reference report for  each JAVS component are more meaningful documentation and
are generated automatically by JAyS .

Software development can be assist~d by using JAyS to document and test
the system as it is built. To aid in data flow analysis and checking of array
sizes and variable execution values , JAVS offers computation directives. The
directives are a special form of JOVIAL couzuent, recognized by JAVS and cx—
panded into executable code (using the JOVIAL monitor statement) during the
instrumentation phase. The user can check logic expressions with an ASSERT
directive , check boundaries of selected variables with an EXPECT directive ,
and turn on and off the standard monitor trac ing w i t h  TRACE and OFFT RACE di-
r ect i v e s .  Code o p t im i z a t i o n  Is aided  by the  p o s t — t e s t  r epor t s , which show the

2 



number of tines each statement is executed and the execution time spent in the
modules (in milliseconds of central processor time). Modules which are never
called and should be removed are listed in another JAVS report.

Testing coverage results indicate what parts of the program were executed .
It is up to the user to determine if the program ’s output is reasonable. One
JAVS post—test analy sis repor t lists the execut ion coverage dur ing the test
run in terms of the per cen tage of decis ion outways taken . A decision ou tway
(decision—to—decision path , or DD—path) is the set of statements executed as
the result of the evzduation of a predicate (conditional operation) . A good
standard for the testedness of a program is to exercise every decision outway
at least once. This level of testing is more rigorous than testing every pro-
gram statement at least once. However, it should be emphasized that certain
combinations of DD—paths may contain errors which are not detected in merely
execu t ing each ou tway one time.

JAVS reads the user ’s JOVIAL program as da ta and performs syntax , struc—
tural , and instrumentation analyses on the source code. JAVS communicates
wi th  the user throug h a command language and u ti l izes a da ta base to store the
information about the program. The user is provided with an instrumented file
of the selected program module s wi th which the user supp lies tes t da ta for
execution. The execution results are written to a file from which JAyS ’ post—
test analyzer issues execution tracing and coverage reports.

4
Six func t ional  processes, in addi tion to execution with test data , make

up the substance of software validation provided by JAVS. The organization of
JAVS is defined by these six tasks . To reduce the burden of the user , JAVS
exists as an overlay program at RADC with a macro command language supplement—
ing a large , versatile standard command language. Figure 1.1 shows a block
diagram of the processes and the four macro commands (BUILD LIBRARY , PROBE ,
TEST , and DOCUMENT ) which drive the processes . The processing steps and their
basic functions are listed below :

BASIC, Source Text Analysis: Source text input , lexical analysis, and
initial source library creation

STRUCTURAL, Structural Analysis: Str’ictural 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 the user; library
update with probe test ins trumentation

ASSIST, Module Testing Assistance and Segment Analysis: Testing assis-
tance for improved program coverage

DEPENDENCE, Retesting Guidance and Analysis: Retesting requirements anal-
ysis for changed modules

TEST EXECUTION: Execution of instrumented code and analysis of directed
program performance

3
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Fig ure 1.1. JAVS Processing Sequences

AN A LY 7L R . r~~ t F:f f e c  t i V èf l C SS  M e a s u r e m e n t :  Oct  i i  led ana l  vs-ks  of  p r o g r a m
p a t h  cove r a g e ;  ex e cu t  ion t r a c e s  and sunm:arv s t a t  i St I e s

The user  must  p r o v i d e  t h r e e  m a j o r  t y p e s  o f  i npu t  t o  JAy S : (11  t h e  source
code to  be t e s ted , ( 2 )  a set of  conmiand t o  d i r e c t  JAVS p r o c e s s i n g ,  and (3)
t e s t  da ta  f o r  p r g r a r  ex e c u t  i o n .

1 . 2 BALK R O l N I ~

JAVS was dev e l o p e d  under  A i r  Force c o n t ra c t  F30602 — 7 ~—~~— O 14s w i t h  ~ \UC t o
eng inee r  w or k a b l e  and p ra e t ica l  f i r s t  — I evel  s ol u t  ions  to the  t a s k  of au tom a t -
ing t h e  m e a su r e m en t  of  J O V I A L  c o m p u t e r  p r o g r a m  t e s t  ci f e e t  i ve ne s s  . O t h e r
t a sks  t o  ~‘e i nc l u d e d  in the  t e s t  t o o l  were t h e  c a p a b il i t i e s  of  a s s i s t  i ng  t h e
manua l p r o c e s s  of t e s t  c isc de s ign  and se l t  ~t i on  and a u t o m a t i n g  c e r t a i n  as—

- j  p ect s  of  s o f t w a r e  sy s t e m  m a i n t e n a n c e .  The t o o l  w h i c h  r e s u l t~~d f r o m  t h a t  c f —
t o r t  in 107 3 — 1 9 7 5  was ,: sy s t e m  of  s i x  pr o~~ram s w h i c h  o~~r formed t h e  f u n c t i o n a l
p roces ses  shown in F i g .  1 .1. The common t h r e a d  b etween  t h e  pro~~rams was  a
d a t a b a s e  l i b r a ry  w h i c h  c on t a i n e d  t a b l e s  of  s v nt  ic t i cal  , sema n t i c • and St  r i l e —
t :i ra 1 i i  t c  m a t  ion  Jesc r lb i ns  the  user ’s J O V I A L  p rog r .n1  . This  svs ten : r equ  i r e~i
84 . 000 words  of c en t r a l  m e , i o  my to e x e c u t e  the I i  r ge st  p r o g r a m  ( s ou r c e  t e x t  an—
a 1 vs i s)  and ~h .01)1) words  to e x e c u t e  t h e  s m a l l e s t  . As p a r t  of  t h e  .1 .-\V S ac cep-
ta n ce t e s t , a l l  o f  the JAVS s o f t w a r e  had to be processed  by . IA V S i t  s, I I and
demons: r,i t e ev e  ra 1 1 s t a t  emen t  e x ecu t  ion cove  r i c e  o t  S

4
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The syntax analyzer portion of the source text analysis program was de-
veloped by CRC’s subcontractor, System Development Corporation (SDC), as an
extensive modification to the existing GEN1 phase of the SAN—D ED JOVIAL com-
piler for the UNIVAC 1108. Although this syntux analyzer was fast , it had
the following disadvantages, many of which made it inconsistent with JOVIAL
J3 constructs:

1. It required 84,000 words to load and execute in the JAVS environment
(which is the same for all JAVS functional pro essors) and , as de-
signed , could not be overlayed.

2. Improper generation of pointers dealing with labels defined in one
module and called from another module (within the rules of JOVIAL J3).
This constraint was primarily due to the “one—pass” analysis per-
formed on the JOVIAL source.

3. Only one COMPOOL could be analyzed in a single execution of the ana—
lyzer.

4. Special characters, such as “< “ , “:“, etc. were considered illegal
and blanked out , thereby affecting consistency of the instrumented
code with the original source code (which could result in d i f f e r i ng
execution output )  and comp leteness in the JAVS documentation reports.

5. A JOVIAL CLOSE subprogram (external CLOSE) could not be analyzed
without redefining it as a main program .

6. A single prime was ignored ; thus ‘LOC and other primitives were in-
correctly processed without the prime .

7. A comment could not be terminated by a dollar sign.

8. Labels could not be appended to BEGIN statements (they were dis-
carded) .

9. Certain keywords , such as PROC , in comments caused erroneous parsing
of the text .

10. Nested DEFINE statements would not be expanded properly.

11. The same status variables used in more than one s ta tus  list would
produce numerous unnecessary warnings .

Subsequent e f fo r t  was directed at JAVS under Air Force Contract F30602—
76—C—0 233 with RADC . The major tasks were to convert the six programs into a
single overlay program , add a macro command language , stress and evaluate JAy S ’
performance by implementing a systematic software test on a large , complex pro-
gram not written for Automated Verification System (AVS) testing in mind , cor-
rect any JAVS errors found during the effort , and improve the existing testing
methodology .3
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The overlay configuration reduced ~Jte  main memory requi rement  o n l y  by
1,000 words to 81,000 for  complete JAVS analysis and 54 ,000 for  a l l  anal yses
except syn tax  ana ly s i s .  The main advantage in the overlay s t r u c t u r e  was the
ab i l i ty  to incorpora te  a s imp le command language using four command keywords:
BUILD LIBRARY , DOCU~~ NT , PROBE , and TEST to perform mos t of JAy S ’ a c t i v i t i e s .

The JAVS “s t ress  and evaluate ” a c t i v i t y  provided much—needed experience

in attempting to determine the value of a path—testing AVS . The fact that
JAVS underwent s y s t e m a t i c  functional and path coverage testing and subse-
quently was used extensively to a n a ly z e  “real world ” unstructured JOVIAL
source code p e r m i t t e d  e v a l uat  ion of the utilit y of program path testing using
functional data.

The outcome of this  eva lua t ion  was t h a t  of the over 28 ,000 s t a t emen t s
(366 modules) comprising the ~!AVS source , ten errors were found a f t e r  i ts  de-
l ivery . These errors f e l l  into th ree  major  c a t e g o r i e s :  s t r u c t u r a l , desi gn ,
and logic . Of the structural errors ( t h e r e  were three) , one was detected dur-
ing the coverage s e l f — t e s t , bu t  the  code was not  corrected before delivery ;
another  s t r uc tu r a l  error manifested itself in the o u t p u t  ( i . e . ,  the output was
i nco r r ec t ) ,  but the output was not detected as erroneous ; the third was simply
one of the untested paths . More thorough path testing would have uncovered
this infinite loop error.

The remaining seven errors probably would not have been detected by using
JAVS ’ path—testing capability. Judicious use of JAVS computation directives
(especially ASSERT and EXPECT) may have detected the three logic errors. The
desi gn errors were pr imar i ly  in the syntax analyzer , and reconf irmed the wide-
ly held belief that  extra emphasis should always be placed on the design pha se
of sof tware  development and that  funct ional  test  data should be desi gned f rom
the specif icat ions concurrent ly  wi th  the design of the s o f t w a r e .

One of the documents delivered under contract F30602—76—C—0233 was the
Methodology Report . 4 The section of that  document en t i t l ed  “Appl ica t ion of
Systematic Testing Methodology ” addresses the role of an AVS (JAyS in p a r t i c u —
lar) in appl y ing the formal l y de f ined  general t es t ing  methodology and provides
pract ical  t echniques for  pa r t i cu la r  s i t ua t ions .  The JAVS evaluat ion experi-
ence provided additional insight into the design of the new syntax a n a ly z e r ,
not only in terms of be t t e r  unders tand ing  of the language spec i f i ca t i on, but
also in terms of designing AVS—tes tab le  software . The description and results
of acceptance testing for the new syntax  anal yzer are given in Sec. 3.

1.3 OBJECTIVES OF THE CURRENT CONTRACT

The above background information sets the stage for describing the objec-
tives of the current contract. As previously stated , the primary objective
was to design a new syntax analyzer which had a smal ler  appetite for central
memory . Other  impor tan t  cons iderations , some of which had a bearing on the
design , were:

• Eliminate many of the .JAVS—imp o sed r e s t ri c t i o n s  on JOVIAL source

• Report possible structural i n fi n i t e  l oops and dead code

6

— ~~~~~~~~~~~~~~~~~~~~~~~~~~
-- -



— - — -. 
I ‘-

~~~
-• r . .  ~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - 

—

• Store comments differently so as to improve certain JAVS reports

• Include loop control variables in the symbol cross reference

• Remove the incorrect generation of control cards ($ in column 1 on
Honeywell equipment) in the instrumented source code .

• Allow comments to be imbedded anywhere within statements or between
statements

• Permit direct analysis of the executable source text (i.e., without
the user ’s insertion of JAVSTEXT header statements between START—
TERN sequences , although this practice is still recommended)

• Construct the syntax analyzer to be easily modified and maintained

1.4 JAVS TECHNICAL REPORTS

The following list of documents describe the current software for JAyS,
its ut i l izat ion and recommended testing methodology .

• JAVS Technical Report: Vol. 1, User ’s Guide. This report is an in-
troduction to using JAVS in the testing process. Its primary pur-
pose is to acquaint the user with the innate potential of JAVS to
aid in the program testing process so that an eff ic ient  approach to
program verification can be undertaken. Only the basic principles
by which JAV S provides this assistance are discussed. These give
the user a level of understanding necessary to see the ut i l i ty of
the system. The material on JAVS processing in the report Is pre—
sented 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 sum-
mary of all JAVS commands and a description of JAVS operation at
RADC with both sample command sets and sample job control state-
ments. (General Research Corporation CR—l—722, November 1976;
available as RADC-TR—77—126, Vol. I; updated as General Research
Corporation CR—1—722/l, June 1978. Updated pages available in Ap-
pendix B of this repor t . )

• JAVS Technical Report: Vol. 2, Reference Manual. This report de-
scribes 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 cards and f i le  allocation. Throughout 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 ye—
port is organized into two major parts: one describing the JAV S
system and the other containing the description of each JAVS command
in alphabetical order. The Appendices include a complete listing of
all error messages direct ly produced by JAVS processing . (General
Research Corporation CR—l—722 , November 1976; available as RADC—T R—
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77—12 6, Vol . II; tip dat ed as ( ener :I  I Research Corporat Ion CR— 1—772/ 1
June 1978. Updated pages . iv~i i i  able In A ppend ! x C of this report . )

• .IAV S Technical Report: Vol . ~~, Met h~d~~It j~ort . This report de-
scribes the methodology which underli es and is s u p p o r t e d  by JAVS
The methodo 1 ogv Is tailored to  be largel y i n d e p e n d e n t  o I imp 1 emen t a—

ion and language . The discuss ion in t h e  t e x t  i s jut ended to he in—
t u it lye and demonst rat i ye. Some o I t h e  met hodo I ogv is  based upon
the  experience of us ing JAVS to t t - s t  a l a r g e  i n f o r m a t i o n  management
s \- s t  em. A l o n g — t e r m  growth  p a t h  f o r  au toma ted  ver if Icat ion  systems
t h a t  supports the methodology Is  de sc r ibed . ( R A D C — T R — 7 7 —  I 2h , V o l
I I I , A p r i l  1977)

• J~WS Com~~~tc r  Program D o c u m e n t a t i o n :  Vol. 1, Sys tem Desi gn and in—
l i :t~~t_i~~~

. This  report c o n t a i n s  a descri p t i o n  of JAVS software
des i gn , t he  organization and contents of the JAVS data base , and a
desc r ipt jot-i of the software for each JAVS component : I t s  f u n c  t ion ,
each of the modules in the component , and the global data st m e t  tires
used by t h e  component. The report is intended primaril y as an in-
forma l reference for use in JAVS software ma intenance as a companion
to the Software Analysis reports described below . Included in the
appendices are the templates for probe code inserted by instrumenta—
t Ion processing for bo th  Structural and directive inst rumentat ion
and an al phabetical list of all modules in the sy s t e m  (inc l uding
system routines) with t h e  formal paramet cr5 and data t y p e  of each
parameter. (CRC, CR—l—782 , Vol. 1, June 1978)

• JAyS Computer Program Documentation: Vol. 2, Software Ana ly±s.
This volume is a collection of computer output produced by JAVS
standard processing steps. The source for each component ot the
JAVS software has been analyzed to produce  enhanced source list ings
of JAVS with indentation and i’ont ro I si rue t nrc identification , in—
ter—modu Ic dependence , all modu le invocat ions wi tit forma l and actua l
parameters , module contro l structure , a cross reference of symbol
usage , t r ee report for each 1 cad lug niodu 1 e • and report showing s i ~e
of each component . It is intended to be used w i t h  the Svs t en: I)es i gn

* 
and Imp I emen tat Ion Manual for JAVS software ma in t enance . The So ft —
ware Anal vs is reports , on file at RAI)C, are an excellent example o
the use of JAVS for computer software documentation.

• JAVS Final  Report. The final report for the project describes the
design , imp lement a t ion  and t e s t i n g  of the JAVS sy n t a x  a n a ly z e r .
Background in format ion  r e g a r d i n g  al l  .JAVS c o n t r a c t s  is  p rov ided  as
wel l  as procedures for  i n s ta l l i n g  the  comp l et c  lA y S  s o f t w a r e  pa ckage .
This  r epor t  con t a in s , as a p p e n d i c es , t h e  June 1)78 up dated pages fo r
the  User ’s Guide and Refe rence  Manua l p u b l i s h e d  as R ADC —TR — 77— I ~~h ,

Vols. 1 and 11 , A pr Il 1977.
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2 JAVS SYNTAX ANALYZER 
fThe function of the syntax analyzer (called JAVS2) is to read the JOVIAL

source text stream and generate the lexical and semantic information needed by
subsequen t phases of JAyS. Each START—TERN sequence is treated as a separate
unit  and may be either a COMPOOL text or executable text. The sequence of
text characters is separated into JOVIAL symbols, the symbols are collected
into statements, and the statements are grouped into modules . Symbols are
classified according to type, and tables of identifiers essential to structur-
al analysis are built.

The source text presented to JAVS is assumed to -be free of syntax er-
rors; i.e., it must have been successfully processed by the JOVIAL compiler
without  errors . Since the structural properties of executable text are wholly
contained within the START—TERN sequence, JAVS2 , unlike the JOVIAL compiler ,
does not req~rire that the text for a referenced COMPOOL be processed together
with the executable text.

The new JAVS2 code uses substantially less central memory (29,000 words),
creates only that information about symbols needed for structural analysis
(with a corresponding savings in auxiliary storage), and fits into the overlay
structure of the remainder of the JAVS system. The overall design has this
JAVS software component separated into three distinct processes:

1. An initialization process which sets initial data into JAVS2 data
structures.

2. A text—recognition process which reads the source text, identifies
symbols, statements, and modules, expands text for DEFINES, con—

- 4 structs initial entries in the permanent tables Module Descriptor
Block (MDB) , Statement Blocks (SB), and Statement Descriptor
Blocks (SDB), and constructs temporary tables necessary for the
text analysis process which follows.

3. An analysis process which uses the tables prepared by the text—rec—

• 
ognition processing to construct the permanent tables Symbol Table
Blocks (STB) and Symbol Locator Blocks (SLT) as well as final en—
tries in the MDB , SB, and SDB.

The text—recognition process is concerned primarily with analyzing the
text stream for JOVIAL syntactical constructs (i .e . ,  symbols , statements , and
modules) ; the analysis process is concerned with transforming JOVIAL syntacti-
cal constructs into the JAVS structural description , a form which defines the
basic structural properties of the source text .

The initialization process (1) executes once for a single f i l e  of text .
The text recognition process (2) and analysis process (3) execute once for
each START—TERN sequence in the f i le  of text .  With this design , each process
can be a secondary overlay in the JAVS system memory layout.

In implementing this design , the JAVS2 code retains character istics of

~ther JAVS comp s i t  is highly ula nd well-structured , makes use of
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the  JAVS data manager fo r  both permanent and temporary  tables , and u t i l i z e s
the JAVS nucleus support routines for basic services. Syntactic units are to
the same specifications as those currently processed by the JOCIT JOV 1AL/J 3
computer, and the syntax analysis uses a statement recognition algorithm which
identifies well—defined statement initiation and statement termination con-
structs in context.

2.1. EFFECT ON USERS

2. 1.1 Resource Requirements

Execution of JAVS with the new syntax analyzer requires 53,000 words of
primary memory and SZ less secondary memory for the database library. Pro—
cessing time and file space estimations are provided in the JAVS User ’s Guide
JAyS syntax and structural analyses require approximately 50Z—70% additional
central  processor t ime than was required by the older vers ion .  The extra  CP
time is pr imar i ly due to using the JAVS database manager for information stor-
age and to the multi—pass design of the syntax analyzer . One of the reasons
for a multi—pass syntax analyzer is to properly handle all references to glo-
bal labels.

2.1.2 Constraints

The former JAVS cons t ra in ts  l i s t e d  in Sec . 1.2  have a l l  been removed .
In add i t ion , the fol lowing s t ruc tu ra l  rules  are no longer required:  the  exe-
cutable  t ext  must be a compound s t a tement  (JOVIAL makes this  a requirement  on—
ly for PROCs); a declaration statement w i t h  an END ( e . g . ,  an ARRAY or TABLE
declaration) must not be located immediately preceding a TERN statement.

The tollowing implementation constraints are the current ones which must
be observed during source text processing:

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

2. A PROC must contain at least one executable statement (e.g.,
RETURN) .

3. Statement labels in direct code are not analyzed. A reference to
such a label in JOVIAL code is t reated as a reference to an exter —
nal undefined label.

4. The maximum number of nested modules is 150.

5. The maximum number of uni que symbols (names and cons tants )  is 4 ,096.

6. A basic element may not exceed 500 characters (does not include
literals).

7. A JOVIAL symbol may not exceed 4,095 characters.

10
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8. A comment , if saved , will be truncated to the maximum JOVIAL symbol
length if it exceeds that length.

9. BASIC guarantees that saved comments terminate with a double prime
( i . e . ,  a double prime will be generated).

10. Only the f i r s t  72 columns of source text line are analyzed .

11. COMPOOLs must have a JAVSTEXT directive stating the PRESET type.

12 . A statement name following a TERM (main program only) will not de-
termine the first executable statement.

2.1 .3  Error Messages

The former syntax analyzer had a repertoire of approximately a hundred
error messages , many of which would never occur if the user’s source code was
properly compiled. The complete list of error messages emana ting from the new
syntax analyzer are listed below:

Error
Number Explanation

1 Basic element contains too many characters. Element truncated
in saved text. Resubmit with corrected text.

*
2 Illegal internal text character. System error.

*
3 Illegal external text character. System error.

4 Recursive DEFINE reference. Reference partially expanded . Re-
submit with recursive DEFINE definition corrected.

5 JOVIAL symbol too long . Symbol truncated in saved text. Resub-
mit with corrected text.

6 Too many symbols (names and constants) in text . Fatal error.
Resubmit with text partitioned into more START—TERM sequences.

Module nesting exceeds limit. Change module nesting structure.

8 Too many ENDS. Resubmit with corrected text.

*
9 Loop in basic element analysis. System error.

*
10 Loop in internal text character analysis. System error.

*
11 Loop in JOVIAL element analysis. System error.

*12 Loop in external character anal ysis. System error.

*System errors should be reported with output listing card images processed .

11
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2.1.4 Syntax Analysis Commands

Several JAVS syntax analysis commands have been removed. These are :

BASIC , ERRORS — ON/OFF/LIMIT/TRACE.

BASIC , SYMBOLS - ON/OFF/PARTIAL .

BASIC , TEXT PRESET/COMPUTE/BOTH/JAVSTEXT .

leaving only three commands. These are:

BASIC , CARD IMAGES = ON/OFF .

BASIC , COMM E~ TS = ON/OFF .

BASIC , DEFINES ON/OFF .

~here the default values are underlined . The JAVS macro command BUILD LIBRARY
specifies the default values for syntax analysis .

When the DEFINES option is ON, JAVS expands the DEFINE references (to
any level of nesting) but leaves the DEFINE declaration in the text. The for-
mer syntax analyzer removed the DEFINE declaration after expansion , making
documentation ambiguous. Compilation of the instrumented source text will be
unaffec ted by the presence of the DEFINE and the expansion .

2.1.5 JAVS Output

The computer listing output by the source text analysis process under-
went minor change as a result of the new syntax analyzer. The former output
is shown in Figs. 2.1 and 2.2. The message:

<module name~ (<JAVSTEXT names) COMPLETED

was wri tten upon comp le tion of each module ’s analysis , rather than  at the end
of each START—TERM sequence.

The new syntax analyzer performs an initialization process once , then
makes two passes through each START—TERN sequence. One pass reads the source
and builds text—recognition tables; the other pass uses the tables and corn—
pletes the entries . At the end of each START—TERN sequence , the modules in
that sequence (called TEXT) are listed . Figures 2. l(a) and (h) show the out-
pu t : the user ’s card—image input source with the card count printed at the
rightmost column and module and JAVSTEXT identification following the TERN
statement.

• If the user does not provide the JAVSTEXT i d en t i f i ca t i o n  directive at  the
beginning of each executable START—TERM , JAyS will assign one u s i n g  the last
JAVSTE XT ’s name for the module ’s name (or JAVS0001 if the START—TERM sequence
is the first one). If the module is a PROC. Its own name will he used . The
text ’s name w i l l  be assi gned JAVS000I wh ere “i” is the’ number of the module

12
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~~IS PAGE IS BEST QUALTT~ PB~&CtIC.A~~~
7I~0M I~OFY kUR ~LS1j~D ?OD1~Q -

OA. JAVST C$T £ZCO MPL PP(SCTA.
sTalls

•ICONP0OL (SIMPLE CO N T A I N I N G PPC SU OUTPU T utssaots •O
CO NNON MES IGES
Sh IN

3t (N N% G% N P I $ N I I J * V ~ TEST CISC 5%
LIE N MSG? N 1$ P IPNSOQ(S UI. T 4~? 4
ITEM MSGI N 5$ P 1 11410Q( St ’ LT (3 4 5%
31tM MSG4 N 5$ P ISP IO RCSU LT 01 4 5%

ITEM M(5SA3 N I I I
END

tERMS

£ZCONPL ICZ CO MDL COMP LET ED
•.....•B NO ERRORS w E R E FOUND $1 .MVS—Z ~~~~~~‘

O#.J &VSTC *T CI P R OG N COMPUTE ICXCO MPL)Oa
STIRTS

$~JOt lIAL SIMPLE TEST PROGRAM $0
DU S PIE I N T O •$I 24 S •$%
DEF INE SILL ~~ N ~DCPINE N Y T VO 0. 4 055
31CM 10 ‘ ILLS
ITCH 11E 1 INYGS
IT EM lIEN? I’ 4T 0%
IT(M ITCh MLII
ITCM ETL N2& MLt~S
OVERL AY I T ( R 1  B I T E R 1 I S
OVE Rl AY 1~~(~~? B ITEA?A S
31CM CaRD N SOS
FILE PEADE P N 5 0 .4 V I O l C I V (( O F ) TaPt3%
lILt POINTO N 0 P I~~$ V ( O K )  V l ( O F I  TIPEoS
MONITOR 10. I T ( 0 5 & .  1?CR?AS
MESS I G •
OUTPUT PRINTS MESSIGS

• OS. INPUT REIDEM CA R DS
• IF READ ER NO V I ( O F I $• SESIN

$TTCISS ,NRYTWO %) (ID) B $Y1((%0, W5~ TW D%~ (CA ROlS
STt (U O.NP YTW D%) ( I T E R I A I .  N V T t ( S 4 . N P Y I W D S )  (d R O SS
STTl iSO .NRYTWD%l (11(02*). %Y T (($19.N9y 7WD$)  (C*RO)$
CAMPS. ) (11E0s , IT (Rpl S
CLOSE E s~ P .2s $0 MAIN CLOSE 5$
SCSII

31(01 B IS
1 1 ITCR2 • 11

(ND •*CZNPL?0I

S$I~~ 1 (ESP006N S COMPLETED

Figure 2.1. Output from Former Syntax Analyzer
(BASIC , CARD IMAGES = ON.)
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£*C0 (PL (CACONPI . P COMPLETCO
••••• .•• NO ERRO RS W ERE FOUND BY JA y S—? ••••.•

I*NPLZ (EXPROGM I COMPLETED

£kMPL3 CEX PROGN COMPLETEO

CZMPL1 (EXPROG N I COMPLETED

ISPR OGN ((XPR O G M I COMP L E T E D
•.•.‘.•• NO ERRO RS W ERE FOUND BY JAy S— ? ••“••

Figure 2.2. Output from Former Syntax Analyzer
(BASIC , CARD IMAGES OFF.)

which is being processed . Figure 2.3(b) shows an example of the way JAVS as-
signs the module and JAVSTEXT name , if they are not supp lied by the user.

Structural  analysts was enhanced to take advantage of the proper global
label information now provided by the new syntax analyzer. Figure 2.4 shows
the module sta temen t li st ing for module TSTLBL. During structural analysis ,
seve ral messages are printed regarding possible structural errors , as shown in
Fig. 2 .5. Th e UNDEFINED GOTO messages refer to Statements 12 and 18, since
LITTLE and ELABEL are nOt defined in the entire START—TERN sequence [see Fig.
2.3(a)J. At Statement 19, LITTLE is referenced again. An Infinite loop is
detected starting at statement 23 for the switch label CLABEL . JAVS can de-
tec t onl y structural infinite loops. Control transfers can be made which JAVS
does no t detec t , such as the resul t of an invoca tion , wh ich modif y the con trol
flow , thereby making the infinite ioop warning ~,uperfluous.

Another program structure anomolv is reported in the documentation out’~’ut
genera ted by the JAVS command:

ASSIST , STATEMENT.

Figure 2.6 shows four statements in module CLOSEEX (see statement listing in
Fig. 2.7) which cannot he executed . The JOVIAL JOCIT comp iler does not detect
unreachable code . Detai ls  of these and all  other JAVS reports are given in
the JAVS Reference Manual.~-
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ThIS PAC~ IS BEST QUALITY ?BACT1C4~~~
P2~G.~ ~O~FY F .~4SH.Ei) TO DD.Q ...... ..-~~

. JA YST EXT LABEL COM PUTE (CorPoL)~~ TEST 2 1
TEST CA SE TO TEST L~ SEL PIOBLEi$ S ‘ TEST 3 

~
START TEST 1’ 3
PROC TSTLBL (IDUMflT )$ TEST S ~
I?Zfl IDUMMY I 2~ S~ 

TEST 6 5
ITEM I$~ X I 2I~ S$ TES T 7 6

A AA AA *AAAAA. BE G IN TES T 8 7
IID X a —1 $ TEST 9 8

ALABEL. TEST 10 9
IKDX !NDX+l$ TE ST 11 10
G0TO LABEI.ES TES T 12 II
GoTO LITTLE$ TEST 13 12
IF IRE,I EQ 3$ TEST 11’ 13
GOTO CLABEL S TEST 15 i~
GOTO SLABELS TEST 16 15
GoTO SWTCH ($X$DX $) $ TEST 17 16
£F IRDE iO 5$ TEST IS 17
G OTO EL*BEL$ TEST 19 1$
SWITCH SWTCH a (*LA BEL.SLA BIL .LITTL!)$ T E ST 20 19

1~LABEL. 
TEST 21 20

I$DX INDI+1$ TES T 22 21
CL~ 5E LABEL! $ TEST 23 22

BE G IN 
- TEST 2’4 23

GOTo CL*BEL$ TEST 25 21’
E ND 

• 
TEST 26 25

GOTO ,~L& aELS T EST 27 26
CLAB EL. TEST 28 2 7

IN DX = — 1$ TEST 29 28
GOTO CHOICE ($IXDX .1$)$ TEST 30 29
SWI TCH ~~~~~~ a (DLABEL.BLAB!L.CLABZL.DLAI !L)$ TEST 31 30

DLA BE L. TEST 32 31
I N D I  a INDX+1$ T EST 33 32
GOTO A LA BELS TEST 314 33
END TEST 35 31e
TER MS TEST 36 35

MODULES DEFINED iN TEXT
1 TSTLBL (LABEl.
a LABEL ! (LAB EL )

Figure 2.3(a). Output from New Syntax Analyzer
(BASIC , CARD IMAGES = ON)
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11AM? $ TEsI 37 1
&3 5 .S TEST 38 2
PRoC ZILCI( S TEST 39 3
A R R A Y AI C DET I S $ TES T S~0 14
B E G I N  TES T P~1 5
23 .’s .5E3A 2 E~ D TES T 14 2 6
BEGIN TES T 43 7
X a l S  TES T 14’ s 5
C~ 2S TEST 45 9

ITEM & A & A  I S i.’s$ TEST 146 10
IT EM A A A A  I S 1,.14$ T!ST 47 11
I T E M  A A A A  I 3 1.. .4$ TES T 48 12
ITEM A A A A  I 5 ~~~~~~~ T EST 49 13
ITEM A * A A  I S 1 . . . . . 4$  T E S T 50 114
IT EM A A A J S  I 5 19’s $ TES T 51 15
ITEM AAA * I 5 • I4$ TEST 52 16
IT E M A A A A  I 5 .. I4$ T’ ST 53 17
ITEM A A A A  I S • . , 1’$ TES T 514 18
ITEM A A A A  I 5 • ,. . iê$ TEST 55 19
I T EM A A A A  I S •....1’S TEST 56 20

DIRECT TEST 57 2 1
ASS IGN A 6 OR £7 AND Al TES T 58 22

A A SS I GN B T EST 59 23
C 0 AS SIGN X T EST 60 21e

JOV IA L TEST 61 25
B5D~ A A A S  TEST 62 26
U B S N A A A $  TEST 63 27
END TEST 614 28
DEFI N E BEG ‘ BEGIN ~ S T EST 65 29
BEG T S ?  66 30
E N D  TES T 67 31
IN v O KE $ LABEL . T ES T 68 32
FOR I — kABB (C).DD(t).TF (G~ S TEST 69 33
p B1~C M ANT PA *A 4jETEB S (IN.OUT .C*OSS .$A TCII .AOAII .)$ TEST 70 34
BEGIN TES T 71 35
A 3 $  TEST 7 2 36
END T EST 73 37
T ERM S TEST 744 38

MODULE S DEFINED IN T EXT
3 LABEL (J AY5 0003 )  -

A Bu CK (J A V 50 003 )
I I I A IYP A IA (J 1Y30 003 )  —

Figure 2 .3 (b ) .  Output from the New Syntax Anal yzer
(BASIC , CARD IMAGES — ON.)
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Figure 2.5. Structural Analysis Output for TSTLBL

ITA TEM ENT/DDP A TH LISTING

MODULE <CLOSEEX >. JAVS TEX T <EXTER NA L > . PA R E NT MODULE <EXT ERNAL>

DD— PAT M S BEGUN
5TflT TYPE BY STATEMENT DD— PATH$ CONTAINING STATEMENT

I CLOS C 1) 18 
— — —

2 BE~ W 1
3 AS NT I
14 TORI I
5 NULL 1 3
6 BEGN 1 3
7 FO~2 1 3 5
I BE G N 1 3 5
9 TOR3 1 3 44 5

10 BEGN 1 3 4 5
11 Il C 2— 3) 11 29 35 3! 51
12 TEST 2

GOTO 3
l ’s  A SM? ~~ POTENTIA LLY UN REACH ABLE STATEMENT ***
15 ASPIT ~~ POTENTIALLY UNREACH AB LE STATEMENT ~~~
¶6 END ( 4— 5) 2! 149 53
17 ASPI? 5

EN D 5
i9  END •~~ POTENTIA LLY UN REA C HABLE STATE ME NT •~~‘20 END ~~ POTENT IALLY UN REA CHA BL E STATEMENT •** 

aa14a.

Figure 2 .6 .  Executable Statements Contained on
Each Decision—to-Decision Path
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MODULE STATEMENT LISTING

M ODUL E <CLOS EEX >. J A V S T EX P  <EXTE R NAL>.  PARE NT MODUL E (EXTERNAL )

140: LYL ST A T E M E N T  DD~PA THS

¶ C 0) CLoSE CLOSEEX $ C 1)
2 C 1) BEGIN
3 ( 1 )  *P 1 S
1 4 ( 1 )  F O R J = 2 S
S C 2) FORLAB .
6 C 2) BEGIN
7 C 2) FOR K • 1 • 10 $
I C 3) BEGIN
9 1 3) ICR I • 1 • 1 • 3 $
10 6 4 4 )  BEGIN
11 4 ‘s) IT REAL LO 0.0 $ C 2— 3)
12 C 5) TEST I $
13 6 4) oo?o FORUM $

REAL
15 ( 4)
16 C 4) END C le— 51
i7 C 3) REAL a A 95 C J ) S

8 C 3) END
i9 C 2) END
20 1 1)  E N D  

Figure 2.7. Module Statement Listing for CLOSEEX

2.2 DESIGN OF THE SYNTAX ANALYZER

The Syntax Analysis component (known as JAVS—2) reads JOVIAL/J3 source
text and creates the MDB, SDB , SB , SLT, and STB tables for each module in the
input file. The input file contains one or more START—TERN texts; each of
which may be either a COMPOOL text or program text . The type of text is de-
clared in the JAVSTEXT directive used to identify the text ; this directive must
appear at the beginning of the START—TERN text of a COMPOOL and should be pres-
ent for executable START—TERN texts as well. Each text is processed as a sep-
arate unit and no specific relationships between units (i.e., a program text
referencing names declared in a COMPOOL text) are assumed or identified .

JAVS—2 produces three major classes of information:

1. The Module Descriptor Block (MD±I)

2. The Statement Block (SB) and Statement Descriptor Block (SDB)

~~~~~~~~~~~~~ ~~~~ _ _  
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3 fl~~ Symbol Loca tor  Table ( S L T)  and the  Symbol T a b l e  Block  ( S I B )

The JAVS—2 processor is organ ized  in to  three  d i s t i n c t  p rocesses :

1. An i n i ti a l i z a t i o n  process ( F I N I T )  which  s e t s  i n i t i a l  da ta  in to
JAVS— 2 data s t r u c t u r e s . This p rocess  is executed nce for the In—
put file.

2 .  A text recognition process (FONE) w h i c h  reads tli~ source  te x t , c ap—
tures  DEFINE d e c l a r a t i o n s , expands the  t ex t  fo r  r e t e r e n c t s  t o
DEFINE , i d e n t i f i e s  JOVIAL symbols , s t a t emen ts , and m e d u l e s , c re at e s
en t r ies  in the permanent t ab les  ~~ B , S1) B , and SB , m d  ~ou st  m et s
other  temporary tables  necessary fo r  t h e  text  a n a ly s i s  pr o ce s s
which fo l lows . This process is executed  once for each START—TERN
text in the input file .

3. An analysis process (FTWO) which uses the  t ables  prepared  by the
tex t — r e c o g n i t i o n  process to c o n s t r u c t  the  permanen t  t a bl e s  SLT and
STB and t o  comp lete re la ted  en t r i e s  in the  MDB , 5DB and SB. T h i s
process is executed once fo r  each START—TERM t e x t  in t h e  input i~i ~~~~~

The initialization process (1) defines values for entrie~; in key i t em s
and arrays which describe the JOVIAL/J3 language elements (e.g., c l i s r a c t e r  se t ,
pr imitives , ideograms) and JAVS descri ptive elements (e.g., s t a t e m e n t  t y p e s
and token types) . Since  many of these values a r e  i n t e r r e l a t e d, in ! t L i i  i - i  i n
is b e t t e r  done b~ ex e cut  ing code r a t h e r  t i t a n  by using preset va l ues. This al-
so p e r m i t s  mach ine  dependencies  to he iso L a t e d  wi thin a set ~f 1 )l-J-I N E- s 4 on—

tam ed in all IAVS— 2 comp ilation units.

The text recognition process (2) is concerned prirnar liv Wi tlt analyzing
the source text stream for elementary JOVIAL sy n t a c t i c a l  c o n s t r u c t s  ( i . e . ,
JOVIAL symbol s, statements , and modules) and recording the syntactic descrip-
t ion in the JAVS data base.

- 
- The analysis process (3) is concerned with transforming JOVIAL syntacti—

cdl constructs which pertain to program Ilo w , or c on t r o l , in to the  JAVS st r u c —
tura l descri pt ton , a form which d’-’fines the basic structura l propert les of the
s e s Ir c t •  t e x t .  Since JAVS has no capab i 1 i t v  t a r  d a ta  flow analysis , the r e s u l t  —

ing d a t a  base description contains only control symbols (I.e., modules , labels ,
and switches) and does not c u nt a i n  o t h e r  sy mb o l s  such as i tems , tab les , and
arrays.

The m o d u l e s  of JAVS—2 are hierarchicai1~ a r r a n g e d . A t the  h i  ghest  level
STEPI s e ts  B A S I C  default options , interprets each BASIC command f o r  u s er— s pe c  i —
t L e d  o pt  t ans , and invokes JAVS 2 to process a source file. I AVS2 p r o c ess t s t h e
opt Ions  and invokes the  lower—leve l  d r i ve r  FRONTEND. FRONTENI) first calls

~
- L FIN IT , t h e n  .m I t  er n a te l  y invokes FONE and FTW() fo r  each Sl’ART—TERtt t e x t  nu t  ii

~tn  , i i d — o f - -  t i l e  i s  encountered . At t h e  lowes t  l e v e l  , F I N I l ’  and FONE b o t h  i n —
F yoke modu I t s  which clear core— res i dcnt  work  t r e s s  ( t . g . , A~~A l’ , B ~Al~ , t ’ t c .

m m m d  ;ml I t h re major preeesso  rs Invok e  medu I & s  (M ( J -~’ l and M l’ t i i )  to I e t ch and
st or  t he ~t I R  cu t  rv . i n  I t s  ov e r  I av t e r m , t h e  

~~ 
I ii~a my I i n k  I or  t h e  component

( . 1 -\V S . A t  sh ots Id  eons  ist of STEP I , I A V S , ’ , 1 R ~~N I I -  N I )  mu d  t lie l o w —  I ev I me ( l t i  1. -n
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Secondary links are (1) JAVS2—B , other modules executed with FINIT (e.g.,
IN I T , etc.), (2) JAVS2—C , other modules executed with FONE (e.g., SCET , etc.),
and (3) JAVS2—D , other modules executed with FTWO (e.g., SYMDEF and SYMREF ,
et c.). The memory layout in Fig. 2.8 shows each JAVS—2 link along with the
remainder of JAyS .

2.2.1 JAVS2—A (Primary Overlay)

In the hierarchy of modules , the top is STEPI which sets processing op-
tions to default values upon first execution , interprets each BAS IC command
fo r  u se r—def ined  opt ions , and invokes JAVS2 for the BASIC execution command .
JAVS2 i n t e r p r e t s  the designated processing options , sets flags for these op-
t ions and invokes FRONTEND. FRONTEND drives al l  JAVS—2 processing fo r  an in-
put source texc file. After an initializing call to FINIT, FONE and FTWO are
called for each START—TERN sequence until an end—of—file is encountered on the
input file. The remainder of JAVS2—A consists of “zap ” routines which clear
the various wOrkspaces and modules to handle table struttures (MGET and MPUT).

2.2.2 JAVS—2B Initialization Process Modules (Secondary Overlay)

FINIT drives initialization processing for one input file. It presets
ini tial module values and invokes INIT to ini t ia l ize values used fo r Internal
processing of JOVIAL/J3 language texts. The remainder of JAVS2—B consists of
the initialization modules called by IN IT .

2.2.3 JAVS—2C Text Recognition Process Modules (Secondary Overlay)

FONE drives text recognition processing for one START—TERN text . It be—
gins by Invoking STZAP and JCET for the first JOVIAL symbol. If there is not
an end—of—file encountered at the first symbol , then it invokes MODZAP to crc-
ate the first module and LPUSH to put  the module on the module nesting stack.
Therea f t e r  it invokes SGET for each statement in the START—TERN sequence until

• the module stack Is empty (a condition signifying t h e  end—of—file or a TERN
statement).

2.2.4 JAVS—2D Analysis Process Modules (Secondary Overla)~~

FTWO drives analysis processing for one START—TERN text. The objective
of the analysis process is to construct the SLT and STB entries for control
symbols ( I . e.,  module name s , statement labels , and switch names ) def ined or
referenced in the text and to place SLT pointers for these symbols in the SB
entries. At the conclusion of FONE, the SB con tains the  hash index f or a l l
names and constants ;  the hash index is used to access the appropriate entry in
the temporary spelling table. FTWO rep laces the hash index in the SB by the
appropr ia te  SLT index for  contro l symbols , b y the token descr i p t o r  NAME fo r
any other name , or by the token descriptor  CNST for  a c o n s t a n t .

Special ized al gor i thms are used to scan the SB for  con t ro l  symbols  o n ly .
These al gor i thms  permit  scanning to t e rmina te  as soon as p o s s i b l e  In each
statement scanned , and only statements of types which arc permitted to contain
contro l symbols are scanned. The analysis algorithms permit processing to he
f u r t h e r  d iv ided  in to  two sub—processes: one for symbol declaration and one

21
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20K -

L INK O

40K -

60K -
Use r ’s L ibrary

System L i b r a r y
lOOK -

LINK ) L I NKCM

120K - ________________________________________-

LINKB1 1LINKO LINKS LIN~P LINK2 LINK3 LINK4 LINKS 1 LINK6
140K -

K = 1000 octal

Load Module CONTENTS

LINKO Some ut ility COMMONs, JAVS-0 , part of JAyS-), -10 , -11

• 
~• 

LINK1 JAVS-2A , JAVS-2 COMMONs

LINKB JAVS-2B, MAKTAB from JAyS- )

L.INKC JAVS-2C

LINKO JAVS-20

LINKCM Sane COMMONs , part of JAyS- ), -10 , -11

LINKS STSTOP from JAyS-i

IINKP SIPROP from JAVS-1O

IINKM JAVS-M

LINK2 JAVS-3

LINK3 JAVS-5

LINK4 JAyS-i

LINKS JAVS-9

L!NK6 JAVS-6

Figure 2.8 .  JAVS Memory Layout
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for symbol reference. All modules for a single START—TERN are first processed
for control symbol declaration; the same modules are then processed for con-
trol symbol references. Undeclared control symbols are treated as external
(to the START—TERM text) undefined symbols which are assumed to be declared in
a COMPOOL. This eliminates the need for processing a referenced COMPOOL.

FTWO contains two successive loops, each of which selects the modules in
the order encountered in the original source text. The first loop invokes
SYMDEF to capture the declared control symbols for a particular module. The
second loop invokes SYMREF to resolve references to control symbols and cap-
ture any undeclared control symbols referenced by the modules. SYNDEF and
SYMREF process all the entries in the SB for the designated module. FTWO con-
trols substitution of the hash index in the SB by the SLT index through a pro—

• cessing flag FLTOKEN which is set FALSE for the first loop and TRUE for the
second.

Scope of declaration and reference is handled by module nesting infornia—
tion captured in the MDB during FONE processing. This Information is added to
the spelling table together with a symbol category when a symbol is declared.
If more than one control symbol Is declared for a particular spelling entry, a
new spelling entry is made and linked to the original entry. When a reference
to a control symbol is encountered , the information in the spelling table
(which is now a symbol table) is used to resolve the reference according to
symbol category, scope of reference, and scope of declaration.

2.2.5 JAVS2 Data Structures

The data structures in JAVS—2 are organized into a number of categories:

• DEFINE declarations which establish dimensions, types , and machine
dependencies

• Text buffers and descriptive data for text elements

• Processing flags to control analysis

. Error indicators and loop counts

• Temporary variables

• Tables managed by the Data Management Component

• JAVSTEXT, Module , and statement information

• • Symbol dictionary, including a hash table and spelling table

All declarations appear in the JAVS—2 CONPOOL except for local temporary vari-
ables . There are no preset values la the CONPOOL; instead, each constant used
in processing is declared in a DEFINE or is set during execution of FINIT.
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2 . 2 . 6  JAVS—2 Text B u f f  s and Descrij1tivv l)ata

Source tex t  being processed b y J A V S — 2  moves t h r o u g h  a ser i e s  01 b u l l  e m s
or workspaces In the  course  of t r a n s f o r m in g  card I ines to JAyS St at  ement
blocks . An overview of this process is shown in Fig. .~.9.

GTCARD reads the source text ,i card I i  t ie a t  a t l ine I rem t lie input I It - ,

places it in the input I Inc workspace IS , and sets the number ol chs.s ra ct t- rs ii i

IL .  The input  l i n e  po in te r  IP is i n i t ia l  i zcd  to the first ch i a r i c t e s  i n  I S  and
is incremented as each: character is drawn from I S by TGET . W h i & t i e v c r  t l i e  l i n e
is exhausted , TCET invokes GTCARD f o r  t h e  n e x t  I Inc. If the end— of—I l I e  i s
encountered by CTCARD , IL is set to a large defau lt v a l u e  (e.g., M I ) .

TGET always moves the current input c har a c t e r  i n t o  t h e  ext e r i i - i l  i n p u t
text workspace TS. If 1)IRECT code is be lug processed , cacti new I I t i c  i s  moved
directly to the J A yS Statement Block. The type of input text c ha r a c t e r  is set
to  one of the foitowing: TTEMPTY , TTCHA R , TTENDF I LE , or TT EN D L I N E .

CCET interprets the input character in  TS and converts it to  .111 internal
JOVIAL sign CS. The type of internal JOVIAL sign is set to one of the follow-
ing: CTEMPTY , CTBLA NK , CTLETTER , CTNUMERAL , CTSPECIAL , or CTOTHER . End-of—
line and end—of—file characters are included in th e  set of permitted v a l u e s
for  CS.

CB~~ VE adds a character from CS into the  bas i c  .JOV IAL e l e m e n t  workspace
BS as directed by BGET. BGET also assigns the type of basic element BT to one
of the following : BTE~~ TY , BTALPHABET IC, BTAL PHANUMER I C , B l ASTS , BT IDEOC RAM ,
BTNU?.mER, BTSPACE , BTTEXTBREAK , and BTUNKNOWN . If JOVIAL text is being pro—

o cessed , BGET ignores end—of—line characters; if  DIRECT text is being processed ,
BCET recognizes end—of—line as a basic element.

BJMOVE adds a basic JOVIAL element from BS to the  JOVIAL symbol JS . A
JOVIAL symbol consists of one or more basic elements. When processing a corn—
ment or a string of characters in a textual literal , CJMOVE adds eac h charac—
ter to .JS from CS , bypassing the use of BS. JCETSYM and JGETC OM c o n t r o l  the
construction of JS. The type of symbol JT is al so s e t .

Text from .JS is added to the JAVS Statement Block workspace 1w JSMOVE
and from there It ultimatel y goes into the data base. While processing a
DEFINE declara tion , text from JS is added to  the 1)EFINE descript or workspace
DS by JAI~EVE. Symbols of type JTNAME and JTCONSTANT are also entert’& t i n to  the
spelling workspace SS by JSAVE.

When expanding a DEFINE r e f e r e n c e  ACET r e p l a ce s  the referenced DEFINE
name in JS b y the sequence of symbols previously saved in DS. Nested DEFINE
references are permitted , al though r ec u r s i o n  is not .iI lowed .
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WORKSPACE DATA FLOW SYMBOLS IN SOFTWARE

SOURCE DEC K 
(_____ 

F II I
~~hTCARD

INPUT SOURCE LINE I H IS IL IP IT IN
~~~~~~~~~~~~/TGET

EXTERNAL TEXT CHARACTER 1] IS • IL IT
- 

— 

. 
~CGET (JOVIAL )

INTERNAL JOVIAL SIGN ~ fl CS CL C.

~ ~~ r71~
CBMOVE

BASIC JOVIAL ELEMENT 
~ 5 [I] l i i i  BS 81 BI

~~~ 
1

A
~ JMOVE

JOVIAL SYMBOL -•1 I r— JS JL JP Ji

/
~~MOV E

JAYS STATEMENT BLOCK -...-
~ 

j j J ~ SB

DE FINE DESCRIPTIO N —[
~~~~~~~~~~ J

..u,.-- 
~ DS DL OP ON OF

DEFINE TOKEN —j j... AL AP AT AF

SPELLING SS SI SP ST

Figure 2.9. Flow of Text Data
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Forma 1 acceptance t e s t  in~ had th ree  d ist Inc t phas es: a f  unct  t o n a l  t e s t
several  o p e r a t ion a l  so f tw a r e  t e s t s , and p a t h  coverage  t e s t s .  l’r ior to in s ta  I —

lat  ion of the new svnt  ax ana l  v zer and t he e t h i c  r mod i f  led c o m p o nen t s  at RADC ,
the JAVS— 2 component underwent extensive debugging tests.

J A VS— 2 was developed at CRC in S a n ta  B arb ar a  u s i n g  t h e  CDC J O V I A L  .1
comp i i c r .  When each of the  two processors  [t e x t  recognit ion (JAVS2—C) and
anal vs is (JAVS2—D) were designed and coded , t hey  were  executed wit h: large
q u a n t  it ies of JOVIAL comp I l e r—v a l idat  ion code . First , .1AV S2— (~ was i n t e r l  aced
with the sv n t  ax a n a l  vs i s  d r i v e r  and JAVS u t i l i t y  and data  manager  co m p o ne nt s .
This subset of the sy n t a x  a n a l y z e r  was then tested fo r  i t s  p roper  f u n c t i o n s ,
such as breaking START—TERN sequences into modules , identif ying JOViAL symbols
and statements , expanding DEFINEs , e t c  . O u t p u t  fo r  t h i s  process came f r o m
JAVS ’s cap abilit y of p r i n t i n g  a l l  in te rna l  permanent  t a b le s .

After JAVS—2C performed a l l  i ts  f u n c t i o n s  p r o p e r ly , J A V S — 2 D  was desi gned ,
coded , added to syn tax  a n a ly z e r  subset , and t e s t ed  the  same w a r .  F o l l o w i n g
proper performance of both processors , interface and testing with the o t h e r
JAy S f u n c t i o n a l components  was per fo rmed . I so l a t ing  and t e s t i n g  the software
in thi s manne r prov ided speed y detection of errors. The operational version
of JAVS was used to obtain indented module listings and symbol cross refer-
ences as an aid in implementing the new version of the syn tax  a n a ly z e r .

A source input file was created which contained all JOVIAL J3 module
types , statements , control constructs and JAVS directives for usage as the
test object for the functional and p ath  coverage t e s t s .  The f u n c t i o n a l  t e s t
was performed on the CDC 6400 to be used as the  s tandard  fo r  the  t e s t  on t h e
HIS 6180.

Transfer of the  syn tax  ana ly zer  and other modified components (structur—
al , instrumentation , and retesting assistance) to the IllS 6180 which uses t he
JOVIAL JOCIT comp iler required about 30 source line changes , some of wh ich
were machine dependencies (e.g., word size in hits and charac t e r s) .

3.1 FUNCTIONAL TEST

The purpose of the functional test was to d em o n s t rat e  c o r r e c t  p r o c e s s i n g
of all JOVIAL J3 constructs , verify the reduced primary memory requirement ,
and demonstrate all enhanced JAVS features.

For a var iety of reasons , the new sy n t ax  analyzer was desi gned t o  per-
form a few operations differentl~’ th an  t he  f ormer syn tax . i n . i l y z e r .  Some e t
these operat ions  are: (1) store only contro l svmho I s  In  the  Svmbo 1 Lo&- .i t or
Table (SLT) ,  (2)  parse  labels on B E G I N  and END statements as s e par a te  St i l t —

ment s  of type  NUL L , (3)  do not d ist  i n g ui sh  (as f a r  as s t a tem e n t  t V p t ’ is  con-
cerned) between an Item and a t a b l e  i t em , ( 4) parse comments  aa •i s i n g l e  t o k en .
(5) collect a l l  comments w h I c h  f o l l o w  a J O V I A l ,  statement ( i . e . ,  t o ! h o w  .i

o t h e r  t h an  a B E G I N  or END and s t o r e  them is p ar t  of t h a t  51 .It t ’meut • ( h) 51 e t c

.i comment wh Ich f o l l o w s  a BEGIN or END as a sep ar at e  st,it omen t of t vpe COM’l’
In add i t  ion t o  these d i f fe r e n c e s , the  new syntax ana Iv~ c m  renioved a I I ot  t h i t ’
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former res t r ic t ions  l isted in Sec . 1.2.  Thus each of these specif ic  desi gn
changes were considered as areas for stress testing.

In order to demonstrate functional correctness with a minimal amount of
computer resourc es and printout , these procedures were followed:

1. Develop test object

— Include at least one of each type of JOVIAL construct with the
least amount of dup lication of types .

— Include constructs that would invoke JAVS error processing but not
cause a fatal error.

— Include JAVS computation directives to ensure proper parsing of
these constructs

2. Generate JAVS Command Set

— Print syntax and structural tables following syntax and structural
analy ses

- Perform fu l l  instrumen tation to demons tra te proper expans ion of
JAVS computation directives as well as structural instrumentation .

— Include commands which would invoke each JAVS overlay load module.

— Use a mixture of macro and standard commands.

3. Execute the testing using the job control card setup provided in
the JAVS User ’s Guide 1

4. Analyze the output

— Verify all JOVIAL J3 module , statement , and control symbol types

— Verify correct generation of DD—paths

— Verif y all generated JAVS error messages

— Verif y proper instrumentation

— Verif y correct execution of all enhancements

— Verify reduced primary core requiremen ts 
—

The test object consisted of approximately 600 JOVIAL source lines. The
JAVS report (which concludes all JAVS execution runs) in Fig. 3.1 summarizes
some of the characteristics of the test object. The JAVS command sequence,
after expansion into standard commands, is shown in Fig . 3.2.
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C P ~~ATE L I D S , & R T S T E S T .
ST A
~A S I C . ~~O~U tENT Sa O~~.
B) . SI C .
FO R L X ~~R?~R Y .
STRUC TURAL .
E N D  FOP .
FOR LIBRA RY .
PRIPT.nODULt .
P R I N T .  SDS.
PRINT . SLT.
P R I N T .  s IB .
PRINTIDOP.
PRINT,00phT)js.
EN ~ F O R .
FOR L IBRA RY.
: Ns TFA J IIENT . PIODEOFULL .
N~ TRUMEKT .

E~i D F O R .
p NT,..TAvSTEa~TrrVSTALL ,I$sTRUMfl~TED~ ALL .
PBINT .JAV S°ELXT E).PROGN , INsTau~irNTE DaALL .pRINTgJAv STEXT rEXTE AL .X,~$~ RUwSNTEDaAL L .
ASSISI.CBOSSRZF .JAVS XTSEXTERPAL .
ASSIST . CRO SSREF . J.IB RAR Y .

V S TE XI a TSP
FCR ~AvS rS~~T.
A CS IST .STATE ~ tNT S.
£ P 0  FOR.
Z ,E P Z N D E N C Z , G R O U P . L I B R A R T .
D E P L N D E N CE .GROU P .AUXL IB .
DEPE WDEN C E . S U M P I A R T
END.

Figure 3.2. JAVS Commands for Functional Test
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The report in Fig. 3.1 was used to v e r i fy  r e co g n i t i o n  of all module
types. Statement 

~~~~ 
recogn it ion was ver i f ied b y a n a l y z i n g  the “STMT CLAS S”

and “TYPE CODE” columns of the table printed in  Fi g . 3 . 3  f o r  severa l  modules
in the test object. Verification ot con t r~1 symbol recognition was performed
by analyzing SLT and STB tables  f o r  severa l  modules in the test object , such
as those in Figs. 3.4(a) and (b).

D D —p a t h  genera t ion  w1,s demonst rated by printin g the DO—p ath t ab l  &‘ .-rnd
definition reports , shown in Fi gs. 3.5(.i) and (h) , f o r  S C - v A - r a T  m o d u l e s .

Reduced core requirement was ev i d cn t  on the c ompu te r  d a v i  t I C ’ f o r  t h e
f u n c t i o n a l  test. Proper instrumentation and imp lementation A l t  enhancements
was demons t r a t ed  b y a n a l y z i n g  JAVS r e p o r t s  produced  by the  f u n c t i o n a l  t e s t
run . Compar i son  of execu t ion  t ime  and st ’co;l,iarv s torage  r e q u i r e m e n t s  b e t w e e n
.JAVS w i t h  the new syntax ana lyze r  and the t o r m e r  one was not  poss ible  in t h i s
particular functional test , since t h e  t e s t  ob jec t  q u i c k l y  produced a fatal er-
ror when the attempt was made to run with the former version of JAVS .

Two errors s t emming f r om the syn t a x  a n a l y z er were uncovered dur ing  the
functional test. One error was the improper number of elements being initial—
ized in an array. This would have been detected during debugg ing , except that
deb ugging took place using the non—overlay version of JAVS on the CDC 6400.
The extra elements being initialized were harmlessly resident in unused core.
The other error was caused by correct module c l a s s i f i c a t i o n  fo r  f u n c t i o n s  as
type “Fl’NC .” The former syntax anal yzer  c la ss i f i ed func t ions as “PROC .”
Thus , dur ing  s t ruc tura l  a n a ly s i s , modules of type FUNC were not recognized.
This was not detected before transfer to RADC because a function examp le had
not been included in the test, object . These errors required onl y f i v e  sour ce
line changes in the syntax and structural analyzers. The functional test was
repeated on the corrected JA V S execute (*H) file.

3 . 2  OPERATIONAL TESTS

The operational tests took the form of running a small computational
program (used by RADC for installation checkout), JAVS self—documenta tion
runs , and analys is of “foreign ” JOVIAL code supplied by RADC .

The operational program ’s ana lysis helped provide data to compare com-
puter resource d i f f e ren c es  between the  former  and new versions of JAVS and
v e r i f y t h a t  the  f u nc t i o n ., 1  pe r fo rmance  was the same.

JAVS d o c u m e n t a t i o n  runs were made fo r  each m o d i f i e d  JAVS s o f t w a r e  com-
ponent. These components were : the syntax analyzer (JAVS—2) , structural anal-
yzer (,IAVS— i ,—4) , ins t rumen tor ( J A V S — 5 )  , and retesting assistant ( J A V S — T )
Each documentation run produced the l i s t i n g s  s pec i f i e u  fo r  computer documenta-
t ion in the S t a t e m e n t  of W o r k .  This and the  s e l f — d o c u m e n t a t i o n  runs genera ted
under the previous contract , together with the ~y~,tem Des ign  and Imp lementa-
t ion Manua l ,5 make up the comp lete computer program documentation for JAVS .
These runs provided additional data for compar ing  c o m p u t e r  r e sources  b etween
the  former and new v e r s i o n s .

30

:--
~~~~~ 

T ~1i ::T :T~T ~~~~:: jai~~~u~~



- - -

I I
S S
I I

I 00 I 0 0 D 0 0 0 0 0 0 )’ Q  0 0 0 0 0 0 0 0 If l ’OQ’ OOSf l ,O Q QO  5
.41. I S
5-c I S
Z XI
I— a l-. I 5

E S  I
I a
I S
I I

S 00 I 0 0 0O0 0 0~~~O D0 3 D . f l9 M 0 a’ 0 3 D 0O O Q3  0 0 000  5
00 1’. 5 a’s ‘— CI C’S (‘4 (‘4 4 (‘S I
‘i Do l 5
5. I I
* x I  I
I-S I-c I IE S

I I
I S
I I

p-l u) I 0 0 0 0 0 0 . 3 0 0 I q 0 0 0 0 0 0 0 0 0 I’ )a 4’ 1 004 ’ )0 00  I
5.1 00 5 I
3 D Q . S I
. 4 5 1  5
. 1 0 1  I

I I
I I
S I

L I  

_

,
c u )  I 00 0 00  O0 . 0 0 0 0 0 0 0 0 0C C0 C C  0 0 . - 0 0 0  I

A 0 .-i l I
5 0

-I . 4 5  I
3D . 1 1  I 0.
.3 I I
I. I I
U) I I (.1
54 I I
w (‘1 ~~ I — r— r~- ‘— a. in ‘— a’ ‘4) ICC 5— F’- N QC Oi a’ N 0’ 0’ .‘ ,4) 5 . 04) . 44) I”) in

1) 14 I Cl 3 D0 0  F”- 3 D 0 ’ N ai0 W 0 C C C C  I
5-i 0 I . C C .- .— ,’- .— . - - . 4 - .  (‘S (‘I (‘1 (‘4 (‘S I’) 0’) 4~ 4’) ~~ I
p-i ~~~I I
~~ H I  4.1
a I I 0
o I 5 w

a a
S I

1-c I 5 4.3
~~ U) I N a ’ 3 D 3 D~~~~Cl~~~~~~~~~ 4)’O 4 ) 4) a ” 3 D 4 ) 4 ) a ’ C C O C C C 4 ) C C I ’ 1S
Ml 00 5 CC CC CC 4 - 4  5 4J
00 Do S  I
.4 I I  I
P. 0 5  I

• I I
A I 5

~~~~5 4 - 4) a ’ 0~~~~~~~~~~~~~~~~~~N J ~ 0Ifl ’ 3 D N W a .O C C ( ’4 5
s-i ~ I C C C C . C C C C C C C C C C C C C C  Cl (‘4 C’S Cl (‘4 (‘4 5 34) 4’) 5 W
5-i Z - I  I 1-4
3D I I
00 0 1  I
i.i W I  I .,,4
V 4 1 1  I

0 I I
E I-. I S
5-4 14 I I
I-. Si 5 - 3 1 4  1 0 04 0  0 0 0 0 0 0 0 0 0 0 0C ) 0 00 0 00 0 0C C 1
1) 54 ii. C-) I 0 00  C) 0 0 0 0 0 0 0 0 00 00 0 0 0 0  C) 0 5
5-4 SI) 54 0 5 •- C C C C C C C C 4. ’ C I C C C C C C C I C C C C C C C C C C C C’ C C C C  5

~ I •U I  5
‘-C S I
5-)

0 I I
1-9 4 I 5
A, A 5
1-4 I 5
0 H U)  I H H 5 . L .X~ E . 3Z H H . 3>( Q0 ~~ )4~~~ H 0H~~~~~~5 - 3 0  E S
U .1 E U )  5 0 0 E 1 G 0 ( 1 4 ,- i~~~~EE 0 5 4  1-1 1-4 ’,) S I U ) E H E U ) 4 1 E 5 . 0 3 D  I
4) 3D 1-4 -C S H 0 5 4~~~ H5.~~~ W 4 ) 4 ) H H 1 4 0 O H 5 - .H~~~ 1)0 u ) H z 4 ) 0 Z g 4  I
as .1 I a 3D.4 H~~~~~~~~ 54 a . 4 o 5 - 4.coI . l s-c I
C) 5-c a S

vi I I
I’. H S 5

V S I
54 5 S
E Si S I
Si .1 • I •- (‘4 44) ~ in ‘o N 3D 0’ 0 — Cl 0’) l~ ICC ‘0 N 3D a’ 0C C  (‘IS .3 4) ‘0 N 3D *SO 7 0 5 ‘ 4 - 4 -’~~~~~”~~~~~~ 4 - 4 -  I~’4 (4 (‘4 ( ‘ 4 (4  (‘S Cl (‘4 I’S 5
4 0 Z - 5

p.c 0 5
E I

31

~~ 

-.-~~~ ~~~
--- --- -- -,.—~ - - - -

~~~~~ - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ — - ~~~~~~~~~~~~~~
- - -

~~~~~~~~~~~
, -

~~~~~
-
~~ 

- -  - - - -
~~~

- .



1T 
-

~~~~~~ -‘ 

— -
— _ _ _ _

I
5T 1 S D A 0AS~,g LISrZI* G

ia~~Uj ! < T S ~~ LBL ) . , J A v s : Y X T  ( t A 8 L L  ). F A 8 ~~%T SIQOUjg <t5?L8L >

$3 . S7’I ~~3 L 1 4 3 IS S 6 1 I 9 10 11 12  13  14 15 16 ¶ 7  ‘II 19 20 22 j
I ~ $ T . .5L  I C L I I . P 0 0 3  0 0 

— 

Q 0 0 0 0 0 0 0 0 4

2 A A A A A I , A A  1 L I ) C L  L~~!L 0 0 0 0 0 0 0 0 0 0 0 ‘7
3 ~~ B E I .  I tac t .  L , B L  0 0 0 0 0 0 0 0 0 0 0 10
~ S IT C$  3 LO Ot .  0 i 5 w  3 0 0 0 0 0 0 0 0 0 0 19
5 b . , $ ~~I. 1 LOC i . L93 1. 0 0 0 0 0 0 0 0 0 0 0 3~6 CL~ aE. 1 ta Ct .  LA S t .  0 0 0 0 0 0 0 0 0 0 0 22
7 C 5 ’ 0 3 0  3 1.33. 1155 45 0 0 0 0 0 0 0 0 0 0 24
e D t a B ! .  1 LOcI.  t A l l .  0 0 0 0 0 0 0 0 0 0 0 25
q L I ’ I L E  3 Cl ~I~~ c~ Ti 0 0 0 0 0 0 0 0 0 0 0 ~2

1~ X~~A 3 I . 3 C ?~P L CIII 0 0 0 0 0 0 0 0 0 0 0 1*

(a)

£111531. L0CATZ0$ TAIL! 1.158110

noDUt g <- rsTz.st. >. J A Y s~ !xT < L O B E L  >. P A l E S T  110001.1 T SI L B L  )

$0, $111601. 113D m .! J A Y S I ! X 1 °  513 FI l l ?  L A ST 1011316 
—

I I s T L I L  O ,I I t.S!. L IBFZ .  I 55 8 1 5 5
2 A A A A A I A A  1571.5!. L A B T , L. 2 7 ‘7 I 5
3 A t A I l L  T s t L e L  r . a B E L  3 I Q 26 55 10 10
S 3wT~ M ?ITL3L LOBLL  II 9 19 2 16 16
$ I L S I E L  T S T L B I .  L A B E L  5 iS 24 S 15 13
O C L A B E L  IsILsI . L o B E ! .  6 ~SI 355 3 ¶ 5 -  III

- - 7 Ct ~0ICZ ISTLEL 1.ABEL ‘7 23 25- 2 19 19
• Dp - &~~t !. 1511.01. LIlT! .  I 2~4 23 3 20 20
B L~~a tLE Ls, Bt t!  L B E L  I 11 11 1 11 11

1i~ 10 L I T T L E  T s T L b L  L A B ~:L 9 1 2 10 2 12 12
¶ 1  31.8511. 1S7 1 3 L  L A B E L  10 i i  i S  I iS 

- 
I I

(b)

FIgure 3.4. Control Symbol Description
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DD—p ath generation was demonstrated by printing the DD—path table
and definition reports , shown in Figs . 3.5(a) and (b ) ,  for several modules.

DD..~ A Tx TABLE LX STXN G

1CODULE <T STLBL > . .3AVS TEX T (LABEL >~ TA l ENT MODULE <TS TLB L >

is? !N D PRO TOP PA R X NO, OS
$0• ST ST EOG COM IND LVL DO 1ST ST 4 I11DEX STAT!ME~ TS ON OD—PAIM

1 4 2 8 7 0 1 0 0 0 8 1 4 7 8 9 10 11 12 28
2 13 23 3 0 1 0 0 0 4 9 13 14 22 23
3 i3 28 7 0 2 0 0 0 8 13 13 iS 2~ 2 1 10 II 12 28
*4 16 28 5 0 1 0 0 0 6 21 16 19 10 11 12 28
5 16 28 7 0 2 0 0 0 8 27 16 19 20 21 10 11 12 26
6 16 28 2 0 3 0 0 0 3 35 16 19 26
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~ i7 28 6 0 2 0 0 0 7 44 17 20 2 1 10 11 12 28

10 13 28 7 0 1 0 0 0 8’ 51 23 24 25 26 10 11 12 26
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i~ 23 23 3 0 3 0 0 0 4 67 23 24 22 23
13 23 28 7 0 4 0 0 0 8 71 23 24 25 26 10 11 12 28
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23 214 25 26 10 Ii 12 28

(a)

N000 L I  DD PATI D E F E M I T T I R  LI1!I$G

NOD U L E <T I T LI L >. JA YSTEX? (LIBEL ). P5-PER T 110001.! (1511.31. )

10. A W L S T A T E H Z I ?  01—18111 3 U$EPAT!DH
3 C 0) SlAB?
S 1 0) floe 1 1L$L C Ilulisi I $

~~ ID—PAIN IS PIOCEDV I ! 11111

13 1 1)  IF 0000 t~ 3 $ •‘ 00—18151 2 IS T R U E  • P A A C H
5-’ ID—PAT H 3 IS FALSE B R A N C H

1. C 1) 0070 BO TCH ml isox 1 S
5-’  D O — P A T H  5- IS S W I T C H  O U T W I T
5-~~ Do — P ~ T sm 5 Is 51101CM O U I 5 . A T  2’
5- ’ D O — P A T H  6 IS 5W~~C*l 0 U 1 ’ A l  3
‘ D O — P A I N  7 15 SWI ~~C$ O U T W I T  S

1 7 1  Il IP IUDE E~~S S
5- 5-  D O — P A T H  S IS T R U E  5 6 5 - R O N
5- ’ DO—PAI N 9 IS PALS !  I I 4 X C N

19 1 1) SWITCH 5111011 — C A L AB E L  , IL AUL • LITTLE 1 5

23 C 1) 070 COOleR CS xu ox . I 5 )  5
‘5- DO—PAT H 10 IS SWITCH OUT WIT
5-’ DO P A T H  I I  05 S W I T C H  O C I W I T  2
•• DD PA T H 12 IS S W I T C H  O U T W I T  3
‘ OO P A T H  13 IS S W I T C H  O I f l W A V

•‘ 00—15 -15- jIi IS 1111706 O U T W A I  S
2* C I )  SWIT CH CHOI C E • C o L o S E L  • 11.8131. • 01.5-311. • D LA IZ L I S

3. C 0) StIl l

(b)

Figure 3.5. DD—path Information
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I
Add it  on.! I op ’r . i t  l omi a  1 t to ts were made on .IOV [AL source i-;tIppl I ed hr

~-\P C . Iii I l i ’’ t ’ t i ’ - t , t lie t est  oh ‘et ii w e rs_ - subse ts  of  p rograms . ‘I’he t -s t
oh .-

~ t n e l -  F t ’, -o  - ; -  d t liv igh I not r t smt -mi t  i t  ion  an d t he I u sE  rumeut  ed I i
r . i- - -n- tl t ‘ I I . - ,R1C I l ’  t ’oiup I er .  A t  t it [s ot agt ’ , I nst rnmt-li t ,st Ion L- rr o r o  became
t ’~ ’ I I , l l t  . l i l t ’ i ’*’ i , ’ l -  w e r e  due  t o t h e m t s e n c e  of  lon g  t o k e n s  (eonflhlm ’ii t t - , In
I i i  i-i ~~ I i 1 (~‘ii  i t ’ l i  t t ’iI( ti m ed t ’ i i t  0 t h e  next I t u e .  ‘I’lis ’ problem al’oi-;i- o m l l ~ ’ t mm F
‘.1 - i i  1 0  ~- . ‘dii i ‘ t hi. ’ 1 t i n t  rismen t ed (~oii t F i )  I kevwo id t ’ i h i  i l l ’s t o  ,i ’i i FE I ’I’hl .

, ‘ l t i ’ t i m  I 0 - - l i ne I I t ie  o ~1i- O~I er e x t  m ,R - t It it i ot  s t tu l ’ ce , i i i  e r ro r  i n  his  1 1( 1  l ug  a
i- i ’ I I l i t ’ I o i -  j iith-iit ed p r i n t  l u g  W,Is ~le t  vet ed. Bot Ii t - s ~i~or s i- e q u ir e d  a Vt - t v

O~ ’ l t t t  ; .t ot i ’ l l  t i l i l i n t  , I n t ’eS to i~taii i t ’st  th ie i i i s t ’l  \O’o  . I’Ite t iew s v i it a x  . 1 1 1 - i  I V:et ‘5
i i  - s e t  - r I St  e o I par s  i h g  ,m commen t  as a s i ig  I e t ok e i m  w i n  t l ie  t ’.i t a I v st

Fh -oi - em’ r oil; wi-ri ’ correct ed , t i m e  lierat lona 1 t est  S Fi ’hIlli W i t  ii  no Ci ll i l—

P t  i t i  - i  I ’  i n , 411 ( 1 t l ie mod if I etl .JAVS ~‘onipon ent wi n redocument ed i’v , 1AVS

1 . 1 I’AFI1 (iVERA~ E ‘l’i-~Sl~

r u e  ~i~i t l i  t’ V , i i ~t ’ ~‘,oa I ‘~o~is to d& t~’ rut tue what p a r t s  of t h e  sm t a x  au ;! 1 ~‘
—

;~ ,‘ i  had no t  \- et  I,ven exvm ’c ised hr a dat a net wh I c l i  s l iomi l  d 0- e p re s e t ot  a t u  I I
range o t ,IIW [A l  svut  a x .  A n y  i-out ro I p a t  u s  h o t  t ’xecut  ed were to he ana l  v ;~ i ’d

l i m e  5i ’ I t —d octmme iit ~l t  iOn OmI t put I t ’ i  ,lAV~ — 2 W,15 1~CV I eWeil to lie i p choose t h e
t e st  oh j i ~ t - t  s. l i m e o v i l t  ax  ana 1v~’.e i -  ( J A V S— _’~ coil s  1 st s ot  I 2 1  I l i o dl i leS  I i i  2t )
S l’ARi’ — li- EM setIth e lmi -en , [sic I nd I i i~ t lie  (~OMl’ (1Ol , . M ;m n v of t im ese  START— TERM s ~ire
I 0W’~ I s - ye  I ron t I nes wlm I i’h coi i  t a in on 1 \ oUC t 0 three 1)0— pa UI S and .t r e invoked
IIi;ifl\’ t I t iles . Ili e compti t em ’ ami d  Imt t i i i an  FesOlm ices req tiEred in an;i i y z ing  these
r o u t  i nt ’s , t he I iii ’ & l hi  vet i  I em’ e 0 t a d d i n g  t ime _IOC IT— requ I red contro l cards to
ea cli i t i  n r i su i e u i  t ed STAR’l’— ’l’ERM seq uetic ~‘ _ and t lie kn ow I ed ge t h a t  t h e  Ii ighe r I eve I
- l -\V S — $ ‘  int l J -\VS —2 1) suh eomp one m.  I n v o ke  fliO S t 0 t t l i t ’ low— I eVt ’ I r ou t  iii ~ s Were
t i m e  ~t t s t  i t  t e a t  io n s I o r  t - l i o o s I n i ~ .~ \VS2— C and ,1A\ ’S—2l ) as t e s t  t ’h j e c t s .

F I t~i i i ~~’ I . t~ si loWs t lie ver a  11 flow of ac t  l v i t I vs p e r t o r m e d  to  o b t a  j i m  p a t h
, t ’V t ’ F , i k ~t ’ rt ’sul  t s for t i m e  t w o  smihco i t i i i o l i e i i t  s .  Time first step i n  o b t a i n i n g  p.~t h
i’ove r , i ce  r i- s i t !  E s  ~~;i5 t o  hit i f Id a datab.ss~’ 1 i h r a r v  and In s t  r u me nt  ,1 A \ S 2 — ( . B o t h
t e s t  ol~ jee t 1-i we l t ’ rut on t I m e  d a t a b as e  I i h l - l i r  I or e f t  t c f i ’iic\ ’ p t l r p i ’s e s  Each
no f t  w;m re suhcon ipo nen t was t hen  t e s t  ed sepa r:s t C I V ii I uicv ~l 1\VS 2—C and .1 AVS 2—1 ) a r t ’
f u n t -t  1 ~‘iia  I I \‘ ii 1st iiic t i t i t i  do n ot r~ 5 I di ’ in core at t he saut e t ime

l i t i ’ hOO—l l ilt’ n o l h m - i -e p r o g ram  used I l l  t hit ’ t (hlmt ’t t o nal  t e s t  was t o  be t imi ’
(~V I Al - 1’ i~~’g ram used in  out ’ of the two uplit 5 to the t eSt execut I on pl m ; m s e  - ‘Ihie

ot 11cr i np u t was thit’ ,l .-\V S t ’omum;s i id se t

CRI - A’l’E L I  BRAR’I’ i l- E l

S ‘ I A  R I’

flt - 

tt;\~~I ( ’ . 

- - -

~~~ 

-
~~~ h i t ’ I nI l - ‘ i i  - c  p rt l ) ’ , l ; m n l  u t - q i l  I red t o o  u n it - l i  t - t lmpilt er l ute , i i i , i  M i l l  I I m I s ’ sl ’, i i ’ ( ’

I t ’i l~~’ l l  j o t  I C  . m n , i l v n i - ;  of ,l ,\V q - •‘t ’ . .1AV S— $( pt’rtorllls s y n t a x , i i i , i I~ ’n i s  ,s t  t hi t ’
5-
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(PROBE , 1 ~ I JAVS2-D
[_ CO~ 1AND ]( JAVS2-C _______________

L 
_____~~~ SOuRcE 

~ vs 

~~~~ JAVSH

~~~~~~NDS

INSTRUMENTED INSTRUMENTED
JAVS2-C JAVS2-D

_ _ _ _ _ _ _  

~~MPILER~J... .

(REMAINDEi1— -a--I

[~_
oF JAVS — — .a4 LO A DER
BINARIES 

_____________
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- 

~~~~~~~~ UIIONJ~~~~~~~~~~~~

~~~

[ACTIVITIES FOR 1IAVS2-C .i~ T COVE RA
~~~~~~1

[~~TIVITI E S FOR JAVS2-D — — --
~~~~~~ I

Figure 3.6. Flow Diagram of P ath Coverage Tes ts
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clia roe t e r and svmho 1 l eve l  and thus  exec Ut  i ’S slow I v iii it s fits t rttiiiesm I ‘d t o  i~i l l .
‘I’o redu ce r e s o u r c e  requ  I rement  s , t im e s o u r ce  ir og  ran  was s - u t  t o  _ ‘( f l )  I I t o - n
I cay I i ig  out  silt - il Jt)V I AL t oils t r u e  t s as I t ern  sw I t cli , I unc  t i o u , I n pu t  p~ i r , ins -  E t ’ r
nt’s ted I ) E F I  NE , l’xponen t i~ i t iOfl , ;snd Ot t;! I coiis taut

IAVS ;lna I vs i s  of the two execut ion t r a c e  f i l e s  , gi ’ii& ’r;st i’d f roum us jug
he 20t)—l time source  program .ms dat ;m , shows-il t Im;m t an over;sl I n~ % ol thit- 1 ,201

l)l)—pa th is in ~i AV S — 2C amid -I AVS 2—I) were e x t - r i ’ i sed . ‘I’he o v e r a l l  s t a t  ement i - xci- ii—

t ion  ,‘,‘ vt - r a t ~t ’ Was 731 out of 3,055 ext - i -u t a h  It’ s t  - i t  etneti t  s ( I , (~~ 2 total source
st ; lt e i i i en t s )

O n i - i n g  In s t  r un i e n t a t  ion , the u ser spec 1 f f  i-s a t estcast- boundary v i a  a
1 AV S command .  OC t lie two covi-rage - i’st s , I lie l)ouimd:I rv was p1 aced In t lie

~i r i v e r  modu It- s f o r  each suhcontponen t . ‘ft is t’ ; i ( h s ’d  t h e  cxi’t - Ut  Ion of each
S i’A R’I’— TE RN sequence to he a s e p a rat e  t i- s t  case.  ‘h’hums , time e f f~’~ is I spec t t  l i
EM,’ I Al ,  st ~it  ement t y p e s  con I ci be asia l v  zed in  terms of w h m a t  I )D—p a t h i s  w ’re or

were not  hit . ~J u m d  Ic i o us  t e s t  case hounda  ry di’ 1 Lu I t Ion can a i d  in tIme ‘rot - ess
of mod i Iv i ng input data f o r  s u b s eq u e n t  t e s t  ing.

The -ton r e t ’ code for  ti le ’ f i r s t  t est ease ( I . e . , t h e  START—TERN source  i n —
p u t )  is shown irs F i g.  3. 7 . Th i s  1 1st in g  Wa s part of the o u t p u t  generated d u r —
lug t hic ’  t i’s t ex cc u t  ion p h ase of t h e  two coverage t e s t s .  The modu it ’s invok *,~d
and 1)1)—paths ext -r e  i scd l lAy S  ‘ pro ces s ing  of t l i  is sina i I START—TERN sequence
are susmmar i oed in Fi gs. I .8(a) and (h) . S i n c e  subcomponent JAVS—2C , ident I —

fled as ttit- J 2C ,IAV$ TEXT name in Fig. 1.3(a) , is the  text recognition proces-
sor , it repeat i’d 1 I n v okes t u e  eharac ter an;m l vs is modules (CGET, CS IGN , CTYPE ,
and TCE’l’) . J A V S — 2 C  handles the f low of t e x t  data  shown in Fig. 2.9, starting
with ext roe t t on f rom t h e  i n p u t  source I in~ into characters , through symbol and
s t a t e m en t  r i ’ct ) gi i  I t  ion and b u i l d i n g  of t e x t — r e l a t e d  tab Ii’s.

A f t e r  al ’ input START—TERN sequences were processed , the  c u m u l a t i v e  sum—
mary r e sul  E s shi ou ~ed 7 13 1 D D — p a t h  c-o v e rag e  of the  invoked JAV S—2C modules . Onl y
JC ETFAC ’I ’ (containing 15 D O— p a t h s )  was not invoked dur ing the tc~st . JGETFACT
adds  t h e st-ole factor to the cur rent  JOVIAL symbol ;  there were no scale fac-
t or s  in time inpu t so u r c e  d a t a .

t ) f  t ime  JA V S— 2 1 )  modu le s  invoked d u r i n g  processing of the  I i  r s t  START—TERM
sequence , Fi g. L 8(h) shows t h a t  64”~ of the DO—paths wer e  i-xe ri- i sed . The
lA yS— 2!) cumu I at . [vi ’ r e s u l t s  f rom p r o c e s s i n g  the  comp I et c  200—line input sour&- i-
are shown tin F i i~ . 3 .9 The un invoked niodu I es (10 fo r  ,IAVS— 20) , are  r epor ted
by lA yS f~iI lowing t h e  summary r e su l  Es . In t h i  i s  t est t i m e  un ir ivoked modules
u i -a I t wit Ii J Oy I AL s ta t e m e n t  typ e s  wh I t ’ll were  no t  pr e ’se-nt  in t h e  t e s t  coverage
i n p u t  source  h u t  which had been presen t  in the c o m p l e t e  input  sou rce  used for
t he  f un i -t ioual te st.

‘l ime su rm imarv 1)1)—path coverage ri- port is Intended to  provi  di? a cone I st~
ovi-ral I pictur i- of t he  l evel  of ( -x er c i .se a tt ;m i ined by t h e program ’s execution
ot  t i - st  d i ~i . It is usually the first path coverage report a n -n iv z e d  by the
t e s t  t~ r and t t i i~ u s n e  s h i  s at tent ion  on mothi 1 i-s t h a t  w ere  no t  i invoked at a 1 1 or
t h ose  wit Ii poor p i t  in coverage.
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~~: _ _ _

~~~ JAY STEXI LA 2EI. COJIPUTE (C or , ? o t )~~~ TEST 2 1
TEST CASE TO TEST LA BE L PROBLE ~1S TEST 3 2

START TEST ~ 3
~~OC r5TL~ L (iDu ~ iiTj $ TEST 5 ~ITE M IO U M ;j T I ~~ s$ TEST 6 5
ITEM IP~D X I 2I~ S$ TEST 7 6

&A) .AA*’~~~AA. DE G IN TEST 8 7
I~t0X z -1$ TEST 9 8

ALABEL. TEST 10 9
I~IDX * TUDX+1$ TCST ¶1 10

- 
- GoTO LABEI.E S TEST 12 11

G0TO LITTLE~ TEST i3 12
I~ INDI E~ 3$ TEST 1” 13
GOTO CLA BELS TEST 15 1’~
Gob BLA BELS TEST 16 15
GoTO SWTCN ($INDX$) $ TEST 17 16
IF INt’X EQ 5$ TEST 18 17
GOTO E L A B E L S  TEST 19 18
SWI TCH 5W~ Cfl a ( A L A 8 E L . B L A 8 E L . LITTL !)$ TC ST 20 19

BL ABE L.  TEST 21 20
I$DX a IN DX - .-1 $ TEST 22 21
CLOSE’ LABE LE $ T E S T  23 22

BIçI~ TEST 2~ 23
GOTO CLAUL$ TEST 25 2~TEST 26 25

Go~~ A L A BEL S TEST 27 26
CUBE!.. TEST 28 27

I MOX ~ -1$ TEST 29 28
GOTO CHOICE (SIHDX .IS)S TE ST 30 29

- 

I- SWITCH CHOICE (DLABEL.BLABE L .CLABZL .DLADEL) $ TEST 31 30
BLASE!.. TE ST 32 31

a X1IDX+1$ TEST 33 ~~
GOTO AL A B ELS TEST 3’~ 33
EN D TEST 35 3s~

TEST 36 35

~IODV&t S DEFINE D IN TEXT
- I 1 TS TLBL ( LABEL )

3 &A BELE (LAB E L )

Figure 3 .7 .  Source Code for Testease 1
Si
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Subsequent to the summary repor t, the tester may want to review the
single module reports which show the number of executions of each DD—path and
each statement (separate reports) accumulated from the entire test input data ,
along with the report showing DD—paths iot executed during each separate test
case for all invoked modules . Additional execution performance information
can be obtained by requesting module invocation and/or DD—path tracing re-
ports , a report showing execution time spent in each module during the test ,
and reports showing the DD—path execution count by module and testcase.

To demonstrate the usage of JAVS path coverage reports , consider the
following analysis. The DD—pa th summary for JAVS—2D in Fig. 3.9 showed that
module MAKE achieved 80% path coverage and has the most DD—paths in the sub—
component. The functional description for MAKE states that it creates the
symbol table and symbol locator table entries (control symbols only) of desig-
nated symbol types . A partial listing of the cumulative DD—path coverage re—
sults is shown in Fig . 3.10. The cumulative execution counts are given in
the far right column . In the partial listing , five DD—pa ths were never exer-
cised . This report includes the first statement of each DD—path and shows
the importance of including an informative comment at decision points. Re—
testing can be par ticularly aided when commen ts refer  to charac teristics of
the input data.

The DD—path coverage listing should be analyzed along with a functional
description of the module , a listing of the input data used (identified by
testcase boundaries), the program 1 s execu t ion outpu t, and the JAVS “not hit”
and statement coverage reports.

For the JAVS—2D test , the “not hit5’ report in Fig. 3.11 shows which DD—
paths in module MAKE were not executed by the testcases. Paths 4, 10 , 12 , 17 ,
20 and 27 were never hit. Each of these paths should be analyzed to determine
if they can be executed and whether additional test data should be derived.

DD—path 4 depends upon the current module in the input data being a
C0?~~0OL. A COMPOOL was provided , but it did not contain any control symbols
(such as a PROC declaration). Thus the addition of a PROC declaration to the
COMPOOL should execute Path 4.

Proper analysis of DD—path 10 requires review of the statement coverage
(or other JAVS module) listing in Fig. 3.12 and the functional description
document. This review shows that DD- .-path 10 cannot be executed since the con—
ditions leading up to path 10 are (1) the symbol is global (DD—pa th 2 is
true), (2) the module is not a COMPOOL (DD—paths 5 and 6 are true) , and (3)
the symbol is being referenced , not declared (DD—pat h  9 is true) .

DD—path 12 is also an example of a DD—path which cannot be hit. This
one , however , can be analyzed merel y by looking at Paths 2, 3, and 11, 12 , at
statements 16 and 32 , respectively. If FLLOCAL equals 0, then DD—path 2 is
true , and neither paths 11 or 12 wil l  be executed. If  FLLOCAL is not 0, then
DD—paths 3 and 11 will be executed . In ne i ther  case will Path 12 be hit.

The last two untested paths in Fig. 3.10 deal with control symbols in
formal parameter lists. The two general types of JOVIAL parameters allowed
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are input or output. In the source input text , there was an occurrence of a
label output parameter (the only allowable control symbol output parameter) .
To exercise DD—path 17, the source text must include a CLOSE name as an input
parameter .

The analysis described in the above paragraphs is the type of procedure
unde r ta ken to evalua te  the tho roug hness o f a program ’s execution . Sometimes
additional JAV S documentat ion reports , such as the module invocation , reach-
ing set or symbo l cross re f erence , are needed to understand the conditions
required to execute specific paths.

An integral part of program path testing is the knowledge of the proper
and complete function of the program. As was seen in the step—by—step analy-
sis of paths in module MAKE, some paths cannot logically or functionally be
executed . In addition , it is often the case that  certain combinations of

• paths should be tested , rather than merely striving for the minimal set of
— combinations covering a set of DD—paths. These considerations should be made

with respect to the module or program ’s proper function . 
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_ _ 1~~~~~~~~ _ __ ___  



- - - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - .~~~~

- ~~j ii~ ~~~~~~~ lIII ~~lMN lp~~~~pi~jp~

l— UT1~Rl: E F I - O R  u

JA YS is c u r r e n t  1 v a p owe r fu l  f t w a r e  t oo l  f ü r  p r o v i d in g  s ta t  ic and d y-
n a m i c  • i n a l v s e s  t r  J & ) V I A I .  J I - r - e r a t n s t h i t  w o u l d  be i m p r a c t i c a l  or i m p o s s i b l e

0 h L e - V O mann a I I  ~ - I t s  des ign  and imp l e n i en t a t  fuji allow cX t e - f l S  ions in  syn-
ta x re - -ocu i t  ion and f u n c t i o n a l  capab l i i i  v - The m o d u l a r  i tv and c l e a r  def m i —

ion of p r  - e 5 5 0r s  i i  low liii erchang e of softwar~- componen t s  w i i e i i  new t e c h —
ii iqu es p r o v e - titein sol yes bet t~~r (as dem on st  r a t e d  b y t h e  imp lem e n t a  t ion of t h e

is -is Sy n t a x  a n t i  yr  or )

~ e t ü t~ I t hat  t h e  c i ; h t h )  i i i  t ic - s  ~JA V ~ new has  o i l  Cr a v a lu a bl e  a s s et  in
t h e  t e s t  t u g  - m a i n t e n a n c e  a~-d des i go o t~ ii igh qual  i t)’  JOVL\ L so f twar e . E f f o r t
s hou l d  b5. expended  in  f ur ~ Icr  d i s sem i n a t in g  t h e  tool  and t r a i n i n g  JOVIAL pro—
gr,uume r -~ i n  i t s  us tge  - An i • - p s r t a n t  p a r t  of improv ing  t h e  a cc e p t a n c e  of J,-’iVS
as us~-ful JO V IAl s~ f t ic - i r e - tool w o u l d  he the  deve lopment  of a document  on
how to d e s ign  h i gh q u a l i t y  s o f t w a re  w i t h  JAY S ’ a s s i s t a n c e .  A workshop  w h i c h
:ev~ r s  sot t w i r e  d e v e lop m e n t , t e s t  ing  and m a i n t e n a nc e  should be conduc ted  to
st i t r u l i t  e c u r r e n t , and new u s e r s  of J A Y S  to t ake  a d v a n t a g e  of t h e  too l ’ s capa —
h i t  i t t  e 5  -

seve ra l s t  i t  ic and dvn im ic  t e s t i ng  t e c h n i q u e s  can he added to JAVS ‘ cur-
r e n t  f e a t u r 5 .-o w h i c h  wou ld  i n~- r5.- - i se  i t s  au t o m a t  i o n  and p r o~’ ide mort - st r i n g e n t
me,e-oire s I sof  t w I r e  t e s t  j o g .  S tat i c  da t a  f l o w  a na l v s i  s , a v a il a b l e  in CRC ’ s
F o r t r a n  A n t  o m i t e -d Ye - r i  f i c a t i o n  Sy s t e m  ~l- AVS )  s- h 

~~~ l oca t e  u s e — b e f o r e — s e t  er—
r-rs (uninitialized var  i t h i  es) , a common so u r c e  of program errors which can
he d i f f i c u l t  t o  find manually in Lirge programs . Ph ys ica l  un i t s  c o n s i st en c y

• c h e c k i n g  can he very useful in m athemat ic-al programs using engineering units.
T h i s  s t Ot i c  ana l~-s is f e a t u r e  i s  a v a i l a b l e  in t h e  SQLAII tool 7 and can be e f f i -
c i e n t  ly  i n c l u d e d  in JAY S a long  w i t h  s e t/ u s e  c hec k i n g ,  s ince  b o t h  analy ses  re—
qu i re  much  of  t h e  same s o f t w a r e - . A u t o m a t i c  g e n e r a t i o n  of c er t  a m t y p e s  of
a s s e r t  ions and c o v e r a  e measurement of p rogram f u n c ti o n s  as s p e c i f i e d  th roug h
c o mm e n t s  ~i re two dy n a m i c  teSt ing techni ques which can be i n c o r p o r a t e d  in to
J AYS .

The ab o v e — d e s c r i b e d  added c ap ab i l i ti e s  fo r  - J- \VS would  c o n t i n u e  the  pur-
s u i t  of i n c r ea s i n g  t e s t  ing  thoro ughness. Without igno ring that goal , we feel
t h a t  computer resources shou)d be kep t  to  a m i n i m u m .  lA YS now opera tes  in
5 1 .0(h) words of primary core storage , which is not excessive . We ha v e  f o u n d
t h a t  p r oc es s  iu g  t i me can he great lv reduced in FAV - 

w i t h o u t  any loss of capa—
h i  I i  t v .  S i n ce  the  two sy s t e m s  ( FAVS and JAVS )  have s i m i l a r  designs , we are
c o n f i d e n t  t h a t  J .-\VS ’ p r oc e s s i n g  t i m e  can a l s o  he reduced .

-~~. 1 JAy S WORKSHOP

A t w o —  or  t h r c -e —d iv workshop f o r  J O V I A L  progranuners  w h i c h  i n t e g r a t e s  the
c o n c ep t s  of good s o f t w a re - des i gn and t e s t i n g  in t h e  J A Y S  env i ronmen t  wou ld  be
v ery  b e n e f i c i a l  in  i n c r e a s i ng the  i t t  ilirat ion of t h e  t o o l  - -\ wo r kshop would
a l s o  or o v  ide  t h e  o p p o r t u n i t Y  to c o or d i n a te  and forma l ize  quiil it t -  p rogramming
pra - ices and t b 5 .  i r e f f e c t  on A V S— su p p o r t e d  testing whit Ic get t ing immediate
f I - ed h a ck  f r on  work sh op  p a r t i c i p a n t s .
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Figure 4.1. Listing of Subroutine SETUSE

-? St A T I C  A N A L Y S I S  CaNT ... S L 5 a R O U 1 1 t 4 E  S ET USE

1ST TO TAL LAST A SS~ RTEO Ac TuAt PHYS ICAL- 

- 
ci~ s s McCt sYNT u s s  STM T usE USE UNITS

M AC It S LOCAL REAL 3 3 ~

O I A M T R  LOCAL RCA L 3 1 3 
—

• — SE. T/US I .  E RROR
— i~A RIAOLL DI A I~TR U5 E0 BEF OR E 8EI~iG A SS IGNEC A VA LuE

A R E A  LO CAL  REAL ‘4 2 ~

P1 LOCA L REAL 5. 1 5.
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except for zero , which will match any units expression . A variable Is de—
i-lured unit less by s t a t  1mg t h a t  its units express io~ i l-u t h e  c on s t a n t  I , us iii

• a •. —
~~~ 

_ -
~~ 
.- s~~~~I4&&(P~~~~~~1) -; Ngur~~~~~~ s~~~~ a ~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ spe c—

f f1 ed u n i t s  - An i ncons is t t’ncy was det  cc t ed  In  w i t  I cit a rca was e s impu t  ed as

FEET * FEET = INCHES * INCHI- 5

N o t e  t h a t  the user ’s units ‘‘FEET**2” was changed  to  ‘‘ FEE’I ’ * F EE l ’’ i l l  t h e  u n i t s
error message. Units c h eck i n g  i s  c a p a b le  of s imp I i f  s_- i n 5  t i’rms I or czt n c o  1 Ia—
t i on  of  u n i t s .

This  o u t p u t  was genera ted b y SQISA B , a CRC—d e ve loped  s o f t w ar e ’  too l  w h i t -h
provides  s o f t w a r e  q u a l i t y  measuremen t s , dynamic  and s t a t i c  t i s t  i ng ,  and yen —
f i c a t  ion th rough  symbol ic  e x e c u t i o n  fo r  I ’ASCAL and FORTRAN . The t e c h n i q u e s
and s o f t w a r e  used fo r  SQLAB ’S u n i t s  check ing  can he imp l ement e d  in JAy S.

4 . 4  AUTOMATIC ASSERTION GENERAT IO N

Two types  of d ynamic  asse r t ion  s t a t e m e n t s  can increase  the thoroughness
of t es t ing  and q u a l i t y  level of the s o f t w a r e .  Bo th  ty p e s  of a s ser t  ion  c o ul d

- - be generated automa t ie a l  ly  by JAy S wi  t l t  a sma l l  amount  of  mod i f  i c a t  i on ,  t h e
assert ions are a r r ay  bounds c h e c k i n g  and compound p red icat i ’  an ;u  1 vs i s .  ‘l’he
s i t u a t i o n  is best  desc r ibed  by example .

Fi gure 4 . 4  is  a m o d u l e  l i s t  i ng wit h e l i  t’of l ta  ins sever :u I JOV I AL st at  ement  s
which  lend th emse  1 yes to ana l y s i s  v i  a asst -r t ions • Iii St  a t  etitent s 1 , 10 , 1 .~
14 , 16 , and 17 are a r ray  or t ab  11’ r e f e ren c es  w i t h  c o m p u ted  su b s c r i p t s  • I f  any
of the subscripts are out  of t h e  b o u n d a r ie s  dc c l  ared i t t  t It is mothi Ic ’s COMPOOL
the ad jacen t  core l o c at  ions will be er r o n e o us ly  o v e r — w r i t t e n . JA VS cou ld

• - automa t ica 1 l y generate a JAVS co m p u tat  ion d i r e c t  i vt

_ EXPECT , <name s = < l o w  vu t n t ’ ” , < h i gh vu 1 ti e ”

at each a r ray  or tab Ic r e f e r e n c e.  JAy S w o u l d  p ick  up t he  low and It i g I t v i i  t ies
f r o m  the  decla ra t  ion s t a t e m e n t  and inst  r u m en t at  ion would expand t l t ~’ ;I ;sc r t  ion
in to  e x e c u t a b l e  code.

The e f f e c t  of the  asser t  ion is t h a t  dur  lug t l i t ’  p r o g r a m ’s ext - cu t  I on  • any
oc -ur rence  of an o u t — o f — h o u n d s  s u b s c r i pt would pr o du & - &’ a I h i t ’ of  o u t  pu t  g i v i n g
the subscript ‘s name and computed vu i n c .  JAy S  1-cu Id ~i i so  p r o v E  s it ’ t i t t ’ mcdii is ’

- • name and statement number of a r r a y  or t able o v e r f l o w .

Statements 20 and ~4 in F i g .  4 .4 con t al n nti mt ’I’ h e  s t u b s s ’ I ’i 1s t  s - Titi -se
won Id be less prone to  er ror  than  co mp u t ed  subss - i i  

~‘ i-u , b ut  i t m i gli t b t ’ w i  s~~- t o

au t o ma t is -al l v generate the EXPECT a s se r t  Ion s  t o u n u m e r i c  s tuhsc  r I pt s is we I I

For t h o r o ugh  test Ing , JOy IAL s t ; l t  e ’nt& ’nt i-u wlt I cii con t . u i  it com pou n d  pu ~ - s I I  —

ca t  i’s such u s t host’ In S t a t e m e n t  3 , 10 , 1 -~ , and ,~ s i t t  F is  - -~ . -i sh o u l d  be I - X e —

t’ut ed once I or t u i s -h di s tint’ t i ye t t ’rm - For L’xat l tp  I t ’ ,

‘
I 

1FF Tm WI’ EQ P1) ( $PPBEC I N S$ )  OR - ; i  i -Q Pt )  ( $PP I F-I-; 1 111 $ ) $
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S T A T I C  A N A L Y S I S  SUBROUTINE  C I R C L C  i M A C I U S .  AR EA

SI R T  1C E n i .L1~~ S O U R c E . . .

S A R E A  = P1 • RA O I L S . . 2

— u Ni TS E RR OR  —
— = O P E R A T I O N  • IT H  i N C O N S I S T E N T  u i s I T S  —
— 1 F ( E T  • I t (T  u
— I I t . C i s E s  • I N C i - s ( S  I 

4 

S T A T E M E N T  A N A L Y S i S  S U M M A R Y  E R R O R S  hAR NI NG S

GRA PH C H E C K I N G  
—— — -. 

o a
C A LL C i - s t C i t I t s G  0 0
U N I T S  CO N S I S T E U C T  1 0
M U C E  C H E C K I t s G  0 0

NAME SCOPE Ty PE M OC E USF OTHER INFO R IIA T IIN ...
— 

SY R C OL A N A L Y S I S  SU M M A R Y  ERRORS WA R N ING S — —
I n P U T / O U T P u T  C H E C K I N G  0 0
S ET / US C  C H EC K I N G  0 0

Til t FG L L CWING NO N LOC A L V A R IA B L E S  A RC SET. . .
AREA

‘1

I

The above repor t resulted from this routine :

S T A T L N C N I  L Z S T I N C .  SU(’ I, O i j 1 I u ~E C I R C L E  iHaDIUS ,  A eIE A

S? P%T IQ ( sj l . L I N E  S O U R C E . . .

I S UBROU TI N E C I R C L E  ( RA C I U S .  AREA I
C A l l  P1 / 3 . l ” l a  /

3 U N I T S  I R , t D I US : L N C HC 5 .  ~ R E A E F E t T . . 2 .  P1* 1 1
A INPUT I / M / RAD IUS
5 ARE A • P1 • I R A C I U S * e 2
I O V T P U T  I / R /  A R t A  I
7 R L TUKTA
I (NO

Figurt’ 4. 3 . Phy sical Units Checking
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shou ld  be exerc ised  f o r  bo th

ZT = P1) ($PPBEGIN$) and

ZT = Pt) ($PPIFEITH$) • — ~~ —~ — —- —

,TA VS e o u l d  a ut o m a t i c-a l l y  genera te  three’  a s s& -r t i on s  for the above IFEITH
stat ement:

“ .A SSERT , ZT EQ PD ($PPBEG IN $)  AND ZT NQ P1) ($PPIFE IT I - 1$)”

“ .ASSERT , ZT NQ PD ($PPBEGI N $ )  AND ZT EQ PD ( $ P P I F E L T U $ ) ”

“.A SSERT , ZT EQ PD ($PPBEG IN $) AND ZT EQ PD ($PPIFE ITH$ )

In this example , the third assertion would never be true , bu t that may not be
the’ cas e in genera l .  The currentl y implemented computation directive instru-
mentation would translate the assertions into executable code . During execu-
tion , the message :

JAyS ’ ASSERT = ZT EQ PD ($PPBEGIN$) AND

ZT NQ PD ( $ P P I F E I T H$ )  AT

STMT . xxxx IS TRUE

would be printed . The current JAyS ’ ASSERT message is printed when the condi—
t i c t n  is not true , but for compound pred icates , it would be more efficient to
print the message for the true condition.

For both array/table and compound predicate automatic assertion genera—
tion , the user would request the capability via a command , thus being able to
turn the option on or off and being able to select one or more modules as tar-
gets. Current instrumentation would require modest modification for implemen—
tation of these assertions ,

4 .5  COVERAGE OF PROGRAM FUNCTIONS

Execution coverage reports currently available in JAVS measure DD—path
and statement executions . Also available are the module invocation and DD—
path trace reports. A comb ination of these two current features in terms of
descriptive functions would be very useful.

Fi gures 4.5 and 4.6 are execution coverage reports for statements and
DD—pa ths , respec ti vel y, for one module in the new JAVS syntax anaiyzer. Note
how useful it is to include descri ptive functional comments at each decision.
It may be functionally important in a program that a specific sequence of DD—
paths be executed. JAVS DD—path coverage analysis may report that each DD—
path of interest was executed , but the order of the paths may he crucial to
the correctness of the program.
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There fore , if the user can assert that:

- - 1. Locate SLT in module and supply if needed-~~~~~~ - — -— - ~~~•.  - ~~~~~ - — • • — — — . - -  - - - — - .4 44

2. Search module for copy of SLT

3. Found

4. Return

is the specific flow of interest for the module in the figures , then .JAVS
should translate the supplied functional comments into DD—path numbers and
compare the sequence against the actual DD—path trace that occurred during
execution. A sample DD—pa th trace report for a different program is shown in
Fig. 4.J . Curren t l y,  it is l e f t  to the  user to f i nd  the  ap p r o p r i a t e  sequences
of paths . JAVS could be modified to report the  ex i s t ence  or omission of the
specified functional sequence. The only burden on the user would be to supp ly
concise , func t ional comments at all DD—paths to be analyzed.

4.6 REDUCTION OF PROCESSING T IME

CRC is currently investigating the possibility of substantially reducing
the computer processing time of FAVS . This experience convinces us that JAyS ’
processing time can also be reduced . Substantial reductions can probably he
made in the syntax and structural anal yses and in the algorithms used to gen—
erate documentation reports.

‘ 1 S T — C l O t  SI~~P s t  0 13*4 5 4 / S s # 7 3

STIT 14 5’ 5.5054 53 va1O ~ l I •O0—’ ITs ~ 15440 P455CM

•• 055504(0 sO0UL~ I S  (.— L1 1(115005 I
1?I? I “ DC I* 4.I.I I Ii ~ I~ l , L O U IS? I I OO.’IT0 5 PPOCLOiJ US (si lT
ST4 ~ S t~ I t ” IT I  co tol I .00 —PIT s ’  3 I a ~~~~t *111CM
ST UD i t  I ( I T M  ~I 5.Q 3 •00~

,aTs a T U (  1111CM
is 0 3Y 0  P- IC .  IS T~~I’4 S — I II $ • OL—, lTs ,  1 S a I ’ 5 OIJTSE V 5

$?W 1 33 0)0 ’  5-~~%UL ’ IV I •o~~..IT s’ IS  ~~ ,St 5151C M
$T~~ 35 L Ib (5 . I .  •00— ’ I’ M  5 3  ‘ 4 , 0 1  501’ s CM

5 .10T H l($115 ? 5,4 s I
5?—? 34 OI l? I I .00—Pa ’s ’ IS T144 (  5545CM
ST., II 505 .4 I I p I • LI I? 4 I •ØO’ *’a. 5 t S C s P (  4.05 LOO P
8?1? Ii ‘3* I S I • I • L las t? I  1 500 — O aTs to £S C IP -C ,OU (OOP-

.5 qTIp.. ‘50” 0UQ u5, ( (“ P-LI (aPI0~M 5

$511? 35 II I?(*I 40 54* 1 •OO.P*TIE S r*I, 5( *5*55CM

Figure 4.7. Excerpt of DD—path Execution Trace
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I b i s  ~- n d i x  des~- r i b e s procedures t o t  l i i st a l  [t u g  JAVS ci i  the 1115 - I S U
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2. i -\V SX~ — I~ ’D s equ en t  [at sd ect  s tr e am  f o r  u s i n g  ~]A V S H~~t i I c

I. PRPt)0l, — Bi l) soitre t’ f o r  d at  a cc i i  cc t ion COMI’OO L

-, . JI’R&)IIFSX — BC!) ~~t & ~ i i ~~ i i t  i a  I ot - I c c  t ot  ream t o r  1 oad i rig d a t  .1 c O l l e c t  i o n
r ou t  i n c
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7.  PR OBI- —X — B C ! )  source for data collect ion

S. l ’ROHI—X — F~Ct) sourc e for data ccl l e t ’t io n

Q . — BCD source tor data cot Icc t ion

10. l ’ R OBI )— X — BC!) sour c e f o r  dot a c o l l e c t  ion

Ft I cnatnes 1 -- -. 1 1st i’d ibcv e  are the  ones described in t lie 1 :\VS 1s~- r ‘ s
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ar e  i i s~-d d u r i n g  Test  i xe t -u t  i o n .

The p t i r p o o e  f o r  i not il l lug the JAV S data ,ol 1 ect  ion r o u t i n e s  I ron
s o ur ~-~ - Is t o  ii I ci,- comp i l i t  t en ct  t l i e s , - r ou t  m o o  using the i ns t i l lo t ion ’s
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o I nt -s  ar e  ~-omp ii -d ( by t-xc~-t1 t lug  the cli con I ro I st  r eam MAKPI I N 1’\~ , a l l  J~~\ S

u sers  l i i  i t t  i i  i~~e the cli Ie ct f o r m  ci t h e  r ou t  in e s~ is d e s c o - i b e d  i n  t h e  Ji \VS
1~set 

‘0 (‘.ti i ~ie —

- 2 Ni~N~ I i IS I ~S fAt ! .-\ I IO NS

For n o n — I l  I S  Ic I I  i t  i es • t lie j o i s t  - i i  Lit ion t ape  cons i St 5 c i  BCI )  s ou r c e
cod, - For  t h e JA\ S p ro , - -sscr  and dot a ccl Ic,- t i o n  rout  i nes  - i’ i Sure  ,\ . 1 shows  ~i

op— down ore r ’’ I sw ci the . 1 .-\VS sot  t w a  rt ’ S o t  em.  S o t u  u c e  cod, - 1 or  Ct) Ml’Ot ) i  s and
c ~ i i i  - L t e x t  is t - ’mj’ ii ~‘d i n t o  b I n~o r i p ’s fo r  t h e  . 1 AV S c o mp on en t s  and d a t  a
cot 1€’i-t ion g r o u p .  F t i t ’ b i n a r y  I i l e o  a l e  ; i i r o n i ~ed i n t o  ov, - 1 l i v  I inks , is shown
in Fi ~ - -\ . ‘

, t o  bto  j I ti an ibso h o t  e I i I c  — l a b !  c -\ • I I t i cut  i I i ’s tlii - ovel  l i v
I i n k s  b\ - name -nid the I u u n ~- t  i c n i I k , ’~-i,-o rd known by I -\V S
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BAS !C-~ -ANALYZER 

L 
TEST EXE C UT I~~~

J

I I I
COMPILE 

r 
LOAD 1

_ _ _ _ _ _  _ _ _ _ _  I
JAVS DATA COLLECTION DATA COLLECTION1
COMPONENTS COMPOOL BINARIES

SOURCE

____________ ...r... ____________ ____________

START-TERM START-TERM 1 DATA COLLECTION
8INA RI E S ‘ L BINA R IES SOURCE

I START-TERM START -TERM

~~~~ 
] SOURCE

Figure A .l. Overview of JAVS Installation
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‘/‘

20K — -
~~

LINKO

40- . —

hOK —
Use r s L1hr ~ir - y

System Library
o lOOK —

LI’O~1 LINKCM

‘20 K —  ______________________________________________

LIN K~~~~~ , j ~ :- :K ~ L:c.s L~~’~’ ’ :~~~2 L I ~~~3 L INK4 LINK5 LINK6

140K —

K = 1000 octal

Load _ Nlodul e CONTENTS

LINKC - Some util ity C0’i’~0~ s , JA 4-S-O , ~iart of JA y S-i , -10 , -11
- 

• 
L INK1 JA V S - 2 4 , JAVS -2 C 0- ”JN s
LINK S JAVS -2 3. MAKTAB from JA yS-i

L INKC JAVS-2C

L I~~.C JAVS -2D

L !N KC M S c — e C0M’~DNs , part of JAyS-i , -10 , -11

L~~~~S STST C I r from JA yS- i

L !‘4KP STPROP f m r -u JAVS- 1O

LINKN J AV S . M

4’ LINK2 JAVS-3

LIN K3 JA y S-S

LINK 4 JAVS-7

L I N K S  JAVS-9

LINK6 JAVS-6

Figure \.2. JAyS Memory l ay o u t  on HIS 6180
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TABLE A .1

JAVS COMPONENTS
- - - 4 S 44 44 - - I - a I • — — • - - S — -

I D E N T I F I E R  NAME FUNCTIONAL KEYW ORD

JAVS-U Command & Control

lAys-i Storage Manager

!AV S -2  P r imary  Module Analysis  BASIC

JAVS-~ Secondary Module Analysis STRUCTURAL

JAy S— -1 St r u c t u r a l  Ana lys is STRUCTURAL

JAy S-S In s t rum enta t i on  INSTRUMENT

JAVS—o Data Collect ion and Reduct ion ANALYZER

JAVS— 7 Testcase Assistance ASSIST

JAVS—8 Segment Analysis ASSIST

JAVS—9 Program Modif ica t ion Analys is DEPENDENCE

JAVS—1O Data Base Services

-
- I 

JAVS—ll Support  Subroutines

JAVS— M Macro Command Processor

The source tape contains the COMJ’OOLs and executable source code for all
JAVS components including the data collection routines . The tape can be made
to have an end—of—file mark following each START—TERN sequence or with a sin—
gle end—of—file mark terminating the entire source (preferable for installa-
tions wi th CDC UPDATE or similar maintenance progr am ) . In either case, sin—
gle— or multi—file source tape , the arrangement of source code is as follows :
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The JAVS SY s t e m  Des i~ p ~~~~~~~~~~ -pt ~i_tJon M a n u ; t I ~~ ~-ou ta  i us f un e  t I ou ia  I
dese r Ipt ions of coili JAVS comp one-nt  and mod it I c .  Svs  t s-rn ro u t  i nes , su ch is
t hose providing dot,’ and t torn- , wli i oh a re- di rec t Iv nvoke ’d hr AVS are 0 lo t t’Ll
in Appendix C an(I in the modul s index of that documen t  . The c o n u p u t & -r  I 1st  i tog
in the remaining pages of th is appendix ore in c  lud&’d t s ’ show t In ’ sugg s-st  s d

j  - l oad seque n ce o f  t h e 001111) ii ed JAyS so f tware - Eac h h I u i a  i-v I I I c  u iaf lk-  i s
Bxxxxxx , where ’ xxxxxx  is t h e  J AVSTEXT name suppi i ed at  the beginning o

- - each START — TERM u u e q u e u i c e  on t h e  sou rce  t ap e .

A

i

__________________________ ______________ - 
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I t l N T  ~FC~~~~:1.~~~V S G R C  , S S 5 02 0 0 3 0 1 1 S , H S T A R /~J A y 3 A LL
~~S E R L C  ti FC~i G R C 1 S #, t I
LO~ LOAD
c~~TIoN ~-OfliAN.$OGO

~~~~~~~ i

~ELLCT BFCBGRC2/ 3p 00L1 
C16 .353044057PP00L1 Co

POOL 1 044
s E L E c T  ~3”C JGRC2/ BCNPL10 

C20.230051878G10cPL00~OJE~ T 
GIOCPLO44“ K EN t ’

s~ LECT ~FC~ GaC2/Bl0 /BDSTEPO 
J17 .9060(~0877DSTEP00O

DSTEPOO3~ St ECT BFc~~ I~C2/B1O /~ IHVA LU 
J17 ,74i9O40877IHVA LU0O~~~J E c T  

INVAL UO6t ’I~L ’ N b
S E L E c T  ~TC i G R c 2 / p  I 0/oIScL~ s 

J17 • 75304087715CLA300L1I~J E 4 T  
ISCLASO6K E N ,

,ELLCT ~FcBcRC2 /B1O/e oUT~ Uy 
J17 .876Ot~O877OUTBUFQQ

OUTB~ T08t ’N  END
‘ L ~~CT 4FcuGI~C2/B 1/ B A C T D A T  

J 13 , 83 1e 1O22 ’16tuCTD~iT 0DA CTDATO 9D

~FL~~CT B F C B G R C 2 /31/ ~~A C T D M P  
,713 .83 9 1 02 2 7 6 A C T 0 ? 1 p O 04 -l ~~EcT 

ACTD~ P0Ø
StLECT 6FC~ G~ C2/B 1/BACTFR G 

J13 .8~ 5lO2276ACTFPG0Oc~~~J E CT  

‘
~ 0

~ 1 L E  ( T  ~~ c~~c : / o  / 9~~~~ I 
13 5 8501 02276~ CTICH0O

AC T I C N O 4
~~~~~~~L~~~: ~Fci z2/D1 /~~AC TNO D 

J13 .85~~,02276AcTMOD 0OA C T f l ~~D 144o Y~ N
U U cT ~ IC G ~ C / Dl ! ~ A ~ T O L D  

~ 13 •8 ~ ~ 1 0 2 2 ~ 6 A CT O L D  00o L J E C T  

~CT0LDO8~K E N D
5 L I  CT ~F GR C~ /r .I/~ CRT FRG 

J13~ 87Ø IO2276CUTRGOO~~~~~~~~~~~ 

CR T F R GO5
s N i t  eF c~~G o / ~~s/ ~~D M r p p G  

J l 3 .8 1 C 2 2 ’ 6 P ~~F F P G ~~Oo ~ L c t
f l K i N t s
5EL~-cT t i F c B 2 / n 1/ I 3 t s t 1 F ? ~OD
Q 0 ’ E C :  

t’~~P M~~D C 9
~~ L !c r  e F c B G R c 2 / i i ’ / E G E T ~~L N  

J 13 .B~ u 1O227 6 T3L~ 00
G E T B L X I I0’- ~‘ N D

sELLc : B I G  /~i 1 / t ~~ E T F R G  
J I 3 ,Q 1o22~ 6~ Efy*G0o

GE T P~~~ I~Ii i-
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SE L E CT B TC B GRC2/ B 1/ BGETLB T 
3144 .004 I O 2 2 7 6 G E T L B T O OO$ JLCT 

G E T L B T 2 4 4D~ INDSELECT BTCB GR C2/ B1 /BGET LST 
J14 .041102276GETLST00oDJEcT 

GETLS TI5DKE14D
SELEcT BTC~CRC2/B1/BGETNOD 3 14 .064102276G!TNODOOOBJECT 

G E T M O D I 2D IC END
SELECT B?CBGRC2/B1/BGETTAS 

J14 .O6g1O2276~ ETTAB QOOBJECT
L.D

SELECT BYcBGRc 2/B1/BIcKTRG 
314 .085 102276XCflTRG00OBJECT 

ZCMFRGI7DIC END
SELECT B F C B G R C 2 / a  1/BIY? J DE P 

3 144 . 095 102276 1?N D !p OOOB J ECT
OKEND
SELECT BYCBGRC2/B1/BIGTLIT 

3144 .104 1022 76 1GTL 1T00OBJE CT 
XGTLTTOIeD K E N D

SELE C T B F C B G R C 2 / B 1/ S I G T V P D  
3144 . 1 O g , O 2 2 7 6 I G T W P D O QO BJE C T 

Z G T W R D I 3I~I~E ND
SELECT BFCBGRC2/B1/BINA)CEP 

3114 .11141322761NAKEp00øBJECT 
IPIAKEPO 44DKEN D

SELECT N TCB GRC2/B 1/B ISRTAB 
314 ,1244 1 022761SBTA800OBJECT 

ISR TAB I 7D K E N D
SELEcT B F C B G R C 2 / B 1 / B L B T R E Z  

3144 , 1 35 , O2 2 7 6 L B T R E E O OOBJECT 
L B F R E E O 6DK E N D

SELECT BFCBGRC2/B1/BLBNOVE 
,71L4.1t48102276L8M0VE00OBJECT 

L B N O V E O 6DKE ND
SELECT B F C B G R C 2 / B 1 / B L B TGE T 

J 14 .15410 227 6 L 8 TGE T00OBJECT 
LB TGE TO 6

- 
— DXEND

SELECT BFCBGRC2/81/BLBTPUT 
~ 144 ,1611O2276LBTPuTQQOBJEc.T 

- L B T P U T O 6
SELECT gT CB GR C2 /B 1/ BLBZE R O 

J 14 .166 102 2 7 6L B ZE8 000OBJECT 
LB Z EB OO 6~~K END

SELECT BFCBGRC2/B1/BLGTBLK 
314,17,IO2276LGTBL,COQOBJECT 

LGTSLXO 9DX EN D
SELECT IFCB (~~C2/ B1 / B L GTWB D 

J 144 .17 610 2 2 7 6 L G T W R 0 0 0OBJECT 
L G T W R D O 8DI1 EN D

0SJECT 
LPTBLKO9

SELECT B T C B G R C 2 / B 1 / B L P T B L K  
J 14 .1 3 1 1 0 2 2 7 6 L p T a L X 0 0

DX EN P
SSLEcT B TCEGRC2/~ 1/ !tPTWBD 

Jl Ie .186 1O22 76 L P T V R pOO

SELECT B F C B G R C 2 / B 1 / B M A K F P G  
3 14 .19 3 102 2 7 6 1 A K F R G 0 0

OBJECT 
LP TV? D08plC E ND

OBJECT 
NA KTR GI QDK E ND

SELECT BTC~ GRC2/B1/B~ AI(N0D 
J14 ,197,02276MAKfl0D00OBJECT 

‘~AKfl0 D14DX END
SELE CT erC9 GR C 2 /a1 /BIIDB GE T 

~~~~~~~~~~~~~~~~~~~~~O$JECT 

65

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
- -

~~~~ ~~~~~~~
---



_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

~~~~~~~ —

S E L L C T  P F C B G R C 2 / [ u 1 / B P I D D P U T  
J144 . 2 13 1 0 2 2 7 6 M D B P U T 0 0OLJEC I  

1103P0T07
SELECT BTCBGKC2/B1 /BPIOTBLX 

J144 .236102276PUT3LX0QOBJ ECT 
PUTBLXI 44OKENDL S E L E C T  b r c B G R c 2 , B 1 , B P U T L I T  

3 14 . 2 4 4 , 1 0 2 2 7 6 P U T L 1 T 0 0O B J E C T 
P U T L I T O M

SELECT BTCBORC2/B1 /BPUTLST 
31~~.2U 71C2276PUTLST0OOBJEcT 

PUTL ST27 —
SELECT ~FCBGRC2 /51/BPUTWBD 

314 ,25 41 02 2 76 P U T W R D 0 0oe~ rcT 
P U T V R D I 6

S E L E C T  B F C SG~~C 2 / B 1/ B U P D E P T  
3 14 ,2 6 1  10 2 2 7 6U P D ! P T 0 0O B J E C T  

U P D E P T I 6
SE LECT B F c S G R C 2 / 8  1/ B W R A P U P  

3 14 . 26 8 1 0 2 2 1 6 W 5A p U p 0 0oBJ tc T  
W f i k p 0 p 0 4 4

SELECT BTC~3GRC2/81/bW SGFRG J1(4 ,277102276W5GF8G00OBJE c T 
W S G F BGO 7D K E N D

SELEC T BTC3 GRC2/B1 /BW SGWRD 
314 .281102276W5GWB D00OB JECT 

WS GW P DO 7OKENID
SELECT BTCBGRC2/B 1/BWSPFPG 

3144,286 102276WSPTfiG00OBJECT 
WSP T B G O 7D X EN P

SELECT 3FCEGRC2/B1/BW SPWBD 
31i# ,335102276W$PWFDOOOBJECT 

W SPW P D O 7
S E L E C T  B r c B c R c 2 / B 1 O/ s r ~D B D A D  

J17 , 5 7 2 O 4 4 O 8 7 7~~D B D A D 0 0OBJ ECT

SE L EC T S F C B G R C 2 / 13 1 0 / B N D B N O D  
3 17 , 6 9 9 0 4 4 0 8 7 7~ D B f l 0 D 0 OOBJECT 

MpSMODoS
S E L E C T  B F C B G B C 2 / B 1 C !B M D B T X T  

J17 .7 O 3 O 4 O 8 7 7 ~ D B T X T O OOBJ ECT 
MDBTXTO5

SELECT RTCBGEC2/B10 /BERBOR 
320,2445051878ERR05 00ObJECT 

E~ R0R 06
SELECT BFCBGRC2/B1O/BTATA L 

317 .7 3 6 0 4 4 0 8 7 7 F A T A L  00S OBJEC T 
Fk T k L  06-

~~~~ DP~ENDSELECT BFCBGRC2 /Bl0 /B~ T CA R D  
317 .7400teOB77GTCABDOO

D N E N D
SE L L C I  S F C B G N C 2 / B i O, B I T S T R G  

317 , 7 6 1 0 4 0 8 7 7 1 T S F R G 0 0OBJEC T 
T T S F R G O 4

% T C P G R T / B I C / D I T S H O L 
317 .7 6 6 3 4 0 8 7 7 1 T SN 0 L 0 0otJEcT 

ITSNOLO7
SELICT BFc~ 0RC2,!i lO /B LE N TAB 

317.775040877LTNTA900
LEI4TA DO3

S ELECT BEC RC~ /B10, B~ OvEWD 
317 ,7790440877M0VEWD00OB .T i~~~T 

IIOVEWDO6“ t ’END
SELEC T ~FCJGRC /~ ‘0/B i EKOS Z 

j  17 • ~84 04408 7 7 N ?~ G!Z 0O~OJEcT

-
- 

i _ 
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SELIC T ST c $GR C2 /B 10/ B )4UNN DB 
,J 17 .844 50 1408 771 ’UMMDBO OO$.7Zc1 

NU ?I IIDBO 3
SELECT BFC~GkC2/B1 0/BNUPI Sb 

317 .8600440 877N1 Jfl SB 00OBJECT 
WUII SB 03

SELECT 8?CBGRC2 /B10/BNUN SDB 
317 ,864040877NUM S0500OBJECT 

N tJ t l SOBO 3
SELECT B t C B G R C 2 / B 10 / B X U M S L T  

j17~ 8680440877NU115LT00OBJECT 
N U II SLT O3

LEC T IF C eG RC2 /B1 0/ BN U I ’I STD 
j17 8720440877N11P1ST500OBJECT 

N IDI STBO 3
SELE C T B ? C 5 G R C 2 / B 1 0 / B~~ DBG 

J 17 .885040 8 77PRDBG 00OBJECT 
P BD 3G 07

SELECT B F C B G E C 2 / B 1 0 / B S P B T W D  
317 .9 0 1 0 4 4 0 8 7 7 5 P R Y V D00OBJE C ? 

SpRrwDo4
SELEC T BFcBGR~ 2/B 10/BLB cflPL 

C 17 .9140440877LBCNPL00OBJECT 
LBCfl?L03

SELECT BTCBGRC2/B10/BLSETUP 
317,9 18 0440877L 5E TUP 0 0OBJE CT 

LSETUpI5
SE LECT B T C B G R C 2 / B 1 O / B L B R E A D  

317 , 9 2 3 0 4 0 8 7 7 L 3 R E A D 0 0oBJECT 
L B R E A D O 8

SELE CT ~TCSCRC2/B1O/BLBWRIT J17 .9270 440877L3WR1T00OBJECT 
LB WRT ?11

SELLCT B !CBGRC2/B10/BLBXO 
T 17 .92BOLe 0877LBI00000OBJECT 

LB I 000 06
SELECT FITCBGRC21BIO/BLEND 

317 .9330440877LE11D 00OBJECT 
L E N D  0’eDK E N D

SELECT BTCBGRC2/810/BSHDATE 
317 • 8890 440 87 7 S K D A T E 0 0OBJEcT 

SMO~ TEO4
SELECT 5TCBGRC2/BC~tP~.OL C15 .534051678G0CMPL00OBJECT 

GOC !IPLO3
SELECT g?CBGRC2/BSRCEOL 

315 ,53g05 1678 ,,,. ,00OBJECT

SELECT BFCBGBC2/BCCRACX 
315 ,544205,67BCCRAC KOOOBJECT 

CCB~ CX 18-4 OKEND
SELECT R?C6GRC2/BGTLIM 

J 15 .54440516780Tt1N 00OB JECT 
OTLIW 11DXEND

LINK LIli lc i
EN TRY STEPI
SELECT BFCBGRC2/N8 2/ 8J2A 

322 444205 ,87$32& 00OBJECT 
32A 15DXEND

SELECT B TCB GRC2 /NB 2/BA ZA P 
322,4444051878kZAp 00OBJECT 

A Z A P  03BK E ND
B E L E CT 5F C B G R C 2 / N 1 2 / B B Z A P  

J2 2 .1444~~05 187BS7. A p 00OB JECT
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~E~ Ec; DPc3 c2/NB1/~CzAp 322.4448051878c1AP 00OBJECT 
CZAP 03DIcEND

SELECT B T C ! G R C 2 / N B 2 / B D Z A P  
322 . 44 5 00 5 18 78 0 1AP 00OBJECT 

D~ AP 05OK END
SEL ECT BFCBGRC2/N82/BEZAP 

J22.4432051871!ZAP 00OBJECT - 

E Z A P  03OK EN 0
SELECT BTCBGRC2/N12/BIZAP 

322.445to05187BIZAP 00OBJECT 
I;*p 05E K~~N~~

SELECT sTC.)G~C2/N5 2/BJAVZA p 
322. ~45605 I8T8JAV IA POOO B J E C T  

JAV ZA PO 5O K  END
sELECT B?cp~ RC2/NB2/BJZ A P 

322.4458051878J2AP 00OB J E C T  
J~ AP 05O K  EN D

S E L U C T  E ? C B G R C 2 / N 8 2 !B L Z A P  
J22 , 4 4 6 0 0 5 1 8 7 8 t Z A P  CCO B J E C T  

L E A P  05D K E N D
SELECT UC5GRC2/ND2/B?~OD Z A P  

322. ~46205 1878P100ZAP00OBJECT 
PIODZA PIOO K ES 0

SELECT BTCBGRC2/N02/BsTzAp 
J22 ,44640518763TZAP 00OBJECT 

SEZP~P 06SELECT )3TCBGRC2/N82/BSZAP 
322 ,’4660518765ZAP 00OBJECT 

SZAP 05DKEND
SELECT 8FCBGRC2/N32 ,’BTZAP 

322.4468051$7BT AP 00OBJECT 
T Z A P 03DKEND

SELECT sFC0G~ C2/N82/DpjGET 
J 2 2 .4470051876NBET 00t’BJECT 

EIGET 044
SELECT BFCBGRC2/N52/BNPUT 

J22.47205,87811PUT 00OBJECT 
rpui 044DEEND

LINK LINKE
ENTEY rINIT
SELECT HTCEGRC2/N92 !BJ2B 

322.447905187832! 00OBJECT 
32B 85CX! ND

~ELECI MYCEG IIC 2/ 31 /thM A KTAB 
3114 ,2 02 1022 7 6N A X T A 300OB J E CT 

M A X TABO BDX EN 0
LI NK LINk.C.L I N K S
ENTRY ~‘ONESELECT BTCBGRC2/NP 2/BJ2C 

J2 2 .4494405187$32C 000tIJE CT 
J2 C 50DK EN V

lINK LIP4LO.LIflC
ENTRY F’TVo
SELECT ~F c SCFC2 / WB2,B ~’2.D 322 ,5 0 3 0 5 1 8 7 8 3 2 0  00Ob JECT 

320 89DX EN P
T I N E . t~INKCf-l ,LTNX 1
ENTRY GETVRD
SfLEC T BFCIGNc2/NBPOOL3 

C16 .686051078P00L3 00O B J C C T  
P001.3 07

SELECT RFCBGRC2/NB POO LS 
C17 .2670440578P03L5 00OBJECT 

POOLS 08D~~ ND
5 E L E C ~ erc~~GRc 2/NB p o o L7
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C l 5 . 1 9 1 05 16 7 8P 0 0 L 7  00 
-O BJ E cT 

P O OL7 03D K E N D  
-

SELECT B F C B G R C 2 / !P 0 0 L 9  
C 1 3 . 4 4 5 3 0 6 0 3 7 7 P 0 0 L 9  00OBJECT 

POOL9 03D X E N D  
-SE LECT B? C BG R C2 1 B PO OL 6 

c 1 9 . 9 6 3 1 0 1 3 7 6 P 0 0 L 6  00O BJ E CT 
PO OL 6 03

SE LZCT B T C B S B C 2 / B 1 / B G Z T W I D  
3 1 44 . 0 744  1022 7 6 0ET W 5p0 0OBJECT 

OETWB DO ~
S E C T BT c 8 0 R C 2 / D 1 / B I T A B E P  

J 1 4 4 , 1 1 g 1 0 2 2 7 6 I ~~A 3 E p OQH OBJECT 
ITABEPO44

SELECT BT CR GRC 2 /B 1/BL ~~1E*G 
J 144 ,330102476L3MER 000OBJECT 

L~~ ERG15DX EN 0
SE LECT B T C B G R C 2 / B 1 / ! N A K T A B  

J 1 4 ~ 202 1 0 2 2 7 6 M A K TA 50 0OBJECT 
fl~ KTA 308

SELECT BTCBGRC2/ B1 /BMXVTAB 
J 144 ,22O1O2276~ KVT A BO0OBJECT 

MKVTA BO5
SELECT B F C B G R C 2 / B  1O / B ~~B D V A L  

J 1 8 .0 0 3 O 4 4 0 8 7 7 P R 0 V A L 0 0F OBJEC T 
P R D V A L I 2

SEL E C T ) ? c B G R C 2 / 8 1 O / B~~B EflTH 
J 1 7 , 9 8 2 0 4 4 0 8 7 7 P R E M T f l 0 0OBJECT 

P R E N T K O 7
SELECT BFCDGRC2/D10/BPRSKZL 

317, 99BO44OB 77PRSXELOOOBJECT 
~~sXZL26

SELECT BFCBGRC2/B10/B~ RT~ Tfl 
320 ,232051878PRTMTfl00OBJECT 

PRTMTNI 8
SELECT aTCBGRC2/B10/BPSTNTH 

J17 .9920440877PS?MTMOOOBJECT 
P5TM1N22

SELECT DFCBGRC2/B10/BG !TVAR 
937040877GE?VAROOOBJECT 

GETYARO 6
SELECT B?CBGRC2/8 1O/BNTNDDP 

J17 ,944204O877NTHD 0P00OBJECT 
M~~f l D D P 0 9

SE L ECT B ? C B G R C 2 / B 1 0 / B S O R T A B  
3 17 . 9 4 4 7 0 4 4 0 8 7 7 S 0 R T A B 0 0OBJECT 

SORIAB OB
-
- - 

B?csGRc2/B1O/BIGTBIT 
317 , 9S3OIsOB77IGTBITOOoBJEcT 

IGTBXTOS
SELECT B?C !GRC2/B1O/BPUTBIT 

317 ,96 IOMO877PUTBITOOOBJECT 
PUTBITO6

SELECT BPCBGR C2/B10/BISELEM 
J17 ,957040877!SEL!M0OOB JECT 

13EjEfl04
SELECT B?C~ G5C2/B10/B7ND LB 

J17 ,96604408 77PN0LB 00OB JECT 
TND LB 08

SELECT BFCBGR C2/610 !BWX TEZ 
3 17 ,9720440877N1TEX 00OBJECT 

N X T E T  19
SELECT B TCB ORC2/B 10 /BSC A NSB 

J17 .977O44OB 775C7iWS!0OOIJPCT
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sE1.~cT 8 F c 5 G R c 2 , 8 I O , Bpg 14 R L~p 
31 7 , 7 0 7 O 4 4 O 8 7 7 P I e t B U T 0 OoBJEcT 

P~11BUy0 7SEL ECT BFCBGRC2/B10 /BPEhODI. 
J17.7120 440877P1 !IODLOQOBJECT 

PR IIOD LI6
SELECT BTCBCRC2/B 10/BPRSTNT 

J 17 ,7170440$77PRSTN?0OOBJECT 
P&STIITI I4OK END

SELECT BFCBGRC2/b1O /BA tlA LEX 
J 17 .910040$77A$AL !XOQOBJECT 

kX&LEX15OKEND
SELECT BYCB6R C2/B13 /BBALPA B 

317 ,7220L40877EAL1A100OBJECT 
BALPAIO 6DX EN 0

SELEC T B V C B G R C 2 / E 1 O / O B L D L I N  
J 2 0 , 2 3 5 0 5 18 7 8 8 L 0 L 1 g 0 0O B J E C T  

!L DLI X2 QDX END
sELECT RTCBGRC2 /B 10/BIGTSTB 

317. 7445040$77TGTSTBOOOBJEC T 
I G T S T B O 6

S E L E C T  B F C B G R C 2 / B 1 0 / B I T S D M L  
3 17 , 7 5 7 0408 7 7 1T50H L0 0OBJECT 

I~~~D R LO5DX EN C
SELECT STCBGRC2/B10 /BJDZNT 

317 77104108773DENT 00OBJECT 
30th ? 144D X E N I I

SELECT RTCBGRC2/s1O/BNUNDNT 
317.8 120 40$77IIUNDMTOOOBJECT 

t4t7M0?hT03
SELECT BTCBGRC2/B10 /BNUMDDP 

J17 .788040577WUfl0Dp00OBJECT 
N~ t1DDp 0 3

SELECT BFCOGRC2/B 1O /DNUNDS 
J17 ,8250440877$UNDS 00OBJECT 

NU TIDS 03
SELECT BFCBORC2/B I 0/BNUr.EPT 

311~ 829084O877NDflEPT00OB JECT 
N U ME P TO 3

SELECT 8FCBGRC2/B 10/PXUNFDT 
317 ,3330440877WU~ TDT00OBJECT

“KEND
ELECT SFCBGRC2/0 1 T,5~1~ p~~LI 

J 17 ,3449O4OB77WU~ NLTOOOBJECT 
NU~ MLTO3

SELECT BTCBGRC2/BlC /BNUNOC S 
j17, 855O40877NUM 00300CBJECT 

hIUMODSO3
SELECT 8FCBGRC2/ 610/BKUMPRB 

J17 ,8u 0O44o877NurpPB00OBJECT 
NtJZIPRBO3

SELECT N FC BG RC 2 / 31C- ~~PCNPL1 T 
J17 881O440877PCh4B1J700-~~ OBJECT 

PCH 8U ?0~
SELEcT STCBGP.C2 /b’ C/BSLTSTB 

317 ,1930440877SLT5T800OBJECT 
SLTSTSO7

SELECT R FC 8GRC 2/ E-l O/ B SCR T 
J 17,8980440377S0RT 000 0 - J O C T  

S O R T 08END
~I~~X L I N K S
EN T R Y ~T 5 T C p
SELECT BTCGORC2/~~I/~ STSTOP 

J l6.3g5O44Q5785~ $TOp0OOBJECT 
STSTDP4e IOKEND

L.INK LIf~NP .~ INK 5

-- - -- ~~~ ~~-- --
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ENTRY ST PR O P
SELECT BTCBGRC2/B10/BSTPROP 

J20.2443051878STPR0P00OBJECT 
s~ PIOp4444DK EN D -

LINK L I W K I I . L I J K P
EN TRY PIA CROC 

-
SELECT B T C B G R C 2 / B N A C R O  

J16 ,6 4 4 8 0 4 4 0 5 7 8M A C 1 0 C 0 0OBJECT 
tIA CIOC59pK EN D

L I NK LINE2.LI~ KPl
ENTRY sTEp2
SELECT B?CBGRC2/NBINR!3 

316,736051078S0RCE300OBJECT 
SQRCESI44DKE$D

LINK L Z $ K 3 . L I N K 2
E N T R Y  sTEP 3
SELECT B T C B G R C 2 / N B I N R T 5  

317 ,2 97 04405 7 8S08 CE 500OBJEC T 
S O R C E 8 B O

LINK 11WK44.L1NK3
- 

EN??! ST ZPN 
-

SELE CT !? CBG RC2/ N31XRT 7 
315 ,205 051 6 7 8 S0R CE 700OBJECT 

SQECZ937DX Eli D
L I NK L 1NK 5 . L1NK14
E N T R Y  STEP S
SELECT B ! C B G R C 2 / B I N A R Y 9  

J 13 ,M 82O6 O 377SO E C~ 9OOOBJECT 
S O R C E O B 6

LINK L IN K 6 .L I N K 5
ENTRY 5?Ep 6
SELECT BFCB CRC2/ B SORC E 6 

319.997101376S 0RCT600OBJECT 
50R CE 842OX E ND

EXECUT E
PRNT L Z~~ R,S,BFCflGRC1 /J0VLI3

TILE 10.clR.L -

FILE O 1 .X 1R.R
TILE Q 2 . X 2 R . R
FILE 03 .X3R.k
FILE 044.X44R .L
rILE 0 7.x7 1.L
FILE o8 ,x8a.L
TILE 09 . X 9 R .L

- 
I 

E$DJO3
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ABSTRACT

The JOVIAL Automated  V e r i f i c a t i o n  Sy s t e m  (JAy S)  is a c o n t r o l — p a t h
t e s t ing  tool which analyzes source programs w r i t t e n  in the ~J 3  d i a l L - c i  o f
the JOVIAL language . From the  user ’s viewpoint , JAVS c o n s i s t s  of a se qu&-ncL -
of processing steps which (1) builds a database containing synta ctica l and
structural information about his JOVIAL source text , (2) prepa re s  documenta-
tion reports describing int e r— and intra—module c h a r a c te r i s t i c s  of  the
source code , (3) measures control—path coverage during program execut ion ,
and (4) assists in p i n p o i n t i n g  u n t e s t e d  source  code and preparing add i ti on~iI
test data.

The purpose of this document is to i n t r o d u c e  the tester to ~IA\ ~ and tc
the process of software testing supported by lAy S . The information pr I I\- idt-d
in this guide on JAVS usage is intentionally limited to the beginning u ser .
The append ixes provide the i n f o r m a t i o n  n e c e s s a ry  f o r  o p e r a t i n g  JAVS at  RAF) C

F and can be referenced by the sop h i s t i c a t e d  as w e l l  as the  b e g i n n i n g  u ser .
The information presented on the testing methodology which JA V S s u p por t s  i s
applicable to both the beginning and sophisticated user of J A V S .
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The purpose  o r  t h i s  gu ide  is to  i n t r l l d u c e  the  user  in to  the realm of
l i t  -nate1 testing . S of t w a r e  t e s t i ng  s u p p o r t e d  b y  an automated verification

st~~~ r e q u i r e s  k n — ~~ ledge of t w o  inseparable factors: the verification tool
and the testing methodoleg\ - w h i c h  t h e  too l  s u p p o r t s .  The in fo rmat ion  concern —
1mg the u s ag e  of  I A V ~ is i n ten t i o n a l ly  l i m i t e d  to the beginning user .  The
on ly  p r & - r q F i i - -~i r e  i n f o r m a t i o n  is a knowledgi -  of the JOVIAL language . The
c a s u a l  u s e r  s h o u l d  have good success in anal y z i n g  the  behavior of his  programs
u s i n g  t h e  desc r i p t i o n  of IAVS capabilities and a few coimnands set forth in
t h i s  ~tu i d e .  A l l lob control and f i l e  i n f o r m a t i o n  is presented in appendixes ,
a l l n c  wi th ~-stimates of ~1rocessing time and core requirements.

The t~~~- t i n g  m et h o d o l o gy  w h i ch  IAV S suppor t s  is described in this guide
1 1 t  i t — i  i n p l r t i i t c e  ~F JAy S u se r s  at  a l l  levels of expertise . Altho ugh

r i - r e  is no s i n g l e  gL -r1t - r a ~ m t - t h o d o l o g v  wh ich  applies to all  t e s t i n g  s i t u a t i o n s ,
t h e r e  i r - - a n u m b e r  o t  i mp or t a n t  is s u e s  t h a t  even the  b e g i n n i ng  v e r i f i c a t i o n
t F O l  15cr s ii1 ’i r l J  r e c o g n i z e  in o rder  to make t he  t e s t i n g  exper i ence  s u c c e s s f ul .
S~- c t i - n  10 o. t h i s  gu ide  fo c u s t -s on so f t w a r e  p r e p a r a t i o n  fo r  -7 - \V S — s u p p o r t e d
tt~ ,t ~flg, t e s t i ng  g o a l s , resourc es r equ i r ed , and t e s t i n g  s t r a t e g y .

In  t h e  s e r ie s  ct J A V S  r e p o r t s , t h is  g u i d e  should be read first. The
in ’ —~~n a t  i o n  t F r e - ~ -~i t ~ -d should enab le  t h e  t e s t e r  to become a new user of JAVS
at  ~\ DC. l~nce the t i ge r  has e x p e r i e n c e d  some of the c a p a b i l i t i e s  tha t  JAVS

1 -rs , the I .\\S R t t t ~ r enc e  ~ a n t i : i l ~- s hou ld  he used to supp ly the  comple te
dt- ta u s  i - ~ IAV S f t - a t  t i r e s  and command language .

I - o r  m o r e  c o m pr e hens ive  t r e a t m e n t  ot software testing methodology not
r es t r i4  ~-c so €- v t o  JAV S— supported t e s t i n g , the reader is referred to  the

t t h ~~do I1 ’ • Re :  -r ~~.-~ T h i s  rc- ;~o rt  d e sc r f l -e s  experiences with using current
A~i r ~ar ~ -d V e r i f ic a t i o n  Sy st e m s , approaches to software quality, and advanced
A t s  c a p ti )  i l i t  i t - s .

S~~}- C LU. I N S T R U C T  I C N S :
T h i s  Us~-r  ‘ s Cu id. - su pt -r sedes  t he JAVS I s e r ’ s ~- u i d ~ • d a t e d  November  1976.

Ci i a n ~ o S t I S  in  the pa ge m a r g i n s  i n d i c a t e  l i 1  t : o i i s  md - i t i n c e s  to the  1 9 b
g u i d e  ~~~c r i i ~ks t e n - ’t e  d e l e t i o n s .
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• R cV i S c d  tie th o u ’  f o r  Comarehensive_ S of t w re T - s t i i ~~~ This r e p o r t  de-
scribes 1 h -  r e t l i o d o l o g y  which underlies and is s u p p o r t e d  by J A V S .  th e  m et  h od—
ology is t a i l o re d  to be la rge l y i ndependen t  of 11111) 1 e m e u t a t  i on  and l itigi - t;e
The d i s c u s s i o n  in the  t ex t  i s  in t e n d e d  to he i n t u i t i ve  and  d e m o n s t r a t i v e . Saris-

of t i le  m e t h o d o l ogy  is based upon t h e  ex p er i e n c e  o u s i n g  l A y S  to t i - St  a lar ge
i n f o r m at i o n  managem ent  sys tem.  A l o n g— t e r m  growth path [or automated verifica-
tion systems that supports tile methodolo gy it ; d e s c r i b e d .

• JAVS Technit -a1 R~port: Vo 1.~~~ User ’ s G u i d e .  Th is r epo r t  is an i n t r o —
d u c t i o n  to u s ing  JAVS in  the testing process. Its p r i m a r y  p u r p o s e  is Lu a c q u ~i i i i t
the user with the innate potential of JAyS to aid in the program testing pro-
cess so that an efficient approach to program verification can be u n d e r t ak e n .
Only the basic  p r i n c ip les by w h i c h  JAVS provides t h i s  assistance are discussed.
These give the user a level  of u n d e r s t a n d i ng  necessary  to see t h i i  u t i l i t y  01
the s y s t e m .  The m a t e i - i a l  on JAVS p r o c e s s in g  in t h e  r e p o r t  is presented in  t i r e
order  no rma l l y f o l l o w e d  by the  b e g i n n i ng  JAV S u s e r .  A d e q u a t e  t e s t i n g  can hi~

achieved us ing JAy S m a c ro  comman d o and t h e  j ob  st r e am s  p r e s e n t t -d in this gu i d e .
The A p p e n d i c e s  i n c l u d e  a summary ci  a l l  JAVS comman ds ~n d a desc r i p t i o n  ci A )
o p e r a t i o n  a t  RADC w i t h  b ot h samp le command set s  and sarrrp l ~

- job  control S t  d t t —
m e n t s .

• JAVS__T e c h ni c a l  R ep or t  : V o l .  2 , R e f e r e n c e  M a n u a l ,  i b i s  r e p or t  ~l~- c r  I !Fe S
Iii d e t a i l  JAVS p r o c e s s i n g  a r i d  e a c h  of  t h e  JA V S  - o n u n au d s .  f l u  R e f e r e n c e  M~i u i  1
is in tended to he used a l o ng  with t h e is or ‘ s Cu i de which contains the stel; I
dependent informa t ion s u b  -is j o b  c on t r o l  c a r d s  and  f i l e  a 1 lec i t i o n .  T h i r o i l i —
out the Re ler t -uce Manua l , modules f r o m  a sam p i & - JOV 1AI.  p r o g r a i n  ar c  u s ed  i n
the e x a m p les .  Each  J A V S  command is exp i i i r ; c - d i n  d c l i i  1 , a n d a s a i i p l t - u i  e J C l l
r e p o r t  p r o d u c e d  by JAV~ 1 ;  inniuded w i t h  t h e  a pp r o p ; - i i t t - i - i - -r a n d .  The I t l o r t
is organized into two major parts: t he  f i r s t  four si-etions d e s c r i b i  nc l b  I A’S

system arid the  f i f t h  s e c t  ion  cen t  i i  n m ;; the i lesi - r i p m u  of  ~ a c l i  JA - comm and  in
a l p h a b e t i c a l  o r d e r .

The Ap p e n d i c e s  i n c l u d e  a comp li-te listing of a l l  e r r o r  m e ssa g es  d i r e c t  l v
produced  b y JAVS p r o c e ssi n g .

• JAVS Co~~~~ut c ’r P r o ~~ram D o c u r n e n r a t j o n :  V o l .  1 , Sv~~t em f l e s i~~r i m d  I ii’p l~ - ;i - i i —  -
-

tat ion. This report cont ai us a dose r i pt i on  of J - \ V ~ r o t  t u r e  d L -
~ ~~i i  , t i  O l p i r r i  —

zat  ion and contents of t h e  JAVS data base , and a deser pt ~omi ol t he  sd LW - I I
for each JAVS componen t :  i ts  fun c t  ion , each o t  t h e  in iodu l -s in the omponeut .
and the global data structures used b’~ the c o mp o n e n t .  The r ep o r t  it; h i t  ended
p r i m a r i ly as an informa l reference for use  in J A V b  o~~f t wa r e  r n a i u i t e n 1 r ; c ~ - is  a
companion to the  S o ft w a r e  Anal y s is  reports der ;cr i b m i  b e l o w . Inc  I m i d ~ d i n  I l i e  -
appendices  a re  t h e  t e m p . l a t t - s  f o r  probe code inst -i -t ed by i r~ ; I rument at ion p r ~~
cess ing  fo r  bo th  s t r u c t u r a l  and d i r t - c t  Lye instrum -ut it  ion  and an a l p h a b t - t  i c i  I
l i s t  of al l  m o d u l e s  in t h i i  t r y s t  em ( I n c  1- i d l u g  sv s t  em rou t  i n e i l w i t h  t h e  f o r m a l
p a r a m e t e r s  and d a t a  t ype  of each p a r a u i r e t e r .

• JAV S Comj~~~ cr_ Pr o~ j-~~~~~ m P n t a t i o n :  V o l .  L2 S i t  t w a r ,  A vril v- ;i s . Tii i -;
volume is a collect ion 01 compu tm- r o u t  1)0  t p i o b i  ed by 1 AV~~ St  and m i d  p r o - i ; ; ;  I t i p

s t eps .  The source fo r  each  component  of t h e  J. -\V S s u It  w A r t -  has  been  ana IV ~ -d

iii



-

-.~~~~~~~~~ 

_
_.4~~~~~~~~~~ ~~~~~~~~~~~~ —.- —

~~ ——---  ~~~~ 
-- -- - - -. . - -  - 

I I-
a -

to produce enhanced source l i st ings  of JAVS w i t h  i n d en t a t i o n  and con t ro l  struc-
ture  i d e nt i f i c a t i o n , in te r—module  depencence , a l l  module invocat ions w i t h  forma l
and actual parameters , module control structure , a cross r e f e r ence  of symbol
useage , t ree  report for each leading module, and report showing size of each
component .  It  is in tended  to be used with the System I)esign and Implementation
M i r r r i a t  for JAVS software maintenance . The Software Analysis reports , on file
at RAD C , i r e  au excellent example of the use of JAVS for  computer  s o f t w a re
doe Linen t a t  ion.

• - A ’  Final Report. The f inal repor t  fo r  the p ro j ec t  describes the design ,
imp l e m e n t a t i o n  and t e s t i n g  of t h e  JAy S syntax  anal yzer . Background i n fo rma t ion
regard ing  all  JAV S c o n t r a c t s  is provided as well as procedures f o r  i n s t a l l i n g
the complete JAVS s o f t w a r e  package . This repor t  conta ins , as appendices ,
the June 1978 updated pages for the User ’s Guide and Reference Manual published
as RADC—TR—77—l26 , Vols. I and II , April 1977.
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2 USING JAyS

The process oi program verification is best described by example . One
purpose of this User ’s Guide is to present an overview of JAVS capabilities
through examp le programs processed b y the JAVS execution steps. It is impor-
tant to note that while there are six processing steps a given validation
effort may require use of only a few of these. The selection of i.,~propriate
processes is largely a user decision , based upon his requirement for the
information that the various steps provide . As each step is described ,
throug h examp le , the user wi l l  gain insight into i t s  u t i l i t y  for  his part icular
needs. In order to develop a basic understanding of the processing sequences
to be utilized in the examp les , Fig. 2.1 illustrates the potential JAVS processing
flows in terms of s tep in terdependenc ies .

SOURC E
— T E X T

A N A L Y S I S

BUILD L i B RA RY

STRUCTURAL
ANAL V S IS

MODULE T ES T I 1 . G  R E T E S T I N G
PROBE 

I NS T R U M E N T A T I O N  A L Y S I ~ j  A i,~ A NA L Y S I S

T E S T  DOCUMENT

EXECUT I O N OF
INSTR U M ENTE D
CODE

T EST TES T
EF F ECTIVENESS
MEASUREMENT

Figure  2 .1 .  JAVS P rocess ing  Sequences

The user must provide three  major  types  of inpu t  to JAVS : (1) the source
code to be tested , (2) a set of commands to direct JAVS processing, and (3)
test data for program execution . Section 2 . 2  describes the preparation of the

J 

source code for input to IAVS . Sect ion  2 . 3  d e s c r I b e s  the rules f o r  i n p u t t i n g
co~~ands.

2—1 
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2.1 TYPICAL PROCESSING SEQUENCE

This guide is organized to lead the user through the following sequence
of steps:

1. Build a data base library containing source text and structural
analyses (Sec. 3).

2. Document the source text (Sec. 4).

3. Instrument the modules (Sec. 5).

4. Execute the program (Sec. 6).

5. Measure the test ’s effec tiveness (Sec. 7).

6. Retest the program (Sec. 8).

These steps provide the primary assistance needed to generate test cases
and measure the extent of program testing coverage as each test case is input
to the system .

2.2 PRELIMINARY STEPS

Before the source text to be verified is submitted to JAyS , the user
should take certain preliminary steps:

1. The source text should be compiled by a JOVIAL compiler to confirm
that it is free of any syntactical errors.

2. The program to be tested should have been previously executed with

- : test data necessary to ensure proper execution .

3. JAVS text  i d e n t i f i c a t i o n  d i r ec t ives  should be inserted in the source
if there is more than one START—TERN sequence in the program .

4. JAVS computation directives should be inserted in the source if the
-iL performan ce testing capability is utilized.

ft
- - Both types  of JAV S directives (a speci~ l form of JOVIAL comment) are described

in detail in the JAVS Reference Manual . The JAVS text identification direc tive
is used to assign a unique name to a JOVIAL START-TERM sequence (program , sub—
program , or COMPOOL). If no text directive is assigned to a START—TERN sequence ,
a text name is assigned as a default. The computation directives are
used to make assertions about the behavior of the program and to verify the

- 

- 

value of specified variables without altering the logic of the program. These
direc tives can make valuable contributions in debugging and boundary conditions
testing . It is suggested that the user acquire some familiarity with JAVS before
utilizing the computation directives. The Reference Manual (Sec. 1.5) describes
their capability and utilization.

2 — 2 
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The following sections des~ ribe the recounmeuJed sequence of step
executions t-0 be utilized by the beginning user. Although JAVS is capable
of processing very large JOVIAL programs , we recommend that the tester select
a modest program (several hundred JOVIAL statements or less) to use in his
first experience with JAVS processing.

2.3 COMMAND STRUCTURE

The user directs JAVS processing by a set of commands. There are four
“macro” counnands which can be used with the JAV S 3.0 overlay program , in
addition to a variety of standard commands. Each macro command expands into
a set of commonly used standard JAyS commands. While both types of commands
can be used together, the user is advised to be aware of the expansion of
the macros before combining commands. Table 2.1 shows the relationship
between macro commands , standard commands , and the processing tasks. Sections
3—8 describe each task , as well as the appropriate commands to use , and the
process of executing the test program is described in Sec. 6.

All commands are input one per card . Blanks are ignored , so the
commands are free—form. The card scan ends with a period or with the end
of a card . If a command requires more than one card , a comma must appear
at the last non—blank character of each card preceed ing the continuation
card . tip to three continuation cards may be used. Each command consists of
a sequence of terms separated by a comma or an equals sign.

TABLE 2.1

RELATIONSHIP BETWEEN COMMANDS AND TASKS

Macro Command Standard Command
Keyword Keyword Task

BUILD LIBRARY BASIC Syntax analysis
STRUCTURAL Structural analysis

PROBE INSTRUMENT Structural and
— computation

instrumentation

D~)CUMENT ASSIST Module and inter-
PRINT module reports
DEPENDENCE

TEST ANALYZER Pos t—tes t  coverage
and trace analysis - 

---~~~~ - ~~ -~~~~~~~~- - -
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3 PRIMARY ANALYSIS

Prior to instrumentation , documentation , testing , or retesting , a set
of primary analyses must be performed. Syntax analysis is performed on the
JOVIAL source program , transforming it into a format appropria te for storage
on a random—access data base (library file). Using the information on the -

data base, structural analysis is performed on the executable modules , up-
dating the tables in the data base library . Structural analysis includes
building a directed program graph which is the basis for instrumentation and
testing analyses. The subject matter of this section , primary analys is, is
shown in the context of the testing process in Fig . 3.1.

3.1 TASKS

Syntax analysis consists of breaking—down each START—TERN sequence of
the JOVIAL source text into invokable modules. A data base library is
created containing internal tables representative of program text , statement
descriptions and symbol classification.

Structural analysis adds to the data base library a description of pro-
gram structure in terms of decision—to—decision paths . These paths represent
a unique and systematic ordering of all decision outways. Figures 3.2 and
3.3 illustrate the concept of DD—paths . A DD—path consists of all the
executable statements from a conditional ‘‘- 2’-’-~ment to the next conditional
statement. Figure 3.2 shows the state~ ent membership for each DD—path in
module EXAMPL. This module contains 12 DD-paths . Below each DD—path number
(listed across the page) is the order in which the statements are placed on
each DD—path. For example, DD—path 2 consists of statements 15, 16, 29, 30 ,
and 31 in that order.

3.2 PRIMARY ANALYSIS INPUT

.JAVS requires two input files for syntax analysis : the JOVIAL source
program in BCD mode on file READER (09) and the JAVS commands in BCD mode on
file COMMAC (05). If the source program contains more than one START—TERN
sequence, or if the source text is a COMPOOL or requires a COMPOOL to comp ile ,

- ~- 
the uoer must Insert a JAVS text identification directive as the first state—
ment. This statement is described in Sec. 1.4 of the Reference Manual and
is shown in Figs. 3.2 and 3.4.

Input for structural analysis are the JAVS commands and the data base
library created during the syntax analysis.

3.3 C~ 1MANDS

Primary analysis can be accomplished by the single JAVS command :

BUILD LIBRARY [ = < n a m e > ] .

This command expands into the set of standard commands on page 3—5.

3-1
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I5 BEST QUALITY PEAC1’IC~~~~~

(~~~~UR JOVIA L ~~~~~~ 
JOVIAL source code is input for processing and

SOURCE analy~ ie . A special form of co~nent (optional)
____________________ inserted by the user directs JAYS processing for

I 
progras performance analysis.

I SOU RCE TE XT ~~~~

. JAVS analyze s the code and generates a directed
ANALYSIS graph of the control structure.

BUILD 
I STRUCTURAL The possible flows through the progr am are

LIBRARY j ANALYSIS determined. All pertinent data is stored in a
L__ _______________ data base for later use . Addi t ional  or

changed source code cau s es an existing data
ba se to be up dated .

I 

, - ~~~~~~~

Figure 3.1. The Role of P r i m a r y  Ana lys i s  in the  T e s t i n g  Process

f
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“ .J *VSI(XT (*AMPL. COMPUTE (COMPOL ) ”
START
PROC EXAMPL (AA ~ 88)S
ITEM AA F $
ITEM BB F$
ARRAY CC 2 2 5
BEGIN BEGIN 1.0 1.0 (ND

BEGIN 1.0 1.0 END (ND
BEGIN
MONITOR 88. CCS
IFEIT H AA IS 0.0$
88 —AA $
ORIF AA £0 0.0$
BEG I N
B8 R 0 . O S
FOR IaQ ,1 ,2$
BEGIN
FOR ,Ja0,1 ,IS
CC ($I,JS) a
(ND
RETURNS
(ND
OR IF IS
SB a AA $
(ND
FOR KzO ,1 ,IS
CC (SK,0$) z 88/2.05
(ND
TERMS

MODtJL LS D(FINCO IN ltxT
1 EX I~5PL ( LX A M F ~L

*

- - Figure 3.4. BASIC Output

CREATE LIBARY=<name > . (defaul t  name is TEST)

START. *

BASIC.

FOR LIBRARY .

STRUCTURAL .

END FOR .

END .

— - - The ac t ions  taken by the macro command (or equivalent set of standard
commands) is to initialize the JAV S system with a library whose name is
cne~mt~> (or TEST if none is spec i f i ed),  process syntax analysis ( BASIC) re-
moving JOVIAL comment statements , and perform structural anal ysis f or all
modules on the newl y crea t ed library .

‘I here are several BASIC processing options , all described in the
• .- Reference M anual. If the user wishes to exercise any of the options , to delete

3—5
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the JOVIAL comments in the source text from the library, or to perform struc-
tural analysis on a subse t of the modules , he cannot use the BUILD LIBRARY
macro command; instead , the desired sequence of BASIC commands must be
supplied . Section 5 of the Reference Manual contains samp le command se ts
for each command description .

3.4 PRIMARY ANALYSIS OUTPUT
The main output is a data base library f ile containing the source tex t

transformed into invokable modules and tables for other functional processing
and reports. Printed output consists of the card image listing of the JOVIAL
source code (this can be turned off with a BASIC option) along with JAVS
error messages , if any, and a few descrip tive lines for each module s tating
the number of DD—paths generated. If any syntax errors are printed adjacent
to the offending source text line , they should be scrutinized . A complete
list of JAVS errors is in Appendix B of the Reference Manual. Some errors
will require source code changes before fur ther process ing, and some errors
are syntactical warnings.

Figure 3.4 shows the syntax analysis output and Fig 3.5 shows struc-
tural analysis output for module EXAMPL.

JOVIA L AUTO MATED V E R I F I C A T I O N  SYSTEM ••• SECONDARY MODUL E ANA LYSIS •‘•
MO DULE E X A M P L  ‘ OF J A V S T E X T  CE XA M PL ‘.

- 
- -  M OnU LE DEPENDENC E TABLE CONSTRUCTED.

ST AT E M E P ~T DESCRIPTO R BLOCKS UPDAT ED.
DO—PAI N TABLE C O N T A I N S  12 ENTRIES .

Figure 3.5.  STRUCTURAL Outpu t

— 
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9 cOMMAND SUMMARY

The subset of JAVS commands which will enable the f i r s t — t i m e  user to
process his source code are summarized in Table 9.1. The command streams in
Table 9 . 2  show the natura l order of processing and a typical selection of
commands. Instrumentat ion, activity 2 in Table 9 .2 , is shown as a separate
ac t iv i ty  so that the user can obtain the statement numbers needed by the
PROBI commands. Instrumentation can be performed as part of the f i r s t
activity following the BUILD LIBRARY operation if the user wishes to manually
insert (through a text editor) the necessary invocations to the PROBI data
collection routine.

The rules for JAVS macro -command usage and the default option values
are described in Appendix B. For a complete description of all JAVS commands
and sample output each command produces , see the Reference Manual.

~1

9—1
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TABLE 9.1.

COMMAN D SUMMARY

TAS K COPOIAND OPTIONS

(1) Perl orm syntax and BUILD L I B RA RY ‘ l l b rary nsa.> .
str u ctural ana lyses
create data base

l ibrary

(2) Gen erate r e p o r t s  f or  DOC UMENT , JAV ST EXT • s~~ext naac> ,
docu mentation MODULE • <nam e—i ’

-~ <fl am e—fl >.

(3)  Insert test Ca.. PROBI .STAR TTE ST — . <t es t  case nsa. ’,
in i t i a t i o n  <mo dule  nAme ’ , < tracing level> .

‘tezt name’ ,
<state m ent  no. ,

(4) Insert test PRORI ,STOPTE ST —

terminat ion <module name’ .
< t e x t  names ,
<s ta t em en I~ no . > .

* (I) Ins t ru men ta t ion  PRc ft~ . - ; ~- - r . ,M(t~~ LF. — - nan.~— l  -

<text f l ’ t

(6) Po~t— t~st analysis TEST ,M000LE — ‘ name— i,
<naSe .0> .

(7) Retes ti n g ASSIST .REACIIINC SET , ,‘i nitial > ,IT ER ATI VE ,
< t a r g e t s  P I C T U R E

TABLE 9 . 2

SAMPLE COMMAN D SETS
ACTIVITY C (!IMAND S

1 BUILD L I B RJ .RY .
DOC UM E NT -

2 oI.t~ l IBRA RY • TEST .
START.
PRO RS ,START T ~ ST — <ew~ u ie ~ame’,(.J AVS Tt XT  nam e> . ’ , ta te me nt  n o ’ .

PR OBI .SYOPTLS~ — ‘module name> ,
<J A VS~. EXT na,ne’ ,’s ’ a~~,-~-’,nt no S .

PROB F .JA V S1 FX T ‘JAVSTEXT name ’ .

3 P e r f o r m  T~gt Executio n

4 OLD L I I R A R Y  • TEST.
ST A RT.
ANA l  ‘(ZER .M DLST.
A N A l Y Z E R . DDP A U IS

__ _TEST. __

F’
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A S S I S T ,CROS S R F F , 1AVSTEXT = ~text—nam e—1 ,’- t ext—nane-~ ’,
‘text— name—n~~. ASS IST

ASS IST , CRI 3 S S R E F , LI B R A R Y . A s S  I

S IST ,FICTI’RE .

A S S I S T , P l C  1 U R F  , C N TR~~L ,Nt)S~ ITCU } . ASS I ST

ASS IST ,R E A C H I N C SE ~~ , ’n u m b e r —t o ~~( , ‘- n u m b e r — f r o m ’
,PICTTRE- , I TE RA T lVF.~ A SSIST

A S S 1 S T ,~~~ \ i ’ < F N T S . A~~S I S T

I~A S I C .  B -\SIC

B A S I C , LARP I~~A CFS = ~)N/OFF. BASIC

‘~~ l C ,~ ~~~ i \~~~ < = ~ N /1~F’F . BASIC
BASI (~~~l-~F~ \iS ~)N ‘OFF. FASIC

BU I L D  lIBRARY -. = < 1  ( h i - n- v 1~ h~~ . B A S I C ,

C R F A  FF I I ~~.\RY = < I i  ~~~~~~~~~~ 
~~ . 
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JAVS COMMANDS (DEFAULTS UNDERLINED)

DEPENDENCE , BANDS . DEPENDENCE

DEPENDENCE,BANDS = <number> . DEPENDENCE

DEPENDENCE, GROUP , AUXLIB . DEPENDENCE

DEPENDENCE ,GROUP ,I IBRARY . DEPENDENCE
DEPENDENCE ,GROUP ,MODULES <name—1> ,<name—2> , . . . ,<name—n> . DEPENDENCE

DEPENDENCE ,PRINT , INVOKE S . DEPENDENCE
DEPENDENCE , S UMMARY. DEPENDENCE
DEPENDENCE ,TREE . DEPENDENCE

DESCRIBE = ON/OFF . (Universal)

DOCUMENT~ ,JAVSTEXT=<text—name> {,MODULE=<name—l> ,... } } .  ASSIST , 
I 

-

DEPENDENCE ,
( U n i v e r s a l )

END. ( U n i v e r s a l )

END FOR. (Uni versal)

FOR JAVSTEXT . (Universal)

FOR LIBRARY . (Universal)

FOR MODUL E < r .a m e— l > , < n a m e — 2 > , . . . , < name—n > . ( U n i v e r s a l )

INSTRUMENT . INSTRUMENT

INS TR UME NT ,MODE = INV O CAT I ON / DDPATHS /D IRECTIVES / FULL . INSTR U MENT

INSTRU MENT , PROBE , DDPATH <probe—name> . INSTR UMENT

INS TRUMENT ,PROBE ,MODUL E = <invocation—name> . INSTR U MEN T

INSTRIJMENT ,PROBE ,TEST < t e s t — n a m e > . INSTRUMENT
INSTRUMENT , STARTTEST = <modname > ,<textname> ,’zstmt. no.> INST RUM ENT
[ ,< TESN AN> }(  ,<TFLAG>}.

IN STRU MENT , STOPTEST = <modname> ,<textname > , INSTRUMENT
<s tmt . no.> .

JAVSTEXT = <text—name> . (Universafl

MERGE . (U niv< -~ s il -
- 

MODULE = <name> . (Univers~~I -

OLD LIBRARY = <libname’. tI ni ~~. -
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JA yS COMMANDS (DEFAULTS UNDERLINED) STEP

PRLNT ,DDP . (Universal)

PRINT ,DDPATHS. (Universal)

PRLNT ,DMT. (Universal)

PRINT ,JAVSTEXT = ztext—name~ l> , INSTRUMENTED = ALL. (Universal)

PRINT ,JAVSTEXT = <text—name > ,INSTRUMENTED <name—i> , (Universal)
<name~ 2> ,... ,<name_ n > .

+ 

PRINT ,JAVSTEXT = <tex t — name > . (Universal)

PRINT ,MODULE . (Universal)

PRLNT ,SB . (Universal)

PRINT ,SDB. (Universal)

PRINT ,SLT. (Universal)

1~RLNT ,STB. (Universal)

PROBE , JAVSTEXT = <text—name>C,~1ODtJLE = <name—i> ,. • }  INSTR UMENT ,
(Universal)

PROBI ,STARTTEST = <modname > , <te xt n ame> , < s t m t .  no. > INSTRUMENT ,
1+ , TESN AM } ( ,TFLAG}. (Universal)

• I PROB 1 ,STOPTEST = <rn odname> , < te xtname ’, <stmt.  no. > . INSTRU MENT ,
(Universal)

PUNCH ,JAVSTEXT = < t e x t — n a m e > . (Universal)
PUNCH ,JAVSTEXT <text-name> ,INSTRUMENTED = ALL. (Universal)

PUNG~, JA V STEXT = <text—name> ,INSTRUMENTED <name—i> , (Un iversal)
Kname_ 2> ,. . . ,<name—n> .

PUNCH ,MODULE . (Universal)

START. (S t a r t u p )
STRUCTURAL . STRUCTURAL
S F R [CI1 RA L ,P R I N T  SUMMARY /DEBUG. STRUCTURAL

TES T{ ,M ODULE = ~z n a m e — l > , <na me_ 2> , . . . < n a m e_ n > } .  ANALYZER ,
(Universal)

*
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8.1 INTRODUCTION

To facilitate the use of JAy S, four new conunands were added to the
existing set of processing commands. These “macro” commands combine the

most commonly used commands from the standard set .  The macro commands may
be use d one at a time , a ll together , or in c o m b i n a t i o n  w i t h  t he  s t a n d a r d
set o f commands. The comb m a t  ion ot commands requt res underst a n d i n g  the
expansion of commands which each macro generates;  thus , the user is urged
to rev iew Sec. 8.2  ca re fu l ly .  The four macro commands ar e

1. BUILD LIBRARY L— ’ name ”J .

2. PROBE ,JAVSTEXT — -t cxt—name~’(,MODULE - ‘~name-1~~, 
.~name -2~,

.~~name—n~~J .

3. TESTI ,MODULE — <name— 1~’, ‘~na me—2 ~~, . . . , ‘~name—n~
4. DOCUMENT L , JAVSTEXT — <text—name~~[,MODULE — <name— l” , ~name—1~~,

<name—n ” fl

Brackets 
~~I 

indicate optional information. Each option generates a
different set of standard commands.

8.2 EXPANSION OF MACRO CO!ThIANDS

Unless the user supplies the librar y identification and start commands ,
the f irst occurrence of a macro command in the conunand set generates the
standard commands:

CREATE LIBRARY - TEST .
START .

or
OLD LIBRARY • TEST .
START .

All macros exc ep t BUILD LIBRARY generate the OLD LIBRARY command .

8.2.1 Syntax and Structural Analysis

BUILD LIBRARY. generates commands:

CREATE LIBRARY - TEST.
START .
BAS iC.
FOR LIBRARY .
STRUCTURAL.
END FOR .

L
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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BUILD LIBRARY - < name ”, genera tes commands:

CREATE LIBRARY • < name >.
START.
BASIC. *
FOR LIBRARY .
STRUCTURAL.
END FOR.

B.2.2 Documentation Reports

DOCUME NT. generates commands;

ASSIST , CROSSREF , LIBRARY .
DEPENDENCE. GROUP , LIBRARY .
DEPENDENCE , GROUP , AUXLIB.
DEPENDENCE , SUMMARY.
FOR LIBRARY .
PRiNT ,MODULE.
DEPENDENCE , BANDS—5
DEPENDENCE, PRINT , INVOKES.
END FOR .

DOCUMENT, JAVSTEXT = <text name>. generates commands

ASSIST , CROSSREF , LIBRARY .
DEPENDENCE, GROUP , LIBRARY .
DEPENDENCE , GROUP , AUXLIB.
DEPENDENCE , SUMMARY .
JAVSTEXT < text name >.
FOR JAVSTEXT.
PRINT, MODULE.
DEPENDENCE, BANDS - 5.

DEPENDENCE ,PRINT , INVOKES .
END FOR.

DOCUMENT, JAVSTEXT — <text—name>, MODULE <name—i>, . . . ,

<name-n>. generates commands:

ASSIST , CROSSREF , LIBRARY .
DEPENDENCE, GROUP , LIBRARY .
DEPENDENCE , GROUP , AUXLIB.
DEPENDENCE , SUMMARY .
JAVSTEXT • <text name> .
FOR MODULE — <name—i> , <name—2> , ..., <name—n> .
PRINT , MODULE .
DEPENDENCE , BANDS — 5.
DEPENDENCE , PRINT , INVOKES.
END FOR.

B— 3
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1 Inst rtim~’nt at ion

PROBF , JAV STEX T = ‘- t e x t  name . genera es commands:

.JAVSTEXT = ‘-text name ” .
FOR J AVS F F X T .
INS F RI’MF’N’I .
l-~NP FOR.
}‘UN CII , IAV SI’EXl’ = ‘- t e x t  name ” , INSTRUMENTED — ALL.

IRO I~ F 1 =  ~t~~x t tiarne ~~~, MOI)VI. E = . i i rne —I~~~~~namt - 2~~,
- ~,~~n c — i i - . gen er a  t t ’s c~ nirn,irids

.t-\ ’.’S lEXI = t ext .tine”
FOR Mol)l’LF: = <n,tnie— 1” <name—nT ’
INS l’RI’NFNi.
FND FOR .
PI N CH , .IAVSTEX I = ‘ text name > , INSTR UME NTED — ‘-name—i ” ,

<name—n >

•~ I ~ I Boundary in sert l~ n ( j i i . i s i -mac o~~~o~~ia n d s )

¶ I n  order t o  iden t  i f y  t es t  cases and c o n t r o l  t he  r e c o r d in g  of data on
t h e  A U D I T  f i l e , the user  must  supp ly  itwocat ions  to the  d a t a  c ol l e c t io n
r e nt  m e , P RO BI  . The i n v oc a t  ions can be manual  lv i n se rt ed  p r i o r  to Test

xe -u t  ion , or t hex’ can he au toma t Ica liv i n s e r t e d  d u r i n g  inst rumentat  t en

I The’ P R OBI  commands  cau s e  ~JA\’S to i n ser t  an i n v oca t i on  to PR OB I l e t
ide n t  I t v  in ~ .i neW t e s t  case  or t e r m i n a t i n g  the  t e s t .  The commands ir e  et
I lie t e rm

I’ROBI • STARITESI’ = ‘- rn—name ” , <t  —name > , <no . “ (  , <TESNAM ” , <TFLAC ”
I ’R ORI , STOPT E SI ’ = <rn—name > , <t—nam e> , <no.> .

rn—na me = niodu Ic name
- n ine = ~1avstext name

no. = etat enient number
TES NA M = test case identifier DEFAULT 8}I(CASE

I A ~ = t r ac tn~’. lev el DEFAULT = 2

Ii -
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C .1 INTRODUCTION

The files used in JAVS processing are listed in Table C.l together
with important characteristics about each lil t - . On systems which allocate
files by number (e.g., GCOS) the file number is used ; on those which allocate
the file by name (e.g., GOLETA) , the file name is used. The data structure
column indicates the contents of the file. The mode indicates how JAVS
references the file. The storage form and record format describe how the
dat a is recorded. The recommended allocation suggests an appropriate- type
of system file , keep ing in mind that random files must be on direct access
devices and sequential files may be on either direct access devices or serial
devices. The usage indicates how each file is utilized for different types
of JAVS processing .

The JAVS Ref erence Manual’ contains a detailed descri ption of file usage
for each pro essing step.

C.2 RANDOM FILES

LIBOLD and LIBNEW are used for the ~JAVS data base library . LIBWSP
is a l w ay s  used f o r  work ing  space .  On a l l  ot these random files , th e JAVS
Storage Manager allocates space for each JAV S t ab le  in contiguous groups
of ~OO words called “fragments. ” Each f ile is treated internally as a word—
addressable file , although it may be recorded in another form (e.g., as
fixed—le ngth records) . The wrapup summary at the end of each JAVS execution
contains the current size for each of these files.

C.3  SEQUENTIAL FILES

C 1 ~t•\~~, CO~~L-\ C and CO~tAU X are used for JAV S commands . CO~NAC and
1;oM~L-~N have a card image record for each command line ; COMAUX (always
shorter than COMMAN~ is used to store the commands with -in an Iteration
sequence. CO~C tAN and CO~ 1AC must always be allocated for any processing
ster . CO~t\UX must be allocated wheneve r any FOR command is used.

LOUT contains all JAVS reports destined for the line print er. The
number of records on LOUT depends on the number and types of reports produced.
The example reports in the JAVS Reference Manual are useful Iii estimating
tn e size of LOUT . LOUT Is always needed In any processing step.

LPUNCH contains instrumented (or non—instrumented ) source (In card Image
term) destined for the JOVIAL comp iler. The card image source can be written
at any t ime as long is it was saved on the database library . Usuall y , LPUNCH
is written during the instrumentation activity.

AUDIT conta ins the Test Execution probe data. It is possible to record
thr ee types of records on AUDIT. The types of records actually recorded can
be controlled during INSTRUMENT processing by the MODE option and during
‘lest Execution by an argument value to PROM . Clearly, f or a full y instru—
m -nted program with complete tracing and a large number of DD—path executions ,
t he number of records on AUDIT can become ve~’y large (to say nothing about
the added processing t ime). AUDIT is used in Test Execution and ANALYZER .

C—2
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In general  t h e r e  is  no way t o  est m ate the size ot  the  AUDIT f i l e , s ince
it  depends on the  ex e c u t  ion b e h a v i o r  of  t h e  p r o g r a m  b e i n g  a n a ly z e d .

READER c o nt a i n s  the  li )V IAL source In card I ~a~ e f o r m )  t o  be a na l y z e d
by  l -\V S. READER is used by the  Svnt~ix Aiialv :er (BASIC). 
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D.l PERFORM SYNTAX AND STRUCTURAL ANALYSES

$ IDENT <userid> ,<user name> ,<acc ’t. no.>
$ USERID ‘userld>S <oassword>
$ SELECT BFCBGRC1/JAVSXQ
$ PRMFL 02 , R/W ,R,-<userld>/czIlbrary file name>
$ PRMFL 09 , R ,S,<userld>/<source file name>
BUILD LIBRARY .
$ ENDJOB

No tes:

* (i) The LIMITS control card imbedd ed in the SELECT stream
specifies .99 C? hour and 40 ,000 lines of output. The - 

-

user can modify these limits by placing the following
control card before the JAVS command :

$ LIMITS <time’,53K ,-5K ,<lines >
*

(2) To obtain the JAVS enhanced listing for each module during
this activity, follow BUILD LIBRARY with:

FOR LIBRARY .
PRINT ,MODULE .
END FOR .

(3) To ob tain JAV S documentation reports within the same
ac tivity, follow BUILD LIBRARY with:

DOCUMENT .

(4) The default library name is TEST. The user may provide any
library name (up to eigh t characters ) but in doing so must
provide the library identifica tion and start commands in
subsequent JAVS processing jobs to reflect the non—default
library name . See page 3—2 for more information.
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D. 2 OBTAIN JAV S DOCUMENT ATION REPORTS

$ IDENT <userith,’user name> , acc ’t .  no. >
USERID <userid>$<password>

$ SELECT BFCBGRC 1/JAVSXQF $ PRMFL 01, R,R ,cuserid~/<llbrary file name>
DOCUMENT .
$ ENDJOB

Notes~
(1) The LIMITS control card imbedded in the SELECT stream

specifIes .99 CP hour and 40,000 lines of output. The
user can modify these limits by placing the following
control card before the .IAVS command :

$ LIMITS <time> ,53K ,—5K ,<lines>

(2 ,~ To obtain the JAVS control flow picture for each module,
in addition to the other documentation reports, follow
the DOCUMENT command with:

— FOR LIBRARY .
ASSIST , PICTURE.

I END FOR.

or precede the DOCUMENT command with:

OLD LIBRA RY = TEST .t
START .
FOR LIBRARY .
ASSIST ,PICTURE .
END FOR.

‘

~

‘ The default library name is TEST. The user stay provide any library name
(up to eight characters) but in doing so must provide the library identifi—
cation and start coimnands in subsequent JAVS processing jobs to reflect the
non-default library name. See page B—2 for more information.
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D.3 IN STRUM ENT A START—TERM SEQUENCE (JAVS’rEXT)

$ IOENT <userid> ,<user name> ,~-acc ’t. no.>
$ USERID cuserid>$<Dassword>
$ SELECT BFCB GRC 1/ JAVSXQ
$ PRMFL 01, R ,R ,<userid>Rlibrary file name>
$ PRMFL 07 . ,W ,S,<useri d>Rinstrumented source file name>
OLD LIBRA RY = TEST. -

START .
PROBI ,STARTTEST = <options > .
PROB I,STOPTEST = <options> .
PROBE ,JAVSTEXT = <text name> .
$ ENDJOB

Notes:
(1) See D . 2  note ( 1) .

(2) LIbrary idemtlflcatlon and start commands are required
for PROBI commands.

(3) To manually insert the PROBI test case boundary calls,
remove the first four commands.

(4) To obtain a listing of the instrumented modules, follow
the PROBE command with:

PRINT ,JAVSTEXT = <text name> ,INSTRUMENTED = ALL .

-

~ This ~ob s t r e a m  does not save the  ,~rohed codt’ on t h e  da t abase  l i b r a ry .

± The d e f a u L t  l i b r a ry  name Is TEST. The user may provide any l i b r a r y  name
(up to ei ght c h a r a c t e r s)  but  in doing so must provide the l ib ra ry  iden t i f i ca—
t ion  and st a r t  commands in subsequent  JAy S process ing  jobs to r e f l e c t  the
n o n — d e f a u l t  l ib rary  name . See page 3—2 f o r  more in form at ion .
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D.4 LNSTRUMFNT A START-TERN SEQUENCE (.IA VS’l’EXT~

$ IDENT ~user1d~ ,~user nante~,~acc ’t. no.~$ USERID ~user 1d $~password~PRMFL H*,R IR ,BFCBGRC 1 /JAV SXQ
$ PRMFL 02 , R/W ,R,.~user1d>/..l1 brary file name>
$ PRMFL 07. W ,S,\userl d-/-Instrumented source ffle name>
$ LIM iTS .t1me-.,’3k .—SK ,~ l i nes -’
ALTER LIBRARY
START .
PROB1 ,STA R1TE ST a 

~options -
..

PROB I,STOPT EST — .o ptI on s— .
PROBE.JAV STETXT - text f~’mt’-- .
$ ENF)JOB

H 
— - -

~~~~~~~~~~~~~~~~~~~~See D . t n o te s .

Tb is lob ot i-~’~ m •;t~ e~ he pFohed ~~~ t ’u the dat  abass ’ I Ihrmt rv which

t a n  snb st . in i  t a t  y I tic tease I hi’ I l b  t o r y ’ I ( i t ’ I

liii ’ ~~~~ I m u s t  I t  b a r y n:stnt ’ I s l’l-’S l’ . The sist’ r may p t• iiv (t i e ’ any I t t~ i i i  tV flOtut ’

( s ip  1 t ’ i’ I ght  c h a t  :ic t i t  0 bitt I i i  d o i n g  so must prey ide the I t h r ar v  (dent I I  1 -

cat ion antI ot l i t  commands In 0ttt ~0et t stetit tM’ S pi ocess Ing ohs to ret I eec the

n on— d~’t ~~t s It Ii h at v name . See l.a g~’ II - .‘ t o t  me i i ’ I i t t  o t m a t ton .
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D .5 COMP liE INSTRUMENT ED SOURC E T EXT

$ IDENT <userid> ,<user name> ,<acc -t . no.>
$ USERID <userid>$<password>
$ LOWLOAD
$ OPTION FORT RAN
$ JOVIAL NOPT ,NDECK ,NAME/PRPOOL/,pOOLou/Jp/

- ;  $ FILE JP ,X 1S ,2L
$ SELECT B F C B G R C 1/ CO M P I L E B

$ LIMITS 1,49K
$ SELECT BFCBGRC2 /PRPOOL
$ JOVIAL POOLIN/JP{ ,user COMPOOLS)/,NOPT ,
$ ETC NAME/<narne>/
$ FILE JP ,X 1R ,2L
$ SELECT BFCBGRC1 /COMP ILEB
$ LIMITS <time> ,<size> ,,<line s>
$ PRMFL S* ,R ,S,<useri d>/<instrumented source file>
$ PRMFL C*,W ,S,<userl d>/<instrumented object files

user COMPOOL perm files

$ ENDJOB

Notes:

(1) Cur ren t l y the backup JOCIT compiler (version 042275) is being
used. If the user wishes to use another  version of the JOCIT

- - comp iler , the JAV S data collection routines must be recomp iled
using the same version.

(2) The C? time in the second LIMITS control card should be
approximately 1.5 times the CP time required to compile the
uninstrumented text .

(3) The core size in the second LIMITS control card should be
approximately 1.25 t imes the size required to comp ile the
uninstrumented text .

*

I
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D.6 TEST EXECUTION AND POST-TEST ANALYSIS

$ IDENT <userid> ,<user name> ,<ac~ ’t. no.>$ USERID <userid>$<password>
$ LOWLOAD
$ OPTION FORTRAN
$ SELECT BFCBGRC1/JPROBESX
$ SELECT <userid>/<instrumented object file>
$ SELECT BFCBGRC1/EXECUTEB
$ LIMITS <time~,<size> ,,<1 i nes>
$ PRMFL 08, W ,S,<userid>/<AUDIT file>

user fi l es and data

$ SELECT BFCBGRC1 /JAVSXQ
$ LIMITS <time> , 53K ,-5K ,<lines>
$ PRMFL 01 , R,R ,<userid>/<library file>
$ PRMFL 08 , R,S,<userid>/<AUDIT file>
OLD LIBRARY = TEST.I-
START .
ANAL YZ ER , MO DL ST
ANAL YZER ,DDPATHS.
TEST .
$ ENDJOB

Notes:
(1) To obtain a printed listing of the input data, if the data

were on a perm file, insert the following control cards
before selecting JAVSXQ :

$ CONVER
$ INPUT NMEDIA
$ PRMFL IN,R ,S ,<userid>/<data file>
$ PRINT 01

(2) The EXECUTEB select stream supplies JOVIAL system routines
used by the backup JOCIT comp iler. This can be changed
to EXECUTE if all software modules were compiled using
a newer version of JOCIT .

(3) Additional instrumented files can be loaded.

(4) In an overlay environment , JPROBESX must be loaded in
the main link.

(5) The AUDIT file can be a scratch disk f i le  or magnetic
t ape , instead of a perm f i le.

The default library name is TEST. The user may provide any library name
(up to eight characters) but In doing so must provide the library identifi—
cation and start commands in subsequent JAVS processing jobs to reflect the
non—default library name. See page B—2 for more information.
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D.7 R~IESTING ASSISTANCE (REACHING SETS)

$ IDENT <user id~ ,-use r nan1e ’ ,~ acc ’t .  no. ’
$ USER ID ‘user id ~$.Dassword-’
$ SELECT B FCB GR C 1 /J A .~~~\Q

$ PRMFL 0 1 , R ,R ,--userid ’/~ li brary f i le name~OLD LIBRARY T E’~1 .~
START.

-~ ASS IST ,REAC H ING SLT ,~ tarqet ’.~ opt-’ c~ns~ .

S ENOJ OB

4

1
The default library name is TEST. The user may provide any library na:’ t’
(up to eight characters) but In doing so must provide the library identifi—
cation and start commands In subsequent JAVS processing jobs to reflect the
non—default library name. See page B—2 for more information .
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D.8 SELECT STREAMS

In the event that the user wishes to modify the control cards nested in
the two lAyS SELECT contro’ cards , the expansions are as follows :

$ SELECT BFCBGRC 1 /JA V SX Q con tains

$ PROGRAM RLHS
$ PRMFL H*,R ,R ,BFCBGRC 1 /HSTAR/JAVSHS$ LIMITS 99,53K ,-5K ,40000
$ FILE 03,X3R ,1OR
$ FILE lO ,C 1R ,1L
$ FILE 04 ,X4R ,2L
$ FILE 02,X2R ,20R

$ SELECT BFCBGRC1 /JPROBESX con tains

$ SELECT BFCBGRC2/BPRCMPL
$ SELECT BFCBGRC2 /BPROBE
$ SELECT BFCBGRC2/BPROB I-X
$ SELECT BFCBGRC2 /BPROBM-X
$ SELECT BFCBGRC2/BPROBD-X

Li
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TABLE E .l

F I L E  S I Z E  E S F I M A T J ~ N

*File 0 F i l e  E s t i m a t  ion

01 , 02 L i b r a r y  15—20 ilinks/modu le

( L I B O L D , 300 ll inksfl000 source statements

L1BNE%~) 4—5 times source file size (ilinks)

0 3 L I BWSF 10 il ink s

04 COMAUX 2 llinks

07 LPUNCH 8 Il inks/module

(instrumented 100 l l inks / 1000 source s t a t e m e n t s
s o u r c e)

2 t imes uninstrumented source file size (ilinks)

I n s t r u m e n t e d  .3  t imes  LPIJNCH (ll in k s)

obj ect file 2 times uninstrumented object file size

OS AUDIT Minimum size (no execution trat- fn ~~’ is:

(number of probed DD—paths x numbet ci

tes t cases x .2 ilinks)

Maximum si ~~t ’ is depend .’nt upon exo -u t ion

behavior and leve l of tracing

09 READER .04 i l I nk s / s o u t  ci card

10 ~~~~AN 1

These estimations are derived from test log the SAC Force tianagement Intorriat ionSy s t e m.
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TABLE E.2

CP Time Estimation

CP }Iou r/
Task/Command CP }Iour/Module 1000 Statements

BUILD LI BRARY .010 .17

DOCUMENT .006 .1

PROBE .005 .07

Compile Instrumented code .001 .02

Test Execution 1.5 times execution time for uninstrumented
program

*TEST 3—6 t imes Test Execution t ime

.01 CP hour/module

*Very rough estimates, since TEST CF time depends
heavily on the size of the AUDIT file .
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r.-\BLF; F . 1

JAVS I N~ ALLAF ION A F R10(

DATE l u n c  l97~
VE R S 1~’N 3 .0 overla ’.-

OMFU TER III S f~ I ~ ‘)

)PER.AT~ NC ~
- ‘

~ S I t- ~ 1 COS \‘t r 0 i c f l  C -g O a t  - 3
COMI’ I LER ‘~C~ 1 JOV !-\l / v e r s i o n  ( 1 42 2 7 5
NON—STANDARD ELI F U L L S  1 ‘V AL ‘

~~ ‘NI i-( • lOEFRAN r a n d o m  l / t )
( i t  ch , l i n k e d

- CORE REOU I R i 1 ~i ( ’ . 

P-o ~~ram File Fvj~e L e i d  -~i~~ - 
- - —- - 

‘ r ocv~~

HST AR/ J .- \ V - O i S  H* 5 ~L Comp i t  c J\VS o v e r la y
JP R O BESX s~~l~~c t  Tes t  E x e c u t i o n
JAVSXQ select c e l ec t  11* and york (j leo

FILES :

Number N~ime A l l o c a r  i - u  L~- . i c ~ ) o o cr ip t- icn (1)

1. LIBOLD save L’ .~ 300 c , r eco rds , R , U , F
2 L I B N E W  save I~~ N 300 W / r e c o r d , R , U , F
3 LI B~~SP Sc r a t ch  N N 300 N / r e c o r d , r , I’ , F
A (Tht \ U X  s c r a t c h  (c/N BCD , card  image
5 COM~tAC card re id~- i  R svo t e rn  in p u t , BCI)
6 10 1 F p r i  i t e r  ~ o v o t e n i  cu t o u t
7 LI UNCH com pi le N BCD , ca r d image

A U D I T  save  N ~ B i n i rv • ~ N / r e c o r d
9 READER source  N D C I ) , card ima ge
10 (N’~~L-\N scr lt ch R:N BCD , card image

N o t e :

(1) N = words , R = random , U = ,,t,~~irt toned , F = fixed l e n g t h
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TAB LE F .2
JAVS INSTALLATION AT SAC HEADQUARTERS

DATE J u l y  1975
VERSION 3.0 overlay
COMPUTER HIS 6180
OPERATING SYST~ 1 WWMCCS
COMPILER JOCIT JOVIAL/J3 version 042275
NON-S 1 ANDARD FEATURES JOVIAL MONITOR , FORTRAN random I/O
CONFIGURATION ba tch , l inked

PROCESSING CORE REQUIR~~tENTS :

Progr am Fi le  Load Size  Process
HST A R /IAVSHS H* S3K Complete JAVS overlay

JPROBESX se lec t  4K Test Execut ion
JA V SNQ se l e ct  s e l e c t  H* and work t i l e s

F I L E S :

,er N A l l o ca t i on  Usa~~~ Desc r iption (1)
1. L I BOLD save R/W 300 W/records , R , U , F
2 LIBNEW save R / W 300 W/reco rd , R , U , F
3 LIBWSP sc ra tch  R/ W 300 W/ record , R , U , F

COMAUX scratch R/ W BCD , card image
5 CO~ 1AC card reader R system input , BCD
6 LOUT printer W system output
7 LPUNCH comp i le V BCD , card image
8 AUDIT save R/W Binary , S W/record
9 READER source R BCD, card Image

10 COt-NAN scratch R/W BCD , card image

N o t e :
(I) W — words , R random , U — unpartioned , F — fixed length.

F— 3



- 

:~T T T . ~~~~~~~~~ ~~~~~~~~~~~~~~~~~

APPENDIX C
JAVS UTILIZATION CHECKLIST

LI C-i

~JTT~



— — 
~~~~~~~ ~

•—
~~ ~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~ 

—
~~~

- - I

Prepare source cod e:

a. Insert JAVSTEXT directive as the first statement of each START—TERN
sequence.

If the START—TER N Is a program , CLOSE , or PROC use:

“.JAVSTEXT --name~ COMPUTE (—COMPOOL name>)”

The parenthetical name informs JAVS that one or more COMPOOLs are
r e f e r e nced , al though the COMPOOL name is not checked fo r  v al i d i t y .

If the START—TERM is a COMPOOL use :

H “ .JAVSTEX T ~name :~ PRESET ”

See page 3—5 In the User ’s Guide and page 1—7 in the  R e f e r en c e  Manual
for examples.

b .  If JAVS computa t ion  d i r ec t i ve s  (ASSERT , EXPECT , TRACE , OFFTRACE) are
to be used , in se r t  them i n t o  the  source code f ollow ing normal JOCIT
programming rules for placement and expression syntax . See Sec. 1.5
in the Reference Manual for description of these directives.

Create flies

a. Comple te JAVS processing of the sou rce code will requ ire crea tion of
the fo l lowing f l i e s :

File code Name Type C o nt e n t s ___________

01,02 LIBNEW Random JAVS da ta base library
LIBOLD

07 LPUNC H Sequent ia l  In s t r u m e n t e d  source
08 AUDIT Se q u e n t i a l  E x e c u t i o n  Trace

See page E—2 of the User ’s Guide for size estimations of these files.

b. Addi tional files which the user may wish to use are the sequential
C* file containing the instrumented object code (see page D—6 ,
User ’s Guide) and a random access H* file containing the user ’s
program with Instrumented code.

G-2
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3. Per form syntax and s t r u c t u r a l  analyses

a. Execute the job stream on page D—2 , User ’s Guide (or one which
employs BASIC and STRUCTURAL keywords ; see Sec. 5 of the Reference
Manual under these keyword headings).

b. Check JAVS output for any errors. The comp le te lis t of errors is in
Appendix B of the Reference Manual.

c. If necessary , modif y source and reprocess this step.

4. Obta in  JAVS documenta t ion  repor ts

• Execute the job stream on page D—3 , Use r ’ s Guide or

• Use any of the  PRINT , ASSIST and DEPENDENCE commands to produce the
desired documentat ion repo r t s . See Sec. 5 of the Reference Manual
under the appropr ia t e  keyword headings for sample commands and
o u t p u t .

5. Instrument the source code

a. For each START—TERM (JAVSTEXT) execute the job stream on page D—4,
Use r’s Guide.

b. The PROBI commands direct JAy S to insert calls to the PROBI data
collection routine to initiate and terminate test cases at specified
statements in the source code (statement numbers appear In the JAVS
module l i s t i n g s ) .  See Sects. 5 . 3  and 6 , User ’s Guide and page 2— 15 ,
Re fe r ence  Ma nual f o r PROBI desc r i p t io n. The test case init iat ion
and termination PROBI -nails can be inserted manually (e.g., under
the GCOS EDIT system) in the Instrumented or uninstrumented source
code , or they can be inserted at the d i rec t ion  of the PROBI command.
See page 2—17 , Referen ce Ma nual for  a sample listing of probed code.

6. Con’pIle the instrumented source text

Use the job stream on page D—6 , User ’s Guide , supply ing any COMPOOLs
(in add it ion  to the  JAVS PRPOOL) required for compilation .

7. Load , execute and analyze program coverage

a. Use the job stream on page D—7 , User ’s Guide as a basis for  determining
the control cards needed for executing and analyzing the program.

G- 3
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b .  The lob con t ro l  cards requi red  for  load ing  and execu t ing
- - the program d i f f e r  f r o m  the user ’ s norma l sequence as fo l l ows :

— (1) The JAVS data  collection routines must he loaded
- (JPROBESX) . I f  the user ’ s program is in ove r l ay  f o r m ,

load JPROBESX In the main link.

- (2) Load the Instrumented object code instead of the original
object code (in the appropriate link , if overlaid).

(3)  Supply the AUDIT file (file code 08) for the execution
t r ace  r e s u l t s .

c . The JAV S p o s t — t e s t  ana ly s i s  ( f o l l o w i n g  user  f i l e s  and d a t a )  c o n t r o l
cards  inc lude  the AUDIT f i l e  ( w r i t t e n  d u r i n g  e x e c u t i o n )  and the  JAV S
da ta  base l i b r a ry  (LIBOLD on f i l e  code 01) .

- 
Figure  G . l  shows the typical flow of opera t ions  in us ing  JAy S.  JAVS

commands and the  da t a  base l i b r a ry  are used in a l l  a c t  iv i t i es  except  the
c o m p i l a t i o n . The f i l e s  used in the  t i g u r e  are the  l i b r a r y  (02 ,01) ,  LPUNCH
(07), object (C*), and AUDIT (08).
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ABSTRACT

The JOVIAL Automated Verification Sys tem (JAy S) is a con t ro l—pa th
testing tool which analyzes source programs written in the J3 dialect  of
the JOVIAL language. From the user ’s viewpoint , JAVS consists of a sequence
of processing steps which (1) builds a database containing syntactical and
s t ruc tu ra l  informat ion  about his JOVIAL source text , (2) prepares documenta—
tion reports describing inter— and intra—module characteristics of the source
code, (3) measures control—path coverage during program execution , and (4)
assists in p inpoin t ing  untested source code and p repa r ing  addi t ional  test
data.

The purpose of th is  document is to describe in deta i l  JAV S process ing
and each of the JAVS commands. The organization of the Reference Manual
follows a top—down approach . Starting with a system level description in the
f i r s t  section ; each subsequent section describes a subset of the total system
In detai l .
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PREFACE

T h i s  Ret erence Manual supersedes the .JAVS Reference M anua l , da t e d
November 19 6. ( hai 1~~ bars in the page margins indicate additions and

-
~ changes  to  t h e  1976 manual; a s t e r i s k s  denote deletions.
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LIST OF JAVS REPO RTS

• Revised Methodology for Ccmprehensive Software Testing . This report de-
scribes the methodology which underlies and is supported by JAyS. The method-
ology is tailored to be largely independent of implementation and language.
The discussion in the t ext  is in tended  to he intuitive and demonstrative . Some
of the methodology is based upon the exper ience  of u s ing  JAVS to t e s t  a l a rge
in fo rma t ion  management  sys tem . A l ong— te rm g rowth  p a t h  fo r  au t o m a t e d  v e r i f i c a —
tion systems that supports the methodology is d e s c r i b e d .

• JAVS Technical Report: VoL ~~~~Uscr ’s Guide. This report is an intro-
duc tion to using JAVS in t h e  testing process. Its primary purpose is to acquaint
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  bas ic  p r i n c i p les by wh ich  JAVS provides this assistance are discussed.
These give the user a level of understanding necessary to see the utility of
the system . The m a t e r i a l  on JAy S p r o c e s s i n g  in the  r e p o r t  is p r e s e n t e d  in the
order normally fo l lowed  by the b e g i n n i n g  JAVS u se r .  A d e q u a t e  t e s t i n g  can be
achieved using JAVS macro commands and t h e  job  s t r eams  p r e s e n t e d  in th i s  g u i d e .
The Appendices  i n c l u d e  a summary of a l l  JAVS commands  and a d e s c r i p t i o n  of JA y S
opera t ion  at  RADC w i t h  bo th  samp le command sets  and s a m p l e  job  c o n t r o l  s t a t e -
ments .

• JAVS Technical  Report :  Vol.  2, R e f e r e n c e  Manual .  This  r epo r t  d e s c r i b e s
in deta i l  JAVS p rocess ing  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 cards and file allocation. Through—
out  the Reference  Manua l , nodules  f r o m  ~i samp le J°VIAL program are used in
the examp les . Each JAVS command is explained in detail , and a samp le of each
repor t produced by JAVS is included with the appropriate command. The report
is organized into two majo r  parts : the first four sections describing the ~1AVS
system and the fifth section containing the descri p tion of each JAVS command in
alphabe tical order.

The Appendices include a complete listing of all error messages direct ly
prothiced by JAVS processing.

• JAVS C~~pu tcr Progran Documentation: Vol. 1, Sy s t e m  Design and Imp lemen-
tation. This repor t  con ta ins  a desc rip t ion  of JAYS s o f t w a r e  design , the organi-
zat ion and conten ts  of the JAVS data  base , and a descr ip t ion  of the  s o f t w a r e
for  each JAVS component:  i ts func t ion , each of the modu les in the component ,
and the global data s t ructures  used by the componen t .  The report is intended
pr imar i ly  as an informa l re fe rence  for  use in JAVS software maintenance as a
companion to the Software Analysis reports described below. Inc luded in the
appendices are the templates for probe code inserted by Instrumentation pro-
cessing for bo th s truc tural and direc tive ins trumentation and an alphabetical
list of all modules in the system (including system routines) with the forma l
parameters and data type of each parameter.

• JAVS Computer Program Documentation: Vol. 2, Software Ana~ vsis. This
volume is a collection of computer output produced by JAVS s tandard proces sing
steps. The source for each component of the JAVS software has been analyzed
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to  produce enhanced source listings of JAVS with Inde n t .  at f on and con t ro 1 ~. t r uc —

tu re  i d e n t i f i c a t i o n , i n t e r — m o d u l e  dep euccuce , all  module  i nvocat ion ; w i t h  tot n ci l
and ac t u a l p ar a m e t e r s , module control structure , a cross r e fe r  uce of symbol
iseage , tree r e p o r t  f o r  each leading module , and lerort s how i n g  s iz e  of , - i c h
compon ent  . It is in tended to be used w it ii t he  :~vo tern Desi gn and Implement at ion
Manual  for JAV S software maintenance. The Software Analysis reports , on I i I c
at RADC , are an excel lent e - xan;p le  of the u~-e of JAy S for computer software
d o c u men t a t i o n .

* . JAy S F ina l Rej ’ort.  The fitial report for the project describes the  desi gn ,
implementat ~on and test ing of the JAyS sy n t a x  analyzer. Background information
reg~ rdlng all JAVS contracts is provided as ~ell as procedures for installing
the complete JAy5 s o f t w a r e  pa~ kage . This  repor t  c o n t a in s , as appendices ,
the June 1978 updated pares for the U ser ’ s Guide and Reference Manua l publ ished
as RAD C—TR—77— 1 , Vols. 1 and II , April 1977.
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• 1
JA y S T EST CASE
•‘• NONzT oqco ~*O LLER1TH D A T A  10 • TWO
•I* M~ N7T ~~~(fl PlOt.L.ER ITN O A T A  I T E P I A  • 300••e MON~ T OP~ r) PIOLL EPIT H ) A T A  !T€P 2a • iqq

RESUL T 6? 4
•‘* MON ITQ R(n MO L L EPIT H D A T A  ID • ONE
•I’ MOP4fl~~QE~) ‘ 4 O LLFRITH O A T A  !T E~~1a
•e• MON ITOR(D P4OLL(R~ Tp4 DA T A ITER ~ A s
RESUL T 6? 4

I
Figure 1.4. Output from Execution of Sample Program
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2.3 MODULE INSTRUMENTAT ION

This step performs the instrumentation of modules which have been pro—
ce ssed through BASIC and STRUCTURAL. The primary result of this step is a
set of pr obed modules which can then be compiled in instrumented form for use
in Text Execution (see Sec. 2.4). Only modules which ha’~~ executable state—
ments (e.g. modules other than COMPOOLS) are instrumented . The instrumented
modules are logically identical to the original source code. The probe state-
ments are saved on the library along with data generated by BASIC and STRUC-
TURAL (e.g., the source text , etc.). INSTRUMENT processing is shown in Fig.
2.5 .  -

from
STRUCTURA L

EIJ

~~~~~

III DATA *

USER MODULE BASE
COMMANDS INSTRUMENTATION LIBRA RY

TEST EXECU TION

INSTRUMENT INSTRU MENTED
REPORTS SOURCE

STRUCTU RAL

Figure 2.5. INSTRUMENT Processing
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Ihere are two t y p e s  of  I n s t  ru:ttcn t ,i t ion gt -n er a t e d  du r ing  INSTR I T MEN T :

1. Structural __Instrumentation. Sot  tw .mre probes  are  a u t o m a t i c a l l y
In s e r ted  in t o  the  source  t ex t  at each i n v o c a t i o n  p o i n t  , eac h
r e t u r n  p o i n t , and ea~- l m  st a l t -m e n t  w h i t -h  begin s a 01)—path. LaJi - -

probe includes a c a l l  to s;~t-c i , i l  au d i t  lug  r o u t i n e s  w h i c h  cap-
t u re  and record  I n f o r m a t i o n  conce rn ing  I l o w  of c o n t ro l  in the
ex e c u t i n g  m o d u l e s ’ .

2.  JAy S D i r e c t i v e  In s tr u n i e n t a t  ion. Sot  t w a r e  p r obes  are  m a n u a l l y
i n se r t e d  in the source t e x t  f or  JA~’S d i r e c t  ives ( S e c .  1. 5) w h i c h
are a u t o m a t i c a l l y  cx 1’zi i Jed i n t o  J O V I A L  code  t o  monitor t he  re-
s u l t s  of a s s i g n m e n t  am id t-xctmJi- mg e s t z t e m en t s  d ur i n g  Test E x e c u t i o n .
l-I , mch d i r e c t i v e  con tro ls e x e c u t t o r t — 1 j m ~- o u t p u t  which is i n t e r —
sp er se d w i t l r n o r m . m I  ; r o gr a m  o u t p u t .

.1—S
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3 JAVS CONSTRAINTS

JAVS imposes cert4mn restrictions on t l l t ’ s i z e  of  the database library,
the command language , and the source text to be analyzed . Most of tl~ limita-
tions based on size .mrc generous ~e . g . ,  the maximum number of nested IF state—
Inents is 100). Some of tht - l i m i t a t i o n s , su - i i  as those in the Test 1-xec ut ion
process , can be raised by recompiling parts of J A V S .  Some of the  r e s t r i c t i on s
are based upon c o m p u t e r  page dimensions and cannot he change d .

A numoer of the tOnSt raint s which a t  feet the incoming JOVIAL source code
are founded in t h e  p r i n c i p l t - of .ii -mal v zin g inv -kable m o d u l e s  s e p a r a t e l y .  The
JkJIec t s of JOVIAL recL’gnized by JAy5 allow certain c o n s t r u c t s  i n v o l v i n g  j ultips
to global label , , invocatio ns of externally declared s w i t c hes , and TEST stat e—
:tients where the FOR variabl e is externa l to the m o d u l e .  Some of these con—
s t r uc t s  r e q u i r e  n o d i t i c a t i o n  of the J O V I A L  source code , and some ca u se a
warning message to be issued tc make t he  m i s e r  aware of l i m i t a t i o n s  in the Dl)—
path test measurement r ep i r  and execution tracing.

The c o n s t r a i n ts  are l i s t ed  in sect ions ( S e c .  3.2 through 3.8) appropriat e
to a p a r t i c u l a r  JAVS p roces s ing  s tep .  Un ive r sa l  c o n s t r a i n ts  (Sec . 3. 1) a t  t i c  I
a l l  of  JAV S p r o c e s s i n g .  The t e r m i n o l o g y  used i n  d e s c r i b i n g  the constraints
r e q u i r e s  k n ow l e d g e  o t  JOVIAL and JAy S . The use: shou ld  r e f e r  Ic’ t I  o J OCI ’I ’
C o m p i l e r  I s er s  M an u a l 3 f o r  .I O V I A L  t e r m s  and to the index in this manual for
d i r e c t i o n  to the  d e s c r i p t i on s  and r e f e r e n c e s  to JAVS t e rms .
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~.LVERSAL cONSTRA INTS

M a x i m u m  3 c o n t i n u a t i r n  Lards fur any given JAVS command .

.1. Maximum 2-~ connias in any given JAVS command.

~~. M a x i m u m  150 m o d u l . - s  s e l e c t e d  f o r  mv g iven JAVS command i t e r a t i o n
loop .

-~~. ~t mxim ur n  250 w o r d — p a i r s  in a statement block.*

5. Ila x imuni 100 s t a t e m e n t s  on cmn y D~)— p a t h .

6. ~L i x i m t i t t t  23 i n t e r n a l  d a t a  ba se tables during any JAVS execution.

7. 100 JAVS e r r o r s  p r o d u c e  a f a t a l  e r r o r .

~~~. ~Iaxim-am 2 50 known m o d u l e s  during any one JAVS execution (i.e.,
t o t a l  m o d u l e s  in one or  b o t h  l i b r a r i e s ) .

9. In  o rde r  to change a p r e v i o u s l y  made library, the name specified
for an ALTER LiBRARY must be the same as when it was a CREATE
LIBRARY .

10. M ax imum 150 modules  per  JA VSTEXT.

11, Maximum 80 c h a r a c t e r s  per  ca rd  image read .

12. Maximum 128 c h a r a c t e r s  per l ine  of o u t p u t .

13. No analysis is performed on a DIRECT code s e q u e n c e .

l~~ . The recognized dialects of JOVIAL i n c l u d e  JO CIT JOVIAL , J O V I AL/ J 3 ,
CDC JOVIAL, and Honeywell JOVIAL . The comb ination of these is

~r c ’c e s sed  by .JAVS .

BASIC automatically separates long source statements into a sequence of state-
ments . The fr r st statement is given the statement type according to the
ori ginal JOVIAl. sor-rce statement. Subsequent statements arQ of type continua—

- 
- tion ( C O N T )
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3. 2 IAVS BAS I C ‘ li\ -ol R,\ I SIN

PANIc U r t u  t - s - - i n g  i s  t I l l a b l e  o t  handi ing qu ite large s ir ’ text fl ie s .
I n u s u a l lv  l m r ~ e p r t ’gr IIns mdv havi - t o  lu processed by sevt -r -ml succt-ss ive ex ecmm—
t loris of BASIC , t a 1 E I o p t - r i t  ing on a -it - 1 arzlte file of STARI—TERM t i - x I s .

T he t i ’  I I ‘wing h i p ] emen t a t  ion  - l i s t  r ;1 i n  ts  ar ~ - the en . en t ones wh i c l i  m u s t
lu I- ~~ - r v e i  dur I nt~ BASIC riroc t-os I n,~:

I .  E a c h  nodule p i m od o t t  t h i- satin - lihr ;mr v m u s t  have a uni q u e
m o d u  i t  i i ,  i-i c r a g iv -n JAVS i - X I  name . J r  t Ii is i i  r~ o 5,
o n l y  t he f i r s t  eight ch im e ri o an~- n- I n , -  ar t- used . The
firs t s ix cii a r a ct~ -r s should be uni q u -  (a comp i l & - r  r e s t r i c t i o n ) .

2 .  A PROC must contain a t  i t - a s t  on e  ,-~~,-cu t . i l l t -  s tat , nt -nt ( e . g .
RI - . l I R N )

3. St at ,-int -n t i~~he ls i n  d i rt - c t  code  a r t -  n ot  analvz -d. A ref erence
to such a liiht-1 i t t  J O V I A l  code is tr i - it t e l  as ii r~ - t t - r - n c t -  t o  an
e x t e r n a l mmn d e t m e d  l a b e l

The maximum numht-r ‘1 Itt - st ed modules is 150 .

5. Th t -  max i mum n u m b e r  tf m ini qu~- s-vmh o  is (names and - n s  t ants)
is ~o -m h .

6. A b a s i c  eli-mt -n t mdv no t  ex c e e d  500 c h a r a c t t - r s  (does not  i n c l u d e
l i t e r a l s )

7 . A IOV I AL svmho 1 m a y  not t-x eet-d -~095 charac t ~
- r -~

8. A comment if saved w ill he t r u n c a t e d  t o  t i m e  m a x i m u m  J O V I A L
svmbo I l e n g t h  i f  I t ex c e e d s  t h a t  I en g t  1

9. BASIC t~ m a r : m n t e e s  th at s iv ,-d c -mmt -flt s t ~- r t n 1 n n t ~ - w i t h  m l i ihl e
p r m m~- (I .~~~

- ., a d o u b l e  p r i m e  w i l l  h~- g~-n ~- r . m t ~ - !

10 . Only tht- f i r s t  72 columns of s o t ir t , - t e x t  l i i i , -  i t ,  a n t l v n , -d .

11 . COf’~~OOl S must have a JAVSTFXT dir t -c live s t a t  l u g t i t -  PRESET
type .

12 A s t a t i - m i - m i t  name foll owi ng a TI-R5 (main pr i ’gr m ni o n ly )  w i l l  n o t
de termine t h e  f i r s t  ex t - c i i r a b l t - s t a t e m e n t

3- 1
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\V~ NlRPCTI RAI ~~~~ R A I N  U S

I . 
- ‘u t  I - - I - iou 1 1 n o t  t r - m m  ~. t 1 t t ‘in ot t o  n ; - l i i  I e t , ‘ a I - m b  I -

s wi  t c i t  d e e I , m ~ i d  i t t  j u t  b u m  n i o , l m m l  c - C on t  ro I t m m i i i e r ;~ ‘f
t h i s  t v j ’ i  I r e  I t , i t t u l  mi ; 51 IRS ; .

2 .  A I l - N I  s i l t  , ‘m ent  t Imi m sI n ot . 1 1 1 t h  i it t h e  r a n g e  -i .i s i n gle I a c t  or
I - O R s i l l  eat mi I st i u t i l e e

I - t i n , - t o t t  c m  I i s  m m  t i m  s i d ,  ~~f I ~ c i s  I e • two sri,- ce ssiv ,- 
~-a il s

t i m e  I m mi c i - u  mu ~c i m  
~
- ‘  ‘duc e  di i i  c m i i i  t e su l  I s )  a l e  not penil E t t t I  i i i

FOR , I F , h F  I TI I , m d  OR ~~~ st . ; :  en i e n t s .

-, . I l i e  max m nun; d e p t  it 0 ties I i h g  o t  - omit ro 1 or comp ound stat et t i en t  s
1 1 1 : 1 1 I I I , Oh -~I V , I I - , b - O R , P 1 0 1 5 )  ~~ 1 00.

F i i ~ - max i iimmin tii m :’ ;i ’ ,-i ‘ I l i l t — p i t  I t s  wi ~ j o l t  c an  b eg  In  m t  a S t  d I , - m e n t
i s  I O U .

l i i , - m i x  ji t mtmttm n u m be r  ‘i  st  .11 t i n t -u t o t t  a s t i t l e  P1 1—p at  it is 1(10.

2 . C l O S E  I u v o c i I O n S  wit i c i t a p p e a r  is sw m t cit  go! nt  s I n  ~W I T C H
decl a ra tions m m , ’ t r o t t e d  m s  t t u h l  si,-i t c lt gol ttts .

S SRI 1511 it tvo c at m , ’i i ; ;  w h i c h  a~-peJr is s w i t c h  p o i t i t s  ( n e s t e d  s w i t c h e s )

~n ~~ liii 1, -c l i t - it i o n s mm - ~- t r e a t e d  as m l  I switch points.

~ Imitoca t i o ns  ‘I  ext ertoi l Iv dec l it- ed Sis I t e l te s  m t - c t r~ m t e d as
R i FI RNs

Ii i . l;i ,- t i r ; t  1 1 m m , - , t m - t o n  i-OR - ;t ,i te mt -nt In -l p a r a l l e l  FOR I s
.is ;unt , ’ tl to he f l it ’ c o m m I t - 1 1 m t i ~~ FOR. I I t h e r e  i t o  no t h r e e

t . m c t o i  FOR s t a t e m e n t ; i t t  the par allel F O R , t i l t  f i r s t  FOR state—
‘1 - m i t  ~ S , -h o s cn is t i m ,  c o n t  r ol l ing FOR to t tim e purpose of coit—

st  I- u , - t 1 r i g  l i i i  i’rst i t  en i t m i t  po  t n t  ,-r s i t t  t lie . t -\ \ ’ S s t a t  e m ent  de—

s e t i J ’ t ’t  b l o c k s .

I I  - ( 1 . 0 5 1  ~l - - I m r m t  i t t ; u I t h t i t t  .i FOR sta tt ’ttt eti( may r i o t  r i S c  .i lES t
s t i l t - I - i t - i t t to r , - t , - r , - t i c t ’ t I m , - , i c t  i v , - FOR v i r i.m l ’ lt -

I
-

-
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3.4 JAVS INSTRUMENT CONSTRAINTS

1. 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.

3. The maximum number of nested IF statements is 100.

4. S u b s c r i p t  expressions in SWITCH invocations are limited to 72
characters.

5. Item names and switch names are limited to 30 characters in
length.

6. The maximum number of variables allowed in a sing le TRACE
d irective is 18.

7. The maximum number of variables in TRACE directives is limited
to 999 per module.

8. The maximum number of nested IFEITH and/or IFEITH/ORIIF statements
is 100.

9. The maximum DD—path number is 9999.

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

11. 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 variables may not appear in TRACE or EXPECT d i r e c t i v e s .

I
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3.5 JAVS ASSIST CONSTRAINTS

1. Maximum of 100 DD—paths per reaching set path.

2. Maximum of 100 outways per decision.

3. Maximum of 1200 DD—paths per analyzed module for reaching set.

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

5. Maximum of 200 statements in rt - .- t i’h~ ;ig set.

6. Maximum 100 JAVSTEXTs specified for cross—referenc e mapping .

7.  Max imum of 125 modules  s p e c i f i e d  f o r  c r o s s — r e f e r e n c e  mapp ing .

I

I -
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M u h t m j~1e Mo h u  I c  I t - i ~~ t i o n

- 
In n a t t y  a p p i i a t  ions , time m m s t -r w i ll want to repeat .i c ommand for a num-

ber ot di i tere t-i t m o d u l e s .  I h e  t h r e e  forms of command iterat ion structure
art ’ described below .

-+ .3 .3.l Selec t- ’d Modul e iter a tion.

Ti - it’ t o !  lo~’i ng si -quence  st le t - i s  a number of modules , by name , and i tera—
ti’s a block of commands  (whi,- bi c ,mttno t contain another iterat ion) once for
e a c h  spec ml ied m o d u l e :

FOR MODULE =

— (m t m v s i t  of c~ iiunatids)

1151 1 FOR.

~~. 3. .3. 2 ALL—~’I’d m l t ~s I temat ion for S p ed  fl ed JAV T EXI (sTARr—TERN Text)

The f l  low ins sequence  Sc b e t s  each known m o d u l e  wi  t im in the “current
te:-,t ’ and i t t - r a t e s  a b l o c k  of comm ands  ( w h i c h  canno t  co r i t a  In a n o t h e r  i t e r a t i o n)
onc e for e,iclt known module of t i t ~~t text:

FOR JAV SUI-; >-. 

( m v  set t ’t  commands)

PSI) FOR.

..j .3.i ALL—Modules iterati on for Librar y .

ihe t ollowing sequence selects each known modul e on the I ibr .mrv and
i t  ~- r . m t  c-~ a block of commands (which cannot contain another iteration) once
fo r each known module:

FOR LIBRARY .

(any set  of c o m m a n ds )

- 
- I-Nl ~ FOR .

,. ;. -~ M o d u l e  Se l e c t  ion C o n s t r a i n t

f l i t ’ m a x i m t i m  n u m b e r  o f  m o d u l e s  wh j ,lt ma he sp e c  I t  i ed  b ’v a s i n g l e  i t e r , i —
t i o n  i .-~ 1~ O (set - St -c. 31 .

~, — 1
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- -, l ’ROc:E S S 01’ i’ION COMMANDS

b r o c e s si n g  steps BASIC . S F R I C1URAL , INSTRUMENT and ANALYZER have option
c ’nu;m.immds wit i cli d e l  inc  the m c i i  ot t  t . ike t i  when  t ime  p recess execution command is
S i vett . lim e opt ion comnt.itmds to b l o w  t i m e  S l’ARl’ command and precede the

l I l t  ‘~~ i l a t e  c x c ,  m i t  t i ’tt cot nm.m nd ( see  Sec . - . 5 ) .

-, . . 1 Fm-\ ;~ 1 l i S t  ~~t iu ~t~itt d -;

l i t  P \ S  I C  o p t  i o n s  m t  t ’ ;
~‘e, - i t  i t -d by the I o l  I ’ w i t t g  c~’mm;ittds (with the

i, l i m m i t  \ . m  l i m , - i - ;~;u ; -. ; - , I  ; m m c.l~ ,’ ti m ,’ op m iotm com tu im. mt m d is ito t g i v e n  pr  i t ’t  to t i t t ’
~~~~~ t i n t , , ’ of  t h e  HA S I t  ext-cut iou ,-~ - n i i ; m m m t , h l

H A S  I C , i .\Rl) I R . \ Cb N = , i N f t _ i I- I- . Dl- FAULT ON.

I n , , , t5~ll :N IS ON i t l- I - . DEFAUl T = ON.

ii \ ’i I C , 1 1 1Ff  N I  = 15 t i . ]- DERA Il. 1 ON.

5\~c i t , opt m , uo ;  wim m i t  h ive  b ’ee t t  sd i’d ted in tite ,‘otimttm and sequence  r ema in  in
i i i  cc i  umt t i i  t h ey m u ,  r , -- ~,- t  i tv  , m later commattd . See Sec. ~ for a comp lete
d~’ t m m m i I I ott and e x m : - ; ~’ 1 -  of eaci m HAS I C opt i o n  ,omtmmtt and.

lit , - m I s e r  m m  I I n o t e  t h a t  m o d u l e  s el e c t  iot t  commands  do not app lv unt i l
alter m o i ; ,‘ m m - ;  Pt - t n  t i l d e , ]  t o  a 1 1 P r - m r v  - I u t r  t n ~ HAS I C process ing 1w the BAS IC
sc rlt . I l i - ; m , m ’ i m - t~o j t ’; i , -d to .t mutodu le wbtt ’m t i t  i s  .idded to  a l i b ra r y  i s  t h e  r l r s t
e m  gh m t ch t a t ac t ,- r -  ‘‘I t l ie p r’ g r atlm ttame . pro edi m r - e name , or c lo s e  t mame o f  i t t ,’
mmto ,lt m l , ’ . L I m e  t m r s  1 5 1  x cli mt mc tens o f  i i i , ’ tiantes should he uni que .

I t  i s  ii ;g ’~’t t , m t t t  tP.mt t i t t ’ contnta nd s e q t m e u t d t ’ i n v o l v i m g  one or more ocd ,m r—
enc es 01 t i m , ’ b I AS I C ex , ’ c i m t  i o t t  conttttand he t c m i  Itta ted wi tim the ENI) conniand so ttma t

I 1 1511% is c i ose ,l p t o p e t  lv. i’Iie mi ser mt tav ettmp I 0’ the st a n d a r d  print and p u n c h
u’iim :;ma m mds 15cc . ,1 . i t t - t  t he PAS1 C c , m i - m . u t , i  am i d  i i  t,-r niodi m ! e or .IAVSTEXT spec I —

i c . m t  m o n  ( S e c .  - , . 11 .

- t . • . S R I  tl ’R. \t 1~ 
iott i ’u;iiti t , l

t h e  S I R I m  I 1 - R - \ t  p r  I t t t t ’ b ’ t  I O l t  I 5 -5’ , i t  m t - I  Nv  t in’ t ’ l  low tug commu tattd t w i t  it
t i m  e -g ’ t , i i  m t - - i i t t ’ ’ m i t  v i l i m s - m~; - ; , mi , - ,l i t t  , . m - - t  t b i t - comm and ii ; tot g i v e n  i — r i o t  t o

I t ,  .h ~ ’ f ’ , . t t  ( I t s , ’ ‘ t  the N K I t  I 1 R . \ I  v e t  f~1

S l ’KI ’C I - C’t I  . I ’R I N F — - - ~~~~ \;I P U B I S;.  ( N I  t A l l F —
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S JAV S CO~ ’1ANDs

this section contajls a complete list of JAVS commands , in al phabet icalorder , along with the JAVS processing step in which each command is used.
— The t e rm “u n i ve r s a l ” indjc~5ites t ha t  the command can be used in any processingstt~p .*

Following the list of commands is a description , accompanied with samp leoutput and command sets , of each JAVS command.

I ’Iit ’ over l i v  v e t  -m ion of lAyS ml laws a l l  commands to he “universal .”

~1—

- — -



- 
_ _  -

‘

JAVS COMMANDS (DEFAULTS UNDERLINED) STEP

ALTER LIBRARY = <liboame > . (Universal)

AN ALYZER . ANALY ZER

ANAL Y ZER ,ALL . ANALYZER

ANALYZER ,ALL MODULES. ANALYZER

ANALYZER ,CASES = <number> . ANALYZER
AN ALYZER , DDPATHS.  AN A L Y Z E R

AN A LY ZER , DDPTRA C E .  ANALYZER

ANA LYZER , FACTOR = ‘-percen t-in~ rease~~. AN ALYZER

ANALYZER , H I T .  ANALYZER

ANALYZER ,MODLST. ANALYZER

AN A LYZER , M ODTR A CE. ANALYZER

ANA LYZER , M OPL 1LE = < name —l > ,<name-2 > ,. . . ,< name—n > . ANALYZER
ANALYZER ,NOTHIT. ANALYZER
AN ALYZER , SU ~~’IARY . ANALYZER

AN ALYZER ,TIME . AN ALYZER

ASS IST ,CROSSREF ,JAVSTEXT = < t e x t — n a m e — l > , < tex t— na m e—2 , . . . ,
-~~ 

< text—name—n > . ASSIST

ASSIST ,CROSSREF ,LIBRARY. ASSIST

ASS IST ,PICTURE. ASSIST

ASS IST ,PICTURE { ,CONTROL ) { ,NOSWITCH}. ASSIST

AS SIST ,REAcHIN(i SET,<number_to -~(,,n umber_ from - i
{ ,PICTURE{,ITFRATIVE}}. ASSIST

AS SI ST ,STATE~~ NTS . ASSIST

BA N . R A N !  C

B A S I C ,CARD I~1A CES = ON/O FF . B A S I C
= ON/OFF . BASIC

B A SI C , I ) E F I N E S  = O N / O F F .  BASIC ’

BUILD I , 1BR A R ~’ H < l i b r a r y  n ame>~~.

CREATE I.1BRARY = <libname > . ~ 1E1 C rl’

- - 
* 

(U n  i ye mim . m 1)

* 
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J A V S  COMMA N DS (DE FAU LTS U N D l : R L 1~~E 1J)

DEPENDENCE , BANDS . D E P E N D E N C E

DEPENDENCE ,BANDS = ~number > DEPENDENCE

DEPENDENCE ,GROUP ,AUXL IB. DEPENDENCE

DEPENDENCE ,GROUP ,1 IBRARY . DEPENDENCE

DEPENDENCE ,GRO UP ,MODIJLES = <name-l> ,-< name—2> ,.. . ,-< name—n> . DEPENDENCE
DEPENDENCE ,PRINT , INVOKES. DEPENDENCE

DEPENDENCE , SUMMARY . DEPENDENCE
DEPENDENCE ,TREE . DEPENDENCE
DESCRIBE = ON/OFF. (Universal)

DOCUMENT { ,JAVSTEXT=<tex t—name> (,MODULE=tlname—l> ,. .. } } .  ASSIST ,
DEPENDENCE ,
(Universal)

END. (Universal)

END FOR. (Universal)

FOR JAVSTEXT . (U niversal)

FOR LIBRARY . (Universal)

FOR MODULE = <name—l> ,<riame—2> ,...,<name—n . (Universal)

INSTRUMENT . INSTRUMENT

INSTRUMENT ,MODE = INVOCATION/DDPATHS/DIRECTIVES/FULL . INSTRUMENT

INSTRUMENT ,PROBE ,DDPATH = <probe—name> . IN STRUMENT

INSTR UMENT , PROBE , MODUL E = <invocat ion—name> . INSTR UM ENT

INSTR IJME NT , PROBE , TEST <test—name > . INSTRUMENT
IN STRUMENT ,STARTTEST = <modname > , < t e x t n a m e > , < s t mt .  no. > iNSTRUMENT
{ ,<TESNAM>}{ ,<TFLAG>}.

INSTRUMENT ,STOPTEST = <modname> ,’-textna me> , INSTRUMENI
F ‘stint, no.> .

JAVSTEXT = <text—name> . (Universafl

MERGE . (l’mmivers a l )

MODULE = <name ~~. (Universj f
t

OLD LIBRARY ‘l ibname> . (I n i v e n i - m ! t

*
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i R i s t , ~Nl’ . ((ni versa! 1

I R I S I , Iti )I .\ is, (Universal)

lk lNI ,N~1I. 
(Ut t iv e rs il )

URI S F ,J \V S l i- IXI = text-mi .mme - I ~~ , 1NSTR ~~t E N I E D  = ALL. ( U n i v e r s a l )

1 K !  N • I A V S  U E X I  ‘text — m m a : t m e  > , I N S T R U M E N U E D  = - name—i ‘ , ( [n i v e r s , m  I )
- r i m , - —2 , . . . , ‘t ’ a I I I , -  — mt

I ’KINI ’ , IAV S;i -: xl = ‘ t~-x t—nam€’~~. (Universal)

PR I S F , MON jj : (In ive r sal 1

PR !  NT ,SB. (Univt -rs a l

i’ R LN i ,SL)B . (t’n lve rs .mlb

I’R] Nl ’ .SL I . (Universal)

R I  N 1 , 5 15.  (U n i v e r s a l )

PROBE , , I A V S 1  E X I  = < t  e x t — n a m e~~ ,~ i O i ) U l ~l-: = <name— i> , . . . . iss [‘RI’M I-NT ,
( U n i v e r s a l )

Nt 15 1 , S l . \ R U l I S T  = —modname~~,’textname ’,’-stmt . no.~ INSTRUMENT ,
TFLA(; . (Universal)

l’ROBI ,S IOI’TEST = ~modname> ,~~textname> ,<stmt. no.>~ INSTR U MENT ,
(Un iv e r s a l)

I’ I N ~~il , I \V N t EXT -- t e x t — n a m e s . ( U n i v e r s a l )
A

C S ,  ml ..I -\\N I \ = ‘ - t e x t — n a m e ~~, 1N STR UME NTED = ALL. ((‘nivers ,m l )

I’~ S~~; , l A V S I X T  ‘text—name ~~,I NSTRI’MEN’I’ED ~name—l~~, (Univ ers ,mll
2 -

~ N L H  , - : i  i- . ( U n i v e r s a l )

S IARI. (Sta rtt mp l

S I R I n r u R \ L . STRI’ ( ’T i’RA l

S R I T I - K-\ C . I ’ I U N ;  -
~ S UM!~tARY/ DEBLG. S FRIk’Tt RAL

: 1  S 1~ , M i ) P ( L j -  nat’ s ’— 1 , <name—2’ , . . . ~name—n ’ I . A N A l . Y~~E R .
( U n i v e r s a l )

*
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ALTER LIBRARY <name> .

~es~~ri~~~1cu~

T h i s  opti on specifies that LIBNE(’J is a previously generated librar; to
he r ;o d i t ie d hiring the current run . LIRNEW is used as a read/write library.

R~m 1 e

The n a~ e of L I B N F ~ must he the same one used when it was first cr e i t t d .

F’ le m~ N N i

(1) ALTER LIBRARY = REFMAN .

FOR L I B R A R Y .
- !RU CTU R A L .
i !f l  FOR.
ES~~.

Th is coaxnand set will mcdify the library created by the BASIC processing
s t e p  ar~-i add the  N ! R U C T U R A L data to the library for each module on the
. I P r  cm v

() ALTER LIBRARY REFONE .
START .
BASIC .
END.

This  command set augments  a previously built library with the BASIC pro—
i e ssing of a d d i t i o n a l  source  t e x t .

5- 3
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ANALYZER . ANALYZER.

Descr iption

The ANALYZER execution command causes pro cessing of the pos t—test analy-
sis. If no ANALYZER report options are present , no report is produced .

Rules

For a single ANALYZER command ,

(1) Either option MODTRACE or DDPTRACE can be used , but not both.

( 2 )  A maximum of 100 test cases is analyzed .

(3) Only c-ne ANA lYZER executio n command can be used per set of
commands.

Example Comrrtand Sets

( 1) OLD LIBRARY = REFNAN .

START .
A N A L Y Z E R , ALL M O DULES .
AN ALY ZER ,ALL .

-I AN A L Y Z F R .
ENII’ .

This set of commands will produce the SUMMARY , HIT , NOTHIT , TIME ,
TIDPATHS , MODLST , DD PTRACE post—test analysis repor ts for all modules on the
lihra t-v .

(2 ) OLD LIBRARY = TRFMAN .
START .
A N A L Y Z F P ,CAS FS = 50.
ANALYZER ,MODLrLE = EXPRO CM ,EXMPL 1.
ANALYZER , SU~~1ARY .
AN ALYZIT R , NO TH I T.
ANA L’t’ ER , P tiP ATh S
.-\NA ! V Z F R , DD PTR A CE.
.‘,N ,- ’ T . \ ;‘i ~.
!- ‘~P .

_________ 
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BAS I C ,COMMENTS <opt ion ’. BASIC 1COMMENTS < o p t i o n ’ .

Descr ip t ion

BASIC , COMMENT S = O N / O F F ,  (DEFAULT = O N . )

This command allows user control over the treatment of comments in tI- c
module source text. The default action is to include all comments in the
library . Comments may be excluded from the statement text table of all
modules by the command

BASIC ,COMMENTS = OFF.

If comments are included , more space is required on the library and all suUse—
~uen t processing of the statement table requires more computer time .

Sample Command Se t

CREAT E LIBRARY = REFMAN .
START .
BAS IC ,COM ’tUJTS OFF.
BASIC.
END .

________________ - ~~~~—~~- --~~~~~~~~~~~~~~ —— —~~~--~~~~—— - J
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!ASIC ,D E F I N F S  <opt ion> . BAS I C J D EF INES - <option> .

Descr iption

BASIC ,DEFINES = ON/OFF . (DEFAULT — ON.)

This command allows the user control over BASIC usage of DEFINE vari-
ables. The default option is to rep lace  the  occur rence  of each DEFINE vari-
able with its definition just as the JOVIAl, comp iler does. Subsequent BASIC
process ing utilizes the results of that definition both in statement analys is
and in the text stored for each statement on the library. It is essential
that the default option he used if the modules are to be processed by any
other JAyS standard process ing step.

Replacement  of DEFINE va r i ab le s  by t h e i r  d e f i n i t i o n  may be suppressed
w ith the command :

BAS I C ,DEFINES = OFF.

Text so processed max- be written to LPUNCH in the structured ( i . e . ,  indented)
format with the command :

PUN CH ,JAVSTEXT = <text—name > .

This is useful in using .IM’S to punch a copy of reformatted source text . To
get a reformatted listing of the source text , the PRINT ,JAVSTEXT command ca n
be used.

_ _  - - , - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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B(’ILD L I B R A R Y .  BUILD LIBRARY .

r L j ~~i 1

Tb is cr c  ~ ,mc~m n d has i we f o r - c

B U I L D  L I B R A R Y . or

lED LI BNJYRY = - u a t h ~ - - -

In  th e f i r s t  command f o r m , t t m ~ 1 i b r a r v  name given  to L I BNEW is TEST. In the
seco n d f o r m , th e  ~i s er  s p t c i t  L es th ~ l i b r a r y  name . Both  command f o r m s  g e n e r a t e
th e  f o l l o w i n g  JAV S s t a n d a r d  c c c c c a n d s :

CREATE L I B R A R Y  = < n am e ’ . (or  TEST)
STAR 1.
BASIC ,CO~’Th~ NTS = ON.
BAS IC .
FOR L I B R A R Y .
STRUCTURAL.
END FOR.

The mac ro  command p r o c e s s o r  g e n e r a t e s  the  JAVS T
~EN D IT command if  i t  is not

p r e s e n t  as the  last command.

Rules

(1) See BASIC and STRUCTURA L c o n s t r a i n t s  in Sec. 3 . 2  and 3 .3 .

~~
. 

~ ( 2 )  The l i b r a ry  name s h o u l d  he 8 or less c h a r a c t e r s .

1’ ( 3 )  t h i s  :oic cc- c ommand s h o u l d  no t  be used i f  t he  source  p r o g r a m  inc  l ude s
a COt-1I ’OOI. ( c o n s t r a i n t  2 on page 3 — 3 )

Examp le Command S e t s

( 1)  B U I L D  Li BRARY = R (- I-’~-lAS .
DO T I L N I

T h i s  command set  w i l l  c r~ a L e  a new l i b r a ry , p e r t o r m  sy n t a x  and s t r u c t u r a l
a n a l y s e s  an d p r o d u c e  a s c- r i e s  -of J .’~VS r e p o r t s  f o r  a l l  modules  in the  - I O V I A L
source  p r o g r am .  t h e s e  r t - -~s ’r t s  ar e  u s e l  ul for documentati on , m a i n t e na n c e .
t e s t i n g  and r e t e s t  i i i  - t h e  s ou r c e  p r o g r a m .

(2 )  B U I L D  LIBRARY .
PROBE , d M 5  (‘ E XI = [Xf ’ U )(
P R I N  , .JAVS u i : y  = I X I - R i ) C C - t , INSIRIrMENTED = ALL.

I- -~

- - Can be used o n ly  with the over l a y  v e r s i o n  o t  JAVS

:1

I
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hu ED I~IRkAR\ . (Contc .

l’hji-, command  set shows a m ix tu i e of JAyS macro at-i d s t a n d a r d  commands .The t I r~~t m a c t o  command w i l l  create a new l i b r a r y  c a l l e d  TEST and p e r t  c - u r ns\’ n tj ~. a nd s t r u e  lola I at-ia I vses  on all modules In the  JO V IAL s o u rce  p r og ran .Fil e PROBE m a cr o  comntaiij will instrument .JA\ S Il- X l’ l-ZU’ROGM , using the detau Iti n s t r u m et i t a  l ion  o p t i o n s , and wri t t ’ the inst rumented text onto f ile LPUNCU.l iii ’ l a s t  command wi 11 p r I n t  t h e  in s t r u m e n te d  t e x t

-ç
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t h i s  m a c r o  command has t h r e e  f o r m s :

( ~ ) 
: - o - ~, 

~2) dutLd-1E5 I ,JA U S I E X T  = -
~ t~~x t — : i a m e  -

(3)  DOC UME N T , JA V STEX T =

MODULE < n a m e — I >  , ‘- a - ws- --~ - n a m e — n  - .

ac h  t o rn  ot t h e  D O C L M E N I  m a c r o  comm and gL - n t - r - i u t- s a sor  les  o~ I A V ~ s L e ~ n - i
- 

- -~tUh t:1dS w h i c h  p r o d u c e  r e p o r t s  u s e t  ul for p r o g r a m  do im i t t  a t  i - a t , m a i n ’  , - :oj n( r-
a~~d t e s t i n g

The expans ion  of  each f o r m  of the  DOCUMESi macro  cent-mi nd Is  as 1u~ 1 = - - -

( I )  A S S I S T , CROSSREF , L I B R A R Y .
D E P E N L E N C F ;  , CROUF , LiBR A RY .
DEPE N DENCE , GROUP ,AUKL I B.
DEP E N DE NC E , S UMMARY
FOR LIB RARY .
P R I N T  , MODULE.
DEPLN DENC E,BAN DS = 5.
D E P E N D E N C E , PR INT , INVOKES .
END FOR.

This  f o r m  (DOCUMENT.) is f o r  Jocument ing  the e n t i t e  l i b r a r y .

( 1)  ASS I ST , CROSSRE F , L IB RARY .
D E P E N D E N C E  , GROUP , LIBRARY .
)bPu-:NDENCE ,GROUP ,A U X L I B .

D E P E N U i S L E  ,SUMMARY .
JAVSTEXT = < t e x t — n a t e-
FOR JAVST EXT.

4-cc- PR I NT , MOD UL E.
- ‘~ D E P E N D E N C E , BANDS = 5

P R I N T , J er~~ R E S

F
l— S I )  FOR.

Ti is f o r m  ( H -  rM I - ;NI , J A V S I I X T  ~t& -xt— nam c - . )  is Ha d o  t i n - - a t  lng r n - - t i t l e

- - t : O  r ’ r k p e i i d e n c  lee f o r  the en t  i r e  l i b r a r - -’ , cr I i  i n c  i l l l t r , r v — w i i i e c t ’ S ~~
ut - I  L-reu c symbols , and ~~-t:e rat I n~ ~~du1~ J o c - t r n < i ~ t ar~ i e- ~ i t

t i e d  CVc s r F :~~ .
i t

ii

____  *
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END . (Cont . )

5. Type of module where

CMP L is a COMPOOL

PRO C. is a Program

PROC is a Procedure

CLSM is a CLOSE of global scope

CLSP is a CLOSE of local scope

6. Scope of an executable module where

EXT is a program or an external procedure

tNT is an internal procedure (i.e., within a program or
external procedure )

GLBL is a CLOSE within a program or external procedure

LOCL is a CLOSE within an internal procedure

- 
- 7. Number of lines of probed text inserted in the module by INSTRUMENT

8. Number of statements in the module

9. Number of executable statements

10. The statement number of the first executable statement

11. Word pairs which measure the amount of library space occupied by
the source text

12. Number of tokens in the module

13. Number of symbols defined in module

14. Number of symbols referenced in module

The remainder of the statistics are more applicable to users who wish to
follow a testing strategy of analyzing the complexity of their  codes and
applying testcases to more comprehensively exercise those modules which exhi-
bit a greater tendency to be error prone . These statistics are listed below :

5— 63
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UNI t . ( l e n t  . )

15 . Number c - f  o t h e r  m o d u l e s  invoked by modu l e

lb. Number of PD-paths

F. Number ot  P P — p a t h / s t a t e m e n t  b l o c k  e n t r i e s

18. N u m b e r  of forma l inpu t parameters

j Q~ Number et ’ f o rm a l o u t p u t  p a r am e t e r s  (—1 If the module is  a
tunet ion)

2i~. YE S I f  D IRECT code Is p resen t  In  module ;  N O otherwise

21. Statement—based complexity is a s um m a t i o n  of  the complexIt y ot all
statements in the module. -

22. liD—path based complexit y I s  a summation of the complexit y of all
PP—path s In the module. This is used as an indicator of the
structural comp lexit y of the m o d u l e .

These statist ics can he used by the tester to develop a rational
approach to program veritication of modules which have the greatest tendency
toward error (I.e., those which are most comp lex) .

The l ibrary Intormatlon report shown In the samp le output inc ludes the
name for each l i b ra r y , the tYpe of access , the date created , the total size
and other useful information.

rh ese it t ’iiis I t o  p t ~~V t d e t l f o r f i i t  t i r e  ext ensienC to .l ,\VN ,- i t n h  a re ic - I  p t a ’s t ’n t  lv
comput ed .
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F R IN T ,STB . PR INT ,STB .

I)escript ion

This command produces a listing of the detailed , ins~ernal symbol table
(STB) descriptors for each symbol defined in the current module . Normally the
list includes only those symbols essential to structural analysis of the
module. A BASIC processing option causes all symbols defined in the module to
be entered in the STB (see BASIC SYMBOLS — ON). The properties of each symbol
and pointers to other JAVS—internal tables are included . This output is in-
tended for JAPS system maintenance only.

Sample Output

ST” BO L T~~.1( L IS ’ t ’ .6

‘.oouiL •(~~MP Lf ~. . i * V ST IX T ~(&PR0GN . PaRfW’T MODUL( ((OP000M

‘.0. 7 , — R o L  i p 3 4 3 6 7 S 9 ID If Ii I) I’. 13 16 Ii I S  19 20 2? 2)  2’ . ??  ?~~~~~~)O

I P t C ~ 2 I.OCL 1413’. 4 0 5 5 0 0 0 0 0 0 0 27 ((P’21.1 Ii
2 1.AP~ L I I LOCI . LASt . 4 I ’.  I I 0 0 0 0 0 0 0 30 (AMP L I I.
7 (.ftZ I L OC L 1*31.. 4 13 I I 0 • 0 0 0 0 0 29 L” PL I 3

Example Command Set

OLD LIBRARY REFMAN.
START ,
FOR LIBRARY .
PR INT , STB .
END FOR.
END.

- l
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fhe l’ROBE m acro i ’c-~ imand h as  t ~~
‘ - - f o r m s

( 1 )  URO B E , J A \ s I E X T  = ‘- t e x t  n ame ”- .

(2) PROBE ,J-\ V t- ft Xl — t t - x t t i a : L f t - ” , MODUl E ~itame — 1” ,~-uam e— 2> 
n a m e — n  -

E ach  ot :n  c - f  the PROBE macro c -:nctau d generates a serf es of JAyS standard
comiti.tnds icli i ct t c a u s e  i n st r u m e t i t at  ion to  h e p e r t  L-r meLf .

The ~ ;~~in s  ion c-f C J L  Ii f o r m  a t  U lie I ’ ROBE Nt~ic r int o J.-\V S st inJt r d c- -LLi:1i au~l~
IS 1 0 1 1

( I )  J , \ V 5 F i - \ I’ = ‘ - t e x t — n a m e ” .
1-’OR i \\’i-i Fl - N F.

UNI1 FO R.
I ’ l N L li , I A V S T  EXT = ‘- I  cx t name ” , INS’fRUMENTED ALL.

H i t s t o t - -ct (PR OIiE , IAVSTI’.Xl ‘-t ext n am C ” . )  s h o u l d  be used for 1nStru :’:~
Li i c - f l  c - f  a spe~- i t  ied  .IAVS TEX F .

( ‘) - L \ \ U i l X I  = ~ Ue xt n a i L L e ” .

FOR ‘tO PU I I’ ‘-t ltn e— 1” , . . . , --n a m e — n ”
iN S  I U ,  ~~~~
I N I ’  I - O R .
UI N l t , . 1AVi ~ T E N I ’ = ‘-te\ ~ name ” , NS FR ~ Ml - N FED = <name—i” ‘-name—n ” .

T it t s i c - n —  PRi liE • J \ V S  I P X  = ‘-text name ” , MOl)l LE = <name~ l~ . . . . sttou 1 d
be used i t  on I y select ed modules t ’ a I veii 1\VS Il- N I’ at Ic t o  be instrumented.
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PRJBE. (Cont.)

W ith all forms of the PROBE macro , the user can specify automatic..á.”.. ~~~~~~~~~ ..
sertion at  the PROBI (test case initiation and test termination data collec-
tion routine) calls by preceding the PROBE command with:

PROBI ,STARTTEST — <modname> ,’< textname> ,<stmt . no.> ,{,TESNAN){ ,TFLAC}.

PROBI ,STO PT EST <modname> , <textna m e> , <s tmt ,  no. > .

These commands are described in Sec. 5 under their own heading . They
perf orm the same function as the INSTRUNENT ,STARTTEST and INSTRUIIENT ,STOPTEST
commands. The existence of the PROBI commands aids the macro command processor
wh ich will insert the STARTTEST and STOPTEST comm.ands in the generated series
of commands .

Note

The macro command processor will generate the commands :

OLD LIBRARY TEST.
START .

if  the f i rs t JAVS command is a macro command (k e~~ ords BUILD LIBRARY , DO CINENT ,
PRO B E , TEST) . The macro command processor will genera te the “END” command , if
it is not present .

Rules

(1) See INSTRUMENT constraints in Sec. 3.4.

( 2 )  Maximum of 150 modules  se lected in the f i r s t  form of the
PROBE macro command.

(3 )  Maximum of 23 modules se lec ted  in the second form of the PROBE
macro command.

( 4 )  Use PROB I (no t INSTR UMENT , STAR T TEST and STOPTEST ) commands w i t h
the PROBE macro.

Example Command Sets

(1) BUILD LIBRARY .
P R OBE ,JAVSTEXT — EXPROGM .
DOCI M E N T .
P R I N 1 , JAV STEXT = EXPROGM ,INSTRIJMENTED — ALL.

T h i s  command set will create a new library , perform syntax and structural

ana lyses , instrument the 1AVSTF-XT EXPROGM, documen t an entire library , and

5—9 9
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P ROPI - I . t i N n t  . )

- ... - S~~~~.’ • • S S - . S • • e - *‘~~~~~~~~~~~~~-r in ’. the UnLLtru:ii ~-:.ted ,f.\\’Ull-Xi so  L I t  it the user can see where the PROB I  c a l l s
s t , u i d  ice i L t . t i l L t , I  l i v  P la c e d .

~~~~ O I .P  1, T i’I~.\RV = ‘11-1S T .
ST.\R ~ .

• l’_ \ R F l I - : S r  ~ 
t L f , E , L R t _~

i U i 1 , 0.
i l\C~~I ,Si’.\RFIE Si l’,X>Ii, I,l ,I- XI ROOM , ).

I , S FOP I RS F l-1NPi ~OUM , EXt’Ut ’-UM , 0.
t R t SE , JAV ~ FE X ~ = E X P R O C M .

lit -~ c c-tnm ind s O L  w :  11 i n s t r u m e n t  J A L S  I X I’ EXI ROGM in the existing lib—
rats F - S F .  in  , n L I i L i c - n , t h e  I R O S I  c a l l s  w~~l l  Pc  .lu t c - iLt.itictli y inserted . [he

r-; t PHIl I •S l.\1~ I ST co: t , :cj i~~l w i l l  cause  at i  i a V c- -c -a t ion to  P R O B I  to be inserted
p r - c - t  to i t  rst cit tal le s : , i t  e~~c n L  in  m o du l e  I - X P R O C M . The s e c c - t t d  1’Rt)RI ,
S .~H-1 F 1 1 5 1  c c -t ’ -mond -._ - c t L t - L c .i P R O P I  i nv o c a t i o n  to  he placed immediate lv before

1OJ U H  ENNI ’I I. FItcsc L - ~~’ PEOBI invocations w ill iu i t t . . i t e  d
case wli~- ncvcr the 1 5051 call is e x e c u t e d .

PR O : ;  I , S LOP L ES T c~-:n~tand wil l cau s e  the  L e st  t e r m i n a t i o n  PRO S I I n y c - c t -
jot~ t , _ n 

~‘ 
i_u~~-d a~ a l l  \ f  t — . I r o t t i  m o d u l e  E X P R O d M . The P R O B E  macr o c i m m , t n d

I U t - . I r~tm~-a: t he , I \ V S  H N I EXPS- ~UM an-i write the  ins  trumented text , inc luding
t h -  i : t v o c t ic - t i c  t c  I R O P I , o n to  f i l e  l , i ’ U N C H .

N c - t o  t I 1 I -‘ l ’ r a u v  Ic - t m i t  ion .ini startup commands are included in
th is , \a:L I~- . z- ’.’e- i~ t l - c - u i ~,hc - d c - f  a n ~~t 1 J r a t ’v name is specified , these corn—
m t . i d s  ~ :‘ e u c q u i t ’~ - l  i c c - c au s e  1 5051 is not  a macro command.

It
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i RoBI ,STARTiEsl =~~~~~~j~~~~> . PROB I ,STARTTEST < options> .

- -~~~~ -~~~ . S. - ~~~~~~~~ —

This  conunand p e r f o r m s  the same function as:

INSTRLIMENT,S1-ARTTEST = <options> . - 
-

Refer to this heading for the comir~ nd descr ip tion and examp le command
sets.

Ru les

(1) This command is to be used onl y in conj unction w i t h  the PROBE macro
command and must precede the PROBE command.

(2) Maximum of 10 PROBI ,STARTTEST commands wi th a single PROBE macro
command .

(3) Command opt ions must  be given in the order shown in the command
descrip tion.

(4) Modules specified in PROBI,STARTTEST commands must be selected by
— 

the PROBE macro command.

(5) Library identification and startup commands must be included in the
command set.

4
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-- ~~~~~~~~~~~~~~~~~~~~~~ =-~~~~~~~~~ — 
~~~~~~~~~~~~~~~~~ ~~~~: 

~~~~~~~~~~~~~~~~~
— -  - - ,1

- t f ’ j } ~5 
~ ~~~~~~~~~~~~~~~ PROB i , STOPTEST <~~~~~j 0~~5> .

- ‘ .  e —- - — - - c a •. •t ~~ - - .e - —

[his connind ~~ - r f o r t t i - . t h e  Sante f u n c t i o n  u s :

I N U I R I ’ M I N F , STOPT E ST = <options ” .

R e t e r 1 - ’ t h i s  head ing  f o r  t he  command d e s c r i p t i o n  and example  command se t s .

Rules

(1) This command is to be used  onl y in c o n j u n ct i o n  w i t h  t h e  PROBE 
‘ -

macro c ommand and mus t  p recede  the  PROB E command.

~~~ 
On ly  one PROBI , STOPTEST command w i t h  a single PROBE ma cro command.

( 3 )  Command o p t i o n s  m u s t  be g iven  in the order sho~~ in the command
descri ption.

( - . 1 The m o d u l e  sp e c i f i e d  in t h e  PROBI , ST OPTEST command m u s t  be s e l e c t e d
by the PROBE ma cro  command.

( 5 \  L i b r a r y  identification and startup commands must be included in the
command s e t .

I

I
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- -  -- --—-—- -~~~~~~~~--~ - - . --—--,.-
~~~ - ~--  _ _

F E S I .

Des i r t j ’ t i  c - i t

i ‘ IRS  I’ m a c t o  command has  twu arms :

i l )  lES1 ’ .

( 2 ’) TES I , i- l0D1 ’LE <name—I” , - uame—2 - , . . . ,<name—n > .

[he 11. 5 1 ti c -cr c - c m iiiin d g i -n er at e s  a s e r i e s  of J5\ 5 A N A L Y Z E R  co m m a n d s  or  h o s t —

test ati -ily s i s .

The ex~~iiis ion c - I  t h e  two i orms of TEST is is f o l l o w s :

(1 ) ,-~h - \ i  Y Z E R  , \L L i-1OI ) U Ii - I S
\ N A L Y  d I R , MNAR Y
ANAIY :IER , h i  I LI I  I T .
A N A L ~ I- : 1-; k , ~lO L) F IH\ ( ’E .
SN A LY Z E R .

(2 )  ANt\L Y - IER , I-IO DULE = < n a m c — l -  , - . . ,<name—n-
\N A I ’t Z E R , 5lI-ul-IA RI .

A N A I Y ~- ER , NUll! IT.

~!Oi)L l-L\CE
A N A L Y Z E R .

Additional pos~~-test an a l y s i s  reports can be p r o d u c e d  by p r e c e d i n g  the
T i- S I’ mac ro with AN- \I.Yd!- R process option commands. In  t h i s  case , l i b r a ry  i d e u —

I I I c i t  ic-n and startup commands must be included In the command set -

N c - i c

The m ac  r i  _coimnand p r - i - c - s o c  w i l l  g - n c - r a t e  t b -  c o m m a n d s :

OLD LIBRARY = T El  -

S TA R I .

II t i t e  f I r s  t JAV S command is .i m a c r o  command (
~~ 

c v w c - i ’ d ; B l T I L I )  l I B R A R Y  , I ) 000MI -  N I
P5 lHl - ,TES I’ ) - The mac r c o m m a n d  p r o  i - sc -or  w i l l  g en e r a t e  t h e  i-N P command , i t

4 
i t i s  not pr e - - -. e i l t

R u h ic ~

(1 ) The’ A N A l  Y P ER , DIw’FR.-\cl- : s i  a u d~ i rd  c ommand cannot he I s i i t  in  c c -n j  t i n e  ti c - n
wit h t i c -  TEST ma r c - .

1(1 1 
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li- S I. tic - ut.)

(2~ AN.-\1YPE R op t i o n co mm a n ds m u s t  2~~~cede the  TEST macro , if  they
c- re u~.ed

( H Sic e ANAI ,\ IRE constraints in Sec . 3.8.

E s i : t t ~- Ic Conrnic -n -J Se t s

(1) Ti -S I.
i-OR LIBRARY.
P R 1  N I’ , 1)1W .
ENI ) FOR .

( ‘ )  OLD L I B R A R Y  = REFMAN .
S I A1-~ I .
ANA I i  : 1-; 5 , I - IO DLST.
\NU, ’t . 1 . 5 , DDI’AiHS .
lESl ,~i0Ift’LE — E XIPROGM , E~2-IPL1.

~~
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5 . 2  BASI C ERROR MESSAGES

The error messages resulting from BASIC source code analysis arc:

1-li: o r
Exp lanation

1 Basic  e lement  con ta ins  too i any characters. Element truncated
in saved text. Resubmit with corrected text.

*2 Illegal interval tex t charac ter . System error.
*

3 Illegal external text character. System error.

4 Nested DEFINE reference. Reference partially expanded . Re-
submit with nested DEFINE reference corrected .

5 JOVIAL symbol too long . Symbol truncated it-i saved text.
Resubmit with corrected text.

6 Too many symbols (names and constants) in text. Fatal error.
Resubmit with text partitioned into more START—TERN sequences.

7 Module nesting exceeds limit. Change module nesting structure.

8 Too many ENDs . Resubmit with corrected text.

*9 Loop in basic element analysis, System error .

*10 Loop in internal text character analysis. System error.

*11 Loop in JOVIAl  e 1t-r ’~- n t  , I r i ~1 l v s  i s .  Sy s t e m  e r r o r .

*
12 Loop in exterr.al character anal ysis . System error.

* System errors should be rt -p rr ed ~ ith “c -put listing card images p r o c e s s e d .

_ _ _  
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Co r rec t ive
~essa~~~ A c t i o n

Nested s w i t c h  ca l l  t rea t ed  as f a l l  Rep lace swi tc h - -v o c a t i on  in swi tch
through case de”laration by a label and rerun BASIC

and STRUCTURAL

h ev er  found  PROC s ta tement JOVIAL procedure  must contain PROC
statement . Rerun BASIC and STRUCTURAL

P o in t e r  LQ 0 Rerun STRUCTURAL

Possible infinite loop detected Rewrite nodule to ren~ ve infinite loop .
Rerun BASIC and STRUCTURAL

Stack overflow Increase the stack size by recompiling
STRUCTURAL.  R e r u n  STRUCTURAL .

e tack underfiow Rerun BASIC and STRUCTURAL

S w i t c h  name missing Check SWITCH syntax and rerun BASIC and
STRUCTURAL

Test stack overflow Increase the size of the test stack by
recomp iling STRUCTURAL. Rerun
STRUCTU RAL

Too many paths begin at statement Increase the size of the DD—path queue
by recomp iling STRUCTURAL and rerun
STRUCTURAL . Or modify module to have
fewer than 100 switch points In the
switch declaration and rerun BASIC and
STRUCTURAL.

Too many statements on DD—path Increase the size of the Dl)—path state-
ment list by recompiling STRUCTURAL and
rerun STRUCTURAL. Or modif y module
v contain a dummy decision to reduce
the number of statements on a DD—path
to fewer than 100 and rerun BASIC and
STRUCTURAL .

idefined GOTO Check location of label referenced in
GOTO . Rerun BASIC and STRUCTURAL

- I
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B . A I N S T R U M E N T  ERROR ~~ SSACES

Error t o r t e - i ilvo
Message 

__________

Bad module number  S p e c i f y  a module number within the
library. Rerun INSTR U MENT

BF I N - E N D  b lock  con ta ins  no I n f o r ma t i v e  f l i e SSugic

statements

Could not m a t c h  pa ren theses  Check s y n t a x  of s t a t e m e n t .  R e r u n
B A S I C ’ , STRUCTURAL , and L h S T 51 ’~Uh’L

Delimiter stack overflow Increase the size c- f the de ll n ire- r-
s t a c k  icy r e c o m p i l i n g  I N S L R ’ ’ N t  N I  - B e —

run INSTR1 ’”EN’I

Directive not recognized Check sv itta x ot d i r e c t i v e .  R e r u n
BAN IC , STRIJCTI R -\I. and INNl ’RC ’Mi ’N -

External switch call not flp cl ire switch in module. R e r u n  B A S I C ,
instrumented STRU ’T1’RAI , and I N ST RUM FN T

flPTO label not found Check s v n t - l x  ot COb stltorcet’ .~ - R e r u n
BASIC , S T EI ’CT I’RAL , at-id INSTRIMI Ni

Input string too long——truncated Change size of internal bufter s i-v
from head recompiling TNSTRUMFNT . Rerun

I N N T R I ’N}-I~-T

Invalid statement type in chain ( ‘ l t c c i ~ s- ’ct 1x 01 I F E I T H  s t at  et-c- : - t .  R e ’ —
run BAS li , STRUe TI’RA T • c-nd II- i~

Invalid switch t y p e  t ’he -~ s- :ntax of st.- t t c h  de~- 1 ar a t  Ion -

R e r u n  B A S I C , STRI’ ( ’T U R.\L , and I’O- IRI ic-i ’NL

fast statement In module is not Add ~i TERN or FNN st - i t ement t o  t he
TERM or END modul e tOi l rerun B A N IC , SI’El ’~ ’i’l’RAl -in tl

I N STRU~ff N I

No P P — p a t h  for staterrent Rerun STR 1’CTI’RAI. . inJ I N N T R I ’ M F . N - r

Surlier ot s wit c h  l abe l s  - 0 R e r u n STRUCTURAl, and IN c -I RI ’M FN C

URIF statement number not on false R e r u n  IN STR IJ MF.NT
b r a n c h  s t a c k

Pointer out of range Rerun STRUCTURAJ . and INN ’FRtMEN

A
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