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ED REWORD

The use and maintenance of AUDIT , a software system for
anal yzing SESCOMP contractor—supplied software , i~ documented
as a set of four separately bound David W . Taylor Naval Ship
Research and Development Center volumes sharing the common
report number—— DTNSRDC 77-0075:

Maintenance Manual for AUDIT , a System for Analyzing
SESCOMP Software , Volume 1

t’laintenarice Manual for AUDIT , a System for Analyzing
SESCOMP Software , Volume 2; Appendix B — Listings of
the AUDIT Software for the CDC 6000

• Maintenance Manual for AUDIT , a System for Analyzing
SESCOMP Software , Volume 3; Appendix C — Listings of
the AUDIT Software for the UNIVAC 1108

• Maintenance Manual for AUDIT , a System for Analyzing
SESCOMP Software , Volume 4; Appendix D — Listings of
the AUDIT Software for the IBM 360

Volume 1 describes AUDIT and the use and maintenance of the
AUDIT software. The other three volumes offer software
listings for the CDC 6000 , UNIVAC 1108 , and IBM 360.
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SECTION 1. GENERAL DESCRIPTION

1.1 Pu~j2o~~e of the Program M a i n t e n a n c e  Manual. The objective
for w r i t i n j  this Program Maintenance Manual for the AUDIT
sys tem is to provide the maintenance pr oq rammer personnel with
the informat i on necessary to effectively mainta i n the syst~ rn.

1.2 S~~~tern Appl ication. The AUDIT system examines FORTRAN
compu ter p rograms o r modules devel oped und er the SESC OM P
sys tem for compliance with certa in prescribed standards (as
set forth in the SESCOMPSPEC ’s 1 ‘I 1 5

) and p r oduces r epor ts
d e t a i l i n g  the deviations from those standards. The A UDIT
sys tem also examines a program unit (main program or suhprr—
grarr ) to detect and report the existence of any undefined
variables alon g the program unit ’ s poss i b le pa ths. AU D IT
provides the user with an option which allows him to tEst t~~e
offec t of changes in word length on the output of computer
p r og rams .

1.3  Equipmen t Environment. The AUDIT system is oper ational
on three processors: CDC 61)00 series , UNIVAC 1108 , and IBM
360. AUDIT uses the following operating systems: CDC SCOPE
3.4 , UNIVAC EXEC—8 , and IBM OS—360 .

AU DIT is available on tape for each of the three proc-
esso rs and on disk for the CDC 6600 at DTNSRDC . Card decks
f or each of the pr o c e s s o r s  a re a lso  a v a i l ab le. The mode a
ope ration of the AUDIT system is controlled by card input.
The programs , mod u les , or s ub programs to be examined by
A UDIT may be en tered  v i a cards , tape , or d i s k .  Th e re s u lts
of AU DIT which are of concern to the user are produced as
printout.

1.4 Program Environment. The AUDIT system was desi gned to
examine softwar e developed unde r the SESCOMP system. SL~SCOMP ,
an ac ronym for Surface Effect Ship Computations , is the name
of a system for procuring and managing modular computer pro-
grams dev e loped for the Naval  Sea Sys tem Command ’ s Su r f a c e
Effects Ship Project Office (PMS3O4). The background , objec-
tives , and con tent of SESCOMP are described in Cuthhert , et ali~
Al though it is not required that the user o. AUDIT have an
understand i ng of the SESCOMP system , a basic knowledge of that
syst m would help him to use AUDIT more effectively. AUDIT
may be used to examine any FORTRAN software , not just the
SESCOMP—produced software. The following attr ibutes of the
AUDIT system wi l l  aid users in producin g more reliable soft-
w a r e :

1
References  a re l i s ted on page 115.



(1) The flow ana l y sis feature examines a prog r am unit ’s
paths to det ect the use of undefined v a r i a b l e s .

( 2 )  The variable precision feature enables the user to
test the effect of changes in word length on the
ou tpu t of a com~)uter program.

(3) Al l  aspects which affect p o r t a b i l i t y  among the four
SESCOMP processors are exam ined .

The anal y tic capability of the AUDIT system combines
w i t h  the SESCOMP programm i ng standards to facilitate the

~.io dLI ct 1on of more reliable software , a~ de tailed in Cu lpepper.

1.5 Conven tions. Section 2 contains a detailed descript ion
of the AUDIT software and modes of operation. Section 3 con—
t i rns a detailed description of the input and output conven-
tions. Section 4 describes the operating procedure for all
modes of operation of the AUDIT system. The listings of the
AU DIT sof tware  for  each of the th r ee processo r s a r e each
sepa rately bound in Appendixes B , C , and D .

2
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SECTIUN 2. SYSTEM DESCR I PTION

2 . 1~~~~ e n er a 1 D e s c r i ~~t i on .  The N a v a l  Sea Sys tem Command ’ s
Su rfac e Effect Ship Project Office (PMS3O4) requested the
Computation and Mathemat L cs Department of th e Dav id W .
1 rjlor Naval Ship Research and Development Center to develop
compuN r software that would examine vendor—produced computer
proqrams or modules for compliance with the SESCOMPSPEC’ s
and would produce reports detailin g the deviations. AUDIT ,
th e c onp ute r software developed to carry out these functions ,
ni s  four modes of operation . In the first , or aud it ing mode ,
AU DIT examines  a program unit for conform ance w i th the set of
SESC )M1)SPEC programming standards and issues a report detail—
rn~ t he deviations from those standards. In the second , or
r u  call mode , AUDIT exam ines a module for deviations from
SESCOMP ’s roll call specifications (see Section 2.10 of
SfSCONIP SPEC. )  . In the third , or variable prec ision mode ,
AU DIT tests the effect of changes in word length on the output
of a computer prog r am . In the fourth , or f low ana lys is  mode ,
A UDIT examin es a program unit to detect and report the
I x istence of any undefined variables along the program unit ’s
poss ible paths.

An impor ta n t fea ture of A UDIT i s the parser  sof twa r e ,
which checks expressions to see i f they are  syn tac t ical ly and
semanticall y correct. The parser software uses a syntax

~raph to d e f i n e  the legal grammar for exp ress ions .

2 . 1. 1  A u d i t  Mod e. The audit mod e of AUDIT examines a pr..ogram
u n i t  f o r  adh~~rence to the spec i~~ications in SESCOMPSPEC3~~,
SESCOMP SP E C4 , and S E S C O M P S P E C 5  ~~. H o w e v e r , n o t  a l l  of t h e
s p e c i f i c a t i o n s  a r e  e x a m i n e d . S e c t i o n s  2 . 1 . 1 . 1 , 2 . 1 . 1 . 2 , and
2.1. 1 .3 indicate which specifications are (or are not) checked
by AUDIT. -‘

2 .1.1.1 SESCOtIPSPEC3 Elements. The various sections of
S E S C O M P S P E C 3  are cons idered in turn.  A U D I T  chec ks al l  of t h e
SESCOMPSPEC3 specifications (and therefore the Standard)
excep t as noted following . Comments are also made to amplif y
wha t is checked . The user himself must assume responsibility
for checking the areas not covered by A U D I T .

~.1 .l .l .l Pr29Lam Form. A diagnos tic is issued when a non—
FORTRAN character is encountered . All elements of the
St andard concerning l ines are enforced and appropriate diag—
nos tics are issued for violations.

2.1 .1 .1.~~~_Data Types. All data types permitted by the
Standard are recognized . Only characters of the FORTRAN
charac ter set are permitted as Hollerith types.

3
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2 . 1 . 1 . 1 .3  D a t a  and  P r o c e d u r e  I d e n t i f i c a t i D n .  The m a g n i t u d e s
of i n t e g e r , r e a l , d o u b l e  p r e c i s i o n , and c o m p l e x  c o n s t a n t s
a r e  no t  c h e c k e d  by t h e  I B M  360 v e r s i o n  of AUDIT. AUDIT does
n o t  c h e c k  w h e t h e r  a d u m m y  argument of an external procedu re
i d e n t i f i e s  a s u b r o u t i n e  or external function not referenced
i n  t h e  p r o g r a m  u n i t  being analyzed . I f  a d u m m y  a r g u m e n t  of
a p r o g r a m  unit bears the same symbol ic name as a subroutine
or e x t e r n a l  f u n c t i o n  r e f e r e n c e d  w i t h i n  t h e  p r o g r a m  unit being
a n a l y z e d , a d i agnos t ic on the v io la t ion is issued .

2 . 1 . 1 . 1 .4  E x p r e s s i o n s .  A U D I T  does not  check  t h e  requirement
t h a t  no f a c t o r  may  be e v a l u a t e d  t h a t  requ i res  ra i s i ng  a ze ro
val ued primary to a zero valued exponent.

2 .1.1.1.5 Statements. AUDIT does not check the requirement
that the integer variable i in an assigned GO TO of the form
GO TO 1 , ( k 1, k2 k1~ ) has been assigned one of the
statement labels in the parenthesized list by an ASSIGN state-
men t prior to the execution of the subject statement.

In a computed GO TO of the form GO TO (k 1, k 
k~1 ), 

i AUDIT does no t ensure tha t i has been given a value j ,
l< j . n , prio r to execution .

In a DO statement of the form DO n i=m 1, m 1, (rn 3), if
m ), a n d/ o r  m 3 are va r i a b les , AUDIT does not che~ k arr~j of the
follo wing restr ict ions:

(1) At t ime of execution of the DO statement , m i ,  m 2 ,
m 3 must be greater than zero.

(2) The terminal parameter (m 7) must be no less than the
initial parameter (m 1 ).

(3) The sum of the terminal parameter and the incremen—
tation parameter minus one may not exceed 2**17_2 .

The above three restrictions are checked if m 1, m ~, and/or
m are integer constants.

AU DIT does not check whether an array elemen’ name
contains a variable subscript that , during executtori of the
program uni t , assumes a value less than one or larger than
th~ maximum len gth specified in the array declarator . For
array elemen t names hav i ng an integer constant subscri pt ,
AUDIT does not check for a zero subscript but does check for
a subscript that is less than zero. AUDIT does check an
integer constant subscript for exceeding the maximum length
hut does this only for non—executable statements (DATA and
EQUIVALENCE)

AU DIT does not check that a formatted READ or WRITE
statement may not read or c r e a t e  a r e co rd  of more than 120
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chara cters. I t  does  not  c h e c k  that the first character of
a formatted record for printing may not be a + .

A U D I T  does  no t  c h e c k  t h a t  a FORMAT s t a t e m e n t  t h a t  is
used for b o t h  i n p u t  and o u t p u t  must end with a fi e l d  descri p tor
or g r oup of f i e ld  desc r ipto r s .  If there is an inpu t/ output
lis t for a formatted READ or WRITE , A UDIT does no t check tha t
at least one field descriptor other than nH or nX must exist.

2.1.1.1.6 Procedures and Sy~ pro~~~~~s. For a FU NCTI O~ ~tate-
m e n t  of t h e  f o r m  t FUNCTION f (a 1, a 2  , a~~) or a
SU BROUTI NE s ta temen t of the f o r m  SUBROU TI NE s ( a 1 ,  a~ 

AU D IT c h e c k s  t h a t  the a ’s, the dummy ar g umen t s , a r e  ea ch
ei ther a variable name or an array name but does not check that
a dummy argument is not an external procedure name not ~ef er—
ence d in the pr ogram uni t being analyzed . If a d ummy a rg um e nt
of a p r o g r a m  u n i t  b e a r s  t h e  sam e sym bo l i c  n a m e as a su b r o ut i n e
or ex terna l  func t ion re fe renced  in the p rogra m uni t being
a nalyzed , a d iagnos t ic on the v io la t i on  is issued .

AU DIT checks the dummy arguments of FUNCTION and SUBROU-
TINE s ta tements and the actual  arg umen ts used for  re fe r encing
ex ternal functions and subroutines to insure that the argu-
ments agree i n order , number , t ype , and d imensional ity w i th
the ar g umen t de f i n i t i o n  in the SESCOMP Inte r face  De f i n it ion
f ile (see Section 3.2.1.3).

For a function subprogram AUDIT does not check whether
the su bprogram contains a statement that directly or indirectly
references the function being defined .

The fo l lowing is no t checked : If a funct ion re fe rence
causes a dummy argument in the referenced function to become
assoc ia ted w i th ano ther dummy argumen t in the same f unc t ion
or with an entity in common , a definition of ei ther within
the func tion is prohibited .

2.1.l.1.7 Pro~j~~ms. The normal execution sequence is enforce d
by the flow analysis mod e of AUDIT (see Section 2.1.4).

2.1.1.1.8 Intra— _and Inter-Program Rela tionshjp.s. In the
f l ow  ana lys is  mode , AU DIT traces the definition and redefinition
of each va r i ab le  i n a program unit through all the possi b le
program paths.

2.1.1.2 SESCOMPSPEC4 Elements. The following SESCOMPSPEC4
requirements are checked by AUDIT.

2.i.i.2 .i Usa~y. The symbolic name of the subprogram being
analyzed is checked to insu re that the name is in the Interface
Definition file (see Section 3.2.1.3). The subprogram d :mln y
arguments (if any) are checked to see if they agree in order ,
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y r ~~ , and . 1 L m e f l S i o n a I  i t y  w i t h  t h e  s u b p r o g r a m ’ s
a r ; u r n e n t  l t ~~t as d e f i n e d  i n  t h e  I n t e r f a c e  D e f i n i t i o n  f i l e .
I f  t h e  s t l L p r o q r a m  is a t u n c t i o n  s u b p r o g r a m , t h e  t y p e  is
c h e ck e u  w i t h  t h e  I n t e r f a c e  Def  i n  i t  ion  f i l e .

2 . 1 . 1 . 2 . 2  L a b e l e d  COMMON S t or a ~~e. The s y m b o l i c  n a m e  of
~ ac h  l ab e l e d  COMMON b l o c k  is c h e c k e d  to  i n s u r e  t h a t  t he
n a n ’  is i n  t h e  I n t e r f a c e  D e f i n i t i o n  f i l e .

~ . 1 . 1 . 2 .3 C a t e~~~r~y_j C OM MON St o r a ~~e.  The s i z e  and t y p e  of
e a c h  v a r i a b l e  of a C a t e g o r y  1 l a b e le d  COMMON b l ock  is checked
w i t h  t h e  Inte r f a c e  D e f i n i t i o n  f i l e .

~ .1.1. 2.4 Cate~~~~~~2 COM MON Stora9e. AUDIT checks that , f o r
each Category 2 labeled COMMON block , the elemen t s are  grouped
by type . AUDI l also checks that a module has at least one

it -go ry 2 block.

2 . 1 . 1 .2 .~ Bl an k COMMON Sto ra 9e .  If a m odule has blank COMMON
s to r age , AUDIT checks that the size of the blank COMMON storage
agrees with the size specified in the Interface Definition file.

2 .1.1.3 SESCOMPSPEC5 Elements. The follow i ng SESCOMPSPEC5
r e q u i r e m e n t s  a r e  checked  by A U D I T .

2.1.1.3 .1 BLO CK DA TA . For a BLOCK DATA subprogram , the pre-
s c r i bed or d e r of da ta  types in a labeled COMMON b lock are
ch ecke d .

~~~~~~~~~~~~~~~~~~~~~~ The Ca tegory 1 l a b e l e d  COMM ON b l o c k
SESCO’1 is checked to insure that the symbolic names assigned
to each element of the block are the prescribed names. Each
pro.;ram unit is checked to see if it contains the mandatory
Category 1 block SESCOM. In this case AUDIT does not distin-
guis h whether the program unit being checked is a main program ,
modul e roo t program unit , anc i l l a ry  subprogram , or ex t r a o r d i n a r y
:;ub rout ine. The user should disregard the mandatory SESCOM
diagnostic message if an ancillary subprogram or extraordinary
su broutine START does not contain the SESCOM block.

For Ca tegory 2 and 3 labeled COMMON blocks , AUDIT checks
that each and every element of each block is used by the sub-
program. Fo r modules with ancillary program units a misleading
message may be issued . Since the audit mod e analyzes only a
single program Unit , there is no way of knowing if an element
in a Category 2 or 3 block is used in another program unit of
the module. AUDIT also checks that a modul e has at least one
Ca tegory 2 labeled COMMON block.

If a module has blank COMMON storage , AUDIT checks that
the size of blank COMMON storage agrees with the size speci-
fied in the In terface Definition file.
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.1 .3.3 A nc i l l a r y  Sub~~ro~~ra rns .  The s y m b o l  ic n a m e  of e a c h
anc i l l a r y subpro g ra m is checke d t o ins u re tha t the n ame is in
t h e  I n t e r f a c e  Def  m i t  i on  f il e (see Section 3.2 .1.3).

2.1.1 .3.4 Roll Call. AUDIT ’ s ro l l  ca l l  mode p e r f o r m s  an
an a l y s i s  of a mod ule ’s roll call actions (see Section 2.1.2).

2.1 .1.3.5 O r d e r  of Statements. The prescr ibed order of
s t a t e m e n t s  is c h e c k e d .

LLc~iLMode. A U D I T  c o n t a i n s  two  o p t i o n s  f o r  c h e c k i n g
t h e  r o l l  c a l l  a c t i o n  of t h e  r o o t  p r o g r a m  u n i t  of a m o d u l e .  See
S e c t i o n  2 . 10  of SE S C O M P S P E C 5~ f o r  an  e x p l a n a t i o n  of a m o d u l e ’ s
i- oil call actions.

~~~~~~~~~~~~ AU D IT s i m u l a tes t he m odu l e s  r o o t  p r o g r a m
u n i t e x e c u t i o n  by executing the prog ram unit for mod e
i n d e x  v a l u e s  of 0 , — l  , — 11 , —12 ( a  use  c o u n t  i n d e x
of 1 is a s s u m e d ) .  The  o u t p u t  f o r  each  mod e i n d e x  is
p r i n t e d . The mode i n d e x  v a l u e  and t h e  o u t p u t  d e v i c e
( X , Y , or Z )  is  des ignated for each o u t p u t  of a s p e c i f i c
mode i n d e x  v a l u e .  For each mode ind ex value , AU D IT a lso
checks  that each module re fe renced  by the roo t p r ogram
unit is referenced in the same roll-call mode.

(2 ) Option 2 : For each mode index va lue ( 0 , —1 
— 11 , —1 2), AUDIT checks tha t each module r e f e r e n c e d  by
the root program unit is referenced in the same roll—call
mode.

If an a n c i l l a r y  su bprogra m of a module r e f e r e n c e s  a
m o d u l e  ( A )  no t  r e fe renced  by the r oot program uni t of the
m o d u l e  ( f o r  c o m p u t a t i o n a l  mode) and this module (A ) is not
r eferenced in the roll—call mod e of the root program unit ,
A U D I T  does no t  d e t e c t  t h i s  d e v i a t i o n  f r o m  t h e  r o l l  c a l l  speci -
fica tions. The roll call mod e uses subroutines CMPARE , MO D I D ,
and ROLC I-I K , and generates ma in program ROLCAL.

The r o i l  c a l l  mode shou ld  o n l y  be used to  e x a m i n e  t he
r oot program unit of a SESCOMP module.

2.1 .3 Variable Precision Mode. If a contractor develops a
program on a compu ter with a word length of 60 bits , i t  i s
important to determine whether it will produce correct results
on a computer with a smaller word length. The AUDIT sys tem
provides a mechanism to assist in this determina tion . The
varia ble precision mode allows the user to specify one of a
g r oup of truncation operators to be applied after each arith—
m etic operation. These truncation operators are in the form
of variable precision function subprograms: Q1COMP , Q1DPRE ,
and Q1REAL (see Section 2.2.68). There are sets of truncation
opera tors for the results of operations on real , comp lex , and
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.io ub le precision numbers. Tne user selects the appropriate
o p e r a t o r  f r o m  each  set to  p r o v i d e  t h e  d e s i r e d  d e g r e e  of
p r e c i s i o n .  The truncation o p e r a t o r s  s i m u l a t e  w o r d  l e n g t h s
of 30 to  40 b i t s , 24 to 31 h i t s , and 30 to  35 b i t s  f o r  t h e
CDC b000 , I B M  360 , and U N I V A C  1108 , r e s p e c t i v e l y .  The r e f -
e r e nc e  to  t h e  t r u n c a t i o n  o p e r a t o r  f o l l o w i n g  each  a r i t h m e t i c
operation is i n s e r t e d  by A U D I T  i n  t h e  modified statements.
Only t wo t ypes  of s t a teme n ts a r e  mod i f i e d , assignment state—
n en t s  and CALL statements.

An ass ignment statement is of the form V=E where V is
a var iable name or array element name and E is an arithmetic
expression. AUDIT examines the arithmetic expression from
righ t to left for triples of the form SAE 1 OP SAE~ wher e OP
m ay be + , — , ~~~, or / and SAE is any valid FORTRAN expression.

- 
Ea ch t r i p l e  is r e w r  i t t e n  in the  f o r m  F ( S A E 1 OP SAE - 

) , w h e r e
is Q1 R E A L , Q1COM P, or Q1D PRE , depend ing on whether the

r e s u l t of SAE 1 OP SAE~ is r e a l , complex , or d o u b l e  p r e c i s i o n ,
respe ctively. The following example illustrates the method :

Given: Y~~A*B + C*D
Re s u l t: Y Q 1R E A L ( Q 1R E A L ( A * B )  + Q 1R E A L ( C * D ) )

A C A L L  statement is of the form CALL PROG ( A 1 , A 
A r~ 

) where A 1 are ac tual arguments. A U D I T  examines e~ ch
actual argument and generates a new CALL statement as follows:

(1) Constants , var iable names , array elemen t names , and
a r r a y  names  a r e  cop ied unchanged .

(2) FORTRAN expressions are processed as for assignment
statements.

The  following example illustrates the method :

Given: CALL PROG ( A , A ( l , 2 ) ,  B , C+ D)
Result: CALL PROG ( A , A ( l ,2 ) ,  B , Q1 REAL ( C + D ) )

where A is an array and B , C , and D are real va riables.

The variable precision technique is no t intended to
simula te the arithmetic peculiarities of any particular
compu ter. Its only purpose is to permit the precision of
arithmetic operations on a given computer to be va ried .
With this restriction in mind , the techn ique as implemented
in A U D I T  has one limitation :

The calcula tions of FORTRAN l ibrary functions and of
any subprogram not processed by A U D I T  a r e  not sub jec ted
to truncation.

2.1.4 Flow Analysis _Mod e. The t1~~ analysis mod e of AUDIT
detects violations of ANS I FORTRAN which are concerned with
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in ter— and intra—program relationships . I n  the design of
the AUDIT system particular attention was pa id to that
section of the A N S I  Standard which deals with the definition
and ‘undef in i t ion” of variables. This section states , for
example , that if two va r i ab l es  of d i f f e r e n t  types become
a s s o c i a t e d  by a p p e a r i n g  in  an E Q U I V A L E N C E  s t a t e m e n t  and  one
of t h e  v a r i a b l e s  becomes d e f i n e d , t he  o t h e r  becomes u n d e f i n e d
and m a y  no t  be used in  c o m p u t a t i o n  u n t i l  r e d e f i n e d . The f l o w
a n a l y s i s  is p e r f o r m e d  u s i n g  some resul ts ob tained f rom the
t h e o r y  çd~ c o m p i l e r  o p t i m i z a t i o n  p r o v i d e d  in A l l e n 9 and
K e n n e d y ’ . D u r i n g  t h e  i n t e r s t a t e m e n t  a n a l y s i s  of a p r o g r a m
u n i t , AUDIT  c o n s t r u c t s  the  u s u a l  t ab l e s  c o n t a i n i n g  i n f o r m a t i o n
a b o u t  t he  v a r i a b l e  names  and t h e i r  a s s o c ia t i o n s  t h r o u g h  COMMON
and E Q U I V A L E N C E  s t a t e m e n t s .  In  a d d i t i o n  a set of b a s i c  b l o c k s
is c o n s t r u c t e d . A b a s i c  b l o c k  s t a r t s  w i t h :

( 1 )  t h e  f i r s t  e x e c u t a b l e  s t a t e m e n t  of t h e  p r o g r a m  u n i t ,
or

( 2 )  a l abe led  e x e c u t a b l e  s t a t e m e n t , or
( 3 )  t h e  f i r s t  e x e c u t a b l e  s t a t e m e n t  a f t e r  a R E T U R N , STOP ,

GO TO , or logical IF containing one of these forms ,
or

( 4 )  the first statement after a DO or DO t e r m i n a l  s t a t e -
m e n t .

A basic block ends with:

(1 ) any GO TO , STOP , R E T U R N , or logical IF  con t a in ing
one of these forms , or

(2) a DO or DO terminal statement.

A control flow graph is constructed using basic blocks as
nodes and the control flow paths as edges. I n  the implemen-
tation of AUDIT , the information retained in the block con-
sists of the names of the variables defined or undefin ud by
the basic block and the names of the variables which must
be defined prior to execution of the block. The symbol table
is used to record the status of each variable , e.g., whether
it is defined , undefined , an induction variable , or an ASSIGNed
variable. Each path in the graph is traced through to detect
and report improper use of undefined variables. A depth-first
graph tracing algorithm is employed . In order to detect
infinite loops and to facilitate diagnostic messages , a list
of the basic block names in the path currently being tra-
versed is maintained . As each new name is added to the list ,
the number of prior occurrences of that name is determined .
When the count exceeds two , tracing of that path terminates
and tracing of the next path begins. This heuristic seems
satisfactory for the sort of programs normally produced by
engineers. In a fairly complex prog r am , however , it is
possible that some leg itimate paths may be missed . DO loops
are traced only once. The flow graph is also analyzed to
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i nsure proper nesting of DO loops and to detect illegal
or anches w i t h i n  DO l oops .  S u b p r o g r a m  r e f e r e n c e s  a r e
c h e c k e d  to  i n s u r e  t h a t  t h e  a c t u a l  p a r a m e t e r s  a r e  d e f i n e d
b e f o r e  t h e  r e f e r e n c e  ( f o r  i n p u t  p a r a m e t e r s)  and a f t e r  t he
reference (for ou tput paramet ers) .

The flow analysis mode has two options : a full flow
a n a l y s i s  and  a m o d e r a t e  f l o w  a n a l y s i s .  The full f low ana-
l y s i s  a l l o w s  a p a t h  to  h a v e  a s t a t e m e n t  l a b e l  t h a t  a p p e a r s
a t m os t tw i c e .  The moderate  f low ana lys is  does not check
any pa th in which a statement label appears more than once.
Given the fo l low ing coding :

1=0
J=0
1=1+1
CALL S U B ( I )
IF(I.LT.lO) GO TO 5

10 J=J+l
CALL S U B B ( J )
IF(J.LT.10) GO TO 10
R E T U R N
END

the mode rate flow anal ysi ’~ would check only one path:
( 5 , 10) .  The full f low analysis would check four paths :
( 5 ,10), ( 5 , 5 , 1 0 ) ,  ( 5 , 5 , 10 , 1 0 ) ,  and ( 5 , 10 , 1 0 ) .

The modera te f low analys is  wi l l  usually check less
pa ths than the full flow analysis. The full flow analysis
should be satisfactory for most program units. However ,
the moderate flow anal ysis is less t ime—consuming and
should be used if the full flow analysis is taking too much
t ime .

2.1.5 Parser Software. Arithmetic expressions , logical
expressions , and I/O lists are parsed by AUDIT. Parsing
involves determining whether an expression is syntactically
and semantically correct. The software used to parse
expressions is called the parser.

Part of the AUDIT parser is writt .?n in GIRL (Graph
Information Retrieval Language), which is a high—level
languag e developed at DTNSRDC and described in Berkowitz 11 .
The GIRL—coded statements are translated into FORTRAN code
by running the GIRL statements through the GIRL preprocessor.
This FORTRAN cod e thus generated (and six other FORTRAN sub-
routines) is the parser software for AUDIT.

The parser requires a syntax graph as input. This graph
is a plex data structure which completely defines all valid
arithmetic and logical expressions , as well as I/O lists.
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The p a r s e r  c a n  c o n v e n i e n t l y  m a n i p u l a t e  g r a p h  s t r u c t u r e s ,
i . e . ,  in s e r t , i d e n t i f y ,  r e t r i e v e , d e l e t e , and c o m p a r e  n o d e —
link—no de triples such as the one shown following :

(single—value list )

where  A i s the source node
B is t he l ink

and C is t h e  s i n k  node .

S o u r c e  nodes  and l i n k s  a r e  r a n d om n u m b e r s  g e n e r a t e d  by
S U B R O U T I N E  LVGR N . S i n k  nodes  may  be r a n d o m  n u m b e r s , intege rs ,
or H o l l e r  i t h  d a t a .  The t r i p l e  can  a l s o  be t h e  c o m p o n e n t  of
a m u l t i — v a l u e  l i s t  r e p r e s e n t e d  in  e i t h e r  of two w a y s .

or

The syntax graph is composed of single—value lists and multi—
va ije lists linked together. The triples themselves are
stored ~n a s t r u c t u r e  c a l l e d  GIRS ( G r a p h  I n f o r m a t i o n  R e t r i e v a l
S y s t e m )  m e m o r y  a c c o r d i n g  to  t he  f o l l o w i n g  a l g o r i t h m :

LOC = ( A + B )  m o d u l a  M E M S Z E .
B

For example , t h e  t r i ple 
~~~~~~~~ 

where A = 52 , B=73 , and
M E M ~- Z E  ( G I R S  m e m o r y  s i z e )= l 0 0 , w i l l  be s to red  in  G I R S  l o c a t i o n
2 5 .  LOC= ( 52 4- 73 )  mod 100 = 125 mod 100 = 25.

The G I R S  memory is constructed in the follow ing way.
Each single—value list requires four locations; each multi—
value lis t requires 4(n+l) locations (where n>2 is the number
of sink nodes). The GIRS memory is stored in COMMON blocks
LVVTRI , LVVTR2 , LVVTR3 , and LVVTR4.

The syntax graph is composed of nodes and links. Each
node is a state in the graph . The parsing of an expression
proceeds from state to state by way of the ijflks . Each link
is either a terminal symbol or STOP , ASSOC , or LEVEL. A
terminal symbol is one of the following : PLUS , MINUS , SLASH ,
LPAR , R PAR , COMMA , STAR , EXP , LT , LE , GT , GE , EQ, NE , OR ,
AND , NOT , EQUALS , OPRAND. A constant or a variable is desig-
nated OPRA ND. Each nod e and link is identified by a unique
pseudo-random number.

Since FORTRAN is a finite state language , each state
can lead to more than one state. Therefore it is necessary
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t.o remember all the nodes that were visited in case it
becomes  n e c e s s a r y  to b a c k  u p  to a n o t h e r  p o i n t  i n  t h e  g r a p h .
T h i s  i s  a c c o m p l i s h e d  through a s s o c i a t e s  and  l e v e l s .  If the
q i a p h  i s  i n  a c e r t a i n  s t a t e , t h e  p a r s e r  l o o k s  a t  t he  n e x t
terminal symbol in the input str ing . I f  that terminal symbol
is a link f rom that node to another node , that link is se-
lec ted . If no t , an associa te from that node is selected . If
there is no associate , the level is selected from the last
previ ous associate.

The syn tax graph has three parts: (1) a FORTRAN ex-
pression graph for arithmetic expressions , (2) a Boolean ex-
pressio n graph for logical expressions , and (3) an I/O l is t
graph for I/O lists. These three parts are shown in Figures
2— 01 , 2— 02 , and 2— 03. An example to illustrate the parsing
of an ari thmetic expression follows. Consult the FORTRAN
exp ression graph for help in fol1owing the logic.

The expression A+B*C is converted to the string
O P R A N D  PLUS OP RAND STAR OP RA N D .

This string is traced as follows:
29 93 133 208 452

A t this point it becomes necessary to back up to the last
previous associa te and take the level

133 235
back  up  to

93 157
b a c k  up to

29 519 plus sign found
62 93 133 208 452

back  up  to
133 2 3 5

back up to
93 157 star found

13 3 208 452 string empty
stop state found .

The parser sof tware consists of the following subrou-
t ines : FOR M ,LVDLET ,L V E X I T ,LV F EC H ,LV F I N D ,LVG RN ,LVNS RT ,
LVS ET P ,PARS E ,P FI ON E Y ,PRNTS ,RECOG ,RECOV ,SEMANT ,SLEVEL , and
SSTOP. LVDLET ,LVFECH ,L V F I N D ,LVGRN ,LVNS R T , and LVSETP are
par t of the G I R S  memory scheme . The remaining parser sub-
rou tines are originally written in GIRL and processed into
FORTRAN . The explanation of the parser in this section should
not be considered a comprehensive description . It is meant
as a general description so as to aid in the description of the
subroutines and COMMON blocks which follows. A more comprehen-
sive descri ption of the parser software is now under preparation
at the Center in the Computer Sciences Division .
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All prog r am u n i t s  of the AUDIT
n o f ~ .~‘ . e  a r e  I l e S C j l t e j in Sect ’  i u n ; 2 . 2 . 1  t h r o u q h  2 . 2 . ~~9 .
A f t e r  t h e  m a i n  } i r o g r a m  t h e  p r o q r a m  u n i t s  a ’ r ~ l i st e d  in
il pha b e t ’ ic j l order. T h e  o v e r a l l  f u n c t  i o n ( s )  of ‘ ach  s u b —

t i  )qr ar a n i  d i r  i t y i n g  r ’ - u a r k s  a r e  d e s c r  ih ’ d i n  t h e  o p e n in ~
p a r  ~~rap h f o r  each  s ub p r o g r a m  sect  i o n .  F o l l o w i n g  t h i s
c: e n ~~n1 p i r a n a p h , m o s t  s u h p r o j r a r n  s e c t i o n s  a l s o  c o n t a i n
t .n~ leq  i c a l  t l w  t h i  o u g h  t h e  p r o g r a m  u n i t  l i s t e d  by n u m b e r e d
s s.  ~ l 1 ia~ a el em e nts i n  COM MON a r e  d e scr  i b f d ~n Sect  i o n s
~~~~~~ ~h r . iih ~ . 2 . l 2 2 . T a b l e s , a r r a y s , and  d a t a  e l e m e n t s
u n e i  i i y  t h e  v a r  i o u s  pr ) q r a m  u n i t s  a r e  i n c l u d e d .

1. R e a d  t h e  opt  i ons  c a r d  w h i c h  c o n t a i n s  t h e  m o d e ( s )  of
( C ) e r a t L o n , i n p u t  dev i ce , and t h e  i n t r i n s i c  f u n c t i o n
par ame t er.

2 .  I n i t i a l i z E  q l o b a l  v a r i a b l e s  ~nd t a b l e s .
3. Read the In terface Definition file.
4 .  I n i t i a l i z e  non—global variables and tables.
5. CALL BUILD to assemble the next source statement.
~
) .  P r i n t  t h e  s t a t e m e n t .  i f  t h e  s t a t e m e n t  i: a c o m m e n t  or

a niank , go to Step 5. If not , incremen t the state—
m’~nt coun ter and CALL CLASS to classify the statement.

7 .  ‘A L L  ~;rATNO to process the statement number , i f  a n y .
~~~. Set character pointer to seven and save classes of

c u r r e n t  and p r e c e d i n g  s t a t e m e n t s .
~~. i f  i t  i s  t h e  f i r s t .  s t a t e m e n t  of t h e  p r o g r a m  u n i t , t e s t

t h a t  it  is a S U B R O U T I N E , F U N C T I O N , P R O G R A M  ( f o r  CDC
o n l y )  or BLOCK DATA s t a t e m e n t .

10.  I f  i t  is  n o t  t h e  f i r s t  s t a t e m e n t  and  t h e  p r o g r a m  u n i t
i s  a BLOCK DATA s u f l p r o q r a m , c h e c k  t h a t  t h e  s t a t e m e n t
is  an E Q U I V A L E N C E , DAT A , DI M E N S I O N , C OMMON , or  t ype
s t a t e m e n t .

11 .  Go t o  t h e  a p p r o p r i a t e  s t a t e m e n t  p r o c e s s o r .
1 2 .  C h e c k  a l l  s p e c i f i c a t i o n  s t a t e m e n t s  f o r  p r o p e r  o r d e r .

I f  t h e  s t a t e m e n t  is a I - U N C T I O N  s t a t e m e n t , r e p o s i t i o n
t h e  c h a r a c t e r  p o i n t e r  ( i f  F U N C T I O N  is p r e c e d e d  by a

y p e ) .
I f  t h e  s t a t e m e n t  i s  an a s s i g n m e n t  s t a t e m e n t , c h a n g e
i t s  c l a s s  ( i f  i t  i s  a FUNCTION d e f i n i n g  s t a t e m e n t ) .

13.  ~I r i t e  o u t  t h e  s t a t e m e n t .
1 4 .  I f  i t  i s  t h e  f i r s t  s t a t e m e n t  of t h e  p r o g r a m  u n i t  and

t h e  v a r i a b l e  p r e c i s i o n  mode h a s  been s e l e c t e d , g e n e r a te
t y pe  s t a t e m e n t s  f o r  Q I C O M P  and Q 1 D P R E  ( a u x i l i a r y
v a r i a b l e  p r e c i s i o n  s u b p r o g r a m s  t o  be loaded  l a t e r )  on
l o g i c a l  u n i t  8 .

15 .  I f  E N D  s t a t e m e n t  no t  e n c o u n t e r e d  go b a c k  t o  S t e p  5.
l~~. C A L L  S U B C H K  to  c h e c k  t h e  a r g u m e n t s  ( i f  a n y )  of t h e

pr o g r a m  u n i t  a g a i n s t  t h e  I n t e r f a c e  D e f i n i t i o n  f i l e .
17 .  CAL l  SYMT A B to  d i s p l a y  t h e  s y m b o l  t a b l e .

CALL GRT t o  u p d a t e  t h e  g l o b a l  r e f e r e n c e  t a b l e .
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CALL C O M C H K  to check COMMON blocks against the
I n t e r  face Del m i t  ion f i l e .
CALL I )OPCK to check for proper nesting of DO
loops  an d  proper nes t ing of c o n t r o l  t h r o u g h o u t
prog r am u n i t .
CALL F E O ~~CK to pe r f o r m  f low ana lys i s , i f  d e s i r e d .

18. It th e r e are more program units to be processed ,
go t o S t e p  4 .

19. C A l L  GLOTAB to d i s p l a y  t h e  g l o b a l  r e f e r e n c e  t a b l e .
20. If roll call mod e has been selected , CALL GENROL

to generate the main r o l l  c a l l  p r o g r a m .
2 1 .  R e w i n d  o u t p u t  d e v i c e s .

2 . 2 . 2  S U B R O U T I N E  A R I F .  T h i s  s u b r o u t i n e  p r o c e s s e s  a r i t h m e t ic
I F  s ta teme n t s .

1. Verif y the p r e s e n c e  of the k e y wo r d  I F an d the
p r e s e n c e  of a l e f t  p a r e n t h e s i s .

2 .  C A L L  E X P R  to  cod e and a n a l y z e  t h e  e x p r e s s i o n .
3. CALL PARSE to parse the expression.
4 .  C A L L  FNCST R to  v e r i f y  f u n c t i o n  r e f e r e n c e s .
5 .  CALL BLKSTR to s tore  b a s i c  b l o c k s .
6. Set NBRNCH , the counter for b r a n c h e s  out of the

basic b l o c k , to zero.
7.  Fe tch the three s ta temen t num bers  f o l low ing the

expression , store them in the statement number
table , la bel them as hav i ng been referenced , and
coun t the number of d i s t inc t branches out of th e
b l o c k .

2 . 2 . 3  SUBROUTINE ASGOTO. This su br ou t ine processes ass igned
GO TO s t a t em en ts.

1. Check keyword spelling .
2. Fetch the GO TO var iable , tes t t ha t i t is a s i m p l e

integ er v a r i a b le , and store it in t h e  b a s i c  b l o c k
table.

3. Initialize the branch counter.
4. Fetch the nex t statement number in the list , store

it in the statemen t number table , and flag it as
hav i ng been re fe renced .

5. Check for dupli cates. If the current statement
number i s not a dupl icate , store it in the basic
block table and increment the branch counter.
Process the rest of the list and set the new block
f l a g  to  1.

2.2.4 SUBROUTINE ASSIGN. This subroutine processes ASSIGN
statements.

I. Check keyword spelling .

17
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2 . L o c a t  t h e  ~~t i t  em e n t  n u m b e r  nd f I ag it as
h ay  i n  t ee n  I e f r  enced

j .  Ch~~c~ f o r  t h e  p r e s e n c e  of t h e  k e y w o r d  TO.
4 .  ‘ e t c h  t t i e  ass t g n s d v a r i a b l e  and  c h e c k  t h a t  i t is

a s .r~~ l e i n t e g e r  var i a b l e .
a .  E n t e r  h e  i n d e x  t o  t h e  v a r  i .i L Ie in t h e  h a : -; ic b l o c k

tab le.

~~~~~ SUBR .)U1I NE AUXIO. This subr out m e  processes REW IND ,
LND FILE , an d  B A C K S P A C E  c o m m a n d s  f o r  s y n ta x  e r r o r s .

~~~~~ INTEGER FUNCTION BITGET . This funct ion retrieves a
field of bi t s  f r om a g iven position w i t h i n  the word ILOC .
IPOS is the r ig h tmo ;t hi t position (in ILOC ) from which the
ield w i l l  he r e t r i e v e d . I’~ IDTH is the numb er of hits in

the n e l d.

~ .2.7 INTEGER F L N C T I O N  BITPUT. This function stores a f i e l d
of b its into a given position w i t h i n  the word I LOC . Bits are
numbered left to right st a r t i ng  w i th 1. IV AL , ri g h t —
jus t if ied and zero—filled , is the word which cont a ins the
field to be stored . IPOS is the ri ghtmost bit position (in
I LOC ) int o which the field will be stored .

2.2.~ SUBROUTINE BLKSTR. This subroutine is called alter
an expression has been parsed . It stores information in the
hi:; ic C l  O . K table.

I. Fetch next variable in the expression.
z. If variable is not associated with a function

refere nce , s tore it as r e f e r ence d and go to Step 1.
3 .  If variable is associated with a function reference ,

fetch the symbol table location of the function ,
fe tch t h e  Interface Definition file location of the
tu r ct ion , and determ ine which of the function arg u-
men ts is associatd w i t h  t h i s  variable.

4. If the variable associated with a function reference
is a s ta temen t f unc t i on , s tore the v a r i a b l e  as
ref erenced and go to Step 1.

5. Fetch the I/O status (IOSTAT ) of this variable from
the Interface Defin ition file. If IOSTAT=0 , the
varia ble is output and is stored as defined . I f
IOSTAT=l , the variable is both input and output , and
is s tored as both re fe renced  and def ined . It
IOSTAT=2 , the variable is input and is stored as
referenced . It this variable appeared in an argument .
wh i ch w an an exp ress io n , verify t h a t  t h e  argument is
not output ( IOSTAT U or 1)

2 . 2 . 9  SUBROUTINE BUILD. This subrout i ne r e t u r n s  a c h a r a c t e r
string of length N in array A. The character string consists
of the next statement in the FORTRAN program unit being

18
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b r o c e u . ’d . The flag IERR is set to 2 if an end—of— file
conaiti on ha .; occurred . If there are mor e continuation
c u r s  than permitted , an e r r o r  m e s s a g e  is p r i n t e d .

2.2 .10 ~UBROUT INE C1~A. This subro u tin e packs a string of
a lp h a n u m e r i c  charac ters into a single word. The ISTR array
contains the characters and MSTR is the numbe r of characters.
I f  ~1bTR is q r e a t e r  t h a n  6 , t h e  s t r i n g  is too l o n g .  E a c h
cha ract e r is packed into ID in the leftmost available
‘nosi tions . After all the characters have been packed , ID i s
fill ed with blanks.

2 .2.11 SUBROUTINE CA l . This subroutine converts a string
of alphan um er i c  c h a r a c t e r s  to an inte g e r .  The IST R a r r a y
contains the characters and MSTR is the number of charac ’~e rs .
If MSTR is greater than 10 , the integer is too large. Each
cha racter in the array is converted to its integer equivalent
and mul tiplied by the proper power of ten. All these numbers
are added up and stored in INTVAL. The size of INTVAL is
ch’. cked against the maximum value (2**31_ l).

2 . 2 . 1 2  S U B R O U T I N E  C A L L .  T h i s  s u b r o u t i n e  p roces ses  CALL
statements.

1. C h e c k  k e y w o r d  s p e l l i n g .
2. Fetch the subroutine name and check it for validity.
3. Store the name of the called subroutine in the

symbol table if it has not already been en tered .
4. Perform the following actions if the subroutine

doesn ’ t h a v e  an a r g u m e n t l i s t:
a .  I f  the subroutine is not in the Interface

Def in i tio n f i le , store ~t there temporarily.
Store this temporary location in the symbol
table.

I .  If the subroutine is in the Interface Defi-
nition f i l e , retrieve its location.

c. V e r i f y that the subroutine has no argum ~ nts.
5. P er  fo r ’n the following actions if the subroutine

has an ar .~ument 1 m t
a. Parse t h e  statement
n .  LA I L  I N c  5TH to store function references.
c. C A L L  N L K S T H  to store basic blocks for flow

ari a l y 3is.
‘ . I t t h e  vi r i ible p re ci n ion mode ha.i been selected ,

C A L L  ;. t~VH’I’ to i n ; e r t  var iable precision function
r ’ f e r c ~nces .

7. It th e ro l l  c r 1 1  mode has been selected and this
subroutine is i nubroutine module , CALL CA IL2 to

i S n e r a t  e a c a l l  to k U 1 , C H K

2 . 2 . 1 3  S U B R O U T I N E  C A L I 2 .  This sub rout ine i s ca l led  by
s i t u o u t  i n e s  CAL L ( C A L L  s t a t  e m e n t  p r o c e s s o r )  and I N J I l ’
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(assi gnment statement proces uor) when the roll call mod e has
be en selected and when the subprogram referenced in the CALL
or assignme nt statement appears in the Inte r face Definition
file as a func tion or subroutine modul e . G iven a CALL state-
men t of the fo rm

CALL SESPL1 (N ,L ,M)
CALL2 transforms the statement into

CALL ROLCHK ( 1 U S , I H E , IHS , fli P , filL , lHl).
‘rhe arguments of the call to ROLCIIK are generated by taking
the le tters or numbers of the called subprogram one at a
t ‘n”e.

2.2.14 SUBROUTINE CAR. This su broutine converts a string of
alphanume ric characters to a real or double precision number.
The RN array contains the characters and NCHAR is the number
of charac ters. If a real number has more than 20 di g its , or
i f a double p r e c i s i on number has more than 4 0 dig it s , proc-
essing is abo r t e d . The c h a r a c t e r s  a r e  packed  i n t o  a r r a y  I H OL ,
rig ht—justified and blank—filled . The DECODE statement con-
v e r ts the c h a r a c te r s  of t he  IHOL a r r a y  to a r e a l  or  a dou b le
p r ec is i on number .  The real  or dou b le p rec is ion  number is
then checked against the maximum and minimum values (l .OE+38
and l .OE— 3 8, r espec t i v e l y ) .

Note that this subroutine is not used in the IBM 360
or UNIVAC 1108 versions of AUDIT , since in those versions
the magni tude of real , dou b le p rec is ion , or complex constan ts
is no t checked .

2.2.ls SUBROUTINE CHKLST. This subroutine flags , as be i ng
i ni t ially de f ine d , all those va r iables which have been
dec la r ed in COMMON statements , DATA s tatements , or fo rmal
pa r ameters  (wh i ch  are designated input) ,  or which have been
e q u i v al en c e d  to  a n y  of t h e s e .  T h i s  s u b r o u t i n e  is r e f e r e n c e d
by su br out ine FLOWCK for the f low analys is  mode.

2.2.16 SUBROUTINE CLASS. Given the character string A
(which contains the statement currently being processed),
this subroutine determines the type of statement. There are
36 possible types of statements and CLASS sets the variable
ITYP to the appropriate value which indicates the type of
statement. The codes for the 36 possible types of statements
are g iven in Fi gure 2—04.

20
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S t a t e m e n t_Ty~~~ I TIP

ASS ignmen t 1
Ass ign 2
GO TO 3
Assigned GO TO 4
Comp ut ed GO TO
Arithmetic IF 6
CONTINUE 7
CALL 8
R E T U R N  9
STOP 10
READ 11
WRITE 12
R E W I N D  13
B A C K S P A C E  14
ENDFILE 15
Log ical IF 16
DO 17
E N D  18
I N T E G E R  19
R E A L  20
DOUBLE P R E C I S I O N  21
C O M P L E X  22
LOGICAL 23
D I M E N S I O N  24
COMMON 25
E Q U I V A L E N C E  2 6
DATA 27
FORMAT 28
BLOCK DATA 29
S U B R O U T I N E  - 30
F U N C T I O N  31
PROGRAM 32
PAUSE 33
E X T E R N A L  34
Statement funct ion 35
Unclass i f ied 36

FIGURE 2— 04. Statement Type Codes

CLASS recognizes all statement functions initially as
assignment statements. They are subsequently reclassified as
statement functions by subroutine INIT. CLASS makes its
classification by first testing to see whether the string is
a valid assignment statement. If it is not , then the first
few characters of the string are examined to determine which
of the FORTRAN keywords are present. The appropriate value
of ITYP is then set.
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2 . 2 . 1 7  S U B R O U T I N E  U M P A R E  . rh i s  s u b r  o u t  m e  i s  u n e d  i n  t h e
r o l l  c a l l  mod e t~~~~ v er  i t y  t h a t  a l l  ot the m o d u l e : ;  r e f e r  e nc e d
L v t O  m o d u l e  0 m u  p r o c -sse i w e r e  r e f e r e n c e d  i n  t h e  S E S C O M P
r o i l — c a l l  m o d i~ . CM PA RF : r equ i en as i n p u t  t h e  A U D I T  m o d u l e
l i s t  , wO i c h  r e s i l e ; ;  or; l og  i c a l  u n i t  9 , a n d  t h e  r o l l  c h e c k
m e r , i l e  1 i s t  , wh i c t i  ten m d ’ s on log ical unit 3 .  C M P A R E  c h e c k s
t~~ o t  a l l  m o d u l e s  i n  t h i -  A U D I T  m o d u l e  l i s t  ~ PI e a r  on t h e  r o l l
ch e c k  ; 1 , . ( l u l i  1 i r t  f o r  a l l  v a l i d  v a l u e s  ( U  to  — 1 1 )  of t h e
m b  index.

~~~~~~ S U B R O U T I N E  C N V R T . T h i s  sub routin e converts coded
o .i t p u t  f r om s u b r o u t i n e  P A R S E  i n t o  BCD ( B i n a r y  Coded D e c i m a l )
on d  r e t u r n s  it to  a r r a y  A .  The  P A R S E  o u t p u t  is  t h e  r e s u l t
of  ‘ n e  v a r i a b l e  p r e c i s i o n  t r a n s f o r m a t i o n  d e s c r i b e d  in
S ,ct . ron 2 . 1 . 3 .

1. Copy t h e  l e f t  s i d e  of an assignment statement to
t h e  o u t p u t  a r r a y .

~~~. I f  an  a r i t h m e t i c  o p e r a t o r  in  t h e  i n p u t  string is
f o u n d , copy O u t  t h e  a p p r o p r  i a t e  o p e r a t o r .

3. I f  a l o g i c a l  o p e r a t o r  in  t he  i n p u t  s t r i n g  is f o u n d ,
copy t h e  app r o p r i a t e  operator to the output array.

4 .  If the codes for the variable precision functions
)1REAL , Q 1COM P , and ~lDPR E are found , copy ou t the
a p p r o p r i a t e  f u n c t i o n  n a m e .

5. Process the cod e for a constant or varia ble name.
c. Fetch the length of the name.
7. Fet ch the loca t io n of the name in the symbol t ab le.
8. Deal with constants.

2.2.19 SUBROUTINE COM. This subrouti ne processes COMMON
sta tements by checking the syntax of the statements and by
en ter ing the declarative information in the statement into
the symbol table.

1 . Check keywor d spel l ing .
~~~. Add each COMMON block to the symbol table.
3.  C h a i n  toge ther the va r iab le  names in each COMMO N

b l o c k  as they are encountered . The COMMON block
name poin ts to the first variable in the block
and the last variable in the block. The last
variable in a chain contains a pointer to the
beginning of the chain. Each variable in the
chain points back to the  COMMON b l o c k  name .

4. Maintain counts of the number of COMMON blocks and
the ir lengths.

5. Test each block name and each variable name to
insu re that it is in the proper class , i.e., that
it is not also the name of a function.

2.2.20 SUBROUTINE COMCI-IK. This subroutine is referenced
after all statements of the program unit being anal yzed have
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i * - ’ - n  1 r o c . s: d .  I t  c h e ck s  t h e  v a l i d i t y  of all COMMON blocks
t O u t  app~-ar -d i n  the program unit.

1. O .t next COMMON block from the symbo l tuol e.
2 .  I-’e t c h  the c a t e g o r y  and  s i z e  of C O M M O N  b l o c k f r o m

t h e  I n t e r f a c e  D e f i n i t i o n  f i le  and c h e c k  t h e  s i z e
( f o r  C a t e g o r y  1 ) .  The s i z e s  of C ateg o r y  2 and
o l o c k s  a r e  c h e c k e d  f o r  c o n s i s t e n c y  i f  t h e y  a p p e ar
in other program units being anal y z e d .

3. F et ch n e x t  v a r i a b l e  i n COMM ON b l o c k , a l o n g w i t h
i ts type and size (if it is an array)

4 .  It v a r i a b l e  is c o m p l e x  or do ub l e  p r e c i s i on , ve ri f y
t h a t  i t  b e g i n s  on an e v e n  w o r d  w i t h i n  t h e  COM M O N
block.

5. I f  t h i s  is a BLOCK DATA s u b p r o g r a m , v e r i f y  t h a t  t h e
va riabl e s are in their prescribed order (real ,
integer , dou b le p r e c i s i on , c o m p l e x , and logical).

6.  I f  t h i s  is a Ca te g o r y  2 COM MON b l o c k , v e r i f y  t ha t
i t  is grouped by type .

7. II this is a Category 2 or 3 COMMON block , ve r i f y
t h a t  all the variables are used .

8. I f t h i s is a C a t e g o r y  1 COM MON b l o c k , check the
variable types against the Interface Definition
f i l e .

~~. Check for the existence of COMMON block SESCOM a n d
check for i ts prescribed variables.

2 . 2 . 2 1  S U B R O UT I N E  ç OM E x T .  T h i s  s u b r o u t i ne is r e f e r e n ced b y
r~u b r o ut i ne  EQU I V  (EQU I V A L E N C E  sta t e m e n t p r o c e s s o r ) to de te r min e
whe th e r  an Eç~UIVAL ENCE statement extends COMMON and wheth er
-J d o u b l e  p r e c i s i o n  or c o m p l e x  v a r i a b l e  be g i n s  on an even
location within COMMON.

1. Fe tch the loca t ion  in  the sym bol ta b l e  of the COM MON
b l o c k  w h i c h  c o n t a i n s  t h e  e q ur v a l e n ce d  v a r i a b l e .

2. Fetch the location of the last variable in the block.
3. Fetch the size of the block.
4. Calculate the total num ber of storage units which

preced e the eq uivalenced variable in its COMMON block.
5. Fetch the nex t variable and , i f i t  is equ i v a l e n c e d ,

transfer out of the loop to statement number 25.
6. If the variable is dimensioned , go to st a t e m e n t

num ber 10. Otherwise increment the storage unit
coun ter and continue the ioop.

7.  I f  t h e  v a r i a b le  is d i m e n s i o n e d , compu te  t h e  nu m ber  of
storage units required from the d imensions of the
array.

8. From the above result , c a l c u l a te t h e  n u m b e r  of
s t o r a g e  u n i t s  in  t h e  COMMON b l ock  wh i ch f o l l o w  t h e
equivalenced varia ble.

9. If the variable is double precision or complex , t e s t
that it begins on an even location.
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10. Test whether COMMON is ext ended .
11. Fetch th e offset (see SUBROUTINE EQUIV) of the equiv—

alenced variable in the COMMON block.
i2. Fetch the offset of each variable in the equivalence

c h a i n , calcul ate the first and last storage unit
l oca t i ons  occup ied by t h e  v a r i a b l e , and check w hether
these locations lie within the storage area occupied
by the COMMON block.

2.2.22 SUBROUTINE COMSCH. Given the COMMON block name stored
in NXTID , this subroutine sets ISRCH(3) equal to 1 if the nam e
is found in the symbol table and 0 if it is not.

2.2.23 S U B R O U T I N E  CTGOTO. This subroutine processes computed
GO TO statements.

1. Check keyword spelling and for the presence of a lef t
paren thes is.

2 .  R e s e r v e  a space in  t h e  b a s i c  b l o c k  t a b l e  f o r  t h e  GO
‘ro v a r i a b l e .  JBLOCK is used to s t o r e  t h e  i n d e x  to
t h a t  space .

3. Initialize the branch counter.
4. Procur e and check the statement numbers in the state-

men t n u m b e r  ta b l e .
5. Set the flag in the statement number table which

indica tes that the statement number has been refer-
enced .

6. If the statement number has occurred previously in
th is statement , go to statemen t number 17. Otherwise
store the statement number in the basic block table
and increment the branch counter.

7. After all the statement numbers have been processed ,
fetch the GO TO variable and test that it is a simple
in teger variable.

8. Store the index of the variable in the basic block
table , set the new basic block flag to 1 , and re tu r n
to the referencing program.

2.2.24 SUBROUTINE DATA . This subroutine processes DATA
stat ements.

1. Check keyword spelling and perform some in i t i a l i —
zat ion.

2. Fetch the next variable name and enter it in the
symbol table if it is not already there.

3. Test the variable for a previous appearance in a
DATA statement.

4. Test the variable to determine if it is a formal
parameter.

5. Determine whether the variable is in COMMON . Issue
an error message if the variable is in blank COMMON
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or  i f  t h e  v a r i a b l e  is in  l a b e l e d  COMMON a n d  t h i s
is n o t  a BLOCK DATA s u b p r o g r a m .

~~~. l e r t  f o r  a l e f t  p a r e n t h e n i s  o c c u r r i n g  n e x t  j r  the
statement , in w h i c h  case t h e  v a r i a b l e  n a m e  o r e c e d i n q
h’ let t p i r .n t H r i s  must b’ the name of an array.

7 . 11 ‘ r e  v a t  j a m l e  is th u name of an array, check the
sut sc r i p t s  ag ainst the dim ensions given in the
D I M L N S I U N  st a~~” m e n t  f o r  t h e  v a r  m a b l e  in  qu e s t i o n .

t~~. I f  a d i m e n s i o n e d  v a r i a b l e  is used w i t h o u t  a s u b s c r i p t ,
c a l c u l a t e  t h e  s i z e  ) f  t h e  a r r a y .

‘
~~~. B e a m  p r o c e s s i n g  t h e  c o n r t a n t  l i s t .  To d e t e c t  a n y

i i s c r e p a r c i’ :; r e t  wi en t h e  n u m b e r  of v a r  i a b l e s  in  t he
v a r  i a o l ’ s  i s t  and  t h e  n u m b e r  o f  c o n s t a n t s  in  t h e
co n r t  m t  l i S t , t w o  cou n t e r s  ( LST 1SZ and L S T 2 S Z )  a r e
used to  k e e p  t h e  r e n ~, e c tj v e  c o u n t s .  I n i t i a l i z e  t h e
t e p . - m t  c o u n t ’ r .

10 .  Fet ‘n the n e x t  e l e m e n t  a n d , i f  i t  is a H o l l e r  i t h
s ’t  i ng , go to  s t a te m e n t  n u m b e r  4 7 .  I f  i t  is not  a
H o l l e r  i ’h  s t r  i ng  and  i f  t h e  e l e m e n t  is n o t  an i n t e g e r ,
go to statement number 45.

11 . The element is either an integer or a repeat count
f o r  a following element. If it is a r e p e a t  coun t ,
conver t it to binary and store it in NRPEAT .

12 .  Ch e c k  w h e t h e r  a s i g n  p r e c e d e s  t he  constant.
13.  Test  t h e  c o n s t a n t  to see i f  i t  is r e a l , i n t e g e r ,

c o m p l e x , H o l l e r i t h , or logical.
14. Increme nt the constant l i s t  size counter. The next

ele m ent in the string being processed should be either
a co mma or  a s l a s h .  I f  i t  is a comma , go to statement
numb er 40 to get the next element. If i t  is a slash ,
compare the two list size counters and , i f  they  a r e
no t eq u a l , p r i nt an e r r o r  message .  I f  t h e  e l e m e n t
f o l l o w i n g  t h e  s l a s h  is a comma , go to sta tement
number 8 to process another list. I f  i t  is not a
co mma , a b l a n k  s i g n i f i e s  the end of  t h e  s t a temen t .

2.2.25 SUBROUTINE DESCRP. Given t h e  starting point IDESST
in the st r i ng A , th i s  su b r o u t i n e  se ts t h e  v a r i a b les I DES to 1
if the su bs t r i n g  wh i c h  f o l l o w s  i s a v a l i d  f o r m a t f i e l d
descriptor and 0 if it is not. A valid format f i e l d  d e s c r i p tor
is one of the following :

srFw.d
srEw.d
nrGw.d
sr Dw.d
n w
r L w
r A w
n H h 1 h h
nX
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w h e r e  w and n are non—zero integer constants , d is an i n t e g e r
c o n s t a n t , r is  a n  o p t i o n a l  n o n — z e r o  i n t e g e r  c o n s t a n t , and  s
is opt  i o n a l  and r e pr e s e nt s  a s c a l e  f a c t o r  d e s i g n a t o r  of t h e
f o r m  mP , w h e r e  m i s  an i n t e g € r  c o n s t a n t  or m i n u s  f o l l o w e d  by
an  L n t e g e r  c o n s t a n t .

2. 2 .26 SUB R O U T I N E_ D I M E N .  T h i s  s u b r o u t i n e  p rocesses  D I M E N S I O N
s t a t e m e n t s  ~ y c h e c k i n g  k e y w o r d  s p e l l i n g  and t h e n  a d d i n g  to  t he
sy m b o l  t a b l e  t h e  d i m e n s i o n  i n f o r m a t i o n  f o r  each  v a r i a b l e  in  t h e
l i s t .  E r r o r s  d i a g n o s e d  by t h i s  s u b r o u t i n e  i n c l u d e e x c e e d i n g
a l l o w a b l e  a r r a y  b o u n d s , i l l e g a l  use of v a r i a b l e  d i m e n s i o n s ,
i l l e g a l  use of s u b p r o g r am names , d i m e n s i o n i n g  previously dimen-
s i o n e d  v a r i a b les , and other illegal uses of dimensioned varia—
i- 1 e s.

..2.27 SUBROUTINE DO. This s u b r o u t i n e  p r o c e s s e s  DO s t a t e —
rent s .

1. Check keyword spelling .
2 .  F e t c h  t h e  s t a t e m e n t  n u m b e r  of t h e  t e r m i n a l  s t a t e m e n t ,

e n t e r  i t  i n  t h e  s t a t e m e n t  n u m b e r  t a b l e , and f l a g  i t
as h a v i n g  been  r e f e r e n c e d .

3.  S t o r e  t h e  t e r m i n a l  s t a t e m e n t  n u m b e r  i n d e x  and  t h e  DO
ioop n u m b e r  i n  t h e  DO s t a c k .

4 .  F e t c h  t h e  i n d u c t i o n  v a r i a b l e  name , s t o r e  i t  in  t he
s y m b o l  t a b l e , and c h e c k  t h a t  i t  is  a s i m p l e  integer
v a r  i a b l e .

5 .  C h e c k  f o r  t h e  p r e s e n c e  of t h e  e q u a l s  s i g n .
6 .  E n t e r  t h e  i n d u c t i o n  v a r i a b l e  name  in  t h e  b a s i c  b l o c k

t a b l e .
7 .  S t o r e  t h e  i n d u c t i o n  v a r i a b l e  name in  t h e  DO s t a c k .
d .  M a k e  a ( l e t a i l e d  c h e c k  of t h e  t h r e e  DO p a r a m e te r s

d e f i n i n g  t h e  i n i t i a l  v a l u e , t h e  f i n a l  v a l u e , and t h e
i n c r e m e n t  of t h e  i n d u c t i o n  v a r i a b l e .  A “ 9 9 8 ”  f l a g
is i n s e r t e d  in  t h e  b a s i c  b l o c k  to  show t h a t  c o n t r o l
passes  to t h e  n e x t  b a s i c  b l o c k  ( see F U N C T I O N  N X T B L K ) .

2.2.28 SUBROUTINE E Q U I V .  T h i s  s u b r o u t i n e  p r o c e s s e s  EQUIVA-
LE NC E stat e m e n t s  by c h e c k i n g  them fo r prope r syn tax and by
analyz ing the declarative information in the statements for
consis tency and conformance with the Standard. Although the
fu nct ion performed by EQUI V is conceptually simple , the imp le—

~r I”n t j t i ( n is sufficiently complex to warrant the following
(1 ”t dil ed expl ana ti on.

In an EQUIVALE NCE statement of the form EQUIVALENCE
( A ,B), (C ,D ) ,  the variables within parentheses are said to be
in “ j u i valence groups . Simple (und imensioned ) variables in
on ..qir vml ence group occupy the same storage location . With—
tn t h e symbol table , space is set aside to permit the linking
toj ~ th m ’r in a ch a i n  of all the variables in an equivalence
groip . An additional field in the symbol table entry, called
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th e o t f o e t  f i e l d , i s  p r o v i d e d  to  oe used w h e n  one  or  m o r e  of
t h e  v a r i a b l e s  i n  t h e  e q u i v a l e n c e  c h a i n  is d i m e n s i o n e d . For
e x a m p l e , i f  we had t h e  s t a t e m e n t s  D I M E N S I O N  B ( l O , l O ) ,  C ( l 0 , l O )
a nd f 2 U I V A L E N C E  ( A , B( l ) ,  C ( 2 ) ) ,  t h e n  A and B w o u l d  h a v e  an
o f f s e t  of z e r o  and C w o u l d  h a v e  an  o f f s e t  of —1 to i n d i c a t e
t h a t  t h e  a r r a y  C s t a r t s  one l o c a t i on  b e f o r e  t h e  v a r i a b l e  A
and t h e  a r r a y  B .  I f  t h e  s t a t e m e n t  E Q U I V A L E N C E  ( B ( 2 ) , D )  is
i n c l u d e d  w i t h  t h e  o t h e r  t w o  s t a t e m e n t s , t h e n  s i nce B ( l )  h a s
an  o f f s e t  of z e r o , B ( 2 )  w i l l  h a v e  an  a d d r e s s  of 1 r e l a t i v e
to  t h e  r e s t  of t h e  equ i v a l e n c e  g r oup .  T h u s , D w o u l d  h a v e  an
o f f s e t  of 1.

Errors diagnosed by EQUIV include:
a ) Di r ec t l y  or i n d i r e c t ly  c a u s i n g  two d i f f e r ent

elemen ts of the same array to be equivalenced
to each othe r

b ) D i r ec t l y  or i n d i r e c t ly  in tr od uc i n g g aps in  the
stor age map of the ar r ay .

c) Extending COMMON in either direction.

1. C h e c k  keyword spelling .
2. Test for the left parenthesis which starts an equiv-

alence group.
3. Pe r f o r m some i n i t i a l i z a t i o n , i n c l u d i n g  set t ing t he

base o f f s e t  v a l u e  to  ze r o , and b e g i n  p r oces s ing  an
eq uivalence group. CALL GNLE to get the next lan-
g u a g e  e l e m e n t i n  the sta t e m en t . Tes t the n a m e  to
de te r m i n e  w h e t h e r  t h e  l a n g u a g e  e l e m e n t  was  an
identifier , and sto r e  t h e  name  in  the s y m b o l  ta b l e ,
i f  it is no t  a l r e a d y  p r e s e n t .

4 .  Process subscripted -iariab les.
5. C o m p u t e  t h e  o f f s e t  f o r  t h e  v a r i a b l e .
6 .  P r o c e s s  v a r i a b l e s  w h i c h  h a v e  not  p r e v i o u s l y  appea r ed

in  an E Q U I V A L E N C E  s t a t e m e n t .  Set t h e  “ h a s  been
e q u i v a l e n c e d ” f l a g  in  t h e  s y m b o l  t a b l e  e n t r y .  Test
to see i f  t h i s  is t h  f i r s t e l e m e n t in  a c h a i n .  I f
not , store the location of t h i s  e l e m e n t  in  t h e
symbol  t a b l e  e ntr y of the p r e v i o u s  e l e m e n t  in  t h e
chain. In any case store the offset for this
e l e m e n t i n the sym bol t a b l e  en t r y fo r that element.

7. If the variabl e has previously appeared in an
E Q U I V A L E N C E  statement , me rge the two equivalence
chains and recalcula te the offsets of the merged
cha i n .

8. Mer g e the chain and adjust the offsets in the
me rged chain.

9. Check whether two variables in COMMON have been
equiva lE ’ nced , whe the r COMMON has been extended , and
whether syntax e m ror s have been made in the EQUIV-
A L E N C E  statement.
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~ .~~.29 JBRO I N f - E O R .  This subroutine p r i n t s  an appro-
pri ate e r r o r  message when a pro gram unit et  the A U D I T  soft-
ware f in c i s an error in the prog r am unit b eing analyz ed .

~ .2.3U SUBROUTINE EXPR . Given the starting location of a
charact er s t r i n g  representing a F O R T R A N  expression or an I/O
list , this subroutine encodes the expression for lat er
process ing .

The  c h a r a c t e r s t r i n g  is exa mi ne d and  ou t p u t a r r a y  ST E i s
g e n e r a t e d . F i g u r e  2 — U i  s hows  t h e  e n c o d i n g  f o r  operators.

Character Code

+ — l
— —2
/ -3

—4
— 5
—6

*

** —8
.LT. -9
. L E .  —10
.GT . -11
. G E .  —12
.EQ. —13
. N E .  —14
. OR .  -15
.AND. — 16
.NOT . — 1 7
= — 18

FIGURE 2—05. Encod i ng Operator Codes

Var i a b le  na m es a r e encod ed as

I + l O4 A + l u S B + I U 6 M

w oc re I is the starting location of the variable name in the
c h a r a c t e r  s t r i n g ,

1 = u if the variable is real
= I if the v aria b l e  is complex
= 2 if the v ariable is double precision
= 3 if the var jub le is int eger
= i i f  t h e  v a r i a b l e  is l o g i c a l

B = u if the variabl e is simple
= I i f the v a r  iahl e haS on e s mbsc r ip t
= z i f  t i e  v a r i a b l e  has  two  s u b s c r i p t s
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3 i f  t h e  v a r i a b L e  h a s  t h r e e  s i l~ ;cr i pts
4 if the s i f s t  r ing is a C o n n t  a n t

= ~ i t the name is a funct i u n  r e fe r enci
M is  t h e  l e n g t h  of the s u f u t  rin g .

The numb er of t n t  r ies in th u encode i ar ra y is stor i in
N S1 R .

1. ‘lest for an end of the exp ress on , w h  i c C  is on’ of
the t ol l ew in g :
a .  no more charact ers in s t r i n g
C . eguals sign in an assi gnment ; t a t i m n t
c .  r ig ht parenth e sis in a logical IF statement

2 . If a t rm inal s1’tT .Lol is not encount ered encu lu
c h a r a c t e r  as m d  icated in f i g ure 2 — U S .

3 .  I f  c h a r a c t e r  is a n a m e  f o l l o w e d  h i  a l e f t  p a r ~~n t h r : m s ,
a eterm ine whether i t  is  a f u n c t i o n  r e f e r e n c e  or  an
array element and encode it accordin gly. If a func-
tion is a basic external or intrinsic function , g e t

its t yp e  fr om the Interface 1 ) e f i n m t  iun ti ] .
4. If function name is not followed by a lef t ~aren—

thesis , verify that the variable is fhe function name
w i t h i n  the function—defining subprogram (see case B
of SUBROuTINE INIT).

2.~~ .3l S UB RUL JIN E iXPRC K . After an assignment sta t ’ment nas
r e e n  p r o c e s s e d , t h i s  s u b r o u t i n e  is called to set- if the
assi gnment is legal. An assignment statement is of the form
v=~-: , where V is a var iabl e name and E is an - xp re sm ion. Le r al
assignments are listed in Fi gu r e 2— 06 .

I n t e g e r  Integer
Int ’ - r e r  Real
I n t e g e r  D o u b l e  P r e c i s i o n
R e a l  I n t e g e r
Real  R e a l
Real Double Pr e cision
D o u b l e  P r e c i s i o n  D o u b l e  P r e c i s i o n
Dou ble Precision Inte ger
C o m p l e x  C o m p l e x
L o g i c a l  L o g i c a l

F I G U R E  2— 06 . L e g a l  r c ; s i g n m e n t  R u l e s

2.2. ~2 :;JBROU’IINE_ FLOWCK . This subrout in c examines all
p o s s i r l e  p a t h s  t h r o u g h  a giv en program unit to determine
wh et f o r  or no t  a l l  t h e  v a r  i at les r j u t  r ed  f o r  the c o m p u t  a t  i on
at  a g i v e n  p o i n t  i n  t h e  s u b p r o g r a m  a r e  o r o p e r l y  d o t m e d  i n  t h e
n ’ n s ’  t h a t  SE S CU M I ’ S P E C i  roju i t  m s  . FLO v ~CK i s  used d u r  r ng t h e
f l o w  a n a l y s i s  mod e .
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L i ’  I f u r a - n  a i g t . d  i s  t a si d on t b ,  w o m  k ot
k a m i r e or t h y  Tb r e t  f a t  used is t~~~~ g . - n o r  a t ’ - on’ by one a l l
t n .  compl ete pa t h S  i f l  t h ’ r ug r am u n i t .  A f t ,  r m uch pa th is

~en r i t . d , t i -  low of v a r  i~~e l e  d e l i m i t  i on  and  u n d e f  m i t  i o n
is ‘ r~ .c- ~i o u t  a l o n g  t i a t  p a t h .  A c o m p l e te  p a t h  is d e f i n e d  ~o

J o a i t  C w hich conmenc ri i t  the m g  i n n i n g  of t h e  ~ r a~~ram un i~~,
te,m~~nat es in a S i b  or k h T S k N  sta ’ .m ,n t  , and in w h i c h  no
-s atem ,-n ’ Ti im. ’ r  app -a m mo r e t h a n  t w i c e . St i c t  l y ; p . a k i n g ,
t r i s  i~~t m i t  i on  e x c l u d e s  Some ; ) o s s i J l ’~ p a t h s  f r o m  c , n s i r i —
‘ r a t  i on s  t u t  m o s t  pm a c t  i c a l  p r o g r a m s  a r e  f i l l y  a n a l ’~~. o .  Two

f ’  a s ’ r uc’ i i  es p r o v ide  t h e  ir a fo r r~~t i o n  r i g u  i r  ed f o r  t h i s
~n a l v s~~S :  I B LOCK an a  I S I A C K , w h i c h  a r e  f u l l y  i e s c r  n e :  i n

r i m  2.1 .91 a n d  2 . 2 . ’i2 , r e s p e c t i v e l y .

B r  l e t  l!~ h w , ’ e r  , I B L O C K  is  an a r r a y  of b a s i c  h l o c ~:s , a
r . ~s mc hi oc~i a i n i  a r oLi p of St a t e m e n t  s in he s o u r  ce p m e~ r am
w r i c t  j h s t c a l l ~ ’ a p p e a r  t p t h o m  in t h e  p r o g r am , w h i c h  a r e
l o c a .u ~~~n~~~n. sam’ D i )  l o o p ,  and  w h i c h  a r e  e x e c u t d t o g e t h e r
(~~ m e  C .ct ion 2 . 1 . 4 ) .  I S T A C K  is an  a r r a y  w h i c h , f o r  e a c h  DO
s’ a t u i T ’ . n t  , c o nt  a i n s  t h e  st  i t ‘ ren t num b er of t i e  t e r  m i n a l  s t a t e —
mo n t  , h r  i n d e x  in t h e  s y m b o l  t a n l e  of t h e  i n d u c t i o n  v a r  i a n l e ,
an : tn . i n d e x  i n  t h e  I: J ’AL ’K a r r a y  of t h e  DO in  w h i c h  t h i s  DO
is n~~ut i-d . ~~cr~ of t h~ m t  t - r m ’ - i i a t e  d a t a  s t r u c t u r e s  u s e d  by
FL( .‘. ‘F n e :

a .  FL~~!ST — This l i s t  c o n t a i n s  t h e  i n d i c e s  of t h e
l a s i c  b l o c k s  w h i c h  a r e  on t h e  p a t h  c u r r e n t l y b e i n g
c o n s i de r e d . I f  t h e  i n d e x  i n  F L W L S T  is n e g a t i v e ,
t h e r e  r e m a i n  o s r i m  b r a n c h e s  in  t h e  b l o c k  w h i c h  h a v e
not  y e t  been examined .

U.  I S’~CK - T h i s  l i s t  c o n t a i n s  t h e  b r a n c h  l i s t  f o r  ‘h e
b a s i c  b l o c k  be i n g  p r o c e s se d . The  l a s t  h r  a n c h  is
t l a g g e d  as b e i n g  n e g a t i v e .

I n  a d d i t i o n , a f l a g  in  the symbol table is used to m a i n t a i n
~~~~~~ s t a t  us of  e a c h  v a r  i a h l e , i . e . ,  w h e t h e ,  i t  i s  u n d e f i n e d ,
d e l  in ’- i , an  i n d u c t  ion v a t  i a bl e , or  a s s i g n e d .

I .  I f  th ere a r e  s t r u c t u r a l  s y nt  ax ~r e m s  i n  t h e  pr og r am
u n i t , do n o t  p e r f o r m  t h e  f l o w  a n a l y s i s  a n d  i s s u e  a
m e s s a g e .

2 .  C A L L  C H K L S T  to  f l a g , as b e i n g  i n i t i a l l y  d e f i n e d , a l l
v a t  i a r ) l e s  i n  COMMON and DATA s t a t e m e n t s , as w e l l  as
a l l  f o r m a l  p a r a m e t e r s  w h i c h  a r e  d e s i g n a t e d  as l o g i c a l
i n p u t . A l s o  f l a g , as b e i n g  i n i t i a l l y  d e f i n e d , a n y
v a r i a b l e  which is  e q u i v a l e n c e d  t o  a n y  of t h e  a b o v e .

3 . m i t  ia l ize symbol ta b le for next path and m i t  ia l ize
c u r r e n t  block at 1 .

4 .  G e n e r a t e  t h e  n e x t  p a t h  ( S t e p s  5 — 1 0 ) .
. I f  p a t h  is n o n — e m p t y ,  coun t the number of occurrenc e s

of t h e  c u r  r e n t  b a s i c  b l o c k  in  t h e  p a t h .  I f  g r e a t e r
than t h e  l i m i t  ( 2  f o r  f u l l  f l o w  a n a l y s i s  and  1 f c r
i r o (i e m a t m - flow analysis), g~ to Utep 23 and attempt to
g”n er at e a new path.
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I f  p a t h  i s  o k a y  so t a r , add t b ’  c u r  r ’ - r i t  b a s i c  t i o c k
0 th e p i t  t i  ( FJ~~.LST)

7 .  Get  t h e  r a e x t  a s i c  f l o c k  w h i c h  t h i s  bl ock branc h ’ s
o a n i  make i t t he c u r  r e n t  hi ec ~

8. If there is  more than one branch f r o m  t h e  block ,
set  t h ’~ b l o c k  i n d e x  t o  n e g a t  iv ’  i n  F l ~~ I S T  t o m i  i c a t
t h a t  t h e r e  a r e  m o r e  b r a n c h e s  to  c o n s i d e r .

~~~. S t o r e  t h° l i s t  b r a n c h  in  t h e  r i o c k  i n  I S T Y K  an - f fl ag
it as n e g a t  L y e  to  m c i  i c a t ’  t h a t  it is the l a s t  b r a n c h .
S t o r e  a l l  o the r or a n c h es as pos i t iv e .

10 . I f  it is not the r - n f  of tb ’ path , go to Step ~a.
11 . Path has been generated .
12. Increment path counter.
13.  Get  tb ’  n e x t  b l o c k  in  p a t h  and  i t s  st  a mt- n t 1 ,i~~el

a nd DO lo op.
14.  A n a l y z e  a l l  variables i n  the block. G .t v a r i a b l e

class from IBLOCK array (see CO~ MUN bloc~ DAS BLK).
I a .  I f  v a r  i a h l e  i s  O c t  i ned , c h e c k  t h a t  t h e  v a r  i a h l e  i s

n o t  a DO p a r a m e t e r , a DO i n d e x , or  a v a r  i a i l ’  1 i n n - n —
s i o n .  I f  v a r i a b l e  is  e q u i v a l e n c u - c i , se t  a l l  e q u i v a —
lenced v ar iahles of  the same t y p e to def m c d  a nd set
all equivalenced va riables of d i f f e r e n t  type to
u n d e f i n e d . Set  s t a t u s  f l a g  to  1 i f  v a r i a b l e  is
de l m ed .

l b . If variable is referenced , check that the v a r i a b l e  is
defin e d and not assigned .

17.  I t  v a r  i a o l e  is  a DO index , c h e c K  t h i t  t h e  var i d l e  is
n o t  a variable d imension and is not c u r r e n t l y  a DO
i n c i . x .  Set  s t a t u s  f l a g  t o  2 f o r  DO i u 1 ’ - x  v a r  i a o l e .

18. I f  v a r  i a bl e  is a s s i g ne d , c h k  t h a t  t hc~ var i a: le i s
n o t  a v a r i a b l e  d i m e n s i o n  n o r  a DO i n d ’ - x .  Set s t a t u s
f l a g  to  3 f o r  a s s i g n e d  v a r  i a h l e .

l~~. I f  v a r  i a b l e  is referenced by an ass i g n e l  Ci )  TO , cf i ’ - ’~
t h a t  t h e  v a r i a b l e  is  a s s i g n e d .

2 0 .  I f  v a r i a b l e  is m a d e  u n d e t  m c d , set s t a t u s  f l a g  t o  U .
2 1 .  11 v a r  i a b l e  is  a DO p a r ~ m m . t c - r  , c h e c k  t h a t  t h e  v a r  i a t C e

i s  d e t  m e d  and  n o t  a s s i g n e d . Set  s t a t u s  f l a g  t o  4
f u r  DO p a r a m e t e r  v a r i a b l e .

22. I f  t h e r e  a r e  m o r e  v a r i a b l e s , go t o  S te p  14 .
2 3 .  A t  t h i s  point path processing is complete. Path has

e i t  r i m r C m - e n  a n a l y z e d  or  r e j e c t e d .
~ 4 .  B e g i n  to  g e n e r a t e  t h e  n e x t  p a t h .
25 . S t a r t i n g  a t  t h e  b o t t o m  of t h e  f l o w  p a t h , f i n d  t h e

fi rst negative index ind i cating a branch point. If
no ne rema i n , go to Step 28.

2 6 .  I-etch the branch from the top of the stack. If this
branch is negative , indicating that it is the last
b r a n c h  f r o m  t h i s  p o i n t , r e se t  t h e  t i o w  p a t h  i n d e x
to  p o s i t i v e .

27. Reset the stack count er and current path index and go
to Step 4 to complete generation of t h i s  path.
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2 8 . A l l  ~~u t h s  h a v e  i et’n p r  oces: ;’-f . C t .-ck t h a t  e ach
S t  at ‘-m ont l,O r ’l a p pe a l  s i n  a path.

.33 bbCk ’JUTiNE i-NCS TR . ‘lb is suhr out inc i s  c - a l  led  j ft , - r
p a r s  i s o  a OALL or ass :ln m c - n t  stat ~- ii m - nt to check all I unc t ion
r e t . ’r ,-n ce s a r ain i;t t h e  I n t e r  face D e f i n i t i o n  f i l e .

I .  I t  t h e r m -  a r e  no function ref e rences , RETURN .
2 .  F e t c h  n e x t  t u n c t  i o n  r e f e r e n c e  f r o m  F N O J O C .
3 .  I f  it is a St at e m e n t  f u n c t i o n , c a l l  S T F N C  0 p r  oc ’-ss

t h e  s t a t - r n e ’ n t .
4. -etch numb er of arguments and function type .
a . If function has p e v i o u s l y appeared , go to Step 7.
t . b ea t ch the Interface D e f i n i t i o n  f i l e  for func t ion

m um ’:- .
a. If found , store f i l e  location in symb ol tabi ’-

and  go to  S t e p  8.
C .  I f  n o t  f o u n d , i s s u e  d i a g n o s t i c  and  s t o re  n a m e

i n  t h e  t e m p o r a r y  I n t e r  f a c e  D e f i n i t i o n  f i l e .
S t o r e  f i l e  l o c a t i o n  i n  t h e  s y m b o l  t a b l e .  S t o r e
f u n c t i o n  t y p e , n u m b e r  of a r g u m e n t s , a r g u m e n t
t y p e , d i m e n s i o n a l  i t y ,  and  1 / ) )  s t a t  us i n  t c - m n o r a r y
I n t e r f a c e  D e f i n i t i o n  f i l e .

7 .  F e t c h  I n t e r f a c e  D e f i n i t i o n  f i l e  l oca ti on of f u nct i o n .
8. F e t c h  n u m b e r  of a r g u m e n t s  f r o m  I n t e r f a c e  D e f i n i t i o n

f i l e  and c h e c k  f o r  c o r r e c t n e s s .
9. C o m p a r e  t y p e , d i m e n s i o n a l  i t y ,  and I/ O s t a t u s  of each

a i g u m e n t  a g a i n s t  t h e  I n t e r f a c e  D e f i n i t i o n  f i l e .

2 . 2 . 3 4  Su B R O u ’ r I N E _ FORM . T h i s  s u b r o u t i n e  c r e a t e s  t h e  f o r m a t
used t o  p r i n t  t h e  e r r o r  d i a g n o s t i c  i s s u e d  by S U B R O U T I N E  P R N T S .

~ .2.35 SUBROUTINE FORMEL. Given the character string D
g e n e r a t e d  by S U B R O U T I N E  G N L E , t h i s  s u b r o u t i n e  p r o c e s s e s
la nguage elements. Note that SUBROUTINE CAR is not referenced
for the IBM 360 or UNIVAC 1108 versions of AUDIT.

1. CALL CAA to process ident if iers .
2. Compute size of Hollerith string . Adjust the

cha racter pointer JPTR. Check validity of each
charac ter in the string .

3. CALL CAR to process meal numbers (for CDC only).
4. CALL CA l to process integer numbers.
5. For complex numbers , CALL CAR to process both real

num bers which comprise the complex number (for CDC
only).

6. Do not process operators and logical constants.

2.2.36 SUBROUTINE F R M A T .  Given a chaiacter string A , th i s
s u b r o u t i n e  de te r m i n e s  whe the r or no t it is a valid SESCOMP
FORMAT s t a temen t , i.e., whe t her  i t has  t h e  f or m ( q 1 t1 z1 t-,z 
t Z t q ,), w h e r e  each q is a sc m i es of s l a shes  or
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• inp~ v , e a c h  t is a i c - i t  d e sc r  i p t  o r  ur group of field
-i ,-sc r ~~ ir s , . - r , - h z i s  -a f m m - i d  s ep ar  a t om , and n may be zero.
FhMA T s’-’ S I FCM ’l ’ t o  1 if t he FORMAT st atement is valid and
O i~ v i s  not . FRMAT calls sub r outin e s GRoUP , SEPAR , and
DPb UP h ’-l p process t b m -  F O R M A T  statement

t: S HSou’rINE GENROL. when the r o l l  call mod e has been
his subrout inc gener ates a main pm o g m  am w h i c h  is

t hen c li p il -a by t tie FOR’I’RAN compiler along with the pr ug r am
un i t  (should be a m oot program unit of a module) t ein g  ana-
l y z ed .  ‘l’his main program then calls the m odule root p r o g r a m
m i ’ in the SESCOMP roll—call mode for all permissa bli- (and
one e r r o r  value ) values of the mod e index. The i -asic f o r m  of
tnc- pr oq r am generated by GENROL is as follows:

PROGRAM ROLCAL (OUTPUT ,TAPE6=OUTPUT ,TA P E 3 ,TAPE9 ,
* lAPE1 U ,TAPEI 1 ,T A P E 1 2  ,TAPEI 3 ,TA P E I 4  ,TAPEI )
COMMON/NAMEU/ IXO (NO)
COMMON/NAME I/IXl (Ni)
COMMON/NAME2/1X2(N2)

COMMON/SESCOM/IXj (Nj)

COMMON/NAMEn/IXn(Nn)
J= 1
MOD E=m
DO 10 1= 1 ,13
J=J—l
DO 1000 K=l ,NU
lxi) (K) =1

1000 CONTINUE
DO 1001 K=l ,Nl
IXl (K)=l

1001 CONTINUE

DO lUO j K=l ,N j
IX J (K)=l

lO O j  CONTI NUE
IXj( 17)=l ri
IXj (20) =11
IX) (23) =12

DO lOOn K=l ,Nn
IXn( K) =1

l O O n  CONT I N U E
CALL S U B R ( A 1 ,A2 ,A3 ,An ,J )
IF(MODE.EQ.3) GO TO 5
CALL MODID(J)
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) ENf )f- I L E  3
1 0 Ci N I’INUE

CALL C M P A R U
RL.’.IN~

) 13
PL~~INI 14
‘ 1  ~‘.INH 15
SI ci’
E N D

IC.- f oll o w ing it ems p e r t a i n  to ROLCAL:
NAMEi is t h e n a m e  of the i th COMMON block of the
mod u l e  root p rog r am unit.
IXi is a dummy COMMON b1o~ k element name
Ni  is the length of the i 1 COMMON block.
SFSCOM i s the ma nd a t o r y la be l ed  CO MMON b l o c k
(NJ should be equal to 25)
m is on e of two op ti ons f o r t h e  r o l l  ca l l  m o d e .
If m= 2 most r o l l  call actions are performed by
‘ h m  p r o o r a m  unit. If m=3 most roll call act ions
It ’ -  p c - r for med by the SESCOMP r oll call u t i l i t y
mod u 1 ROLCOL.
SU BR i s t h e  n a m e  o f the p r o g r a m  ur~~t be i ng ana-
l y z e d .
“~ )l)lD is an a u x i l i a r y  subrout inc called to print
out w ria t was written on each output device by S U B R .
CMP/\RE is an auxiliary subroutine sailed to verify
t ha t  -all of the modules referenced by SUBR we re
refe r e n c e d  in the SESCOMP roll call mode.
The PROGRAM statement is onl y u°ed for the CDC
ve r sion of AUDIT. This statement is omitted for
the IBM 360 and UNIVAC 1108 versions.

The logic for SUBROUTINE GENROL follows:
1. Pe r f o r m  i n i t i a l i z a t i o n , including cre ation of COMMON

r)l ock num oers.
2. Generate the PROGRAM statement (for CDC version onl y).
3. Generate the COMMON statements fo r cacti COMMON block.
4. G -ne~ a te t he top of t h e  loop f o r s te p p i n g  t h r o u g h  the

val ues of the mod e index.
5. U,enem ate the code to set each COMMON block element to

1.
6 .  Generate the code to de fin e the SESCOM output devices.
7 .  G e n e r a t e  th m - c a l l  to the p r og r am u n i t  be i ng a n a l y z e d ,

making su re that the proper number of arguments at e
i n c l uded .

8. Gene rate the r emainder of the p rogram .

2 .2.3d SUBROUTINE GLOTAB. Th i s  s u b r o u t i ne d i s p l a y s  t h e  g l o bal
reference table.

1. Display head i ng
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2.. Fetch m -x t e r n a l  references f o m  the external
r e t e r e nce l i st . Fe tch c l a s s  of each  ex te rn al
rr ’ f e r enc ’ - from the Interface Definition t i l e  and
displ ay all ext erna l s.

3. Fetch COMMON block names from the COMMON block list.
Fetch size and class of each COMMON block from the
Inter face Definition file and display all COMMON
ol oc ks.

4. Fe tch the name of each program unit being analyzed
f r o m  t h e  su bp r og r am list. Fe t c h  the c l a s s  of each
p r og r am u nit f r om the In t e r f a c e  D e f i n i t io n f i le and
di s p l a y  a l l  p r og r am u n i ts.

2 . 2 . 39  SUBROUTINE GNLE. Given the character str ing A and the
pointer JPTR into the st: ing , th i s  su br o u t i n e  f i n d s  t h e  nex t
l a n g u age e l e m e n t , sto r es i t , and classifies it. The element
is stored in a rray D , and M is set to its length. The pointer

JR -F R i s  se t  to  t h e  f i r s t  l o c a t i o n  in  A f o l l o w i n g  t h e  e l e m e n t .
The variable J T Y P  is set according to Figure 2—07.

JTY P L a n g u a g e  E l e m e n t
O B l a n k
I Arithmetic operator
2 Iden t i f i e r
3 Holle rith string
4 Real number

I n t e g e r  n u m ber
6 C o m p l e x  n u m b e r
7 L o g i c a l  cons t an t or ope r a t o r

or relational operator
o I n v a l i d

FIGURE 2-07. Language Element Codes

2.2.40 SUBROUTINE GOTO. This subroutine processes GO TO
sta tements.

1. Check k e y w o r d  s p e l l i n g .
2 .  C h e c k  t h e  s t a t e m e n t  numbe r
i. Flag the statement number in the statement number

table as having been referenced .
4 .  Process t h e  b a s i c  b l o c k  by storing the statement

n u m b e r  in the basic block , s e t t i n g  N B RNC H , the
coun ter for the number of branches out of the block ,
to 1, an d se tt ing NB , t he  ‘new b l o c k ”  pa r ameter , to 1.

2.2. 41 SUBROUTINE GROUP. Given IGRST and IGRND , t h e  beg i nn i ng
and end of a character string , this subroutine sets IGRP to 1
i f  t h a t  str ing is a valid group of format field descr iptors and
U i f it is not.
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.4~ SUBROUTINE GRT. This subroutine is called after each
r oy r a m u n i t h a s  been p r oc essed . I t  m a i n ta i n s  a compos i te

l i st of names (global reference table) of subprog r ams and
C IMMUN b locks refe r enced by each of the prog r am units being
analyzed .

1 . Fetch the name of the first subprogram in the input
table. If there are no more entries , go to Step 5
to p r ocess COMMON b lock  n a m e s .

2 . If the name is a statement function , b y p a s s  th a t  name
and g e t  t h e  nex t n a m e .

3. S i -arch the external reference table to see if the
name is al r eady stored . If not , store the In ter face
Defini tion file location of the name in the external
r e f e r e n c e  ta b l e .

4 .  I f  o p e r a t in g u n d e r the r ol l  c a l l  mod e , and i f  the
sub p r og r am is a f unc t ion or s u b r o u t i n e  m o d u l e , w r i t e
the name on log ica l  u n i t  9 to be used la ter du r in g
r o l l  ca l l  c h e c k .

s .  Pr ocess CO MMON b l o c k  i n f o r m a t i o n .
6. Fetch the first COMMON block name used by the prog r am

u nit just processed ; if there are no more COMMON
b l o c k s , retu rn to the referencing program unit. If
there is blank COMMON , bypass and fetch the next name.

7 .  Sea r ch the  I n te r face  D e f i n i t ion f i l e  fo r COMMON b l ock
n a m e .

8 . I f  the name is f o u n d , ge t the COMMON block category.
9. If ca tegory 1 , go to s tep 12.

10. If not category 1 , store the size and go to step 12.
11 . II the name is not found , s tor e the name and s i ze in

the temporary Interface Definition file.
12. Stor e the Interface Definition file location in the

sym bol ta b l e .
13. Sea r ch t h e  COMMON b l o c k  l i s t  f o r  t h e  name ; if not

f o u n a , en ter t h e  In te r f ace  Def in i t i o n  f i l e  loca t ion
of the COMMON block in the COMMON block list.

2. 2. 43 FUNCTION ICOMP. Given an array IVAR of length 2 and
a symbol table location , this subprogram compares IVAR against
the f i r s t  two columns in that symbol talale location . ICOMP
returns a value of 1 if there is a match and 0 if not.

No te that this subprogram is used only for the IBM 360
vet ston of AUDIT since the IBM 360 has a four—character word.
A variable may he as many as six characters long , so two words
may be needed to store it. The CDC and UNIVAC 1108 version of
AUDI T can store the va i able in a single word.

2 .2 . 4 4  S I J B R O Y T I N E  IMPTYP. This subroutine first examines the
“type set ” flag . If the type has already been set , rio t y p ing
occurs. If not , IMPTYP performs impl icit typing by examining
the initial character of a va r iable name to see if it is
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I , J , K , L , M , or  N .  I t  i t  is one of t h ’ - s e , the va r iable
is t y p e d  I N T E G E R ;  o t h e r w i s e  i t  is  R E A L .  I f  t b ’  var iab l ’-
a p p .- a r s  i n  a n  executable statement , the “ used” f l a g  is set .

2 . 2 . 4 5  SU B R O U T I N E  IN IT .  T h i s  : ;ub r  ou t  i nc  p r o c e s s es  a s s i gn-
m e n t  s t a t e m e n t s  and  s t a t e m e n t  f u n c t i o n s  f o r  e r r o r s  i n  s y n t a x
and t r a n s f o r m s  t h e s e  s t a t e m e n ts  in  a c c o r d a n c e  w i t h  t h e  r j l e s
o u t l i n e d  i n  S e c t i o n  2 . 1 . 3 .  INIT r ecognizes t h e  f o l l o w i n g
t o u r  v a r i a t i o n s  of t h e  m o d e l  s t a t e m e n t  “ v a r i a h l e = e x p r e s s i o n ” .

Case A — t h e  v a r  i a bl e  is u n s u b s c r  ip t e d
C a s e  B — the variable is the function name w i t h i n  tb , -

f u n c t i o n  d e f i n i n g  s u b p r o g r am
Case  C — t h e  v a t  iable is subscr ipted
Case  D — t h e  s t a t e m e n t  is a f u n c t i o n  d e f i n i n g  s t a t e m e n t

1. Get  a s s i g n e d  v a r i a b l e .  I f  a l e f t  parenthesis follows ,
go to  s t ep  4 .

2 .  I f  an equa l  s i g n  f o l l o w s , do one of t h e  f o l l o w i n g :
a .  I f  v a r i a b l e  is d e s i g n a t e d  a f u n c t i o n  n a m e , ch e ck

t h a t  i t  is case B.
b .  I f  v a r  i a bl e  is n o t  a f u n c t i o n  n a m e , s t o r e  v a r  i a h l . -

ir l  s y m b o l  t a b l e .  ( T h i s  is case A ) .
3. Set  l e f t — s i d e  t y p e  and go to  S t e p  6.
4 .  I f  t h i s  is a function defi nin q statement (case D),

a .  s t o r e  t h e  f u n c t i o n  n a m e  in  t h e  s y m b o l  table
b .  set t y p e  and c h a n g e  s t a t e m e n t  c lass
c.  s t o r e  in  s t a t e m e n t  f u n c t i o n  t a b l e
d .  set  s t a t e m e n t  function flag
e.  s t o r e  n u m b e r  of a r g u m e n t s .

5.  I f  t h i s  is a d i m e n s i o n e d  v a r i a b l e  ( c a s e  C ) ,
a .  set t y p e
b.  CALL P A R S E  to  p roces s  t h e  l e f t — h a n d  s i d e
c.  CALL B L K S T R  to  s t o r e  b a s i c  b l o c k s  f o r  f l o w

a n a l y s i s  arid go to  S t e p  7 .
6 .  S t o r e  v a r i a b l e  i n  b a s i c  b l o c k  t a b l e .
7 .  CALL P A R S E  to  p r o c e s s  t h e  r i gh t—hand side and store

b a s i c  b l o c k s .
8.  CALL FNCSTR to  p r o c e s s  f u n c t i o n  r e f e r e n c e s .
9 .  CALL E X P R C K  to  check  v a l i d i t y  of a s s i g n m e n t .

10.  CALL BLKSTR to  s t o r e  b a s i c  b l o c k s  and a d j u s t  o r d e r  of
v a r  i a bl e s .

11. If o p e r a t i n g  u n d e r  t h e  v a r  i a h l e  p r e c i s i o n  mode , C A L L
CNVRT , i f n e c e s s ar y ,  to i n s e r t  f u n c t ion r e f e r en ces
( Q I R E A L , Q 1COMP , Q I D P R E ) .

12 . Il o p e r a t i n g  u n d e r  t h e  r o l l  c a l l  mo de , and if t h e
refe renced function is a function module , gene rate
call to ROLCHK.

2.2.46 SUBROUTINE INTRIN. After processing a program u n i t ,
this subrou tine is called to check if any basic external or
intr insic function names have been misused .
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I. 1 , - t  ch t h . -  ‘a s i c  e x f e r  n a l  or i n t l i n s i c  f u n c t  ion name
ft  am ‘h e In ’ er f icr’ Def in it ion f i i r .
s i - a t  c r i  symbol t a L l ’ -  for name .

~~~. If foun d and t h e  nam - is in v a r  i , a C l e  or C’iMMON ol ock
1 i st , Issue ci :a qni .):;t i c .

‘ .~~. 4 7  S i f R O U T I N ! - . N ) .  This subr out inc pr ocesses READ anu
.-.r~1 I E  sta ’ .’m ents.

i t sp ’-l 1 ing
C h o c K  that the I .’G device is a simple i n t o - g e t  vat i-anN - .

.t .  P r  oc,-ss f . i r I T i i~ t ’d I/O stat r - rn ents.
-~ . I f  1 I: ;RM.A F statement r e f - r  ence is made , fetch the

s a  ‘. - r o o t  number and f lu-j it in the stat em ent number
- a : . l ’ -  as havin g t,een referenced .

Ut o - -ss F C R M A l  at r ays
C A L L  L~PR ar i d  C A L L  P A R S~-; t a pr  oc ’-ss  t h e  l i s t .

7. --L L I O S I R  to st or e b - a s i c  blocks.
:~ . I f  d o . ?  i t  Hg una~ t h e  r o i l  call mod e , transform READ

~ i ’ m - m .-nts into o - a ; n ,-fl t s t a t e m m - n r s .  If a READ statc-—
t . - f l t  is lii m l ~ d , gm- net at e a CO-N I  I N U E  statement with

n o  - sa ~ i - i t  (-  1

h o  SWtk (JL IIINF- , IOSTR. This subrout inc stor es the ba:; ic
n - l o c K s  - a t  t . - t  in I/O l ist is encountered in a READ or W R I T E
s’ ~t .- m ’-nt . Vat i ahl ’- s w hi ch occur in I/O 1 ists fall into
• 

C ’  m- ’ - _ — l iss’-s :
U — I/O vat r a n l e
1 — Suhscr i ~~t i t  impi ied DO par amet er

— Imt.l i - i  DO index

I .  ‘~~ c l a : ; s  of  v a r  i a b l e .
2 .  I f  c l a s s  1 , s t o r e  v~~r i a b 1 e  as r e f e r e n c e d .
3.  I f  c l a s s  U , S t a t e  v a t  t a b l e  as d e f i n e d  f o r  a R E A D

S t  i t  emm .-r i t a n d  as  r e f e r e n c e d  f o r  a W R I T E  s t a t e m e n t .
4 .  I f  c l a s s  2 , s t a r e  aS s uc h  and  a d j u s t  i t s  p o s i t i o n

in  t b .  b a s i c  b l o c k  t a b l e .

~~ ±y~c:I’IoN 1P R E V .  G i v e n  t h e  c h a r a c t er  s t r  i ng  A and a
s t a r t i n g  p o i n t  lit in the sti ing , this function returns the
v a l u e  1 , 2 , or  3 , depend i ng upon  whe the r t he f ir st p r e c e d i n g
non—b lank character is a digit , a l m - tt e r  , or some o t h e r
cha racter , respectively.

2 . 2 . 5 0  F U N C T I O N  I T Y P E .  G i v e n  t h e  c h a r a c t e r  s t r i n g  A and a
st - i t ting point ID , th i s  f u n c t ion  r e t u r n s  t he v a l u e  1 , 2 , or
~~~, ‘3eV -nd m y  on w h e t h e r  t h e  n ex t  n o n — b l a n k  c h a t  a c t e r  i n  A
is -~ lette r , a di g i t , or some other character , r espec tively.

2 . 2 . I S U B R O U T I N E  L O G C H K .  G i v e n  a c h a r a c t e r  s t r  m y  i n  a r r a y
A and  a s t a r t i n g  p o i n t  LOGST in  t h a t  ar r a y ,  t h i s  s u b r o u t i n e
‘ J ’ - t e r m i n e s  w h e t h m - r  t h a t  w h i c h  f o l l o w s  is  a v a l id log ical
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c on s ’ . i f l t  a O U r  a ’O i or  t m _- l i t i o n a l  o p o - r a t o r  . l b ’  var i at,l e
100 is  s ’ - t  tO 1 if t h m  e N - m m - n t  is  v a l  id , o t h e r  w i s e  i t  is

t o  z e r o .  The  v~~r i i f I ’ -  l o O l D  is ~ e t  t o  an  r n t ’ : - g m - t
t o - t w o . n 1 a n t  11 , 1 € - p m - n d  m y  on t h e  or,’ t at Ot or c o n s t a n t
‘- n c o u r i t  . - r  ‘-i i , as s h o w n  i n  F i g u r e  2 — 0 8 .

Of-I RA l b  UNSTANI L O G I D

.L T .  1

. L E .  2

.GT . 3

. G E .  4
5

.NE. U

. O R .  7

.AND. U

.NOT . 9

.TRUE . 10

. F A L S E .  11

b I G U R E  2 — 0 8 .  V a l  id uper ator/Constant . Cod m .-s

2 . 2 . s 2  C U U R O U T I N E  L O G I F .  T h i s  s u b r o u t i n e  processes log ical
iF ct at  o - r i e o t s .

1 . C h e c k  k m - y w o r  i~ s pr -  11 i n g
. C A L L  P A R S E  t o  ~~ ocess t h e  l og  ic -a l e x p r e s s  ion  a n t

s t o r e  f u n c t i o n  r e f e r e n c e s  and  b a s i c  b l o c k s .
3.  C h e c k  t h e  l e g a l i t y  of the statement associa’ed

w i t h  t f ~e l o g i c a l  I F .
4 .  Tr  a n s t e r  c o n t r o l  t o  t h e  appi  opt  i a t e  s e g m e n t  of coos-

f o r  m a ch  s t a t e n e n t  t y p e .
. Process assignment statements.

b .  P r o c .-ss  A S S I G N  s t a t e m e n t s .
7 .  I n  t h e  case  of GO To , a s s i g n e d  or  c o m p u t e d  GO 10 ,

a t  i t h m e t i c  I F , STOP , and R E T U R N  s t a t e m e n t s ,  t e r m i —
n a t - - t h e  b a s i c  b l o c k  and  a d j u s t  t h e  b r a n c h  c o u n t e r .
I n  each  case , c o n t r o l  c o u l d  pass  t o  t h e  n e x t  o l o c k ,
so a ‘~~ 98 f l a g  is i n s e r t e d  ( see F U N C T I O N  N X T B L K ) .

U .  P r o c e s s  GO TO s t a t e m e n t s .  The n u m b e r  of  b r a n c h e s
ou t  of t h e  b l o c k  is 2 .

9 .  P r o c e s s  a s s ign e d  GO TO s t a t e m e n t s .
10 .  P r o c e s s  c o m p u t e d  GO 1’() s t a t e m e n t s .
1 1 .  P r o c e s s  a r i t h m e t i c  I F  s t a t e m e n t s .
12 .  For  S t e p s  9 , 10 , and 11 , t h e  n u m b e r  of b r a n c h e s

o u t  of t h e  b l o c k  is  i n c r e m e n t e d  by one .
13.  P r o c e s s  C O N T I N U E , s l o p ,  an d R E T U R N  statem ents.

I- or  STOP and R E T U R N , set t h e  b r a n c h  c o u n t e r  t o  2 .
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2 .h .5~ S U B k i f l ’ I~O IO OPCK . Aft e r  each program unit has been
r ocm :-sai 1 , t i t  Is su h t  o u r  i n ’ -  is  c a l  led  to  e x a m i n e  t h e  b a s i c

r - lo c K t i l l.’ to ‘-nsur ’- th at no transfer of con tro l within the
ti t (l~~r a : n  un t ’ v i o l t t o -  t h e  r u l e  r e g a r d i n g  b r a n c h i n g  i n t o  t h e
ran p of a DO fr an, out s l i m  its r an gi- . To accompl ish this ,

to - t i t l~’ I O - i ~~~~~ (~~ar’U1 N Oloc k DOLOOP) is usi-d to store infor—
m a t  i a n  r . - 

~ar I ing ‘-icC DO stat ‘-ment . ISTACK is a 4 X N array,
N i s  t n . -  number of DO statem ents in the program unit.

Ib m  I i r 5 t  w o r d  i n  e ac h  c o l u m n  c o n t a i n s  t h e  i n d e x  in the state—
nm-n t . number t able of the terminal statement of the DO. The
so-cond contains t h e  value 1 if a DO terminal is encountered
and U if not. When processing is completed the second word
:n j-t contain a I. ‘IC ’ .’ thi rd word contains the index in the
IS-rA~~ a rr ay of  the loop in  w h i c h  the  DO is n e s t e d , and the
fo u r t h  word points to the induction variable in the symbol

i r l e .  In t h e  following example ,

DO 5 1=1 ,3
DO 6 J=l ,4
IF(I.EQ.J) GO TO 10

6 CONTINUE
10 DO 7 K= l ,5

DO 9 L=l ,4
IF(K.EQ.L) GO TO 7

~ CONTINUE
7 CONTINUE
5 C O N T I N U E

ihTA ~~ con tains the following information:

~ o r i t  1 — I n d i ce s  i n the  sta temen t n u m b e r  ta b le of the
t e rminal statement s for 1)0 5 , 6 , 7, and 9.

~~ r d 2 — A l l  z e r o s  be f o r e  pr o c e s s i n g  and a l l  l ’ s a f ter
p roc ess in g .

~ o r d  3 — The n u m b e r s  0, 1 , 1 , and 3.
~°w o t d  4 — I n d i c e s  in the sym bol ta b le f o r  va r i a b l e s  I ,

3 , K , and L.

1. Test for entries in ISTACK .
2. Ini tialize IBLKST and IBLKND to the indices of the

beginning and the end , r e spec t ive l y ,  of the f i r s t
basic block.

3. Fetch the index in ISTACK of the DO which contains
t S l S  b asic block.

4. Fe tch the number of branches from this basic block.
5. -leSt wh ”-ther or not this is the last basic block.
6. Set tri e variable 1ST to the index in the basic

bloc k tabl e of the first branch.
7. Search for the “ 998” flag (see FUNCTION NXTBLK )

in d ica t in q a s p e c i a l  type of b r a n c h  w h i c h  passes
con t r o l  to the nex t b l o c k .

8. Fe tch the index of the basic block to which the
branch under considera tion branches.
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~~~ . F e t c h  from 1ST A C K  t h e  i n d e x  of t h e  DO loop  w h i c h
c o n t a i n : ;  t h e  p r e v i o u s l y  i d e n t i f i e d  b a s i c  C l o c k .

1 0. T e s t  w h e t he r  t h e  index is zero , meaning that tb ’
basic rI oc K is not contained in a DO loop. In this
case the transfer is all r ight.

11. ‘I’ m -st whether the branch or ig m a t  ad out s ida a DO loop
an d te r m i n a t e d  insid e a loop.

12 . Test whether the branch began and ended in the same
DO loop. If so , jo to stat ement number 100 for
testing the next branch from this basic block.

1 3. Move JLOOP up the DO stack until either the b ranch
or ig in and the termination point are found to he the
same DO loop (JLOOP=KLOOP) or the branch or igin is
fo und to bm ’ outside the range of a DO (JLOOP O ). l’he
la tter case signals improper DO nesting .

2.2.54 S U B R O U T I N E  LVDLET. This subroutine deletes an entire
function or the IPOStfl va l ue of t he IT Y Pth type f r om t he top or
Dot tom (depending on the sign of IPOS ) of a list of the
r ’-guesteu function. IPOS and ITYP are explained in COMMON
r iock LVAHGS .

L . 2 . -) -) SUBROUTINE LVEXIT. This subroutine restores the synt ax
n - ~pr i i f G I RS memo r y becomes f u l l .

• .2.56 SUBROUTINE LVFECH. This subroutine r eads pertinent
GI k :~ sys t em v a t  i ah l e s  p l u s  t h e  G I O S  b u t  f e r  c o n t a i n i n g  t h e
syn t ax g r aph structure.

~~.2.57 SLUROUTINE LVFIND. This subroutine re t r i e v e s  the
IPi~~~” va 1 j c ~ of the ITY P~~~~ype from the top or bottom (depending
On ~he si gn of I POS ) of a list of values of a specified
t inc tion. IPOS and ITYP are expla ined in COMMON block LVARGS .

LVFIN D tr av’-rses mult ival t o -  l i s t s  s e q u e n t  i a l l y  so that N
c a l l s  t o  LVF I ND , to access the f i r s ’. ‘h r ough th e n th it ems on
a multivalue list , result in N (~:+l)/2 ~cc ’-sses to core. A
saved index f-ic i 1 i ty reduces this nn nbe r of accesses to N at
toe cost of four w ords of core for m- v m . -t -

~ c a l l  t o LV FI ND.
Ih e s e  w o r d s  t ak ’ the form of four sm -p a r ate var i ah l e s  in  the
Call m y  sequence for e a c h  c a l l  to LVFIND wi t h  a d i f f r - r ent
node— I ink pair ( IFUNC , IARG ) as inp u t. The LVFIND arguments
must be init i a l i z e d  to zero b efore the f i r s t  c a ll to LVF’IND
for the assoc iated IFUNC and IARG an t must not bm c h a n ge d
t h e r m - a f t e r  by t h e  u s e r  p r o g r am . I f  t h m -  saved index option
is not being used , the f u n c t i on , arg ument , type of da t a
deS ir ed , and o t h e r  i n p u t  r e q u i t e d  i n  t h e  t L)MMON f l o c k  LVARGS
is m i t  ial ized and LVFIND is exec uted with a dummy var iah le
as its four arguments. If the saved index opt ion is being
used , t h e  arguments are a set of four completely different
var iables for each separate function—argument pair (IF’UNC ,
IARG ) t h a t a r e input.

4 1
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2. • 58 SLUP ILTINE L V O P N .  This subrout inc ass i-p. s .i un lgue
r a n d o m  num l m- r t a  a given GI RS identif ier. Each t ime LVGPN
is r e t  er encm’ d , i t  p ’n er  a t e s  a d i f f e r e n t  i n t ej  r bet w i-c -n one
a n d  ~-1L’1SZE ( t ne l~’ngth of the GIRS huf fe ) . An -~~~~ tempt to
1 * -tine mor~ - t h a n  •1lL~fSZE identifiers will t erminat e the pro—

a m .

• .. . 9 LLBR b I’ II N U LVNSRT. This subroutine places .a triple
a 01 P1 s t r u c t u r e .

2 .2. U O SUBROUTINE LVSETP . This subroutine initiali7e s the
tour f i e l d s  in the GIRS buffer , thc variable~ needed for
SUBROUTINE LVGRN , and the register of availa nle space.

2.2.61 SUBROUTINE t’1ODID. This subroutine is used w h e n
)t e r at ing in the roll call mode to check the progra m m i t ’ s
r o l l  c a l l  ac t i o n s .  MODI D is r e f e r enced by the ma i n r o l l  c a l l
r o l e  subroutine GENROL. It prints out what is writt en on
•.-ach ou tput d e v i c e  (X , Y , and Z). MODID i~ oniy referenced
for a r a i l  call mode equal to 2.

2.2.62 F U N C T I O N  NLXT . Given the character string A of l e n  ~t h

~ isa a starting po int IA , this subroutine set.~ the v a l u e of
t he function to the next non—blank character found . JPTR is
elvinced to the next position in the array. If no m ere non-
td ank characters are found , N E XT r tu r ns wi th t he v a l u e  ‘ nia nk’

n i t  s- ts the string pointer JPTR to N+l .

2 .2.63 FUNCTION NXTBLK . Given a location in the basic block
t. ib le , wh i ch  is a b r a n c h  to a b lock , this function returns

~ c- l oca t i on o f t he b l o c k  w h i c h  the b r a n c h  po i n t s to.
(a ne 1 — Branch is a “999” , i n d i c a t i ng RETU RN or STOP .

~O-t N X T B L K = 0  and  r e t u r n .
Case 2 — Branch is a “998” , indic ating a branch to the

nex t basic block. Compute starting location of
n’-xt block.

Case 3 — Br an ch i~ to a s ta tem en t l a b e l .  FO tch  st a r t in g
loca t ion of b lock  f r o m  the st a teme r~t n-amber
ta b l e .

2.2.64 
- 
SUBR OU T I N E P A R S E .  T h i s  su b r o u t i ne  p r o c e s s e s  ass i n n —

m en t , CALL , and I/O statem ents as a series of terminal symbols.
If i t is possible to trace through thi- syntax graph from a
sta rt to a stop state , then the statement is declared to he
s~~nt act ically cor ri -ct.

1. CALL su broutines PlIONEY and LVFECH to read t h e
synt ax graph and initialize GIRL variables.

2. Init ialize appropriate variabl e s for parsinq the
n e x t  S t a t e m e n t .

3. Zero out the parser tables.
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4 .  St ir - t h~- c - x p r m s s r on t o  he pa rs e - i ( c r m - a t - - d  by
S U B R O U T I N E  I X P E )  i n  t l i s t  ~~t r i i c t  u r e  so t h a t  it
w i ll be in a t o r m  s u i t - m i l e  f or par sin~~.

5 . CALl. RI - C00 to ;e r t o t  m t ~ r- p - i r ci-
C A L L  P~~N’~N g ’-n ’ r ate e r r o r  m e s u i g ’ - : ; .

7 . l)el -te all (;IRL sti O c t  ut -s w: ich w o r e  c r o -a t r - d by
t Cm - pa r ‘ 0

2.2.~~5 - 
l I N E - L i i  N E Y .  Th i s  subrout m e  in it i a l  iie s  G I R L

- • ar j il les.

2.2 .ht :C irk I - T I N E ;  P R N T S  . ‘ro guard against t r i -  toKens (nodes
and I InKs ) a i r  -ad y r ecognized h m - ing los t when a syntax error
o c c u r s , th is sui t out inc places each tok ’-n recognized so far
ira - a n u t fer for pr m t  inq

2 . 2 .67 SUBROUTIN E- . Pkr0 . This sui routin e is onl- ; u s - i  w h o -n a
ma in pro gram is being analyzed . For the CDC version of AI DIT ,
i P O G pi oceSseS t ’io - PROGRAM stat -m i -nt , which must pr ’-c r-cie a main
p r o g r  am on the CDC . The s y n t a x  o t h e  PP m G k N N I  statement is
c h m - c K e u  a n d  the main pro gram name is stored in the symbol
t able. For t h e  IBM 360 and UNIVAC 1108 versions of AUDIT ,
PROG assigns the name M A I N  to a main program and ent irs that
name in the symbol table.

1 . 2 . 6b S U B R O U T I N E S  Ql 0MP , Qlr)PRU , an d c~- l R E A L .  These
p a c k a g e s  of  su b r o u t  i n t s , a v a i l a b l e  as c a r d  i n p u t , a re used
w h e n  oper  a t  i ng  u n d e r  t F i e v a r  i a bl e  p r e c  is ion mode .  Q 1CO~1P ,
.1D P R E , and ~ l R E A L  p e r f o r m  t r u n c a t i o n  d u r i n g  o p e r a t i o n s
h o - t w o - o n c o m p l e x , d o u b li .- n i r e c i s i o n , and  r e a l  n u m b e r s , r e s p e c —
ively . Each package cont a ins one version of each of the

three subprograms which will trunc a t ’- the n rightmost hits
d u r i n g  e a c h  o p e r a t i o n .  Fo r  e a c h  valu e of n for which the
- in ’ - r wishes to pe r form the variabl e precision calculation ,
a diff e r ‘nt v ersion of a package must be used . L a ch
p a c k a g e  c o n s i s ts o f t h c -  t h r e e  subpr og rams for a single hit
c o n f i g u r a t i o n . T h e r e  is a : ;m . p a r a t c -  a n d  d i f f e r e n t  set  of
p ic k  i p-s for each AUDIT processor. For the CDC 6000 , the re
cite 11 i c k a g e s  t h a t  s i m u l a t e  w o r d  l e n g t h s  r a n g i n g  f r o m  30
to 40 bit s. For the UNIVAC 1i 08 , the re a r e  s i x  p a c k a g e s
t h a t  s i m u l a t e  w o rd 1 -n gths ra :ging from 30 to 35 bits. The
IBM t60 h a s  e i g h t  packages that si m u l a t e  w o r d  l e ng t h s  r a n g i n g
from 24 to 31 1 - its.

T h e  C U C  h a s  a 6 0 — h i t  w o r d  c o n s i s t  ing  of  a 12—hit

- ; expone n ’ and :r 48—hit ft act ion. Each p a c k a g ’ -  of var iable
.re ci: ;iofl functions simulates a certain word length Lw

m a s k i n g  t h e  p p r  opt jate nu mli ’-r of low order ( r iqhtmost) hits
from t h m T - fr a ct j e f l  part of the word. For the CDC , a 30—bit
w o r d  l e n g t h  i i :  simulated by ma sking 30 hits. A 40—bit wo r d
length is s imul - at -d l - ~- ma sk ing 20 f i t s .  For t h e  U N I V A C  1108
- m d  t h e  1PM 160 , t f 1 e  fract ion p a r t  of the word is masked in
he c a m ’ -  no in ner
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S U B R O U T I N E  N i  ?~d V .  Given the char act m- r  st r m g  A
r n - i  a S t i r ’  n - t  F a i n ’ I P , ‘h i s  s u : r o u t i n ’ - d c - t r - r m i n e s  w h e t h e r

or  r a o t  t h e  n~ -~~’ S~~ I . t l  i n s  i s a t o - a l  n u m b e r  . N E A L C~ si -t s
I R L - ; A L  o I t h e  5 rr )~O r i r ~~ is -a t m - a l  n u m b e r  -~m r i d  0 i f  i t  is
no t .

2.2. ~u SYBP )UTINE i - h -  0 0.  This s il, rout m e  ch o c k s  ‘he syntax
of t i -  i n p u t  S’ t n t  i - i - i  i n s t  t h e  s y n t a x  g r a p h .

2.2 .71 SUHP DlINi. RL-;COV. To is suI t Out m e  pr ovides for
m a c k - i : . r ,. - c o v e r  v .  I k C P A N  i s  a n o n — f  m i t e  s ta t e  l a n g u a g e ,
m e a n i ng t h i t  h e r - m i - i  he m o r e t h a n  one  l i n k  e m i n a t i n g  f r o m
a s o u r c e  n o u e .  I t  the w r  onq p a t h  h a s  been sr o l e c t e d  w h i l e
‘ r a c i n g  th ,ou~~h t n t -  s y n t a x  g r a p h , R i~~Ov is r e f e r e n c e d  to  h a c k
up  t h o  t r a c e  t o  t n r  c r  r e c t  node , so t h a t  a different path
c a n  : - . - sc - i  oc t  ed

2 . 2 . 72 P R O G R A M _ R O L C A L .  F o r  t h e  CDC v e r s i o n  of A U D I T , R O L C A L
is  t i e  n a m e  a s s i g n e d  t o  t h e  m a i n  p r o g r am g e n e r a t e d  by s u b —
r o u t  m m -  G E N E I U L  (Sec Sect  ion  2 . 2 .  3 7 )  . For  t h e  IBM 360 and
U N I V A C  1108 v e r s i o n s  of AUDIT , th i s  ma i n p r o gr am is g e n e r a t ed
W L ~~~i~ O U t  a n a m e  and  w i t h o u t  a PROGRAM s t a t e m e n t  . See s u b r  o u t i n e
G E N R O L  f o r  a n  e x p l a n a t i o n  of t h i s  m a i n  pr og r am .

. 2 . 7 3  S U B H U L I I N E  R O L C U K .  T h i s  s u h r  o u t  m e  p a c k s  t h e  c h a r a c —
t t  r s  f r o m  H o l l e r  i t h  v a t  i a b l e s  of t h e  a r g u m e n t  l i s t  i n t o  one
~o r d , a n i  w r  i t e s  i t  o n t o  l o t i c a l  u n i t  3 .  E a c h  of t h e  s i x
a t  u u m e n t  1 i s t  v a r  i a r ; l e s  c o n t a  i n  one  c h a r a c t e r  . The s i x
c h a r  act - r s  ( s o m e  m a y  r *  blank) make up a subpr og r am name.
i h o  c h a r  a c t m - r  s i n  t h e  a r  q i m e n t  l i s t  a r e  q e n e r  a t m o d  by S U B R O U —
L I N E  C A L L � .

2.2.74 S L B k .JUTINE- SEARCH. Given the i d e n t i f i e r  NXTLD , this
sub i out m i -  ;m - ar ches the symbol t i t l e  for an occur r on c e  of t h e
a i c - n t i f i ’ - r  and  s e t s  I S R C H ( l )  t o  I i f  t h e  i~i e n t  i f  r e t  o c c u r s  as
a vat iablc- name and  0 otherwise. ISRCH(2) is set t~~~ 1 i f  t h e
m t - n t  i f i r - r o c c u r s  as a subprog r am and 0 oth er wise.

2 . 2 .75 b r i t E - r O I T I N E  S f - M A N T .  T h i s  s u i t o u t  i n c  ch o ck s  a St  a t e —
r e n t  f o r  co t  t o - c t  s em a n t i c s .  For  ex ill i l e , i t  t h ’- v a t  t i t l e  A
is  d i m e n s i o n e d  A ( l O ) ,  t h e  s t a t e m e n t  A ( B ) ~~1. i s  s y n t a c t i c a l l y
cot  r r o t  L i t  s o - m ~~n t  i c a l  l y  i n c o r r ect , s i n c o -  B i s  r e a l  i n s t  m a d
UI m t  ‘ - g t - :  . T h o -  FLi t s m - r w i l l  i c d ’ o - p t  a i r y  c o n st  a : ’ r var i a h l e
as a S u f o r ; c r  i p t , t h m - r  e f o r  c an m - t  at  i n  t hm t y p o -  of d i  r ’ - n s m o n —
i i i ’  y of  - i s u b s cr  i p t  m u s t  S o -  c h e c k e d  by a s m - r n a n t  m c s  r o u t  m e .

1. C h e c k  f o r  m i x e d  mod e m - x p r  ‘- u s  i o n ; .
2 .  C h e c k  f o r  ( O t  t e c t r r m - s s  of s u l o u c t  i 1 t S .
3. I n s t t c a l l  t o )  v a r  t a b l e  pr  e c [ sj o f l  f u n e t  i o n : ; .
4 .  K m - o p  t r ack  o t  f unCt i on  c a l l  l e v i - I s .
a .  B u i l d  t h o -  p a r  set  t a l l e
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4 . ~~ . 76 S U B R O U T I N E  S E P A R .  G i v o - n  t h o -  s ’ a r t  i ng  p o i n t  SE PST
i n  t i ~~- s t t  i ns  A , t h i s  s u i t o u t  i n c  s m - t S  t h e  v a t  i a o l ’ -  1 s t _ P  t O

1 , 0 , or — 1 , d o - p e n d i n g  on w h e t h e r  t h o -  r m m - x t  s u i st  r m y  iS  ~i

v a l  i i  s e p a r a t o r  , i s  n o t  a s c - p a r  i t o r  , o r  i s  an  i n v a l  i i  sep-
a l  a ’ oi , r e s p m : c t  i v o - l y .  A v a l  mci  sm :~pa r a t o r  i s  a car-ir a , a
s l a s h , or  a : ; m r ies  o[ s l a s h ’ - ; ; .

2 . 2 . 77 S U P R O L T I N E  S I M P .  T h i s  s u h r  o u t  i r e  c h o c K s  t h o - N F - T U P N ,
STOP , L U N - r I N U E , and  BLOCK DATA s t a t o - m m - n t s  f o r  c r  r ’ - c t
spell ing . For the RETURN and STOP stat -m o - n t S 0 ‘ h o -  : is ic
b l o c k  ( a s s o c i a t e d  w i t h  f l o w  a n a l y s i s )  i n  w h i c h  t he -~ o ccur
is t t - r m i n a t ’ - a .

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~‘~l i l e  t r  ac i n  t h r o u g h  t to. s y n t a x
I aph , t h i s  sum r out inc stacks the nod - -s t hat w ’ - r e sem -n , so
h~at a hacK ;ip  a c t  i o n  c a n  b o -  p e r  for : r ’ - d  if ii ss a r y.

2.2.79 SUBROUTINE SQUEEZ. Given a character stt ing of
lengt h M in a r r a y  D , this suhr out inc r emoves all f l a n k s  and
a d j u st s  M a c c o r d i n g l y .  Holler ith f i e l d s  a r e  n o t  a f u r - c t o - d

1 .2.bU CJBROI. TrNE SSTOP. A f t e ,  a s t t  ing has been completel y
t r a c e d , ~ n j s  s - i :  r o u t i n e  v e t  i f  m e ;  t h a t  t h e  c u r r e n t  s t a t e  is a
v a l id t m l  s’ ~~‘

2.2 .81 SI.:BNOU ’IlNF S’FATf~O .  I i  i s  s u i t o u t  m e  pe r  f o r m s  t h e
o ’ ’ - m n ~ f u n c t i o n s :

r . C l o - c o S  to see t h a t  t h e  s t a t  ‘ - r e n t  be i n g  p r o c e s s e d
is  Ic j f ,e lm - ol a n - i  t h a t  t h e -  l a b e l  is v a l  i d .
D o - t ’ - r m i n ’  s w~~m - t h e r  th e  s t a t m - r r e n t  should beg  in a
n - - w  I ~s i c  r m l o c ~~. I f  so , 5-rATN0 c l o s e s  th m - old
m - lo c k a n t  i n i t i a t e s  a n e w  o n e .

c .  C h t - c k s  f o r  p r o p e r  DO l oop  n e s t i n g .

1. C h o c k  f o r  ‘h ’  p r e s e n c e  of a s t a t e m e n t  l a b e l .
E r  uco-ss m i - i t - m i m - o j  s t a t e m e n t s .

3. Pr ocpss END st ~~i t ‘-m ’-n ts the END statement must i i o -

pr e c m - i m - o i  f y  some t ype of  b r  a n c h  s t a t e m e n t  ( e x c e p t
a lo gi c- i l IF) or a R E T U R N  or STOP s t a t e m e n t

B L O C K  DATA su n p r  o~~r a m : ;  ar e excepted )
4. Sto re the n ; m m f ’ - r  of I t  anches cont - r ined in t h i s

p ro g r a m  un i t in the last basic block. This concludes
t i m e  processing for END statements.

F 5. Det ’ct FORMA’l’ st i tements.
6. If t h e  statement being processed is the f i r s t

o - x e c u t  able stato-ment , go to Step 9. If the pr eced ing
:;tatement ended a basic block , go to step 17.

7. If t i m o -  pr eced m y  statement was t h e  t e r m  ina l stat ‘- r en t
of a DO loop, go to step 16.

8. If the pr ‘-c o d m y  statement conta m e d  t r a n s f e r s  to
other blocks but not t h i s  one , issue a diagnostic.
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‘ . B’s i n  E r  O c e s s in g  t h e  f it St  o - x m - c m m t a h l e  st m t e m e n f
I n m i  i al i i -  t b.- b a s i c  b l o c K  t a m , l r o  a n d  to t o  S t o p  1 3 .

i i ) . I t  o co ss t O m -  l a t o - 1 - - d  s t  at -ment . I t  t i m o -  i - j L ~~~l ’ i  St a t e -
r n . - n t  i s  in  1 - N I )  St  a t  i - m o n t  , iss -i m - a h a  n u t  ic.

1 1 .  C O ck  t h e  st  a t - n m - n t  n u m b -- , to see t h u t  i t  occ g m — - ; ;
t : . -  ~ r op e t  posi t ion in t h o -  s t - i t o - m m - n t

2 .  C r - c K  f o r  du n G  i c a t  - t a t  m - m o - n t  n u i C - m - r  5 .  Se t  t b ’
‘P 3 . - f  i n t - d ”  f l a g  i n  t t m o -  stat er ; ’-nt num b o - , t a b i c -  an - i
St  O~ e t h e  s t a ’  o - r n e n t  t y p m -  i n  t l ~~ - St  0 a t o - m o ; - n t  n u m b r - r
t a m l  o_-

13 . It t m .- : . t ci t em e n t h e  i n g  p r  o c e s s - i  is  a F O R M A T  S t  a t
t n t , R t T L : U N .

1 4 .  I f  t h i s  h i m - l e d  s t r a t o - : e n t  i s  t h m -  f i r s t  e x e c u ’ at l’-
s t a t o n c - n t  in t he prog r am unit , go to St e p  9 .

1 D .  I f  th e pr  ~- v i o u s  s t a t e m e n t  e n d ’ -  I - ì  b a s i c  i - b c- ; , so  o
S’ ‘ 1 1 / .

l b  . I nc r ‘ - m e n  t t he  s t t o men  t c o u n t  [or  t h i s  L i  oc k . S m  - r e
a “

~~~~~~~~~~
“ fla y in th c - basic block t - o l e  t o  si n i t ;

t h a t  c o n t r o l  ma - /  pass  t o  t h i s  n m - - v.- t b - k  f t  o r  O
~~~.

P r  e-i  t o u s  o l o c k .  S t  t h e  s t a n c h  c o m n t e t  i n ’  o ° m C
l o ck t o  1. S . - ’  F U N - . I o N  NXTBLV .

1 7 .  C l o s e  o ut  o i l  l a s i c  b l o c K s  and  m i ’  i i i  i z o - t b , rme ~ o r . - .
18. S e t  t t i m -  stat t of  t h o -  n ’ - w  m l  ock
19 .  S t o r e  t h e  p o i n t e r  t o  t h e  n w  b l o c K  an -i t n -  br cinch

count in t i ’ -  o l d  f l o c K
2 0 .  I f  t O ’ -  p t  ‘-cm- u i ng S t  a t  emn en t i s t h e  t e t~1 i na 5 ’  i 0 m-mo - n ’

of  a DO loop,  m a k e  som e a dj u s t  n m - n t  s 50 t t c i t  t 5 o -
inc l ;m c t  i o n  v i t  m a L l ~ m o - c o m e s  u n d . - t  m m - - i  a t  t m ’  ‘ n d  o~
th a ’ st  a t e ; i c - n t  t . _ r t h e r  t~ m n  a t  t b -  m a o - g i n n i n g .

2 1 .  k m - m i t  u I  ize the f r  c inch  c o u n t e r  N B R N C H .
22. Stor e t be n u m o e r  o t  th m - cut r ° - n t  DO l oop  i n  h n w

l a s  ic b loc K
2 3. I f th o - s’ r t .- m .- nt is t i t  l .at ’ - l o -ci , Ni -. - R N .
2 4 .  St  or ‘- t h -  i n d e x  of t i m -  b a s i c  b l o c k  h e a d e d  b y  a

s t a t  n t  l a n o - l  in  t i m ’ -  s° a t ’ - c ;e nt  number ta n G - -  m- fl t ~~
Cot r e s po nd  in g  t o  t h a ’  1- ab e l

2 ,.  Procm .-ss  S t a t e m e n t s  w h i c h  t e r - r m n a t o -  DO l eo p s .
2 6. It t h i s  : ; t .i t m - m o - n m  doi- 5 r i o ’ -nd t b -  c u r t ~- n t  l o o t ,

i s s u e  a l i a g n o s t  i c .
2 7 .  Chec k t h a t  h o -  H oper type ot ~~t a t m - m e nt ter r i m n a t m - -

hi- DO 1 °1- P
28. Set an o -nt r y in the DO St ac -k t o  m d  L cate that the

c u r r e n t  DO i oop is co m p l e te.
2

9
~~~ 

Fla g the induc t ion v - i t i - i f o le in t O o -  DO loop as
u n d e f  m f l o - d .

30. Sear ch tIr e DO stack f o r  h o -  I i r st  u n s - ì t  ms t i ed DO ,
w h i c h  then becomes t i m o - cur r o - n t  loop.

31. If thc’ r e are no t ur the r ur i: ;at i s t ied DO loops , Se t

11.00k t o  z e r  o and  i d - I L U R N
3 2 .  C s ’ :- ’k  w h e t f m m - r  mo r o- t h a n  0 M m -  DO is t o - r m i n a t  ed by t h i s

:;t a t  e m e n t .
3 3.  Make a p p r  opt i a t e  changes in the DO stack m d  set the

induc t ion var i a b 1 e  as undef ined .
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2.2.82 SUBROU t INE a FNC . Wh m-n a St  i t  -- n i - nt f u n c t on
r e f e r e n c e  is o- - n c o u n t - - r ’ - - i , t h i s  subroutine checks t h -  c a l l i n g
s o - - g u - - n c o -  .~~- i - i ins ’ the - i r i u m e n t  l i s t  i n  t h e  f u n c t  i on  i h e f i n i n - t
s t a t - s : m n t .

F e t c h  t h e  n u m h . - r  of - i rguments ft  om t f mm- s y m b o l  t a b l e .
F e t c h  t b ’-  n ; i m u o - r  of ar g uments e n c o u n t e r o - d  I c y  t h e
parse r and v e rif y t he  c o r r e c t n e s s .

3.  C h o ck a r g u m e n t s  f o r  J r . o p ’ - r  d i :no-n s i o n a l  i t y  ( m u s t  i i -

z ’ - r o )  a n d  p r o p e r  t -~oc-

2 . 2 . 8 3  Si . I B R O U T I  N i- : S T O R E .  G i ven  t h e  i c r m - n t  i f  ier NXT ID -and a
cicu s ( I i ) i Y E ° = 1  f o r  v a r i a b l e , I D T Y P = 2  f o r  s u f n r o g r a m , I D T Y P = 3
f o r  . .~ L -U-l - -.. )N b l o c k , t h i s  s u b r o u t i n e  s t o r e : ;  t h e  i d e n t i f i e r  in
t h o  n o -xt a v a ila b le location in t i m o .- symbo l t a b l e  and  l i n k s  i t
to  t h c -  l a s t  i d e n t i f i e r  of  t h a t  c l a s s .

2.2.84 - S U D R O U T I N F - :  STSRCII . Given a statement number N 2 , th i s
s ui t oum t m l -  s e a r c h e s  t h e  statement number table STATRA f o r  t h a t
s t a ’ o - m ’ - n t  n u m ; o . - r , and  s t o r e s  i t  in t h e  t a b l e  i f  i t  is  n o t
a l r e a d y  t O m - r e .  I n  a n y  case , the i n d e x  of the l a b e l  is s to r ed
i n  LOC .

2.2.85 SUBROUTINE SUB. This suhrout inm - processes SUBROUTINE
an d  F U N C T I O N  s t a t o . - ii; r- n t s .

1. Check keywor - .i spelling .
2 .  P r o c e s s  t h e  l i s t  of formal parameters by storing

th~- nam es in the symbol table.
3. De t --r m i n i - that there are no m o r e  t h a n  63 a r g u m e n t s .
4 . I f  f u n c t i o n  is  t yu e d , s t o r e -  t -/pe  in  t h e  symbol table.

2 . 2 . 8 6  
- 

suio ~0 U T r N I - :  S U B C H K .  A f t e r  t h e  p r o g r a m  u n i t  h a s  been
processe d , this subroutine checks its name and argument list
a g a i n s t  t h e  I n t r - r f a c e  De f i n i t i on f i l e .

1. Increment subroutine count -r and check for overflow.
2 .  F e t c h  t h e  n u m b e r  of a r g u m e n t s  and  t h e i r  t y p e s  f r o m

th o- - symbol table.
3. I f  t h e  s u b p r o g r a m  n a m e  h a s  a l r e a d y  been e n c o u n t e r e d ,

go to step 7.
4 .  S e a r c h  t h e  I n t e r f a c e  D e f i n i t i o n  f i l e  f o r  t h e  sub-

p r o g r a m  n a m e .
5. I f  fo und , store  f i l e  loca t ion i n symbol  ta b le  and

go to step 8.
6.  I f  no t  f o u n d , i s s u e  a d i a g n o s t i c  and  s t o r e  t h e  n a m e

in  t h e  t e m p o r a r y  Interf ace Definition fi l e .  Create
o anu Stat ’- an Int erf ace Def inition for the subprogram

h u s -d on th i s  occurr ence (stored in tempora m y file).
7. Fe tch the Interfa ce - Definition film - - loc ution of

su b p r o  j i  am.
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n . F m- t cli t O m -  n u m f o - r  of a r g u r n m - n t : ;  and  p r o g r a m  u n i t  t y p o -
c u d  c l ass , a n t  c h e c k  v a l  id i t  y
C h e c k  t i m -  va r i a b l  o s  i n  t h o - ar gument 1 i s t  f o r  cor  r e c t

y t - - , di :; ’-nsion al i t  y ,  and I/O status.

~ 7 S L O R O U T I N E  S.’. I TC I I . T h i s  s ub r o u t  m e  t a k e s  an  i d e - n t  i —
u o : m t  o t  t O o -  v a r  i a n G e  n a m e  1 i st  and p u t s  i t  i n t o  the

s nc t  m o n  m o n o -  l i s t  in  t h e  symbo l  t a b l e .  T h e  need for this
Sc ’ ion arises when a statement of the type A = F(13 ) follows a
St  a t - - m m - n ’ o f  he  t ype IN T E O F I - c  F .  F is i n i t i a l l y  p u t  on t h e
v a r  m~o - i ‘- I i s t  a n d  t he  second s t a t e m e n t  r e q u  i r e s  that it he
p u t  on i t ’ -  I un ct ion 1 i s t

1 . Find th o - variable entry which points to F.
2 .  Link this variable to t i e  v a r i a b l e  f o l l o w i na F.
~~~. L i n k  F i n t o  t h e  f u n c t i o n  l i s t .

~~. 2 . 8 b 3U i k o i L T I \ E S Y M T A B .  ‘ r h i s  s u b r o u t i n e  d i sp ’a y s  t h e
ssmbol tama le.

1 . Print head i ngs.
2 .  Fo-tch the next variable and its type , d i m e ns i o n a l i t y ,

a n d  relocation f r o m  the symbol table and display it.
~~~. A f t e r  a l l  variables have been displayed , fe tch the

n e x t  e x t e r n a l  f r o m  t h e  symbo l  t a b l e  a l o n g  w i t h  i t s
t y p O  and n u m b e r  of a r g u m e n t s  and d i s p l a!  i t .

4 .  A f t e r  a l l  e x t e r n a l s  h a v e  been  d i s p l a y e d , f e t c h  t h e
f l m - x t  s t a t e m e n t  f u n c t ion f r o m  t h e  s t a t e m e n t  f u n c t i o n
l i s t  and f m - t c h  i t s  t y p e  and t h e  n u m b e r  of a r g u m e n t s
f r o m  t h e  s y m b o l  t a b l e  and d i s p l a y  i t .

. A f t e r  a l l  s t a t e m e n t  f u n c t i o n s  h a v e  been  d i s p l a y e d ,
d i s p l a y  a l l  s t a t e m e n t  l a b e l s .

6 .  A f t e r  d i s p l a y i n g  a l l  s t a t e m e n t  l a b e l s , f e t c h  CO M MON
b l o c k s  and  t h e i r  l e ng t h s  f r o m  t h e  s y m b o l  ta b le  and
d i s p l a y  t hem .

2 . 2  .~~~~~9 ~~~~~~~~~~~~~~~~~~~~~~~~ T h i s  s u b r o u t  m e  p r o c e s se s  t h e
r N~r i- (~1::R , R E A L , DOUBLE PRECISION , COMPLEX , and lOGICAL state-
ments by f irst checking keyword spelling and then add i ng to
tO .- symbol table the type and dimension information contained
i n  t h e  list. Considerable error checkin g is performed in-
clu ding the detect ion of array bounds that are outside of
a l l o w a b l e  r a n g e , the i l l e g a l  u se of v a r i ab le d i m e n s i o n  in  TYPE
statements , dimensioning previously dimensioned variables ,
typi ng previously typed variables , and other LIegal uses of
dimensioned variables.

.~i . 2 . 9 0  ~~~~~~~~~~~~~~~~~~~~~~~~
1. A( 1i 26) — This array holds , in  Al f o r m a t , t he  FORTRAN

statement curr ently being processed . For most of the
program unit d escriptions , t h i s a r r a y  ms r e f e r r e d  to
as t h e  c h a r a c t e r  s t r i n g  A .
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2 .  D ( 5 0 0 ) — -rh is array is u sed  to store the result of
a c a l l  to s u b r o u t i n e  G N L E .  A f t e r  s u c h  a c - a l l , a r r a y
D c o n t a i n s , in  Al  f o r m a t , t he  n e x t  o n o - r a t o r , i d . - n t i —
f i e r , c o n s t a nt , or separator in the FORTRAN stat ’-m o?nt
bein g processed.

3. I DTBL ( 8 ,500) or IDTBL(ll ,50 0 ) — T h i s  symbo l  ta b le
a r r a y  c o n t a i n s  i n f o r m a t i o n  r e g a r d i n g  t h e  symbo l s  used
in t h e  p r o g r a m  unit being processed . These symbols
f a l l  i n t o  the following three classes: COMMON block
names , v a r i a b l e  names , and sub p r o g r a m  n a m e s .  I D T B L
(8,500 ) is used f o r  the CDC and U N I V A C 1108 v e r s i o n s
of AUDIT. IDTBL (11 ,500 ) is used for t h e  I B M  360 ver-
s ion  of AU DIT . Up to 500 s y m b o l s  m a y  be e n t e r e d  in to
the IDTBL array. For each symbol , the e ight or eleven
c o l u m ns of the a r r a y  a r e  used . I DTBL ( 8 ,500) for t h e
CDC is constructed as follows:

W o r d  1 — C o n t a i n s  t h e  s y m b o l i c  n a m e  in  A6 f o r m a t .
W o r d  2 — C o n t a i n s  a p o i n t e r  to the  n e x t  symbo l in

the c l a s s  of w h i c h  t h i s  is a m e m b e r .
Wo r d  3 — Con ta i n s  f l a g s  and i n f o r m a t ion a bou t the

symbol :
Bit 1 is 1 if the symbol is dimensioned and 0

i f  not.
B i t s  2 — 7  c o n t a i n  t h e  n u m b e r  of d i m e n s i o n s  or

the  n u m b e r  of a r g u m e n t s  depend i ng on
whether the symbol is a variable or a
s u b pro g r a m .

B i t s  8 — 10  c o n t a i n  the v a r i a b le or f u n c t ion
type  ( 1  f o r  r e a l , 2 f o r  complex , 3 f o r
d o u b l e  p r e c i s i o n , 4 f o r  i n t e g e r , 5 f o r
l o g i c a l )

B i t  11 is  1 i f  t h e  s y m b o l  h a s  been t y p e d  and  0
if not.

B i t  12 is 1 if the symbol is a formal para-
me ter and 0 i f no t .

B i t  13 i s 1 i f  t h e  symbol  is a v a r i a b l e
dimension and 0 if not.

Bi t 14 i s 1 i f the symb ol has  been d e c l a r e d
in a DATA statement and 0 if not.

B i t  15 is used by subroutine FLOWCK to suppress
p r i n t ing  of m u l t i p le error messages.

Bit 16 is 1 if the symbol is in COMMON and 0
if not.

Bi t 17 is 1 if the symbol is equivalenced and
0 i f  not.

Bi t 18 is 1 i f  t he s y m b o l ’ s In terface Defini-
t i o n  f i l e  l o c a t i o n is k n o w n  and 0 i f  n o t .
(in this case the symbol must be a sub-
program name).

Bit 19 is 1 if the symbol is a statement
func tion name and 0 if not.
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B i t s  1 9 —  t t o  c o n t a i n  t h e  f i r s t  s uH ;c r  m t  ( i f  t h e
s y m b o l  is an a r r a y  n a m e )  or - c o n t a i n  t h e
symbol ’s Interface D e f i n i t i o n  f i l e  lo—
c a t  ion  ( i f  t h e  s y m b o l  i s  a su b p r - o g r a m
n a m ’ -  )

Bit 37 is 1 if the symbol (must h o - a formal
p a r a m e t e r ) is i n p u t and 0 if not .

B i t  38 is 1 if the sy m u o l  has a p p e a r - m d i n  an
e x e c u t a b l e  s t a t e m e n t  and 0 i f  no t .

~~o r o i  4 — I f  t h e sy mb ol is a va r i a b l e  wh i c h  is a n
a r r a y ,  t h i s  w o r d  c o n t a i n s  t h e  second
a nd th i r d d i me n s i o n s  of t h e  a r r a y  ( i f
a n y )  i n  t w o  c o n s e c u t i v e  1 8 — b i t  f i e l d s ,
r e spec t iv e l y .  I f  t h e  s y m b o l  is a COMMON
block name , this word contains the size
of the b l o c k .

~or d s  ) and 6 - C o n t a i n  COMMON b l o c k  i n f o r m a t i o n .
I f  t h e  s y m b o l  is a COMMON b l o c k  name ,
W o r d s  -

~ and 6 point t o  t h e  I i i s t  anc 1
last names in the block , respe ctively.
I f  t h e  s y m b o l  is t h e  n a m e  of a v a r i a b l e
i n CO M MON , W o r d  -i p o i n t s  t o  the next

v-a r i a b l e  in  t h e  b l o c k  and  ~.o rd  6 p o i n t s
t o  t h e  n a m e  of t h e  b l o c k .

W o r d s  7 and ~ — C o n t a i n  E Q U I V A L E N C E  i n f o r m a t i o n .
I f  t h e  sy m b o l  h a s  been  dec i  0 a r e c l  i n  an
E Q U I V A L E N C E  s t a t e m e n t , W o r d  7 p o i n t s  t o
t h e  n e x t  v a r i a b l e  in  t h e  c h a i n  and  ~ o rd
8 c o n t a i n s  t h e  o f f s e t .

I D T B L ( 8 ,5 (J0) for the UNIVAC 1108 is constructed in t h e
same ;r inner as for the CDC except for the following e x c e p t  ions.

.‘m o r d  3:
1 .  B i t  15 is t h e  same  as h i t  37 of t h e  C D C .
2 .  B i t  19 is t h e  same as b i t  ~b of t h e  CDC .
3. B i t  20 is the same as bit 19 of the CDC .
4 .  B i t s  2 0 — 3 6  a r e  t h o -  same as b i t s  1 9— 3 6  of t h e

CDC . N o t e  t h a t  b i t  20 is  used t w i c e  b u t  w i l l
n e v e r  c o n f l i c t  w i t h  t h e  o t h e r  u s e .

W o r d  b is a l s o  u sed  in  t h e  same m a n n e r  as b i t  15 of t h e
CDC [or word i.

I D’fBL(ll ,soo) f o r  t l m m ~’ IBM 360 is constructed as follows:
Woras 1 and 2 - Con t a i n  the symbol i c name i n  A4 , A 2

f o r - ma t .
W o r d  i — C o n t a i n s  f l a g s  and i n f o r m a t i o n  ab o u t  t h e

symbol .
B i t s  1— 1 4  . See bits 1—1 4 of IDTBL(8 ,500) for

t h o - CDC .
B i t  15 is I if the symbol (must be a formal

para m e to -r) is inp ut and 0 if not .
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B i t s  l b — H .  See  i - i t s  1 6—1 9 o t  I D I B L ( 8 , 5 0 0 )
t o r  t h e  CI)C .

B i t  . 0  is u s m -o l by subrou t m o -  V T  -~ ‘.- K  t o  s u p p re s s
p r i n t  i n o .j ot m r t i l t  i p i m -  o - r r o r  m m - s s J l e - s .

B i t  2 1  is I i f  t h e  s y m b o l  h a s  ap pm .- a r o - d  i n  a n
e x o - c u t i t o l o -  St at o- m m - n t  and 0 i f  no t

B i t s  2 2 — 2 3  are not u ;ed .
B i t s 2 4 -~~2 c o n t a i n  t h e  s y m b o l ’ s I n t e r f a c e

D o f  m i t  ion f i l e  location (if the symbol is
a s u b p r o g r a m  n a m e ) .

m\-o rd 4 — See .~orc~ 2 of IDTBL(8 ,500) for the CDC .

~ c o r d s  5— 7 c o n t a i n  t h e  f i r s t , second , and  t h i r d  sub-
scrip ts (if the symbol is a variable which is an
ar-ray )

~ or d s 8— 9  — See Words S and 6 of IDTBL (8,500 ) f o r  the
CDC .

.‘.ords 10—11 — See Words 7 and 8 of IDTBL(8 ,500) for
t h e CDC .

4 .  I N I r I D ( 3 )  — Th i s  a r r a y  con ta i n s  p o i n ter s to the
I D’ lBL a r r a y  ( s y m b o l  t a b l e )  f o r  t h e  f i r s t  e n t r i e s  in
‘- .rc h of the symbol classes: variable , sub p r o g r a m ,
and  COMMON b l o c k  name , r e s p e c t i v e l y .

5. LASTID(3) — This array c o n t a i n s  p o i n t e r s  to  t h e
I D’I ’BL a r r a y  ( s y m b o l  t a b l e )  f o r  t h e  l a s t  e n t r i e s  in
each  of t h e  s y m b o l  c l a s s e s :  v a r i a b l e , s u b p r o g r a m ,
and COMMON block name , r e s p e c t i v e l y .

6. ISRCH( 3 ) — Each member of this array contains 1 or
U , oio- p enoli ng on whether or not a symbol is the name
of a v a r i ab le , su bp r o g r a m , or a COMM ON b l o c k .

7. J P’rR — This integer variable points to the c u r r e n t
chara cter position in array A.

8. N — The number of characters in the statement being
processed.

9.  M — The l e n g t h  i n  c h a r a c t e r s  of t h e  l a n g u a g e  e l e m e n t
(id e ntifier , o p e r a t o r , sepa ra tor , constant ) just
iden tified by subroutine GNLE.

10 . JT YP — Se t by su br ou t ine GN L E a c c o r d i ng to t he k ind
of l a n g u a g e  e l e m e n t  e n c o u n t e r e d  in  the input string .

~ igure 2— 07.

1 1. LSTART — Po i n t s  to t h e  b e g i n n i n g  of the l a n gu age
element in array A just recognized by subroutine
I N N L E
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1 2 .  N~ — ‘ r u m -  b i n a r y  m - u o i i v , a l e n t .  of t h e  c h a r a c t e r  s i r  i n g
ju st i o j . - t ~m t it red by sub rout m e  GNLE as an tn t ‘ -o ~t -r

ii . 1I-N C~ M — Con ta ins t f m m -  {u n c t  i o n  n a m e  i n  A6 f o r m a t
(f or t : m m -  CDL and UNIVAC 1108 versions) or the sym-
b o l  t a r - l e loca t ion of t h e  f u n c t  i o n  nam e - (for
IB M 160), i f t i m . progra ~r uni t b eing analyzed is a
function surc progra rr -u .

14. IPL ID — Set by s u m b r o u t  i r - ie L O G C U K ;  d e n o t m - ; t h e  i n t e g e r
code for t he log i cal  oper a tor o f the cha r ac te r s t r ing
currently be i ng considered . See Figure 2—08.

15. NXTID or NXTID(2) — The- i dentif i e~ c u r r e n t ly being
c o n s i d e r e d ; A f o r m a t  i n NXTI D (use d fo r CDC and
UNIVAC 1100), and A4 and A2 format in NXTID(2) (used
f o r  IBM 360).

16. IDTYP — An i n d i c a t o r  of t h e  c l a s s  (1 for variable ,
2 f o r  s u b p r o g r am , 3 for COMMON block) to which the
identifier in NXTID will be attached . IDTYP is used
as input to subroutine STORE .

17. NID — A count of the number of entries in the symbol
table.

18 . LOC — No r m a l l y  con t a i ns a poin ter int o the sym bol
table to the identifier which has just been stored
by subroutine STORE.

1-9 . LfYP — Set to 9 if the statement being processed is
a log ical IF statement. The statement following the
log i cal IF is c l a s s i f i e d  by var i ab le ITY P.

20. i’r~ P — Set by su br ou t ine CLA SS to indica te wha t k ind
of FORTRAN statement is in array A. See Figure 2—04.

1. IBLKD-r — Set to 1 by the main program if the program
uni t being analyzed is a BLOCK DATA subprogram and 0
i f  not .

2 2 .  MODE — This value is submitted as input; it indicates
which mode is to be used :

1 — V a r i a b l e  precision mode and/or audit mode
2 ,3  — Rol l  call mode.

2

3 •  I E R H  — An error flag set by subroutine BUILD:
1 — Too many continuation statements
2 — An end—of—file has been encountered .
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24. IDES — Subroutine REALCK sets IDES t o  1 i f  a r e al
n u m b e r  is d o u b l e  p r e c i s i o n  and 0 i f  i t  i s  n o t .
S u b r o u t i n e  D E S C R P  s e t s  I D E S  t o  1 i t  a f o r m a t  f i e l d
do- sc i iptor is valid and 0 if it is n o t .

2 . 2 . 9 1 COMMON B l o c k _ BASBLK .

1. IBLOCK(2500) — This a r r a y  (the basic block t a b l e )
c o n t a  i n s  i n f o ,  m a t  i on  r e g a r d i n g  t h e  d o t  i n  i t  i o n  of
v a r i a b l e s  and  t h e  f l o w  of control through the pro-
gram unit.

2 .  N B L O C K  — C o u n t -r  w h i c h  k e e p s  tr ack  of the n u m be r of
en tr ies in the basic block table.

3. NB — Set to 1 when a new basic block is started .
4 .  NBRN CH — On a b lock  te r m i n a l  s t a t e m e n t , set  to  t O e

n u m b e r  of b r a n c h e s  f r o m  t h e  b l o c k .

Dur ing the pr ocessing of each prog r am unit , the basic
b l o c k s  w h i c h  r e p r e s e n t  t h e  p r o g r am u n i t  s t r  u c t u r e  a r e  con-
s t r u c t e d . A ba s i c  b l o c k  con ta i n s  the i n f o r m a t i o n  r ep r esen ted
by a g r oup of s t a temen ts w h i ch phys i c a l l y  a p p e a r  toge t h er in
the p r og r am , a r e l oc a ted wit h i n  the same DO l oop,  and a r e
execu ted together. See Section 2.1.4 for an explanation of
wha t begins and what terminates a basic block. The basic
b lock t ab le (I B L OCK (2 5 00)) u s u a l l y  c o n t a i n s  in f o r m a t ion on
mo re than one block (except for a very simple pr og r am unit).
T~m e b a s i c  b l o c k s  a r e of v a r i a b l e  l en gt h and each b l o c k  p o i n t s
to the starting location of the next block.

The f i r s t  w o r d  ( l o c a t i o n )  f o r  each b l o c k  is t h e  “h e a d  of
t h e  b l o c k ” . I t  c o n t a i n s  t h e  f o l l o w i n g  i n f o r m a t i o n :

B i ts Con ten ts
IBM 360 CDC , U N IVAC 110 8

1—6 1— 6 A coun t of the n um be r of
possi b le  b r a n c h e s  f ro m th e
b lock .

7 — 12  7 - 12  A p o i n t e r  in to I STAC K ( see
COMMON b l o c k  DOLOOP)  to the DO
loop contain ing the block.
This f ield is zero if the block
is not  w i t h i n ~‘ DO loop.

13—24 13-28 A pointer to the next block.
25—32 29-36 A pointer into STATRA (see

COMMON block LABELS) to the
st a t e m e n t  n u m b e r  of t h e  b l o c k .
Th is field is zero if the
block has no statement number

a



- - I oc - i - - ru m-; f 0 1 l w  j ~ t m ’ -  h .  - o 1 ° o - h 1 oc -‘ c n  i n
m l  or m o o i o n  a: o o i t  the va r i m m o l e s  in t h .- m o l o c k , .st om - - 1  ou-

v~ i u  t o m - b  p m r  w o r d  i c c o r - t t n o j  to tim . -  t o 1 l — - ~~r n - u s c u m - r e :

~u U l  r i 1900: n—1000 p ai n 0  s ~o t i m e  s -m i - a l ‘ - mO l O  loca o ion (se-
I DI’BL a r r m y  in hi ink ~I -Y~1~ N of rme v r r a t  - I
l O e  vat i a m b is o i m f i f l e o l  by t h i s  ul o - -k .

~u 0 1  n .~9 0 0 :  n — 2 0 0 0  p o i n t s  t o) the s y m b o l  - m h l ’ - b c  i t ton of 0 1 0

v -a r ia m )i e. Tb ’- v a r  i a i i l e  is r e f - r e - n c -a 0 ;  t h i s
b l o c k .

30 1) 1 n 3 9 0 0 :  n — 3 0 0 0  p o i n t s  t o t h e  s y m b o l  t able l oc i t ion of
v a t  i a n l e .  T h e  v a r  i a b l e  i s  an i n d u c t  i on  v a r  i a h l . -

- i n  ° h j s  b b o c ~~.
4w) l n 4 5 0 0 :  n — 4 0 0 0  p o i n t s  t o  t h e  s y m b o l  t a b l e  l o c u t  i on  of t O o -

v a r  i a u l e .  The v a r  i a h l r ’  is a s s i g n e d  a v a l u e  ( u y
an ASSI ~N s t a t m - m o ~n t )  in this block.

DUO l n - 5 0 0 :  n— - 000 points to the symbol tio1 le loca’ ion of the
v a r  i a h l e .  The  v-a r i~a h l e  a p p e a r s  in  an a s s i g n e d  GO
TO in this block .

- o u U i  n ‘ o S U O :  n — U U O U  p o i n t s  to  t h e  s y m b o l  t a b l e  l o c a t i o n  of t h e
v a r  i a b l e .  The vat iahle is undefined i n  this
block.

7001  n 7 s 0 0 :  n — 7 0 0 0  p o i n t s  to t h e  s y m b o l  table location ot the
v a t  i r r o le. The  v a r  i ab l e  is a DO p a r a m e t e r .

T h m -  remaining locations of the block contain information

~:. o u t  b r a n c h e s  f r o m  t h e  b l o c k , s t o r e d  one v a r i a b l e  per w o r d
acco r di ni to the following scheme:

1 - n  2 0 0 :  i - r a n c h  t o  t h e  b a s i c  b l o c k  p o i n t e d  to  by n , wh i ch
is a l o c a t i o n  in  the statement number table (see-

C—E - 1MON b l o c k  L A B E L S ) .  Once i n  t h e  s t a t e m e n t
n u m b e r  t a b l e  f i n d  t h e  b l o c k  p o i n t e d  t o .

n = ) 9 8 :  b r a n c h  t o  n e x t  b l o c k
n ~ a9 : STOP or RETURN

The  I B L O C K  a r r a y  is s t r u c t u r  m d  as f o l l o w s :

,~u , , d  1: Head of b l o c k  1
.‘, - r  ds  2 — M :  Va t i a u o l e  info, for block 1
.‘m o o d S  (M+ l)—N : Branch info , f o r  b l o c k  1
,‘,o , r l  ~~o j : Head  of b l o c k  2

~or o Is (N+l )— L: Var iable info. for block 2

~erd s (L+1)— J : Branch info , for block 2
.w o o l d  J~~1: Head of block 3

etc.

W o r  Os 1 , N+l , and J r-i are m - a -h  s r - p a r  at ed into four fields
( -

~
.-e Wot d I i’-sc r ipt ion) which -; ive  the he ad of  b l o c k  i n t O r  m a —

i o n .  A l  1 o t h e r  w o r d s  con t  a in  t h e  v a r  i ab l e  n a t ;  d e s c r  ihed  in
the p r o-c r -ding pa rag r aphs.
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To i l l u s t r a t e  t hi- c o o n s t r u c t  ion  of ‘ h o -  I K I u C K  a r r a y ,  ho-
f. o I I o - ~- im ;g p r o ~~r am u n i t  i s  m n a l y % m - d . It nns n o r - i d f o r  t (m .-
su t r  out m m -  — symbol ‘ a t - b e  ( IDTBL a r t  9/  in Pb ink UM~~)N;so i t  t m ’ s’ n jmi -’ -r - i i o l e ( S I A T R A  i t t  ay  i n  Cu , - i M o N bloc ’-; LABELS),
DO l oop s° - .r ck (I *T /e F at t av  in 0 ~ b l o c k  DOLOOP ) , F - a m ;  ic

~- l o c k s , a r t - i  -he b a s i c  bb oc ’ °ahl e ( I P - l ) k  a r t  a-j in -

block BASBLk) — at ’ - i n c l - m F m ° d .

SAMPLE PROG F-AM UNIT

I3A~~I C  BLOCK
NL’Io ER S FA I’i- M kN J

SUBROUTINE SOR’rS (NUM ,N) 1
D I N F - U c S I N N U ~T (  1 ) ,  I P S (  10 )  2
UrOTA (I PS (I) , I = 1 , 10 ) / 10 , 9 , 8, 7 , , 5, 4, 3 ,
2 ,1/

1 DO 1 11= 1 ,10 4
2 IF(N .GT.IPS(II)) ( ; oj  TO 2 5

3 1 CONT INUI- :
4 2 J J = I I 4 - l 7

DO 10 N N JJ , 1J 0
a IP=IPS(NN) -

~

DO 20 I=l ,I P  10
6 K=N /IP 11

IP(I+K* IP_ N) 21 ,21 ,22 12
7 2 2  K= K—l 13

21 DO 20 J= l ,K 14
9 M= I11P *(3 _ l ) Is

lM=~~+IP 16
10 3 m J  IF(NUM (M)—NH~1 ( M M ) )  2 0,20 ,23 17
11 2 3  I T E M P = N U M ( M )  lo

N UM (M )=NUM (MM) l i
N J U M ( M M ) = I T E M P  2 0
IF(M—I ) 20 ,20 ,24 21

12 24 M ’o l = .’.l 22
Y 1 = M — I P  2 3
;;() TO 30 24

13 ~0 C O N I H U E  2 5
14 13 CONTINU E-: 26

Rt-~T U R N  27
F - N D  28

5-)
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S Y N B O L  l A I t I E  S T A T E M E / N I  N U M B E R  T A B L E

SE/o oND SELuND STATEN1I NI

-~~~~~ t UC k1 1 0 1 ’ NAME SUBSCRIPT NUMBER

1 UORTS 1 1
2 2

3 N 3 10
-~ b P S  4 20

I 21
II 6 22

/ JJ 7 30

8 NN 8 23
-
~ IP 9 2 4

10 K
i i  J
12 N 

-

1 .)
14 I T E M P

U P 1)01° STAC K

P O I N T E R  TO
SE aND S T A T E N I E N J ’  N U N E ° 1-: R P O I N T E R  P O I N T E R  TO

SUKUORIPT T A B L E  TO NEST S Y M B O L  TA BLE

1 1 0
3 0 

8

4 2 5
4 4 3 I i
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I n  r m -  a r e  1 4  P a n i c  b l o c k s .  T m , . -  f o l b o w m n o l  t a b o l o  m d  ic -u o n
w~~ i c h  S’ m t m ; r m - n t ~; o r I o n - ;  ‘ 0  wh m o: h -as ic F o l o c k .

i-1 i~UIC RU- ~ K : 1- 1-TEN - IF -NT

1 4
L 5

3 6
4 7 ,8
5 3 ,10
6 11 ,12
7 13
O 14
-
~ ls ,16

10 17
11 10,19 ,20 ,21
12 22 ,2 3 ,24
13
14 26 ,27 ,28



BASIC RI ’ sK TABlE

L.OC~’\T1 ‘N - 0 0\  Ii 0- o S  A F I  -0 - - 0 ! :  0 !~~

1 L 1 1  ~14T~] 4 o 2 0 0 9
2 - o ; t i o  10 1 3
3 ___________ 

)b 9 _ i d

-; Li l I l o l , i 1  52 1I~1~11 .0 1]

D .LUU ) 3  2 ui.

6 2u04 5 2012

7 SOO n 5) 21302

8 2 -
~6

a 9 9 3  57 4
~~~~~ l 1 ! 1 21 i ~~ 

-58 
__________

11 -1 98 59 [Z f 4 I ’4 1 - ~i
10 ~ [m l :l loLl  10
1 3 -I sO 61 2012

1007 62 1014
15 3008 63 2002

1 6 7007 64 201i

17 ~i - ~o 6-3 2012

lo ~~~~~~~~ 2 l ’ _
~~~~~~~~~~~ 

66 1002
1 -~i 2 0 5 4 67 2014

2.3 1008 ‘58 2013
21 100 9 69 1002
2 2  3005 70 2012
23 700°i 71 2009
L i  990 72 4

23 E 2 I 3 L 3 9 j U ~ 
73 9

2 0  20(J ) 74 ~~~ 41 oil 9~
27 2009 75 2012

28 l ob 76 1013
5 1  2 0 0 5  77 

2 012
0 2010 78 2009

31 2003 79 1012

is uui 80 
___________

33 9 81 ~~ 4 ! - 0 3 l 4 J
34 6 82 99 0

rn3139!61 03 [11 L l O 1 3~
2010 99
1010

38 990
L1 131 4 315 1

4 0  3011
41 7010
4 2  _____________

-Ii  [iI4L11uI
4 4  2 0 0 ,
O~~~ ) 200-i

2 011
101 2
z0 12



S i m o l e  p t  o-; r - t i p  u n i t  Sl °BR OUF INl - SOBTU has 20 ; t a t , - r o - n ’  5

m m ;  1 1 -1 m - , m - m c 1 0 1  O o; s . l i m o  - e at e- 14 symbol mc n . i :T o m -s u : ; , - o l  in
S O H T .5 . Thc-s - 1 4 n o t - n  ‘ f l - -  ~~t or -d in t i m . -  n - imio ob t a m l e ,
Acn0 m r i r m - ;  IDPRL (0 ,500 ) is i~~e t , a l l  i n f o r m . i t ion on tO .- c/rn—

ic  n - s n . - U’S , for m - x , o m c i o - , is  stor ~d in I D T B L ( l ,4 )
I D 1U L (2 , 4 ) , I DlBL( 8, 4) . I PS is the four tb n a m e -  St  5 c-r i
in t b ’. I D T B L  at 0 e-y .  ‘l i m o - r e  a t  ‘- n m -  sta t m 5 11 ( - f l t  n u m h m : - r s s t o r  c -o f
in m m -  St t ’ c - l f l O f l t  n u m b e r  t .u o l m - . A l l  infer mat ion on St  3 t - t i - n t

- - ,  - r 30 , f or m - x mm npl e , i s s or i’d i n  ST /O T R A (1 , 7 ) -a n o t STAr kT~
S m f l c m -  s’ ite m - n t n m m m f c - r  3tJ is  t u e S .-v i -nt r 5t  - m t o - m e n t

n u m b e r  f a u n t . T h o r - -  four DO l oops  s t o r c - d  in the DO l o o p
:- ‘  ac- . A l l  t n t  or t a t  ion on DO 10 , for ex amc l c - , is  S o r e s  i n
I S l A C k (1 , 2 ) , I S T A C K  ( 2 ,2) , I S T A C K  ( 3 ,2 )  , a n d  ISTAo ’ K ( 4 ,2 )  , sinc e -
DO Ii.) is t I m - s’.-cons DO loop ‘-ncoun t o r  ed . i:-~ A C K (  1 ,2 )  cont a ins
‘ h o -  u n t m - q e t  3, w h i c h  p o i n t s  t o  t t m r -  t h i r d  sta t em o -n t number in
‘h . s~ 1 t I T , - n t  n u m b o - r  t a l l , - , The t h i r d  t a t e m i - n t  n u m l r- t is l u ,
~‘ i i c t m  is t i m -  t o - t m i n a l  s t a t em ,- nt num h m - r of the DO. ISTACV (3 ,2)
con~ a i ns t F m ’ -  m t  ‘.- q e t  U , w ! m  ich m e a n s  t i m  is DO is not C on t a m e d
n ’n t . - oi ) i n  a n y  at  i - u  DO.  I S ’ l ’ A ’ K (  4 , 2 )  c o n t a  i n s  t h e -  i n ’  eg et  8 ,

- i cr u p o i n t S  to o l b .- r i gh t h n a m e  i n  t h e  s y m b o l  t a b l e .  The
e - u h t  h name is NN w h i c h  is t h ’ -  m n d u c ’  i on  v a t  ia b le f o r  th L S  DO.

Ii ,e 14 has m c clocks c o m pt  iso s’ a t - ;  .-nts 4 t ht ough 2o
i l - i s ic  b l o c K  11 , for exampl e , consists of statemen ts 18 ,19 ,20 ,
at o m  21. Thm - b asic F l o c k  r u d e , IBLOCK (2500), con tains all

m t  o r  m t  i on  on t h .- toj S ic L~ l o c k s .  I B L O C K  of 1—3 do scr ibes
1- a s i c  m I o c o c  b , IF I LOCK of 4 — 9  1. 5cr  i h e s  b a s i c  b l o c k  2 , e t c .
los i c clocK 14 , f or m - x ~~i~ p l e , is  l e s c t  i b m - c l  by  I B L O C K  of 9 2 — s b .
IBLOCK( 92) con t a ins four fi r -I ris . The value in t h ~- f i r st field ,
2 , 1 5 1  i c a t  o s  th m - r e are two br a n c h i - s  I r om this b lock. The
val a - - in he so-con s I i c - l d  , 4 , poi nt s to the tout t mm DO loop i n

hi- DO l o op  s t a c k  m n d i c a t  in - ; t h a t  t his block is c o n t - .a in ’-o : i  i n
o h m -  f m - s O l d  DO 2 0 .  The  v a l u e  in  th e t h i r d  f o l d , 5 9 ,  i n d i c a t e s
O b o -  loc .~l ion in IBLOCK of th e - n~-x ’ block. The  value in ‘he
t o u r  ‘h I i - - i d , 7, pa i n t s  to I he seventh stat c - m e - n t  number in the
s t a t e m e n t  n u m b e r  f i e l d  i n d i c a t i n g  t h a t  t h i s  b l o c k  has a s t a t e —
m m - r u t n u m b e r  o f  30. IBLOCK (53) and IBLOCK ( 5) , each con t aining
O h , -  n m m m u r - r  s U U 2  , indicate that the v a r  i a h l e  is r e f r ° r enced
( 2 0 U l ’ 2 0 0 2 ~~2 O U )  . 2 0 0 2 — 2 0 0 0  q i v e s  t h e  n u m b e r  2 w h i c h  p o i n t s
t o  t h e  s econd  n a m e  i n  t h e  s y m b o l  t a b l e , N U M .  IBLOCK (53) and
I b I l ( ’ C K (  ° )  i o u  hay i n o j  r h ,  m t  i--get 2002 m l  i c a t m -  t h a t  t h e
i a r  i a b l i -  N ’ . I M i s  t w i c o -  r i - f i - r e n c e d  i n  t h i s  b l o c k .  I B L O C K ( ~ , 4 )
i ns  i c u t  o s  h i t  t h e  v a t  m a t o l e  N ( 2 0 0 2 — 2 0 0 0 = 2 , w h i c h  p o i n t s  t o

M i n  I h. symbol able ) is r e f m u  on c e -r i  ( 2000- 20u2~- 15 ( J ( J  ) in t h i s
block, IBLOCK (-)5) indicat e s that the v a r  iab le MM is r e fer enced
i n  h i s  i l  o fl - k  . I B L O CK (57) and I BLOCK (98) , be i n g  e q u o l  t o  4 and
8 , r e ~~~ m - c t  i v i l y ,  p o i n t  t o  t h r  f o u r t h  and e i g h t  locat ion s- in
o 

~~~ ~~t - o ’ m -m ’ - n t n umb o - r I a F ’ I r -  m d  i c i t  i n ;  t h a t  t i r  is f l o c k  b r  a n c h e s
t~~~~ ~~~t at  - m r o m - f l O  num io r -r s 20 and 23.
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2 .~~~~~ .9 S  CO1-iN- o~ Bloc K DOLOOP. This b l o c K  con t a i n s  i n f o r m a t i o n
5 -out t m m - 1 ) 0  - 0 F SF DO 1 0 0 0  St t uc u t e

1. I 1 5  k ( 4 , 50) — I i i  is i n t o - F o r  at r a-i is const r ucted by
s u o r  o u t  in e s  DO u n o l  S-I”\INU , whic h pr ocess DO s t a t e —
m e n ’ s  - m n - I  s t  i t o - m o n t  l a b e l s , r e s p e c t  i v e l y .  The a t  r a y
st o r m - ;  ‘h ’  DO s t r u c t u r e  of the prog r am uni t for l ater
checK i s - u . As many as sO DO stat ’-men t s may be st ored .
The r m — a re four words that de- scr ibe the DO s t r u c ’u t e
f o r  each  DO loop :

,~ o o i d  I — C o n t a i n s  a pointer to the statement
label table en tr y  (see COMMON block LABELS )
fo r the terminal statement label.

j 0oF d 2 — Used f o r l a t e r pr oc es s i n g .
.‘mo r d  3 — Contains a pointer into ISTACK to the

DO which contains the DO If-presented by this
DO loop .

A e r d  4 — Contains a pointer to the symbol table
(see clank COMMON stor age — IDTBL) for the
in duction var iable.

2 .  N STAL K — -rhe number of DO loops in the ISTACK a r r a y .

3 .  I LOOP — I d e n t  i f  ies , f o r  t h e  statement bi- i ng pro-
cesses , which DO loop th~ sta t ement is contained in.

4 .  I o ) V I - L~o — Set. to 1 if the DO stack over flows; if it
has , DO loop processing is terminated .

2.2.93 Co J ,”m N O N  Block FL1J~~. 0

1. IF’L — Flow analysis mode as inpu t by the user :
U — no f l o w a n a l y s i s
1 — mod ’s  ate f low a n a l y s i s
2 — f u l l  flow analysis

I F L  ~5 So- I to — 1 if the flow anal ysis cannot he per-
formed due ‘o m o r r o r ( s )  in t I m e p r o g r am u n i t .

~~~ . 11W — Repeat parameter (set to IFL—1 ) that indicat es
th o - numbe r of l i m o - s  a statement number may be re—
p’-~tl ’-d in a -~~ i v e n  f low pa th .

z , 2 . 3 4  b u MM ON B l o c k  1- O R M A T .

i D E S S - r  — L o c a l  ion  w i t h i n  t h e  i n p u t  s t ,  i n g  w h e r e  t h e
scan  f o r  a I or ma t  f i e ld  d o - s c r  i p t o r  i s  t o  s t a r  t ;  set
by su broutine GROUP.

2. IDESND — If subroutine l)FISCRP finds a valid field
do sc r  ip t  a t  , t h i s  is t h e  l a s t  l o c a t  i on  w h i c h  i t
occ up ii-s in the s I t ing .
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3 . 101 - 51 — l a s s O  i o n  w j ’ h i n  t h e -  i n c u r  5’ r i n - ;  w~~~r r  Scan
to r a ;r o m i p  o f  f o r m a t  f i e l d  1 5c r  U 0 0 0 t  s i s  0 0  i e -~ i n ;
a - t  by sa l t o u °  in c  F k M o S l’ .

4. ICi-is o — If nubr o u t  m e -  G P U U P  f i n d s  -j y - i l l o t -~ r ou c of
I i c - I d  d ’- s c t  i p -t os , t h i s  is t O .- 1 - o s ’ loc a’ icr ;  -~- i . i c h
i t occup im-s in the S I r ing .

5. I G R I ’  — S o o t  t o  1 i f  a y r  o u p  of  f i ’ l l d ’ - s c r  i p t o r  s is
v a l  id and  0 o o ~ h e r  w i s e .

6 .  SEP51’ — L o c a t  ion  w i t h i n  t i m e  i n p u t  S t  i n g  w i e r o -  s c an
f o r  a f o r m a t  f ield do- sc , ipt or  is  to  u t - - j i n ;  nt ’ by
s u b r o u ’ i n c  G R O U P .

7 .  S E P N D  — I f  s u b t  OLi l m e  SEPAR f i n d s  a v a l  id f i e l d
s m - p a r  a t  or , t h i s  i s  t h e  l a s t  l o c a t  i on  w h i c h  i t occu—
p i e s  w i t h i n  t h e  s t r  i n g .

0 .  D I R  — Indicates , for subrou t ine SEPAR , which ol i r e c —
t ion  to  sea r  c l i  f o r  a f i e l d  s e p ar  a t o r  ( = 1  f o r  s e a r  cii
f o r w a r d , =—l for search backward); set by sub—
r o u t i n e  G R O U P .

9. ICOM — Set to 1 if a field separato r is -a comma
and  0 i f  i t  is not .

10.  I S E P  — Set t o  1 , 0 , or — 1 f o r  a v a l i d  {im .- i d  sr- par a—
t o t  , no t  a f i e l d  s i -p a r  at or , or an inval id I it - i d
n i - p s r a t o r , r e s p e c t i v e l y .

2.2.95 COMMON Block_FUNC.

1. IF- NC RA (5 ,12 ) — This a r r a y  con ’ain s informa t ion abou t
f u n c t i on  and  s u b r o u t i n e  r e f o - r e n c e s  t h a t  o c c u r  i n  t h e
s’atement . 1- ach  r o w  of t h m -  a r r a y  r e p r e s c - n t s  a
d i f  f i r  e n t  e f o r o n c e .  The  r ows a t e  a t  t a r t - F e d  a c c o r d i n g
t o )  t h e  or d m - r  i n  wi i ch  t h m -  r o t  er r n c e s  p h y s i c a l l y  o c c u r
i n  the st a t e m e n t , I F N C R A  is  c o n s t r u c t e d  by t h e
PARSE s u b r o u t i n e .

W o r d  I — C o n t a i n s  o h e  n u m b r - t of  a o - ; u m e n t s  e n c o u n —
t e

.~ords 2— 12 — C o o n o a i n  t~~~ o -  ~~1 m  and  d i m e n s i o n a l  i t y
of t h e va r i our ;  a t - ;  u m , - n t  5.  l-Nach wor  d is
s t o r e d  in  o h m -  s tm ’ manner as it is stored in
o r ray INTFAC of COMMON bl ock LIST. However ,
for th ~- CDC vet i~ ion , Bitt ; 55— 60 of each word
con tain a v-a l u m ’ - 1 i f  o t o m o  arguments in ields
1 — 6 , r u - s-p . o -I ively, o o t  t his wo rd are in an
exp res sion , and 0 ot h m - t w i s ~~, Fo r the UNIVAC
1108 and  I B M  160 , t h i s  m n f o r m a t  i o n  is  s t o r e d
i n  t h m -  IN’ l’F AC a r r a y .  T h m o I/O status is not
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l o t  c r  m m o d  i n  t I 1 .  I F N U R A  at r a’/ and is
t h , - t  - l o t  ,° s-of t o  -o -t o f o r  m ach  a t - ; u r r - ’ - n t .

1. NA km ’S — A t - m n n  i n o r  c o u n t  of  t h e  n i t - h o t of o~~~t t ie s-  i n
I A R G S ( a U )

3 .  I A R G S (  a 0 )  — l b  is a t  r a y  k e e p ;  t r  - a s k  of  a l l  va t i i h l i o s
wi  L -h  o c c u r  i n  arm e x p r  ess i o n  a n d  n o t  ‘-s 0 hr .- r i l a t  i o n —
s h i p of t h e  v a t  b i b l e s  ~ o a n y  f u n c t i o n  r e f e r e n c e s  )t
t o a ny  i m p i  i - i  DO l o o p s  w i t h i n  t h e  s t a t - m o n t .  TA POS
is c o n s t i  uc- t r- d cy t i e -  c-i , s - o r  s u b r  o ut  i n e s .  l n f , t  —

m a t  i on  i s  s t o r r - d  i n  2 0 — F i t  f i e l u s  f o r  t h e  CDC v e t  s i o n ,
in  18— ~ - i t  f i e l d s f o r t h e  U N I V A C  1108 , and  in  f i e l d s
of lu  i t s  ( f o r  a r i t h m e t ic and  l o g i c a l  e x p r e s s i o n s )
an d  16 b i t s  ( f o r  I/ O  1 is ’ s ) f or t h e  I B M  3 0 j 0.  A f v - Id
is c o n s t r u c t e d  f o r  an  a r i t h m e t i c  or  l o g i c a l  e x p r e s s i o n ,
or f o r  an  I/ O  I i st

For  a n  a r i t h m e t i c  or l o g i c a l  e x p r e s s i o n , i n f o r m a t i o n  is
5t  Or m u  i n  2 0 — h i t  I i e l c l s f o r  t h e  CDC v e t s  i on  and  in  1 8 — h  jt

f i e l d s  f o r  t h e -  . I N I V A C  1108 and  t h e  I B M  3 6 0 .  The  CDC h a s  three
I i e l i s  i-m e t  w o r d , t h e  U N I V A C  1100 t~ f i e i d s  per  w o r d , a n d  t h e
I B M  3 o o 0 one f i e l d  pe r  w o r d .  For  a t  m~ m e t i c  and  log i ca l  e x p r e s —
s io t - s , a f i t - i d  is C o n s t  r u c t e d  as f o l  I w s :

UNIVAC 1108
1 K M  3 m 0  CD C

B i t s  B i t s
1— o 1—1 0 Symbol table loca~ ion of va r iah le.

1 0 — 1 2  1 1 — l i  The  i n d e x  of t h e  f u n c t i o n  or - s u b —
r o u t  in c  of w h i c h  t h i s  v a r i a b l e -  i s  a n
a l g u m e n t . T h i s  ~n d e x  p o i n t s  t o  t h e
f u n c t i o n  or  s u b r o u t i n e  i n  I F N C R A ( 5 ,
1 2) .  The  i n d e x  is set  to  z e r o  i f  t h e
v a t  i a h l e  is no t  an a r g u m e n t  of a
f u n c t i o n  or a s u b r o u t i n e .

1 3 — 1 8  1 4 — 1 9  The n u m b e r  of  t h e  a r g u m e n t  of t h e
f u n c t i o n  -

~~~ s u b r o u t i n e  w h i c h  t h i s
v a r i a b l e  is a s s o c i a t e d  w i t h .  Set t o

ze ro if vat iable is not an a r g u m e n t .
2 (3 L e f t  b l a n k .

Fo r an I/O list informat ion is stored in 20—bit fields
f o r  t h r -  CDC v e r s i o n , 1 8 — b i t  f i e l d s  f o r  t h e  U N I V A C  1108 , and
1 6 — b i t  f i e l d s  f o r  t h e  I B M  36 0 .  The CDC v e r s i o n  h a s  t h r e e
f i e l d s  p o t  w o r d  and t h e  U N I V A C  1108 and IBM 360 h a v e  t w o
f i ’ - l d s  p o t  w o r d .  For  I/O l i s t s -  a f i e l d  is constructed as
f o l l ows :

62



U~ l V A O  1108 IbM 360 CDC
e i t  ; K i t  - ; K i t ; ;

l— ~ I — u  1 — l u  Sy m b o l t a b l e  l o c a t i o n  o f
vat i-abl e- .

10—12 10— 11 11— 15 Set to 0, 1 , or 2 de u m-nd i n g
on w lo e t h ei time v-a r iahl c- is an
I/O vat iahle , su bscript or
implied DO parameter , or
i m p l i e d  DO i n d e x , r e - s p r - c t i v ’ - l y .

1 3 — 1 o ~ 12 — 1 6  15— 20 I f  this ~ a r i ah l e  is an i m p l i e d
DO index , th i s field cont ains
t h e  sy mb ol ta b le loc at ion  of
t h e  f i r s t  v a r i a b l e  w i t h i n  t h e
e x p r e s s i o n w h i c h  is w i th i n
t h e  i m p l i e d  DO. Otherwise
th is field is set to zero.

4 .  V N O L O C ( 5 )  — Th i s a r r a y  keeps  tr ack  of the sym bol ta b le
loca tion of subroutines or functions referenced within
a statement.

5. NE0 .~NC — Number of references to functions or su oo ou—
t i n e s  w it h i n  a sta t emen t .

To i l l u s t r a te the c o n s t r u c t ion of COMM ON b l ock  FUNC , two
ex.j:;;- 1 e - s are offered . A symbol table and arra ys I}-NCRA ,
F N C I n , and IARGS for each example are constructed. Assume
that the Cl)C version of AUDIT is being used .

1

DINLNSION 1(10 ,10)
CALL SUB(I ,SIN(B) ,COS(ABS(C+D)—E), J+K)

Given th u .- CALL SUB statement as above , the - following
ai r-a-/s are const r uc tm -ol :

SY M B O L  T A B L E  I FN C R A F N C L O C
1 S U B  WOR D ~~~ W OR D 2 1
2 I 

_ _ _ _ _ _ _ _  3
3 S I N Row 1 4 ~~~~~~~~~~~~~~~ 5
4 B Row 2 1 1:00 6
5 COS Row 3 1 100
6 ABS Row 4 1 l~0j0
7 C
8 D
9 E

10 J
11 K
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I A R G S  ( f o r CD(

.~or - t I 
[ 2j 1 ’; l J 4~~2j 1 7~ 4j  1

.~ u t d 2 [ u 4 1 9 ; 3 : l l0~~1:4
I L l l i l 4

m l or m a t  i a n  on t ime CALL SUB st a t .-m i - n t is s’ or ed in hi-

s ym b o l  I o s - I ’ - , ass t h e -  I 1 - N C R A , f - N LOC , and I A R G S  a r  r a -/ s .
S y m b o l  ic n a m e s  a t e  s - t o t  e~o l i n  t . h o .- s y mb o l  t a b l e  in  t h e  ot  d e r
of t h e i i  o c c u r  r ~- nce  i n  t n t -  C A L L  s t a t - - i c - n t .  ( E v m - n  t h o - Jg t ;  I
s l m o u l r b e  f i r s t  i n  r h ,  symbol l i s l e , sinc’:- it appea rs in t i m e
D I M F - N S I O N  s~ a t - m o - n ’ , f o r  s i m p i  ic i t y  J u s t  Or- conce ned w i ’  0 o Or-

or -io - r  o f names in th .- CALL stat c - m ’ - n t  . ) S e v . - n  var LiI l es  at -

a s - - i  a s at  -~~ u ;n e n t s  w i t h i n  t h e  St  a t ’ m e - n t . . 1 , 1 , and K - a r e
at . F m : 1- . e n t s  of  SUB , B is an  a r g u m e n t  of S I N , C -o n o t D ~~ i 0  a t  g u —

ru st s of A D S , and E is an a r s u m e n t  of COg . T i u t - t e  is  one
s m I - r o u ’ in c  r e f e r e n c e , one i n t r i n s i c  f u n c t ion  t e f e r e n c r - , and
0 we- b a s i c  e t e ,  n - a l  f u n c t  ion r e f e r e n c e - s .  F o u t  t ows of  1F N C P - ~O
a r e  t h m - r e t o r e  used to  d e s c t  ihe  s even  v a r  i a b l e s .  Rows 2 , 3 ,
and 4 o u c h  descr ibe the s L n - r l e  a r g u m e n t s -  of  S I N , COS , and
ABS , r e s p e c t i v e l y .  Row 1 d e s c t  i l - e s  t i m ’ -  f o u r  a r g u m e n t s  w h i c h
- a r ’ -  v a t  i u b l o - s  f o r  t h e  SUB r e f e r e n c e .  F o r  Row 1 , ~ o r d  1 c o n —
‘ a m ;; t h e  n u m b e r  of  a r g u m e n t s  ( 4 ) .  ~. o r d  2 c o n s i s t s  of f o u t
f i e l u i s ( f o r  t h o -  f o u r  a t  g u m e n t s )  , each field con t ain ing three
nu ;r-: m - r s .  The f i r s t  fi eld of ~.ord 2 , fo r exa m ple , indicates
t n u t  t h e  f i r  s~ v a r  iab le is of m t  c - g e t type (4) and is d o u b l e
s .ir - scr ipt ed (2) . Tlm ’- VNCLOC at ray contains point -r s, to t F um: ~
s-ym~-o1 t a i l e , of ..-ach su bi Out m e  and fund ion name referenced 

-

i n  ‘ O -  s t a I r - r e n t . F N C L O C ( 4 ) = 6  i n d i c a t e s  t h a t  t h e  f o u r t h
r e f i t  ‘inc’ in the s t a t - m m - n t  h a s  the symbolic name ABS . The
IARGS a r r a y  contains i n f o r m a t i o n  on each of the seven variables

~ fl t I o m -  S’ u tement . The t h i r d  va r iahl e , for - example , i s C and
is aesc r i~~ed in th u - t h i rd f i e l d  of Wo r d 1. The n u m be r 7
p oints to C in the symbol tai l e , the n um lom .°t 4 points to the
fou r ’h row in IFNCRA , and the n u m b e r  1 i n d i c a t e s  t h a t  C is
t i m , : t i i  s t  a t  g u m e n t  of t h e  t efe r on c e .

E X A M P L E  2

WRITE (10 ,10) A ,B ,( (C(I ,J) ,I=l ,N) ,J 1 ,N)

Giv e-n th e above WRITE statemen t , t he followin g a rr ays a r e
const ructed :

SYMBOL TABLE
1 A

- 2 B
3 C
4 1
5 J
6 N
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I A R G S  ( f o r  CDC )

~‘.~~- r - i  1 lj Uj  U 2tU~ U J 3 ~~0: 0

~.oi d 2 4 1 . U -, 1: 0 4 : 2 3
‘~~ ) t  — l  3 b 1 U ) 2 ~ 3 6 ~ iTo

I n f o r  rat ion on I b m  ;~ k I - I ° E  5 ’  a t m - m m - n t  is sO ot e o f  in Ii’-
I-\ RCS ar t  my. A ; ; ; ; i n ; ’ -  t h a t  ‘he var tid es ,-r c oun te r ~-d ar e
s’-o: m F  in ‘ ht ° S iis -Oi ‘ a k - I c  as in ‘he or m -v i ous t able. Thor ‘-
j r  e- n in e v o .m t  t o - n c ’ - ; ;  of va r j a i l , - ; ;  in the I/O li s t  t h a ’ a re
5’  u o t e d  i n  ‘ h o -  I A N G S  a r r  a y .  b a c h  w o o d  con~ a ins t h r - -ri f m r - l ds ,
‘- i C t o  f i ’ - or i .-sct i s - i n ;  .o l i t  f o r m - n t  var iab l ’ - . The im -cond f i c - I d
of c-.o t j 3 , for e x a m p l e , d r - scr i t ’ s -  t i m .  s m ° c o n o l  0cc -m r r ‘. -n c ’~ of ‘he
- ;ar  ~~i i - l c~ J. Tb -- n.i m i ’ -r -

~ p o i n t s  to  t h e  v a r  i a l l c -  J i n  t h e
sy m b o l  ‘- j i - l e , ~~r r  n - i m t . °t  2 ind mc a t o - s  ‘ha ’ - J is an imp i i ’d DO
i n d e x , a r i a  ‘h o . - n - a n t o - r  3 p a i n t s  t o th ‘ sym bol -a: 1 ’ - loca ’ ion o f
‘n . f i r s ’  v a r  ia i o le (C) of  t i m ’ - imp i t e d  DO.

~~~~~~~ .~~b 
- ~M M O N  B l o c k  G I R L .

1. NTEPM : - N u m b ’ - r  of t e - - t n i n a l  symbols in ‘he ; r a m m a t .
1 ,  ~s - m o n t  i - ,- so ’ m - o i u al 00 19.

. - 2 0 .  P L U S  — O P F - A N D  — The 1-a t e r m i n a l  s-;muols used im y t i e
p a r  ‘ - i  . oi°RAND s i ; n i f  ies a const an ’ or a var iaul e.

~ 7 ~e-~1~~t)\ Bloc K GLOBAL.

I .  N B L K  — The n u m b e r  of  e n t t  ies in  th o i COMMON block
‘- able BLKTBL(200)

~~. N R E F  — The number of entr ies in EXTTBL (100).

3. NSUBS — Tho- number of entr ies in ISUBS(lUU ).

4. BLKTBL(200) — This a r r a y  contains a list of all
COMMON blocks encountered in t h e  pr og r am unit(s)
Lmein g ana ly -z’- d . The Interfac e - Definition f i l e
locat i on of each COMMON block m s stored rathe r than
the name of the block.

5. ExT’rBL(lOu) — This a r r a y  contains a list of all
func t ions and su b rou ti nes which we r e r ef er enced by
the pr ogram unit(s) being analyzed . The Interface
Del inition f i l e  location of each function or sub—
tout ire is stored .

6. ISUBS(100) — This a r r a y  contains a list of the pro-
gram uni t(s) being analyzed . The Inter face De finition
file location of each prog r am unit is stored .
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~4n C( MMo ~ BlocK (IL.

I I O L  — b i k E  v a l u e  f o r  I IO L I i n - ;  in G I R L  s - O r  u c t o m i  c .

A C L i O N  — bIRL value tot A C r ION link  in the syntax
- ;  t - o p :

3. FUN - I — G I R L  v a l ue  t i m - i t  m d  m eat i-; t r u n c a t i o n  of
- M p i i - \ I u n c t  ion.

4 .  F U N C 2  — GIRL v a lu m- t hat indic a t e - s t runcation of
D O L K I O E  Pk i - : -: . I S  I ON  f unc t ion .

D .  F U N C 3  — G I R L  v a l u e -  t h a t  i n d i c a t e - s  t r u n c a t i o n  of
R E A L  f u n c t i o n .

6 .  LEFT  — GIRL value tha t holds inserted left par en—
t h e s i s  of  t r u n c a t i o n  f u n c t i o n .

7. RIG BT — GIRL value that holds inserted r ight paren-
thesis of f r u n c a t  m on function.

8. STRIN (.; — GIRL value that produces GIRL stt ing
s t r u c t u r e .

u . M A X J  — L a r g e s t  i n d e x  of s u c c e s s f u l l y p a r s e d  s u b —
str ing .

z .2.99 COMMON Block INPOUT.

1. N° . AL L — The number of statements in th e pr og r am uni t
bei ng analyzed ; set by su br ou t ine BUILD.

2. IN — T he - logical unit number of the input device to
be us -m. d f o r  t h e  pr og r am uni t (s) be-in g analyzed . This
number is input by the user and is 5 for cards and 7
for tape or disk.

3. lOP - The l o g i c a l  u n i t  n u m b e r  of  t h e  o u t p u t  d e v i c e
f o r  t h e  r e v i s e d  pr og r am u n i t  ( so t . to 8).

2.2.1 00 COMMON Block JL.

1. JSTOP — If a lev ’-l exists , JSTOP - 0. If a level does
no t ‘--xis t , JS’I’OP=O.

2 . 2 . 1 0 1  COMMON B l o c k  LABELS.  T h i s  b l o c k  c o n t a i n s  i n f o r m a t i o n
- a b o u t  s t a t e m e n t  l a b e l s .

1.  STAT RA (2 ,200) — This a r r a y  is the statement number
t a i l e , cr e a t u - d anew for each p rog r am unit. As many
- i - 200 statem i-ni t numbers are stor ed , each st atemen t
num ber being (I’ s-cr ihed by two words.
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. 0 - i  - - F 1 — C o n t  a ins t h c -  statem en t n u m b e r

.-, o m  d 2 — Cora l a ins six I i c - l O s  o info r ma t ion
I o l d  1 — S t  a t m - m e - n t  t y p o :° , ac o a)t -i ing to

F i g u r e  2 — 0 4 .
I m m - i d 2 — 1 if tb - - re h-as b e en  -~ st at e m c - n t

w i t h  this label and 0 other w is ’- .
f i m ~° Id  3 — 1 i f  t h e  st atemr-nt 1 - a b u - l  h a s  b e e n

r e f e r  e n c ’- d  and 0 o t h e r  wi - se.
f i e l d  4 — 1 if the lab ’-l is a DO t e r m i n a l

and U if jt is not .
f i e l d  a — 1 i f  the - l a b e l  is  on a c o m p l e t e

path and 0 if it is not .
f ield 6 — p o i n t s  t o  the basic block containing

t i me la bel.

F i e l d s  1 t h r o u g h  S h a v e  t h e  f o l l o w i n g  b i t  c o n f i g u r a t i o n s ,
res p o - -c tively: 1—b , 7—9 , 10—12 , 13— 15, and 16—18. For the IBM
3b 0 , f i e l d  6 i s  b i t s  1 9 — 3 2 ;  and f o r  t h e  U N I V A C  1108 and CDC ,
f i e l d  6 i s  h i t s  1 9 — 3 6 .

2. NLABEL — The  i n t m - o 3 e r  v a l u ’ -  of the number of stat ement
n u m b e r s  i n  t h e  s t : o t r:-m,-nt n u m h m i r  t a b l e .

2 . 2 . 102 ~(mMM(j N B l o c k _LIST. ~j O i i s  b l o c k  s t o r e s  t h e  i n m o r m a t i o n
t i m i t  r e s i d e s  in  t h e  I n t e r  f a c e  D e f i n i t  ior ,  f i l e .  The I S U B L T
- a r r a y  l i s t s  t h e  s y m b o l i c  n a m e s  of  p r o g r am u n i t s  and  l a b e l e d
COMMON b l o c k s  and  s t o r e s  information on those names. The
1 -uIFAC a r r a y  stores i n f o r m a t i o n  about arguments and Category 1
COMMON e l e m e n t s .

1. NLIST — The number of entr ies in th~ ISUBLT at ray.

2 .  N I N T F C  — T h e -  n u m b e r  of entr ies in the INTFAC a r r a y .

3a. ISUBLT(2 ,200) — This a r r a y  is the CDC version of the
ISUBLT ar r ay . It stores as many as 200 symbolic
names , each na m e b e i n g  d e s c r  ibed by t wo wor d s.

W o r d  1 — C o n t a i n s  t h e  s y m b o l i c  n a m e .
W o r d  2 — I n t o r m a t i o n  a b o u t  t h a t  n a m e .

B i t s  1—6 — (For subpr og r ams) The numb e r of
a r g u m e n t s .
(For Category 1 COMMON blocks)
The number of gr oups (a g r oup is
a block of va r ia b les of the same
type).
( For Ca t egor y 2 and  3 COMMON
blocks) A value of zero.

B i t s  7—10 — ( F o r  a p r o g r am u n i t ) .  One of  t h e
follow ing values:
0 — (iset s u p p l ie d  ( n o t  i n  t h e
Interfac e Definition file)
1 —  Sub toutine module
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2 — Fura ct ion modul e
3 — A n c i l l a r y  s - ui - pr ogt am
4 - AN SI f u n c t  i o n
S — M a i n  p r o g r am
6 — E x t  r i ior  d m a r  y sui t out i n -
( F o r  l - .o h e l m d  C- MN oN blocks) On ’-
of l b .- f ol I ow i ng va I m r - s
7 — C a t e g o r y 1 C o M M - N :. l o c k
B — Cat eo .J o r  y 2 C O M M O N  i - l o c k
9 - C a t e g o r y  3 COMMON b l o c k

B i t s  1 1 — 1 3  — F u n c t  ion  t y p e  ( 1  f o r  r e - a l , 2 f o r
c o m p le x , 3 f o r  d o u b l e  p r e c i s i o n ,
4 f o r  i n t e g e r , 5 f o r  l o g i c a l ) .  I f
t h e  s y m b o l i c  n a m e  is a C O M M O N  slock ,
a zer o is st ored .

Bit 14 — Set  t o  1 i f  a subpr ogram has a var i—
able number of arguments and 0

I h e r  w i - s e .
B i t s  1 5 — 3 0  — M a x i m u m  s i z e  e - I  b l a n k  C O M M O N  ( i f

any)
Bits 31—60 — Poin t s to the beginning loca t ion

i n  r h o . - I N T F A C  a r r a y ,  w h e r e  i n f o r —
-rjt ion on ho- ° arguments or Categor y
1 COMMON is desct m ed .

3b. ISIJBLT(3,200) — T h i s  a r r a y  is t h e  SN I V A C  1108 v e r s i o n
of the ISUBLT ar r ay. Thr ee words at e used to descr ibe
a sym bolic name. Thm ° f i r s t  two w o rds are the same as
in 3a , except th a t Bi ’s 15— 3 6 :;t or ’ ° the size of blank

- . )NMON . ~.ot d 3 con ’ a i n s  I 0’- pa in ’- ‘-r into the I N I F A C
at r ay.

3c.  I SUBLT (4 ,200) — T h i s  a r r a y  is the IBM 360 version of
the ISUBLT a r r a y .  Four words a r e used to descr ihe
a sym bolic name. Words 1 an t  2 contain the symbolic
name. ~‘m ord 3 is the same as Word 2 of the CDC ver-
s i o n , e x c e p t  t h a t  B i t s  15-32  s t o r e  t h e  s i z e  of b l a n k
CoMMON . W o r d  4 c o n t a i n s  t h m .- p o i n t e r  i n t o  t h e  IN T F A C
a r t  wj.

4 a .  I N T F A C ( 3 0 0 )  — This a rr ay is t he CDC v e r s i o n  of  t he
INTFAC a r r a y .  It contains information about sub-
routine argument lists and Category 1 COMMON blocks.

For subp r og r ams , arguments a r m -  stored six f ields per
w o r d , each t i m - I d  of the following fo r m .

Bits - 1—3 — Argument type ( 1  fo r real , 2 for com-
plex , 3 fo r dou b le pr ecisi on , 4 for int ege r ,
5 fo r logical)

Bi ts 4—6 — Ar gument d imensional ity — (0,1 ,2, or 3
f or 0,1 ,2 , c r 3 subscr ipts)
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B i t s  7 — 9  — Ar gument i /O t;t jI us ( U  f o r  o u t  p u t  , 1 f o r
i n p u t  and  out out, 2 for inpu t

F o r  C a l m - g o t  y I C o M M O N  f l o c k s , g r o u p s  a t  c St  am ‘-0 th r ci-
i m - i d s  ~ m r  w o r d , i - ach  f i r - I d  of t h e  f o l l o w i n ~ f o r - r i :

B i t s  1 — 1 7  — Size of group
B i t s  1 8 — 2 0  — Type  of g r o u p  ( 1  t ot r e a l , 2 f o r  co r - p l ex

.3 I o r  d o u b l e  p r  o c i s  ion , 4 f am ~n t ’ --; e r , a for
l o g i c a l ) .

4: . INTE’AC(SOO ) — This array is the UNIVAC 1108 version
of tb .. INTFAC a r r a y .

For  s u s -  p r o g r ams , a r g u m e n t s  a r e  s t o r e d  f o u r  f i e l d s  p e r
w ( o r a , c - a c h  [ m e l d  of  t h e  f o l l o w i n g  f o r m :

B i t s  1— 3  — A r g u m e n t  t y p e
B i t s  4 — 6  — A r g u m e n t  d i m e n s i o n a l i t y
B i t s  7 — 8  — Argument I/O s t a t u s
B i t  9 — Set  to  1 i f  t h e  a r g u m e n t  is i n  an e x p r e s s i o n

and  0 i f  n o t  ( F o r  CDC v e r s i o n , t h i s  -j a l u e  is
s t o r e d  i n  t h e  I F N C R A  a r r a y ) .

For  C a t e g o r y  I C OMMON b l o c k s ,  g r o u p s  a r e  s t o r e d  in  t w o
I i ’ - - l d s  per  w o r d , o .~-a ch  I i e ld  of t h e  f o l l o w i n - .~ f o r m :

B i ’ - .; 1 — 1 5  — Size of gr oup
B i t s -  l b — l B  — Type  of  g r o u p

4 c .  INTFAC (touO) — T h i s  a r r ~~- ’ is  t h e  IBM 360 v e r s i o n  of
‘h e  I N I F A C  a r r a y .

F or  s u b p r o g r ams , a r g u m e n ’s a r e  s t o r e d  t h r e e  f i e l d s  pe r
w o r d , eac h  f i e l d  of t h e  s ame  f o r m  as in  4 b .

Fo r  C a t e g o r y 1 C o M M O N  b l o c k s , g r o u p s  a r e  s t o r e d  one  f i e l d
p er  wo r d , ea c h  f i e l d  o f  t h e  same f o r m  as i n  4 b .

2 .2 .103 COMMON Block LOGIC.

1. LOG — Set to 1 i f  a l o g i c a l  o p e r a t o r  or  c o n s t a n t  is
found and 0 otherwise.

2 .  LOGST — L o c a t i o n  in  i n p u t  st r  i ng  whe r e se ar ch fo r
l o g i c a l  o p e r a t o r  or c o n s t a n t  is t o  s t a r t .

2 . 2 . 1 0 4  COMMON B l o c k  LVARGS .

1. I FLJNC — The  link of the t r i p l e , also kno wn a ; the
f u n c t i o n .  I t  m u s t  i ,  a r a n d o m  n u m b e t  ~as d e f i n e d
by LVG RN .
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. .  I A k  — mm - sour C’ n o t e -  o f  ‘ - - t r i p Ic , -a 1 so - -. nown a s-
t h e -  o r  m u m - n i  of t i m , -  f n m n c t  i o n .  I t  m s - n t  - a tamo o i o rr

f lu :10 - c - i s -  - 1. - f j r .  - ; LV G H N

3. I-NOD — l b ’  i s - c - i t  ion ( t o rr e s s) at tii ’ - tr m l ’  in chi-

t - u t  f r

-; . I PU S — I s - -  ps-s i t 1 L os - f m em t h e  t o n  ( if po i t  i ve  ) o r
i o O t . t -on ( i i  n - -- ; - .m ° i v e - )  o f  t b -  mu lt i— v a l je - 1 ms - t i r m ~~o

~n ich  t o e  n w  v al u- - w i l l  be p lac - - i . If ITYP is Sn -c l —
I j c d , L onlv that type o t  valu e - is count ’-d chi n mi c - t e m  —

m i n i n  h posit is-n in the I jst

5. ITYP — Plm m - t 7pe of value to be s c - ar ch e d for in a
m — m l t i — v - a i - j c . - l i s t .  I t  is used for d e struc t i v ’ -  an d  n o n —
- l m - 5 ° i ° i c ’ j v m o  i n s er t i o n s  a n d  s- iav h a v e  t h e  f o l l o w i n g

—1 — I )e -le t e- the entire func t ion
0 — Random numoer
I — Int e ger dat a

— } !o l l - - r i t h  d a t a
3 — No soecif i- - i  ype

0~~ I V A I .  — -rhe r etrieved value. g- cnvc -: , i f  t h e  v a l - a r -
c u f i r m  o be found , I V A L  is et  to —1 .

7 - Lu L I E D  — T b ’-  b c - a’ ion of t h o:- ° i e . j o t  of ti - me mu I t i—v - a l me
I h o  , Q t  h e-i w i s e - ,

0 — II no list is icund
—l — i f  a single valued list is found

B .  N V A L  — T~o r- num ber o f  valu e -s ( u p  to ten) to l c / in s r - rt ~-d
i n t h -  -j r aph .

o . IDSTRY — Indicates tim e type of insertion to be mad-
according to the f o i l o w i i  v a l u e s :

0 — N o r m a l  i n s m - r t i o n  — t h e  t r  i p l e  is a l w a y s
p iac c oL a t  t h e  end of  t h e  ( n u l l )  1, i s t .

1 — Dest m uctive insertion — t h e -  IP OS hh1 mem ber of
t h e  I T Y P  t v p m -  f r o m  t h e  top  or  b o t t o m  of  a
list (dc -pen t i n g  on th i - S ign of IPOS) is
r e p l a c e d  by t h e  c o n t c - n t s  of  I V A L S ( 1 ) .

1 - Nondestructive iros ci t i on — t h e  c o n t e n t s -  of
I V A L S ( l )  a r e -  wedged  i n t o )  t h e  l i s t , m a - . c i r a - i
t h e  new v a l u e  t I m ’ -  IPOS 0 m e m b e r  of t h e  I T Y P 1~1
t y p e -  I r a m  t h e  I op or  b o t t o m  of  t h e  l i s t

. t ’-p ’-n d in- i on t o e  si -in of I POS

10. IV AIu (10 ) — I i m c -  valu es or sink nodes to he inserted ;
hey m o - ~ t o ’ -  - i n - -  o f  t in - f o l l o w i n g  t y p e s :
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- R a n d o m  n imb i as - t e f  i n - o f  i,y I V ’ PN
- l n t c - - ; m - t  r a t a (u~

: to 2~~~ l 6 )
- il ol l o - t  m t h  d - .o t a

11 .  I T Y P I ( I 0 )  — A ;~~~ - -  dr-s - c t i i . m i- ~ rm or i c f  v a l u e  i n
I V A L S (  i ) to t e  i n s e t  t c i - o cc o r m in - ; to - h e  f r i  l o w i - ~
v - i l o : ’ - s :

O — - m n d o m  n um h r -r
1 — m t -  ; m - r  i c t a
- 

— Con m m no i n - ;  Ho 1 1c r  i ‘ h s - a t  a
— Tb’- onl y or fi n - o l  c - - l i  a ’ a F l o l l ~~- r ith o l m t .a

s - t t  m o .1

l1 \~3r~l P  — ~-O m v ’ - d  index dc feam ~~~~~~~~~~~~ I f  . S Y I I - = l , t H e

s-u - ; - -  m n d e - x  n o - - r a t i o n  is - s k ip s - c d . D ’h et ~ ise ‘ - . e ~~~: m - :
m c i x i s  i n  - - [ f e c ’ -

£3 o c k  L VF L A G  . Tb is COMNuN hi s-c-. :Of l~ -a I s - S

~n ’ - ; e - m s  w tm ;ch a r e  -a s - - :  as m - - s~~s ~0 e: < t m m - t a n t  m n s ’ m
o r-i • ion f r on C O M M O N  lock LvvTk4

n . z . 1 0 6  C O M M o N B l o c k  L - J O A N D .  T h i s  C- C-~M - C ~ s - b c-; i s  - m s - e - d  i n
c -  c o m p u t a !  i o n  of r a n - t o m  n u m b - - o s  for the nc - f - - s  on ne l t . o i .

~o . 2 . l U i  C C M M o i N B l o c - c s L V I A B I  a n d  L v V S I -~~ . The-ni- I. M ’ -
~ 

-. h - ic - -
~- 

-

u t e  o j e n ’-ta ’c -o J i o ~~ t h e  ( I R [ ~ s o t  t w i  c ~in d  o i l  i n o t  - o n e - f  0; N T  [ 1 .

2 . z . I U B  C O M M O N  Bloc K L V - l T k b .

1. ~OLM s -H-. — G I R S  m t ..m T o t y  S i t e -  (s c - t t o  1 0 0 0 ) .  T h i s  c a l
iS S t  .1 ° t i e  im e - l i i’ -  It  a p n  is c t c . - . o t - - o r  j fl o f can u n i v

o h - o n - i d by  m O C t  . t t  L n i  ‘ h e -  fi ap t .

2. - I- / ;/5 P — If -a locat inn f or a ‘ r i p l e  is c o mp u ’ c-o f an d
‘h :o ’ i o c a ’  ion is - o l i e r f y  in u s - - , t h i s  ‘ ‘a l- m e p o i n t s

o t h e  n - - x t  ~ V - O i l j o l P  l o c / ’ -  i o n  w h e t ’ -  O h m  t r  i p l r -  mm oy
1 - ’ -  S’ O r  c m .

3 .  NODSI’C ( 1 0 0 0 )  — I - - - ,  - - i c h  t r i p l e -  (th - r e m a y  t m -  as
m any moo 10 00 ) ,  one o f  t h r  m e  p o s s ib l e  i t  - - o n . ; I S  St  - i  - i

oc r  u - a c l m  1 Oca ’ io n:
-a. Sour c ’ nod - of a s - i n - i l - — v a l o r ’ -  1 m t
1 . S o u r  c c -  nod - of - mu l t i—v m I m i ’ -  I i S t
c .  S i n k  n o d - -  of  - o v ci lu m - on -o m s - I t  i — v a l o r -  1 is’

2 . 2 .  l O t  ~ M M O N  B l o c k L V V [ R ~~.

1. L S l N t - o  ( 1 0 0 0 )  — For each t t  U o l o -  ( t h - r  e m a y  to e  m b  - n _ m y
on  1 0 0 0 ) ,  O h m -  s i n k  n o e l , -  eo a s i n - i l - — v a l u e  l i s t  is-
s - I n t r O .  I f  f l o e  l i n t  i _s - o m s - i t  i — v a i n ’ -  l i s t , t i m e
point er to O h ’  n e x t  i t c - o t i  in t he I is - t fl i s - o~ t 0 t . o l . l i e
h r  H of O h , - I i s t po rn ’s t o  t b ,  I i t _ s t  s - i n node , o n - i
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t i m - l a st  s i n - c  node  p a i n t s  b a c k  t o  t hi- he -id of t b ’
l i s t ;  t h u s  a c i r c u l a r  s t r  o m c t u r  ‘- is creat e d .

2 .2.11 0_ C U N M N B l o c k  LVV TR 3 .

1. L N K S P C ( l 0 0 0 )  -- For  each  t r i p l e  ( o f  as m a n y  as 1 0 0 0 ) ,
h c c a n t  1 i c t  l i s t  p o i n t e r  is  s t o r e d . A l l  h e a d s  of

i is’ s w h i c h  h a sh  t o  t h e  s a m ’—  l oca t io n a r e l i n k ed t o -
get h e r  on a c i rc u l a r l i s t . If an ent. r y has no con--
I I icts i~ poi nts to itself.

2 . .  l i i  L. - M M oN B l o c k  LV’1Tk4.

1. F L G S P C ( l 0 0 0 )  — Fo r  each tr iple (of as s - i n c as 1 0 0 0 ) ,
f i v e  [l a g s  a r e  s t o r e d :

B i t  1 — 1 if hea d of a mul m- i — v a l  m m -  I is’
O i f  no t

13 i t  2 — 1 if ct . 11 is i n  w a r  k i n s -  sp a c e
0 if cell is available

B i t  3 — 1 ii value is on a onult i — v a l u m -  l i S t
O if not

B i t  4 — 5  — l e f t  b l a n k
B i t  6 — 1 if head of conf 1 ict list

O i f  no t
B i t  7 — 8  — 0 i f  r a n d o m  n u m be r

1 if i ntege r da t a
2 — if continuing Ho l l e r ith string
3 — i f  o n l y  or f i n a l  F l o l l e r  it. h St r in - i

2 .z.bll COMMON_ Blocks LVVTRS, LVVTR6 , LVVTR7 , and L~VTRB .
T h e s e  - - - M M O N  blocks a r c -  g e n e r a t e d  b -v t h e  G I R L  sol ’ w a r e  an d a t - -
s - U t used n y  A U D I T .

2 . 2 . 1 1 3  a O M M O N  B l o c k  N L E D .

1. START - P c - gi nning state.

2 .  ASSOC — GIRL pseudo—random v a r  iah le for associate .

3.  hF -TEL — GIRL p s - e u d o — r  a n d o m  v a r  i a t i e  for level -

4. STOP - GIRL pseudo—random var iahle for a petmissabl e
fi n a l  state. Also a s t o p  link to a stop state is
p c - i  m i s s a b l e  -

2 . 2 . 1 1 4  COMMON Block NEEDS .

- STJ — ‘ri’- vai n ’ - at t too - token ( in input str ing )
pr c - nm - n t I y be i ng e x a m  i n r - d  -

JS ’[’ACK — I ndm -x which points to a I ocat ion in the
- - 1( ’k -
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3. R — Present state in the graph .

4 . J1O3 — Ind ’-x of last associate taken.

5.  J — In cl - - x of p r e s r - n ~ t o k e n  in the input string.

6 .  JLA ST — I n d e x  to t h e  beg i n n i n g  of a pri m ary , w h i c h
i s  a parenth e-sized expression.

7 .  R T E M P  — Valu e of last state - of t h e  q r a p h , in  case of
i m m e d i a t e  f l t c s -I  to b a c k  up .

8.  S T A C K ( 4 ) 0 )  — Array which holds all the nodes visited
as w ’-ll as other information w h i c h  is neo .-essa ry in
order to hack up (i.e., r e c o g n i z e  a co n te x t  f r ee
la n-~s-age ) -

2 
1 ~‘ C O M M O N  B l o c k  N O P A R .

1. NOPAR — Stack variable used to keep track of recur-
s i v e f u n c t i o n s .

2. NO EP - Same as NOPAR.

3.  N D E P T L I  — F u n c t i o n  c o o a n t , - r .

4. N F L A G  — Stack variable for use in I / O  l i s t  p r o c e s s i ng .

2.2.116 COMMoN Block NTIMES.

1. N T I M E S  — Flag to indicate that the syntax graph has
been read from disk to core.

2. I — If the syntax graph runs out of s t ora ge spacr .-
w h i l e  p a r s i n g  a s t a t e m e n t , I i n d i ca t e s  how f a r  t h e
stat em c -nt h a s  bee -n  p a r s e - I .

2 2.l17 C O M M o N  Block REALNO.

1. IREAL — Set to 1 if a real number is found and 0
otherwise.

2. IRELND — The last location of a char act ’ -r str i n 1
ri-p reSent ing a real number.

t .  I P  — I f  a char a c tm- r string is to he tested to se-e if
i t  is a t m - i l  number , t his value points to the
0 )1-ginnin g locat ion of the stn ing .

2 . 2 . 1 l t ~ o ( o M M o m N  F t - l o c k  STFUNC .

1. No .rrs-c — The number of entr ies in the I S T I - N o . a n  ray.
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2. IS-r F- - NC( lO ) — This a r r a y  contains symbol table
loca tions of all statement functions in the prog r am
. mn; i t  -

~ .2 .ll 9 CUNMnN Block_ STRING.

1. N T Y P E  — Indicates the type of an expression according
t o  t h e  f o l l o w i n g  val ues :

1 — A r i t h m e t ic
2 — Logical
3 — I/O lis t

2. NSTR — The  n a m b e r  of l a n g u a g e  e l e m e n t s  in  S T R .

. STR (~~0O ) 
— Encoded  e x p r e s s i o n  f o r  a c h a r a c t e r  s t r  i n g

(see SUBROUTINE EXPR).

2.2.120 COMMON B l o c k  TYP.

1. N A R R A Y  — The n u m b e r  of s u b s c r  i p t s  in an a r r a y .

2 .  T Y P E 1  — The cype  of t h e  pr e s e n t  opt  and of t h e  p r e s e n t
o p e r a t o r  -

3.  T Y P E 2  — The  t y p e  of the fi r s t op r and of a b ina r y
ope rato r . TYPE1 w i l l  hold the type of the second
opi an d .

4 .  E R R F L G  — The v a l u e  of .TRU E . i f  a sy nt ac ti c er r o r h a s
o c c u r r e d .  T h e  v a l u e -  of . F A L S E . ,  o t h e r w i s e .

~ .v . l t l  COMMON Block VAR.

1 . V F O R ( l 5 ) — This ar r ay contains the display code for
o u t p u t  of an  i n c o r r e c t  i n p u t  st i  ing .

2 .  N U M C H R  — Th e  n u m b e r  of  c h a r a c t e r s  p r e s e n t l y  p l a c e d
i n  t h e  l a s t  u s -e d  w o r d  of V F O R .

3 .  N C H R P  — The f i n a l  n u m b e r  of t o k e n s  ( i n c l u d i n g  i n s e r t e d
f u n - t i o n s  and p a r c - n s )  i n  t h e  t r a n s f o r m e d  i n p u t  s t r ing .

4. CHAR — The display cod e of  i n p u t  c h a r a c te r s .

5. NDICT — The equivalent valu e for input characte rs.
(—1~~N DICT ’— 1 8)

. 2 . 1 22 _COMMON_ B l o ck ~AS IE. This is a d u m m y  L O M M O ) N  block
used to state local a r rays.
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S F - C l ’  I O N  3 .  I N P U T -  O U T P U T  D i - d $ C R I  P T I O N S

3 . 1  G e n e r a l  D e s c r i p t i o n .  Th e -  i n p u t s  and  e m s - O  p u t s of th e-
A U D I T  s y st  - rn ar e of f l u  c - c -  t y p m s - ; :

1. Car l , tape , a i m - i :or -f isk input. f u r n i s h e d  b ’  the us’:-r -

2 - D i s k  i n p u t  nd o ut  p u t  w h i c h  is of no d i r  c u r  conc ’-l n
to the user .

3 . Pr  m t  m - d  o u t  p u t  t h a t  is of d i r e c t  c o n c r .- r  n t o  th e -  u s e r
T b -  i n p u t s  and  o u t p u t s  of t h e  A U D I T  s y s t e m  t h a t  f a l l
rn~ o ~ foese three ci t c - g o t  t ’ s  a r e  d e s c r  ih ed  in  t h e
f o l l o w i ng sec t io n .

o . - d i r  a c t€ - r i st  ics , Or ~~a n i z a t  ion , a n d  D e t a i l e d  D e s c r  i pt ion
t : To I .) ~m 0 ~o -

C s - e r  Input . Cer ta m i t r - m s - .  m u s t  be f u t  n i s h e d  by t h e  u s e r
e a c h  t ome the 101011 s y s t e m  is e x e c u t e d :

1. An o p t i o n s  c a r á
2. The so ftware to be e x a m i n e d
3. The I n te r f a c e  De f i n i ti on f i l e
4. The sy ntax graph file
S. A package of var iahle precision functions for each

t r u n c a t i o n  o p e r a t o r  ( b i t  c o n f i g u r a t i o n )  d e s i r e d .
( N .-eoied o n l y  i f  t h e  v a t  i ah l e  pr e c i s i o n  mode is
sr- l e c t m - d  -

.1 - I (
~~ .ot Lo s-s Card. The I ~~ t St c a r d  in  f l o e  u s e r  ‘ S input

-:e-o : is t o - -  op ’ m a n s  c a r d , a l w a y s  s u p pl  ied as c a r d  i n p u t .  I f
t i c -  s o f t w a r e -  t o  be examined is on ta pe or disk and the va r iable
p r e c i s i o n  mod e h a s  not  been s e l e c t e d , t h e -  o p t i o n s  c a r d  w i l l  be
t h e  o n l y  c u r d  i n p u t .  The ap t  ions  c a r d  is  p u n c h e d  in  t h e  f o r m a t
( I l , JX , I1 , 3X , 1l , 3X , I l )  and is const ructed as follows :

1. Column 1 indicates the mode of operation:
1 - A ud i t mode only, or both the audit mode and the

v a r i a b l e  p r e c i s i o n  m o d e .
2 — Audit mod e and roll call mod e (subprog r am to be

,.-x am inr- d does not con t ain a reference to u t i l i t y
module HOLCOL).

3 — Audit mod e and to l l  call mode (subprog r am to he
c-x amin ’-d cont ains a reference to u t i l i t y
m o u u l e  RO r ~C O L )  -

C o l u m n  5 indicat e s the inpu t log ical unit number for
fb i - s o f t w a r e  t(’ tm -  ex aminm-d :
5 — Sa t  t w a r ~ is  ar~ c a r d s
7 — S o f t w a r e  is on t j p . -  o r d i s k  ( F o r CDC an d UN IVAC

1108)
2 — Software is on tape or disk (For IBM 360)
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3.  Col um n 9 m d  i c a t ’- s -  w h e t h e r  or n o t  t h e  f l o w  a r a l y s is
mode is to he us cl :
O — No f l o w  a n a l y s i s
1 — Moderate flow analysis
2 — C o m p r e h e n s i v e  f l o w  a n a l y s i s

4 .  C o l u m n  13 i n d i c a t e s  w h e t h e r  or n o t  i nt :  i n s i c  and
b a s i c  e x t e r n a l  f u n c t i o n  n a m e s  a r e  t o  he ch - c k e d  f o r
m i s u s e  (See  SE S C O M P S P E C 3 , Se c t i o n  8 ) :
O — Do no t check names
1 — Chec k na m es

The AUDIT system always performs the audit mode. The
v a r i a b l e  p r e c i s i o n  or r o l l  c a l l  mod e m a y  a l s o  be s e l e c t e d
(Column 1). A value of 1 in Column 1 indicates one of two
possible act ions: (1) audit mode only, or (2) audit mode and
vat ia ble precision mode. The AUDIT system distinguishes
between these- two) options by the additional control cards ari d
inpu t cards fat the - v a r  i a b l e  p r e c i s i o n  m o d e .  An e n t i r e  execu -
t a b l e  p r o g r a m  ( m a i n  p r o g r am , a l l  s u b p r o g r a m s , and d a t a )  m u s t
be submi t t ed when the var iable precision mode is selected .
No a d d i t i o n a l  s o f t w a r e  ( o t h c - r  t h a n  t h e  one e x e c u ta b l e  p r og r a m )
ma , be e x o . o - i n ed  b~y t h e  v a r i a b l e  p r e c i s i o n  m o d e .  The r o l l  c a l l
m o d e -  i s  o n ly  used to examine t h e  r o o t  p r o g r am u n i t  of a m o d u l e .
M~m ir i  pr og r ams , a n c i l l a r y su bp r o g r a m s , or e x t r a o r d i n a r y  sub-
routines should not he examined by t he r oll call mode.

3 .2.1.2 Softwa re Jo Be Examined. The software to he examined
is input to the AUDIT system; it must be on cards , tape , or
aisk , -a nd i t  may be on only one of the three mediums. If the
s o f t w a r e  is on ca r ds , it must immediately follow the options
c a r d , and  a val ue of 5 m u s t  be p u n c h e d  i n  C o l u m n  5 of t h e
o p t  i ons  c a r d .  I f  t h e  s o f t w a r e  is on t a p e  or d i s k  ( m u s t  be in
s o u r  cc- f or  m a t  ) , t h m . - t a p e  or d i s k  i n v o l v e d  m u s t  be i d e n t . i f  ied
as  l o g i c a l  u n i t  n u m b e r  7 or 2 , and a v a l u e  of 7 or 2 m u s t  be
p u n c h e d  in  C o l u m n  i of t h e  o p t i o n s  c a r d .

I f  t h e  v a r i . ot l e  p r e c i s i o n  mode  is s e l e c t e d , o n l y  one
c - x e c u t a h i e -  p r o g r a m  ( m a i n  p r o g r am , s u b p r og r ams , and d a t a )  m a y
be i r m p s - t  - If t h e  t o l l  c a l l  mod e is  s e l c - c t e d , o n l y  t h e  r oot
pr og ram unit of a modul e- may ac- input. Onl y one main p r og r am
ma -/ be input per m -xecut ion. There is a l i m i t  to the number
of su bpr -s; r ams l o u t  m a -,’ be i np .t p - t execut ion. This 1 im i i
d e p e n ds  on the complexity of the s-Opt og r ams. A reason able
upper 1 im it on the number of suhpr og r ams input , per e xecut ion
is 10.

3.2 .1.3 Irlte ,t ace l j e f i n i t H n  f i l e .  Befor e any software can
be e x a m i n e d , t i m e  I n t e r  t aco- Def  m n i t i o n  f i l e  m u s t  be c o n s t r u c t e d
0/  a u x i l i a r y  p r o g r am S l - S L i S T  ( s - e m -  Sec t  i an  4 . 4 . 1 ) .  The I r t e t —
I a- - r -  t m ’  - f i n  i ‘ i o n  I i i  e is  an un  f or  m a t  t c-d t I 1 wh -h i s  r ead f t  onim
l o - j i c a l  m i s - i t  4 by A U D I P ’ s m a i n  p r o g r am and i s  s t c ed in  a t  r a y s
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IOt °B L I and I N l FA C  of I 1 ) M M I ) N  b l o c k  L I S T .  T h e  f i l e  c a n t  a i n s
i n f o r m a t  ion ab o u t  a l l  p r o g r a m  u n i t s  and COMMON o l o c k s  t h a t
n m a v  be r e f  e r e n c eu  by t h ’ s o f t w a r e  b e i n g  e x a m  i n i - d  -

I - o r  r o t  p r o g r a m  u n i t s  of m o d u l e s , m a i n  p r o g r a m s ,
a n c i l l a r y  s u b p r o g r a m s , e x t r a o r d i n a r y  s o m l o r o i t i n e s , i n t r i n s i c
and  f - a s - i c  ex t ernal funct ions , and other e-xt c :.-r nal sui . pro~~r .iof s ,
t h e  Irt e rf ~oce D e f i n i t i o n  file contains i n f - . rm a t  i on on km’-
a r j l u m c - n m t  list ( i t  any) of thm . p r o g r a m  u n i t  and  - - t l m ’ .- r - o s - n - n o—
p r i a t e  i n f o r m a t i o n .  The f i l e -  a l s o  c o n t a i n s  i n f o r - i - : o t i o n  - j t - ’)~.i ’
a l l  s-lan ’r L n M M O N  and  l a t m. - l ed COMMON b l o c k s .

The  I n t e r f a c e  D e f i n i t i o n  f i l e  c o n s i st s  of t w - - p a r ’ s- :
( 1 )  t h e  t i s  ic I n t e r  f a c c -  De l  in  i t  i on  f i l e , - o n d  ( 2 )  ‘h e  u s - c r
s up p l i - - o f  I n t e r f a c e  D e f i n i t i o n  f i l e .  The  b a s i c  I n t - - r t a c e
D e t  i n  i t  i o n  f i l e  cons  i s t s  of  i s - f o r m a t  ion  on t h e -  i n ~ r i n s  I c  and
s - a s i c  e x t e r n a l  f u n c t  i o n s , and  t h o .- l a b e l e d  COMMON s - l o c k  SP S C O M .
‘ I s - i s  i - a s i c  f i l e  (1  i s t  cii i n  A p p e n d i c e s  B , C , and  0 ) is c o n —
s i l e - r e d  t o  c o n t a  in  i n f o r m a t  i on  t h a t  r a y  be r e f e r e n c e d  by  a l l
sof tw ar e - produc r-d for t b -  SE S C O M P  s yst e m . E a c h  t ime  n e w  s o f t -
w a r e  i s  t o  be e x a m i n e d , t h e  u s e r  s u p p l i e d  f i l e  is  c o n st r u c t e d
f o r  t h e  s p e c i f i c  s o f t w a r e .  The  u s e r  s u p p l ie d  f i l e  s h o u l d  no t
con’ a in  any informat ion  t h a t  is p r e s e n t  i n  t h e  b a s i c  f i l e .
T h i s  user supplied file is then added to the i- asic file ‘o
make up th e - Int er face Definition file for the softwar e- to be
- x a m i n e d . -~ m a x i m u m  of 200  sy m b o l i c  n m s - e s  m a y  bc entered in
t r e  f i l e .

As s t a t e d  b e f o r e , t h e  I n t e r f a c c . - D e f i n i t i o n  f i l e -  i s
c r e a t e d  by t h e  i n d e p en d e n t  p r o g r a m  S i - I N L I S T .  The  i n f o -o r - m a t  ion
t h a t  constructs the file is punched on cards. SESLIST reads
t i m e : curds , packs the card images , and writes th em o u t  u s - f o r —
ma tt m - d onto logical unit 4. This I ile is saved and used as
an inpu t f i l e  far the AUDIT system . The user must rerun
SESLIST -- ch i me a change in th ’- file is nect-ssary. The old

lie is discarded and the new one is save-i . ~hil e  operatin o o
und ’-r f bi- au d i t  mode , ‘- ach refer ’-nce to a pro qram unit or
1- a b e - l c d  - .:OMMON s-lock is  c i m c - o - k m - d f o r  cons  i s t e n c y  a g a i n s t  t h e
In’ e- r I ace Be- f in it I - on f i Ic. it -i pr - - i  ram un i t -)  r 1 al e-led
COMMON b l o c k  is  n o t  i n  t h e  f i l m - , t h e -  s - a n n e- a n d  its associated
i n f o r m - i t  ion  is -add e d  t o  t h e  I S U B L T  ~in - t I N T  t - - A ,  arrays ( C O M M O N
b l o c K  LIST). A n - 1- s u h s ’ - g u - - n t  r m - f - r m -n c ’ - to t h a t  pr o - ; r u m u n i t
o r l a l o - l e d  C O M M O N  [Jock is t t - m e n c i m i - c k - - f  ? e-r cons 1st e-ncv with
t i c  f i r s t  r e f ’ - r e n c -

T h e -  u s e r  s u p p i  ied f i l e  c o n si s t s  of each reserved sym—
s-al ic name u s -m d by th ’- software to f o e  m xam m m d  ( c~~~~~l ud 1 ng
O Im ose- ro am ’-s - i i  r e a d y  i n  t h e  bas I c I t 1 e ) - ‘l i m e - r e -  w ill t m -  at
I m - ,js t on ’ - card of informa t ion associa tm .-d w i t h  m ach name . For
si m t r a u t  in ’ - - o n d  f i n c t  i o n  sub p r o g r a m s  w i t h  ar - iumen t s and
C-it ‘- ‘ja r-,’ 1 1 al ’- I eel COMMON b lac k s, add it i ona 1 curd s will be
n , e -l m -d  - Su b r o u t  ir m e- - m r s - i f u n c t  i on  s u b p r o g r a m s -  w i t h o u t  a r g u m e n t s ,

77

______ a



C a t - -  ~o r y  2 and  l a l - - l e - o l  ( U M M O N  b l o c k s , or  i m l m nk C O M M O N  w i l l
c ,ocli h o c e -  o n ly  c - n e  c a r d  j s s o co at -d w i ’h  it.

SESLIST r . - u a  i r e - s  i t  l e a s t  o n e -  i n p u t  c - o r - I  f or coach sub—
p r  o-~ r an a n I  rn-a in p r  og r a m  . Th i s  c a r d  is  cons  t r uc ‘- c l as f o l  1 ( w S

C o l u m n s  1 — 6  The sy m b o l ic n a m e -  ( l e f t  j u s t i f i e d )
C o l u m n s  8 — 9  The n u m b e r  of a r g u m e n t s  ( r i g h t  j u s t  i —

I l e d ) ;  ( i f  n o n e , p u n c h  a z e r o  i n
C o l u m n  9 )

C o l u m n  11 F u n c t i o n  t y p e -  ( i f  t h e  p r o g r a m  u n i t  i s  a
f u n c t i o n  su b p r o 1’ r a m )
1 — Real
2 - C o m p l e x
3 — Double Precision
4 — I n t e g e r
S — L o g i c a l
( I f  t h e  p r o g r a m  u n i t  is not  a f u n c t i o n
sum -program , punch a zero )

C o l u m n  13 The  c l a s s  of t h e  s y m b o l i c  n a m e :
1 — S u b r o u t i n e  m o d u l e
2 — F u n c t i o n  m o d u l e
3 — A n c i l l a r y  s u b p r o g r a m
4 — Intrinsic or basic external func t ion
5 — M a i n p r o g r a m
6 — Extraordinary subroutine

C o l u m m n n s  1 5 — 2 0  The s i ze  of b l a n k  C O M M O N , i f  any (right
j u s t  if ied )

If the program unit doesn ’t have any arguments , only t he
an o v e  c u r d  is  n r - c - o i ed to  d e s c r i b e  t h e  s y m b o l i c  name . O t r m e r w i s e ,
n n o r e -  c ar d s  a r e  needed t o  d e s c r i b e  t h e  a r g u m e n t s .  E a c h  a r i u —
r e n t  r e - o ~u i r e s  a 4 — c o l u m n  f t c - i d , w i t h  as m a n y  as 20 f i e l d s  per
c a r d .  I t h e r e  are m o r e  t h a n  20 a r g u m e n t s , a second c a r d  is
r e q u i r e d ; i f  t h e r e  a r e  m o r e  t h a n  40 a r g u m e n t s , a t h i r d  c a r d  is
r e q u i r e d , and so o n .  A maximum of 63 arguments is permitted .
The-  I j e - i d s a r e  o r d e r e d  l e f t , t o  r i g h t  i n  t h e -  s ame  o r d e r  as t h e
u r ~~u m - - n t - s .  A f i e ld  is c o n s t r u c t e d  as f o l l o w s :

Column 1 The argument type :
1 — Real
2 - Com plex
3 — Douhi -- Precision

- 4 — I n t e g e r
5 — Logical

Column 2 The dimens ional ity of th e - argument:
0 — Non—subscripted simp le v ariable
1 — Single -—subscripted array
2 — D a u b l e — s u b s c r i p t c - d  a r r a y
3 — Tri ple—s ubscript c d  arr a y

Col umn 3 Argument I/O status:
0 — Output

- 
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I — I s - p - m t  - m n f  output
2 — I n p u t

Ca l  us-n 4 B l a n k  ( s e ,  v ’ s  -is a s e p a t  at  or h c .~t w e e - n
m el - I s)

For  e. x a r n l e - , u t i l i t y  m o . o f u l e  S E S P L I  is d c .- s c r  i t t - o f  by the
t o l l - ~ - i n g  t w o  c a r d s :

( C a r d  1) SI-SPL 1 3 0 1
( C a r e  2 )  4 0 2  402 4 0 2

sE s L I s -r  r e q u i r e s  a t  l e a s t  one  i n p u t  c a r d  f o r  e a c h
l a t e - l e o  Cu M ~-I ( .o~ s - l o c k .  T h i s  c a r d  is c o n s t r u c t e d  as f o l l o w s :

C o l u m n s  1 — b  r i m e -  s y m b o l i c  n a m e  ( l e f t  j u s t i f i e d )
C o I u n n  9 ( F o r  C a t e g o r y  1) The n u m b e r  of g r o u p s

c o n t a i n e d in  t h e  b l o c k , a group being
a set of consecut ive words of the
same type .
( F a t  C a t  c - o a r  ,- 2 u n - f 3 )  L e f t  b l a n k

C o l u m n  11 A l w a y s  s- c . r o
C o l u m n  13 T l o ~ - c,a~~. i o t  v o f  1 - o n  - - I - o r  C O M M O N :

7 — C i t - g o t  ~ 1 l o s - - I - - i - - -~M u N  b l o c <
8 — 

~.
‘
- O  e - l o r , ’  1 1 . o b c : l ’ - ol  - - - ) M M C N  b l o c k

— C at  - b r  , 3 l u n e - l ’ - d  ‘ U M M O N  b l o c k
C o l u m n s  1 5 — 2 0  ( F o r  C u t e - t a r  y 1) 1 ’ -  s i z ’  of t i m e  b l o c k

m b l m t  j u s ’  i re-I -
( F o r  C a t  ‘ - j a r ’,’ I a r m - i  3 )  be l t b l a n k

C a t e g o r y  2 and 3 1 - o l e - I ’ d  C- ) M M O N  b l o c K s  - 10 not r e q u i r e
-add ~t i o n a l  c a r  d s ;  C a t e g o r y  1 l a b e l e d  C O M M O N  s - l o c k s  r e q u i t e
acid jt ional c a r d s  d e s c r  ib i n j  t h e  St r u c t  u t  ‘- of t h e  s - I  o c k s .  The
au di t i o n a l  C a t e g o r y  1 c a r d s  a r e  c o n s t r u c t e d  as f o l l o w s :

E a c h  g r o u p ,  a set  of c o n s e c u t ive  w o r d s  of  t h e -  s ame  t y p e ,
r e q u i r e s -  a f i e l d  of e i g h t  c o l u m n s .  As m a n y  us  t e n  8 — c o l u m n

i d - i s  m a y  be p u n c h e d  p e r  c a r d , w i t h  a d d i t i o n a l  c a r d s  used
-as - n c - - l e d . T h e  f i e l d s  at e or der ed l e f t  t o  r i g h t  i n  t h e  same
o r - l ’ - r  as t i me- uroups. E a c h  8 — c o l u m n  f i e l d  i s  c o n s t r u c t e d  as
Is - i I ow:;

Colum ns 1-6 Number of words in th ’- graup (right
j u s t  i f  i d ) .  A double p recision or
c o m p l e x  v a r  i a h l e  is c o u n t e d  as t w o
w a r  I s .

Column 8 T y p o -  of t h e  g r o u p :
0 — h o l l e r  ith
1 — P e a l
2 - Complex
3 — Double precision
4 — I n t e g e r

— Log o c u l
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[or  e x a m p l e , t . me - d e s c r  i p t  ion  i f  t h e  C - a t e - g o r y  1 l a b e le d
C MM ‘lock S E S C m , M  is p u n c l m e d  on two cat - Is , as foll ow s- :

(Card 1) SESCOM 2 7 25
( C a r d  2 )  11  0 12 4

( ‘ h e - n  or  - t a n  i z in -j t h e  i n n - i t  c ar d s  f o r  S E S L I S T , t h e  c a r d ( s )
t h a t . - i - s - c r  i f-e s t h e  a r - J u m c - n - t  S or h e -  g r o u p s  m u s t  i m m e d i a t e l y
f o l l o w  the symbolic n aio - - t h e  c a r d ( s )  is a s s o ci a t i - d  w i t h .
Al t t m - . co- - jh t b - r e  is no pr c -sc r i m - ’ - d  O r d e r f o r  t h e  s y m b o l i c  n a m e s ,
an a l p h a n u m e r i c  arran - j -- ment is usually convenient. Such an
a r r a n g e - m e - n t  s i : r p l i f i c s t h e  r e - t r i e v a l  of  a r e s e r v e d  n a m e  by
‘h e  u s e r .  The  f i l e  t h a t  is  c o n s t r u c t e d  by p r o g r a m  S E S L I S T  m u s t
ne s a v e - h  ( c a t  a l o - ; u e d ) as a tape- or  d i s k  f i l e . E a c h  t i m e  t h e
A L D T - r  s v s t - : r T .  is ex - c u t c - d , t h i s  I n t e r f a c e  D e f i n i t i o n  f i l e  m u s t
m e: - inp u t to t i m e syst- ’ -uo .

L 2~~~ . 4 S ~~n t a x G r aj~ i .  The  s y n t a x  g r a p h  is a p l e x  d a t a
s t r u c t u r e -  w h i c h  contains the syntax for all arithmetic and
lo- -j ical expressions and I/O lists. It is constructed by program
Cs- (APH, which r i-i s the -jraph from punched cards , and  then  pa c k s
as - c l  w r i t e s  o u t  t h e  i n f o r m a t i o n  as an u n f o r m a t t e d  f i l e  o nt o
l o g i c a l  u n i t  4 .  W h e n - - e r  on e -  of  t h e  e x p r e s s i o n s  or  l i s t s  is
r - n c o u n t e r e d  by t h e  A U D I T  s y s t e m , t h e  s t r u c t u r e  of t h e  e x p r e s s i o n
or  l i s t  is c h e c k e d  a g a i n s t  t h e  g r a p h  f o r  v a l i d i t y . The g r a p h  is
an u n f o r m a t t e d  f i l e -  w h i c h  is r e a d  by t h e  p a r s e r  s u b p r o g r a m s
f r o m  l o g i c a l  u n i t  19 and  is s t o r e d  in m m M M ( - N  b l o c k s  G I R L ,
LVTABL , LVVSE , LVVTR1 , LVVTR2 , LVVTR 3 , and L V V T R 4 .  The s y n t a x
‘ 3 r a r J m  f i l e  r e m a i n s  c o n s t a n t .  I t  is c o n s t r u c t e d  j u s t  once  and
is t h e n  r e u s e d  w h e n e v e r  t h e  AUD I ’ r  s y s t e m  is  e x e c u t e d . The  u s e r
n c - c d no t  c a n c c - r n  h i m s e l f  w i t h  t he  d a t a  to c o n s t r u c t  t h e  f i l e .
l i e -  d - ~ t , o  h a s  a l r e a d y been cons tru cted and will n o t  c h a n g e .  The
as-er n c - e- - .i o n l y  c r c - a t e -  t h e  f i l e  by r u n n i n g  p r o g r a m  G R A P H .  He
t-s - n save-s the f il e  as a tape or disk file.

2.1 .1.5 Varia ble Precision Func t ion s. When AU DIT i s operating
u nder the variable precision mode , a package of variable pre-
cision func tions must be input for each bit Configuration
- I c -si red. The following three function subprograms (a package)
a r e  n e ede d f o r  each b i t  c o n f i g u r a t i o n :

1. REAL FUNCTION I1REAL
2. DOUBLE PPI--CISION FUNCTION Q1DPRE
3. COMPLEX FUNCTION Q1COMP

The u s-’-r may simulate word lengths of 30 to 40 bits for the
CDC 6000, 2 4  to 31 b i t s f o r  t i m e  IBM 36 0, an d 30 to 35 b i t s
for t ime UNIVAC 1108 . Each processor uses a unique set of
pac ka ges.

3.2.2 AUD IT— G ’-nm -r at ed I/O. The AUDIT system generates
s-e -ve ra l temporary disk files which are used at various stages
of the- A U D I T ‘-xecution. These t i l e s  are of no d i r e c t  c oncern
t. a th e- - i s - c r -
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3 - I . I - 1 Rev i s - c ’ - i  P r  O u t  am I-’ i Ic-- s . F-,ach t s-ro e ’- the- -a ue j t  a s - - I c -  is
e x e - c u t  ed , t i m e  soft war e -  l m e  i ng e xam i ne- i is r - -v i seci an -i t he
evi ouch p r o g r am r ‘ - s i d e - s  on log i c - i l u n i t 8 .  T h e r e  a t e  t w o

a i f t e r  , - n t  k i n d s  of  rev ise-1 pr o-jr am I ile s gene -t at ed -

1. If the r o l l  call mode is not sele cted , all at i t s - m e - t i c
s - j o e - r a t i o n s  ( + ,

_ ,/,* ,* *)  th at involve re - al , compl e x ,
and uoubl e o n e c i s i o n  var iables or cons t an t s - are
c h a ng e - i  i n t o  r e f e r e n c e s  t o  t h e  v a r i a b l e  p r e c i s i o n
f u n c t i o n  s u b pr og r ams  I I H E A L , Q I C O M P , a n d  Q 1 D P R E .  F o r
e x a m p l e , A = B + C  is t r a n s  f o r  r e - I  i n t o  A= .1 H- lob ( K -s- C
a s s u m i n g  A , B , and  C a r e  t e a l .  I f  t h e  v a t  i a h l e -  p t e - —
c i s i o n  mo de is s e l e c te d , t i m -:- r e v i s e d  p r o s - t r a m  f i l e  is
used t o  s - e - r  f o r m  t i m e -  var iah le precision calcula t ions.
Ot n c - n wise , the fi l e  is not used

2. It the r o l l  c a l l  mode is s e l e c t e d , a l l  r e f e r e n c e s  t o
func t ion and  s u t o r o u t i n e  m o d u l e - s  a r e  c h a n g e d  t o  r e f -
erences to sui .o r out inc ROLCHK , and all READ stat ements
are omi t ted . These revisions are performed f o r  a
single subprog r am. The main prog r am ROLCAL is add ed
t~~~~ the file. This file is then used to execute t . h e
ro ll call mode.

3 . 2 . 2 . 2  A U D I T _M o d u l e  L i s t .  The  A U D I T  m o d u l e  l i s t  i s  goner as-eu
o n l y  i f  t h e  r o l l  c a l l  mode is s~- i e c t e - d . T t m e -  l i s t  c o n s i s t s  of
[ - u n c t i o n  and s u b r o u t i ne  m o d u l e  r e f e r e n c e s  e n c o u n t e r e d  d u r  i ng
ehe au - l i t  mode. The lis t  is contained on an u s - f - c r matt e -u t i l e -

~ :, ich e s - ides on log ical unit i - Ii is us e d b -  s u f - r  o u t ’ m e
CM PABE to v e r i f y  that all of t h e re ferenced modul e- s were also
r e -t e -- r e nced in the ,- S I- :SCOMP r o l l  c a l l  m o d e .

3 . 2 . 2 . 1  R O L C H K  M o d u l e  L i s t .  The R O L C H K  modul - - l i S t  is
- - n e t  a ’ s-h  d u r  i n g  e x e c u t  ion  of t h e  r o l l  c a l l  m o oj e - . ‘l’ho- list
c a n s - i s t s  a t  a l l  m o d u l e s  refe r enced in tb ~F-SCuMP r o l l  call
mode. It is an unformatted f i l e -  which r c s ides on logical s - n i t
3. T h i s  f i l e  is c o n s t r u c t e d  b y s u h t  o u t  i n ’ -  ROLCHK. It is Us- ’. - - i
by su n t  o u t  i nc  C M P A R E  to  c o m p a r e  w i t h  t h e  A U D I l  m o d u l e  l i s t  t o
i n s u r e -  t ha t the same names are on f - s - t b  l i s t s .

3 . 2 . 3 R oll C a l l  O u tp u t  F i l e s - .  The r o l l  call ou t p u t  f i l e - s
canta i n  t h e  c o n t e n t s  of t h e  SESCOMP o u t  p u t  o f e v  i c e s  X , Y , u n~i
Z , w h i c h  a r e  c r e a t - - . l by t h e  s i m u l a t e d  e x e c u t i o n  of  t h e  ~ n o q t am
u n i t  b e i n g  e x a m i n e d . The c o n t e n t s  of o u t p u t  d e v i c e s  -~~~, Y ,
and Z a r c -  w r  i t  t o - n  on log  i c a l  u n i t s  13 , 14 , and  l~~, r e - s j - . - c t  i ’~s l y .
These  d e v i c e - s  c a n t  a i n  t h e  M o d u l e  I d e n t  i f  i c u t  i on  F i e l d s , s-se
c o u n t s - , and b u f f ’ - r  t t a c i n g  i n t o t m a t  i o n  p e r t i n e n t  t o  t h e  s i m u -
l a t e — i  S E S C O M P  t o l l  c a l l  m o d e s .  The  u s e r  m a y  d i s p l a y  t h e - c - n -
t o - r o t s  of t h e - s e -  I i l - - s  a t  t h e -  c o m p i e t  ion of  e x t - c u t  i on , a s s u m  i n g

tm ’ r o l l  c a l l  ;Toooe- lo i s f o e - c -n s e l e ct e d .

3.2.4 Pr i r l to- d O u t F L i t . Each Pt o g i  am unit of t h e  so t  t w i t  e f o e  m g
e - x d i r n o r m e d  t o - i S o t : ;  ‘ow l )  p r  i n t e d  O u t  p u t  - A l t e r  t he , ’  pr  i n t a u t
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associa t c~o r with al l p r o g r a m  u n i t s  has b c - e n  y e - n c - r a t e - h , a glob -a l
r e f e r e n c e  t a b l e  is printed which contains in form na t ion on all
it o ’ p r o -  t r a m n o  u n i t s  pr ocs- sseet . A d ’:-s-cr ipt ion of the pr is - tout .
j S s -O(~ i - i t  e-d w i t h e ach pr og ram un 1 t fol 1 ow’;

Ai °D1’I’ pr int s - each statemen t of t h e  software be i n g  pro-
c-- s e - - f tog s -t ho r with a d i o g n o S t  ic mne:-ssage if any tn t r a :t at -—
:; ‘ -s - i er r u n s h a v e bc-en found . Each ass i-3nment or CALL stat
me -n t t I - i t  cont i ins a r e a l , double- prec ision , or complex
o n - c - r a t  i on i s r a n s t  o r m e d  t o  i n c l u d e  t f m e  referenc e -s to  - . 10 - A L ,
~1DPPE , and 21- MP , r e g a r d l e s s  of w h e t h r - r or not t i m e -  v a r  m a - ’ -l - -
p r e c i s i o n  g. t ion  w a s  s e l c - c t c - d . If the roll call mod e- has
m - een  se lect ‘-d , e ach  n o d u l e  r e f e r e n c e  is t r a n s f  o r m e o f  i n t o  -:i
r e t e : - r e n c s - -  t o  subro u tin e ROLCHK , and al l READ stat emen t s are
mad e-  i n t o  c o m m e n t  s t a t e m e n t s .  A l l  n o n — i n t r a s t a t e m e n t  errors
a r e  p r i n t e d  a h e a d  of and  f o l l o w i n g  t h e  s y m b o l  t a b l e  f o r  t h e -
p r o g r a m  U n i t . The s y m b o l  t a b l e  l i s t s  a l l  s y m b o l i c  n a m e s
and the type , d i ;n e .- nsional ity, and rel’a cation of each name.
I n  a d d i t i on , all ex ternals , statement labels , and C O M M O N
blocks ore l i s t - - i , a l o n g  w i t h  a s s o c i a t ed i n f o r m a t i o n .  I t t h e
tl o o ~ ’ a n a l y s  is i-ode is selected , the results of the f l ow
-analysis , o r e -  p r i n t e d . For  e a c h  v a r i a b l e  t h a t  is r e f e r e n c e d
n u n  n o t  act i r m a -along some path , t i m e : ’  v a r i a b l e  and t h e  s t a t e - —
men t 1 - ar c -is at the path are indicated . A var iable m a y  b e .-
f l c i - g g e m r  o n l y onc€ - . The n u m b e r  of p a t h s  c h e c k e d  a r e  a l s o
o s-h m ca t , e- d.

Each t ime AUDIT is executed , a global refer ence tabl e is

~~ m t  e- ~ r . Tn i s t - i s - i c -  l i s t s a l l  e x t e r n a l  r e f e r e n c e s , la bel ed
COMM N nil ac— c s, a r i d  p r o g r a m  u n i t s  e n c o u n te r e d  ( a n d  t h e i r
a s s o c i - s - t e - d  i n f o r m a t i o n )  f o r  a l l  the program units examined .
I t  t h e  r o l l  c a l l  mod e- i s  se le c t -cI , t h e  f o l l o w i ng i t e m s  w i l l  be
p r i n t e d  ~a f t e r  the global referenc e table for e ach program unit.

1. Compilation of the re v i s - d  j .-roq r am unit (see
Section 3.2 .2 .1).

~ Compilation of main prog r am ROLCAL.
3. Load map.
4. ke - sults of the roll call ch’.-ck.
~~~. ~ f m a t  ev c - - r t h e  p r o g r a m  u n i t  ha s  w r i t t e n  on o u t p u t

(b -vices X , Y , and Z.
If t h e  vu rLof, 1 e,- precision mod e is sel ected , th e revised pro—
- j r a r r f il . - w i l l  to e ’ compiled . For each b i t  confi guration
s e l e ct  ‘-ci , t h e -  ( p r  i nteoi ) o u t p u t  of  t h e  ex c - c u t  a b l e ’ - p r o - j r  am is
p r i n t ‘-d . Appendix A conta ins a r e p r e s - ’ - n t a t  ive- samp l e  a t t he
vaTiOuS ~ mn os of p r i n t o u t s .
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d I e  ‘ 1 1 - 5 -~ . I ’ R O G R A M  A S S E M O L I N o , L O A D I N G , A U!) M .\IN’H NA s-L [
i H  )c i- :UURl-: ;

-~ . 1 1 s t  /(.) u t L  t k e ~~y i r e - m - n t s .  The- I ol low ing components ma ke
u p  t s - c  AU D I !’ syst - - am :

- Au o l i ° s - s - o l e - sour cc- cod’- s- of t w o r e -
2. Roll c a l l  mod e S O U t  0 -c- code- soft wa r s -
3 .  P t  oo q t am - ;E S L I S T  s-n d  c l o t -a
~~~ . Pr o t t  om GRAPH an - I d a t  a

. C a t  i a n - i s -  p t  ‘-cis i on f u n mct ion sH .o pr (0 - 3 1 ams.
For ‘ l i e -  ‘ m r  o s - s - - s  of t i m  is o to cu rn e - n t i t  is a s s u m e d  t h a t  t h e  a s - i l L t
uL- . i t o l l  L i i i  m o n l e -  s - o u r  c c -  s-ed ’- s o f t w a r e  is sto re-h on taoc- as
- —so s o u r c e -  I nh -u , and t h , 0 t t he ot h e r componen ts exist in t n e
I s - t m  o f  c a r  ci d e c k s .  The  t o l l  c a l l  s o u r c e -  so t  s- wa r e  cons  i s t S  of
su i t s-u ° in c- s MPA RE , M O D I D , and ROLC H K - The  a u d i t  o n u s - ’ -  s o u r  c’ .
so t  w~~r - cons  i s t s  of  a l l  t he- p r o g r ams d e s - c r  ibe:- d m n  S e ct  i on
~~~ .I  ( e x c l u d i n g  Q 1 C O M K , .JDPRE , )IREAL , ROLCAL , CNIPARE , MODID ,
- m d  R O L C I 1 F ~ ) . U s - f or c- t he :  AU D I ’I ’  S y s t e m  c a n  b e - execut - - ( i  , p t  0
nra , r: s SESLIa as-cl I, RA PU m u s t  crea t e the Inter fan -c- D efinition
d c  and th e - synt ax j r coph file , r espect ivci l y’ . The u s e r  t h e n

s - p c - c i t  ic- s ~ie s - two I il e - s - as input to the au -i i t  mode  s o f t w a r  - o
-is-Q i n p u t s  he  s -p t  i o n s  c a r  ii ( m u s t  foe card inpu t ) -a nd I n s . - sof s-_
w a r e  ~o be . - e x a m i n e - u  ( m u s t  be card , tap ’- , or aisk input). If
‘ ti c - var is - n i e - n t  cc is Hrc mode is sd -- n- t e d , t h e  v a r  i-a r ’ le  p r e —
c i 3 i o n  f u r ’mc ~ ion subpr og r ams ( o r  the hit configurations
O - S i t e - U )  -a r e  t h e - n i n p u t . The c o n t r o l  c a i d s  - a rc : -  a l l  t h a n  r e m a i n
~~O e:~o - - c u r  e ’- th e - AuD I’r syst em.

cle h e: /\UDI’I’ s y s t e m  ~s e x e c u t e d  i n  t h e  b :mt c -~ m
‘noodl e. As sta ° c-- i in :-;,‘ -ct ion 4.1 , it is assumed that th e - a u - i t t
a rm - : r o l l  c a l l  m s - o l e -  s o u r  c’ s o f t w a r e -  i s  s or c d i  On ta~. e’- as ‘ we-
co ns - -cut iv ’- f i l e s  ant i tim _ i t all ot h e - i  c o m p o n e n t s  a r e  i n  the
fo r or - of car o r  s-e-cks. ‘J im i s  n - c d n o t  b e -  t i m e -  c as e , i s - u t  t o t  t he

pose-s of ‘-xpla inin g - 1  p o s s i m o l e  o p - - n  s - t i n - n  pr  o o o : ’ - o i u t  c’s ,
t tois corm s - ’ r u c t  is assumed . It is also ass-inced that a l l
p e r  ‘r a n t - n t  I i l e - u  g e - n c r o t  c - - i  b y  t h e ’- A U D I 1  c o m p o n e n t s  i r e  s t o r e s -
-a s -  - . i t ~~~K t i l e s .  It w i l l  t o e ’  e a s y  t o o t  t h e -  us’.- r to adapt to o
o, t h - - n  p lo -/s m c :o 1 m ’ - - r  turns if ho- shal 1 so choose.

J ’h e - c o n t r o l  c a r d s  n e - c - c l - o f  t o execute all possibl e opt ion::
of i c -  A L D I J  s y s -t  c - r n  w i l l  b e - I i st s o t  ,r;a descr iho ’ O for t-he
t o i l s ~ mn y t hr ce pt ( c c - - s - s o t  s:

I) CDL e r J rJ eJ s - e r  i e -s , SCOPE 3 .4 s-p~ - r  at ing sys t 9m
2 )  U -~l CRC 11u8 , f- X E C— d oper a t  m y  syst
3) I B M  i b O , m a S — i b u  op ’ -r  a t  i n cj  s y s t  ‘-rn : .

For ‘- - is - ti poss tb - ic s-pt ton , only Cal umn 1 and Cal m i t -n ~ oi t h--

op° ton s -Ia ’ i car - i ar ‘ -  (1 r o e - - m s - s e- h .  ‘l’ h c - f l o w  a n a l y s i s  mode  may
s - c -  ~ e - l e - c t c - d  f or uny au-I i t  mode- , r o l l  c a l l  mode , o r vat ja i l s-

f 

p r ‘-c is i on n e - el ’ - , - m d  is control b - h  by Cs - i m rmn s- of t h o - opt. ions
Cs -I s- . It o ’ -  AN: ;I n a- ne- c- h e - c - k  m a y a l s o  he s - e- l ’ - c t e ’d f o r  a n y  mode,

IS COnG to! 1 --i by C o l L r r n n  13. If th ’- v at t~o fol e pr c- ci s i co n
m no ode-  is s i l o - c t - - h  s-nd the ’ c xecirtaf , l c- pr oy r am r e q u i r e s  ¶ o r -  or

j
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~n i ~~ c r , o ’ j , S o . l ch  i s - ’ s- r u s t  - c -  r n _ m o l e -  a v ,a i L s - l e  C u  t~~ e pr - - 3 r  -am
e-y  i s- S d ~~ifl rid he c o l o U r  o p t  c c ’ r- i n p u t  I c i - : . I ’h ’ -  f i i ’ s -  ni . m s~

- 
-

- - -s s-rid l o t  OoCll i - - c o o t  o ~ut Ci t l mtr e X e . s - U ’ e e l .

I t  is - r t f . f i c s - I t  t o  s t a t e  p r e c i s e -  i m i n - i  e s - ’ Lrn u t e .-s of
‘ f l  v - J r b U S  -\UDH o p t i o n s .  I t  i s  i c - S t  ‘ s -  I c t S t  analyz e a
! e - .- s u m o n i  ouj i s -m i s- U :-; i n -i the var ions O r t  ions as-cl t h e -n USe: those
• i i :c~s a~ a ~-~a s--:- t o n  [u~ c i t e -  r u n s .  -The o n l y  o pt  i - s - n  t h a t  m a y

im e c s - n o u n  i r o - ~ is h e f low analysis ms-ce , whe t e ,- t t m e -
. 5 o i e s - e - f l u r c - : t on the nu m l-- -r of ~ I t hs. For s u i o p r  o gr  air s t ha t
S o V e  p~a ’ o s  Lfla t numb s-- n in t t i e  t h o u s a n d s , i. t ma’; s-i bet ’ t - t

‘0  m s - i ’ ‘ I ~ f l 0 0 0 i c t m ’ c -  M w  a n a l y s i s .  O n l y  by C r i a l  a n d  e r r o r
w i l l  ci u s  - ‘s - - b e  t o  - j et s- f e e l  i ng  f a t  t h e ’- a m o u n t of t c m ’ :
n I - i  o ‘-xecm o t e- . ~ ben r u nni n - j t h e :~ va n i a b l e : - p recision mod- - ,
‘t i e u s - ’ - t s h o u l d  h a v c -  an  es’ im a s- r- a t  t s - -  - -x e cu s- ion t ime of th-
p r o - r i  -~ ifl t O r o e -  a r c . o l y z ” - o i . T h e - n  for ai 1 the b m c  c o n f i g u r a t  i o n s
‘0  I - c  s - n u l y z e - o i , C h e ’ uss r sh o ui oi a llow - -n c - ju l t ime  to  e x e n -u s- ’?
r h ,. on o g n  am e h s  i - - s i n e - o f  nu rni - e -o of imes (in eJ d i t  ion to t h e

- t i r i s - - ) . 1 im in -j e s ’  i - f l a t  e - ;; w ’ t s - com nu ute-d for some 01 t ro e
s- - r aiIm s 1 t s - -d  i n A - - nd i X A - ‘Jo 

~~~~~
- r f o to n t b - :- a u . n L t mode

or  ‘ r o e- r n - i t s -  p r u n t i o m  S,-~G-d- , t h e e x t r a o r d i n a r y  subtou s - ine
IUOU’F , an on ~~~~~~~ B L e - c i-c U I-G A su t js-- r s - - j r  Corn , j o  ‘oak about 5.0 CPU
:c~cu s- o I S on t h e -  Cs -C  o 4 0 0  an - f t h -  O 5I~~AC l10 -~ and 2. a seconds
on i : I c -  . Lt’- . 3 - - U .  To pc.- r f o rm ‘ h’s- r o l l  call c s - o l e  tot subt out cne
A !’NLGA , m ’ - os-c  about sO .0 CPU seconds for t h e -  CDC 6 4 0 0  and

i s -  ‘ .I ’CAC h U b  Ci fl ’i 1 4. ’) s e c o n d n s t o t  the INN is -U .

-- -- ~~~u. Th e c o n t r o l  c - i r is l i s t e d  in t h i s  se-c s- ion
co r e- - J o  m c i m - l e  0 0 t i m e  SCOPE 3 .4 operat m y  system. App r opt ia t e
n o o s - i f  ic - a n i o n s  a r e : -  e a s i l y  ro . o d e -  f o r  d i i  f e r  e n s -  o s - ’ e - t  a t  i n - j  s y s t e m s .

-
~ - . 1 . 1 In i t i a I F il e-  Cr s-at ion. t i m e -  f o i l  ow i o u  f our t t 1 - -s
m u s t  n - -  cr - - -iC ed i s - m o  t i l l y:

I - I n~ - - t f ace:- Ice - I i n  i~ i - e n  I i i s-
2. S;ro t~ i~: graph f i l e -
3 .  A r - s o l u t e  o i n a r y  - i ’ - r s m o n  of the a m u i t  mo - i - - source-

se- f ‘ w o l
4. kc- l oc a t  able b i n a r y  version of the- r o l l  c a l l  mode

s ource- so ft W - . m t  e -

To c r - a t e  t 1 o -  1 n t -r f ac e - D e - l m n i ~ ion f i l e - , e xec u te p rog r am
S h S L i : - , 1’ inc s- i t o b o o . j u e -  t h e  O u t p u t  e l s  w i t h  a p e r m a n e n t  f i l e
r e - s - m i L e -  of . l b -F ILl- ,. 10 e r - - m t  c -  t h e  s y n t a x  y r  aph f tie , ex e cu te-
pi e- . j t s-rn GRAP h is-h c a t s - I  0 gw -  I i r e ’  Out pu t I t i e -  w i t h  a p . r  m a r i e - n t
1 ile- i r s - r ime of s-Y-c ’I’A xGRAPII . I i o e -  a u d i t  t o i s - i t v vets ion ( P F N =
A U DI ’l ’UIU) ur n - I t h e -  r o i l  call b i n a r y  v— t S i s - n m (PFN ~~ROLLCALLBIN
a t  s- C r ‘ - c t  e s -  f t  - s - Tm h e -  s - O U r s - c -  l . i b p l e - i l  t a p e  ( L = A I J D I T S O U R C E )

h e -  f o b  I - - w i n g  c s -n t  r o t  c a r d s :

1 . :;t s-d ,s- SCul l d e s -- c a r - i  ( r -gUeSt m y  CM1 3UU UU , M T1 ,
s - n m - i  T I O U  I

- 5t ~n d o r  -i SC OP E  el m i t  g e  s - a r o f

i. V c - s - ( ’ l ’A l’E’SI -S oil =S L OTXX ,

84

- -S’-- ’ - - ‘ ___



4. LAI3LL (’FAPE , L=AU DI-I-SOURCE , R) (NORINC - N E s U l / S I u ’ 1 - :~: x )
3. RE-~o m ’I-~ST( AUI), *PF )
to . :- ‘~~ E ST ( R L C L , * P F )
7 - C O I ° ’ O B F  ( ‘ V A l E , A U D I T )
ti . COPYB FCTAPE ,R O L L )
a . RETURN ( TAPE)

1 0. kl~~INI ) (ALDlT ,ROLL)
11 . RVL(7 00UO )
i~~. F e l N ( 1 = A U D I F , B = A U D B I N , L = U , O P I = ~~ )
13. F’FN (I= ko)LL ,B=RLCL ,L=O ,OPT= 2)
14. CATAL OG(RICL ,RoLLCALLBTs -, 1D=xxXx ,--~c=xxxxx .’:x :<x :-~)
i - . R F L ( 1 3 0 0 0 0 )
l b .  L U A D ( A I J D B I N )
17. NOGO(AUD)
18. C A T A I - ( A U D ,A U D I T l3 I N ,ID=~~X - - ,A C=~:xX .-- .~~~\:•,~:)
19. t , / 7 / 8 / 9  E n s - - o f - f  i l e

E X P L A N A t I ON OF C A R D S

3.—4 . M int . AUDIT sour cc; s - C o p -’ - . Nos-’:- t h a t  ~h e- ,:c’ c a r s - s  n a y

Los - - i n s t a l l a t i o n  d e p e n d e n t .
‘).~~ro. Reques t permanent fi l e  devic e - s for  f i l e s .
7.— a . Cop-7’ s ourc e- I il e - :: fr om tape to tem p or a n y  dis K f i l e - s

and release t a j e ’- .
12 .—l i . Comp ile audit and r o l l  cal l Sou tce. N ote t h a t i f  a

l i s t  i n g  of the soul C - :  is - l s - : : i r s s f , s -mi ’ L=0 .
14 . C-i ’ a l - ’ og the r o l l  call mo -ic prog r ams in r eb oca t -ar le

s- m a r ; t o r n .
i s , .  L-i . eo .. I t h t:- t e l  ocat  a l - i c  b i n a r y  f i l e .
Id . Ca ’alog the audi t p r o g r a m s  in - :ofosolute b i n a r y  form.

4 .s.1 .2 E xecu te - Audit Mod e_ from C a t s - : .  If t h e  software t o f ~~
e x a m  m e d  is  on c a r o l s , ‘ i s - - -  l o l l  ow m n - )  o ; - s - u e n c e  of - ‘ 

~~~j ds is -use-h
to c.-xe cut - -  the audit mo - i - - .

1 . St andard SCOPE Job card (LMI30000 )
2. S’and ,m:d SCOI-E char g e - card
3. AT’I’ACI-I (TAPI- 4 ,IDFILE ,ID=XXXX
4. ATTACH (TAPEI9 ,SYN’I’AXGRAPII ,ID=XXXX )
5 .  1’CI”P/0(.’ j l ( A I . D ,A U D I T B I N , ID X X X X )
c AUD.
7 .  7/b / a  E n d — o f — r e c o r d
d .  Opt  m o n s  c u r d
9. S o f t w a r e -  to i . e e x a m i n ’ - d

10 . 6/7/8/9 E n d — o f — f i b ’ -
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E X P L A N A T I O N  OF_ CARDS

i. — 4 .  A t ~~~~ch inpu t t i l e s .

) . — b .  A~~t~ich and execute audit ~bsol u tc b i n a r y  f i l e .
O~ t ions ca! i is punched with a 1 in Column 1 and a 5
i n  Co l umn .

A t lea~;t one p r og r am unit is needed . Only one main
proq l jm is permitted .

~~~~~~~~~~ E xecu te  Aud it Mod e from Sequential Disk or Tape File.
A ;

~~~ueri~~ial  f i l c ~ m ust contain at least one p og r am unit. If
t h v r e  is mo r e than one prog r am unit , all prog r am units must
~~e consecut ively stored without any embedded end—of— r eco rds

~etween prog r am units. Only one main prog r am is permi t t ed .
It the so ftwa ir ’ to be examined is on a sequential disk fil e ,
the following sequence of ca rds is used to execute the audi t
mode.

1. — ’ . ~~~~ ~rs 1— of Section 4.2 .1 .2
tj .  A T T A C H ( T A P E 7 , PFN , ID=XXXX)

7 .  A U D .
8. 7/8/9 i~n d— o f —r e c o rd

9. Options card
1 0. 6/7/u;9 End—of—file

EXPLANATION OF CARDS

o .  PFN is the name of the permanent file on which the soft-
ware to he examined resides.
Opt ions card is punched with a 1 in Column 1 and a 7 in
Col umn 5.

If the sof tware to be examined is on a sequential standard
SCOPE lahelea tape file , the following two cards replace Card 6.

ôa. vSN(TAPE7=vRNO)

6b. L A B E L ( T A P E 7 ,L= NAME ,R )  ( V R N O / N O R I NG)
where VRNO is the visual re el number of the tape , and NAME is
tte tape label name. If the software to be examined is on a
seq uent i a l  st r a n g e r  t ape , the following two car ds replace Card 6.

6a. VSN (TAPE7=VRNO)
6b. REQUEST(TAPE7 ,DEN ,T Y P E )  (VR NO/NO R I N G )

whe r e DEN is HI , HY , o r HD (~~56 seven track , 800 seven t rack ,
and 800 nine track , r espectively) and TYPE is S or L (S for
recor d si ze 512 words and L for r ecord size ~s12 words).

4.2.1.4 Execute Audit Mode from Update Disk or Tape File.
‘The update file must contain at least one prog r am unit. Only
one m ain prog r am is permitted per execution. If the software
to be examined is stored on an update disk file , the following
sequence of cards is used to execute the audit mode.

8b
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1. — S . Same as 1—5 of Section 4.2.1.2.
6.  A T T A C H ( OLD PL , PFN ,ID=XXXX )
7. UPDATE(Q,C=TAPE7)
8. AU D .
9. 7/8/9 End—of-record

10. ~C DECK1 , DECK2 , DECKn
11. 7/ 8/ 9
12. Op t ions card
1 3. 6/7/8/9 End—of—file

E X P L A N A T I O N  OF CA RDS

6. PFN is the name of the permane nt file on which the software
to be examined resides.

7. Call the update u tility to select the decks from the update
file that the user wishes to examine . If the user wishes
to examine all decks on the update file , r e p l a c e  t h e  Q w i t h
an F .

10. DECK1 , DE C K 2  , DE C K n  a r e  t h e  s p e c i f i c  d e c k s  to be
examined . If an F is on the update card (Card 7), omi t
this card.

12. Options card is punched wi th a 1 in Column 1 and a 7 in
Column 5.

If the sof tware to be examined is on an update labeled
tape file , the following two cards replace Card 6.

6a. VSN(TAPE7=VRNO )
6b. LABEL(OLDPL , L= NAME , R )  ( V R N O /N O R I NG )

where VRNO is the visual reel number of the tape and NAME is
the tape label name . If the software to be examined is on an
update stranger tape file , the following two cards replace
Card 6.

6a. VSN(TAPE7=VRNO )
6b. REQUEST (OLDPL ,DEN ,,TYPE) (VRNO/NORING)

whe r e DEN is HI , HY , or HD (556 seven track, 800 seven track ,
and 800 nine track , respectively ) and TYPE is S or L (S for
record size 512 words and L for record size>5l2 words).

4.2.1.5 Execute Audi t Mode and Roll Call Mode from Cards.
When the roll call mode is selected , the audit mode genera tes
a revised roll call program file for the program unit being
examined . Therefore , the roll call mode must be executed ,
along with the audit mode , once per program unit. If the
software to be examined is on cards , the following sequence
of cards is used to execute the audit mode and the roll call
mode for a single program un it.

1. Standard SCOPE Job card (CM130000)
2. Standard SCOPE charge card.
3. ATTACH(TAPE4 ,I D F I L E ,ID=XXXX)
4. ATTACH(TAPE19 , SYNTAXCRAPH , ID XXXX )
5. ATTACH (AUD ,AUDITBIN ,ID=XXXX)

-t -
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6. ATT A CH(RL C L ,ROLLCALLBIN ,ID=XXXX)
7. AUD.
8. FTN(I=TAPE8)
9. LOAD(RLCL)

10. LGO .
11. COPYSBF (TAPE 13)
12. COPYSBF(TAPE 14) Used only for a value of 2 in
13. COPYSBF (TAPE 15) Column 1 of options card.
14. 7/8/9 End—of—record
15. Options card
16. Software to be examined

17. 6/7/8/9 End—of—file

EXPLANATION OF CARDS

3.—4. Attach input files.
5.— 6. Attach audit and roll call binary.
7. Execute audit binary.
8. Compile the revised roll call program file.
9.— b .  Load the roll call binary and the revised roll call

program file and execute.
l1 .—1 3. Display information written on output devices X , Y ,

and Z by the program unit being examined . These
cards are only used when Column 1 of the options card
contains a 2.

15. Options card is punched with a 2 or 3 in Column 1
and a 5 in Column 5.

16. Software must be a root program unit of a module.

The following sequence of cards (which includes cards
identified in the previous sequence) is used to execute the
audit mode and the roll call mode from cards for more than
one program unit.

Ca rds 1—6
Cards 7—13 (for program unit 1)
REWIND ,LGO~ (for program unit 2)
Cards 7—13)
REWIND ,LGO .~ (for program unit 3)
Cards 7—l3~~

(for additional prog r am units)

7/8/9 End—of—record
Options card
Program unit 1
7/8/9
Options card
Program unit 2
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7/8/9
Options card
Program unit 3
7/8/9

(for additional program units )

6/7/8/9 End—of—file

4.2.1.6 Execute Audit Mod e and Roll Call Mod e from Sequential
File. If there is more than one program unit on a sequential
tape or disk file , the audit mode can be executed only i f  t h e r e
are end—of—record marks between program units. Since this way
of storing source code is not typical , a d e s c r i p t i o n  of the
control cards needed to execute the audit and roll call mod e
is not provided . The user who wants to do it this way may
constr uct the control cards by following the control card log ic
given for executing from cards or an update file.

4.2.1.7 Execute Audit Mod e and Roll Call Mod e from Upd ate
Disk or Tape File. When the roll call mod e is selected , t h e
audit mod e generates a revised roll call program file for the
program unit being examined . Therefore , the roll call mode
must be executed , along with the audit mode , once per program
unit. If the software to be examined is on an update disk
file , the following sequence of cards is used to execute the
aud i t mod e and the roll call mode for a single program unit.

1. Standard SCOPE Job card (CMI30000 and MT1 )
2. Standard SCOPE charge card
3. ATTACH(TAPE4 ,I D F I L E ,ID=XXXX)
4. ATTACH(TAPE19,SY N T A X G R A P H ,ID=XXXX )
5. ATTACH(AUD ,A U D I T B I N , ID=XXXX )
6. ATTACH( RLCL ,ROLLCALLBIN , ID=XXXX)
7. ATTACH(OLDPL , PFN ,ID~ XXXX )
8. UPDATE(Q,C=TAPE7)
9. AUD.

10. FTN(I=TAPE8)
11. LOAD (RLCL)
12. LGO .
13. COPYSBF’ (TAPE13)
14. COPYSBF(TAPEI4) Used only for a value of 2 in
ID. COPYSBF(TAPE 1S) Column 1 of options card.
16. 7/ 8/9  E n d — o f — r e c o r d
17. *C DECK
18. 7/8/9
19. Options card
20. 6/7/8/9 End—of—file
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EXPLANATION OF CARDS

3. —4. Attach input files.
5. — 6. Atta Lh audit and roll call binary.
7. PFN is the name of the permanent file on which the

software to be examined resides.
8 .  Call the update utility to select the deck from the

update file which the user wishes to examine.
9 .  Execu te audit binary.
10. Comp ile the r e v i s e d  r o l l  cal l  pr og r am f i l e .
ll .—1 2. Load the roll call binary and the revised roll call

prog r am file and execute.
13 .— iD . Display information that has been written on output

devices X , Y , and Z by the prog r am unit being analyzed .
These cont rol cards are only used when Column 1 of the
opt ions c a r d  conta ins a 2.

17. DECK is the specific prog ram unit to be examined . It
mus t be the r oot program unit of a module.

19. Opt ions car - d is punched w i t h  a 2 or 3 in Column 1 and
a 7 in Column 5.

The following sequence of cards (which includes cards
iden tified in the pr evious sequence) is used to execute the
aud i t mod e and the roll call mod e from an update disk file for
mor e than one prog r am unit.

Cards 1—7
C a r d s  8— 15 ( f o r  p rog r am unit 1)
REW IND ,LGO . ( f o r  prog r am unit 2 )
Cards 8—15
R E W I N D ,[JGO . (for prog ram unit 3)
Cards  8— 15 } (for additional prog r am units)

7/8/9  E n d — o f — r e c o r d
*~~ DECK 1
7/ 8/ 9
Opt ions card
7/8/9
*~~ DECK2
7/8/9
Options card
7/8/9
*~~ DECK3
7/8/9
Options card

(for additional prog r am units)

6/7/8/9 End—of—file
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If the software to be examined is on an update labeled
tape file , the following two cards replace card 7.

7a. VSN(TAPE7 VRNO)
7b. LABEL(OLDPL , L= NAME ,R )  ( VRNO /NOR ING )

where VRNO is the visual reel number of the tape and NAME is
the tape label name . If the software to be examined is on an
update stranger tape file , the following two cards replace
card 7.

7a. VSN(TAPE7~ VRNO )
7b. REQUEST(OLDPL ,DEN ,T Y P E )  ( VRNO /NOR ING )

where DEN is HI , HY , or lID (556 seven track , 800 seven track ,
and 80 0 nine t r a c k , respect ive ly)  and TYPE is S or L (S for
record size <512 words and L for record size >512 words).

4.2.1.8 Execute Audit Mode and Variabl e Precision Mode from
Cards. The variable precision mode processes an entire
executable program. If the executable program to be examined
is on cards , the following sequence of cards is used to execute
the audit mode and the variable precision mode for a single bit
configuration .

l.—6. Same as 1—6 from Section 4.2.1.2
7. FTN(I=TAPE8)
8. FTN(B=VPLIB)
9. LOAD (VPLIB)
10. LGO .
13 . 7/8/9 End—of—record
12. Options card
13. Executable program (without data cards)

14. 7/8/9
15. Variable precision function subprograms

16. 7/8/9
17. Data cards for executable program

18. 6/7/8/9 End—of—file

91

_ _  _ _ _ _ _ _ _ _ _  
.4

- _fl— - -. -S..-—.— ~~~~~~ —— - — 
- . p



E X P L A N A T I O N  OF CARDS

7 .  Comp ile the revised va r iable pr ecision program file
which is generated by the audit mode. This file
conta ins r e f e r e n c e s  to the var iable pr ec is ion
function subpr og r ams.
Compile the var iable precision function subprog r ams.

.— 1U. Load the var iable precision function subpr ograms and
the revised var iable precision prog r am file and then
execute.

12. Options card is punched with a 1 in Column 1 and a
5 in Column 5.

13. Executable prog r am (without data cards) must contain
a main program .

15. Three variable precision function subpr og r ams (Q1REAL ,
Q1DPRE , and QICOMP) for the particular bit configu-
ration desired .

17. Data cards for executable pr og r am . If additional data
is on tape or disk , the user must make such data
available to the executa ble pr ogram .

The follow ing sequence of cards (which includes cards
identified in the previous sequence) is used to execute the
audit  mod e and the va r iable pr ec is ion mod e f r o m  c a r d s  f o r m o r e
than one b it con f i g u r a t ion.

Ca r d s  1—7
C a r d s  8— 10 ( f o r  va r  iable p r e c i s i o n  funct ion sub-

pr ograms 1)
REWIN D ,VPLIB.~ (for var iable pr ecision function sub—
Cards 8—10 ~ pr og r ams 2)
R E W I N D ,VPLIB. (for var iable precision func tion sub—
C a r d s  8— 10 pr ograms 3 )

~ (additional var iable precision function
subpr og r ams )

7/ 8/ 9 End—of—r  ecor d
Options card
Executable pr og r am (without data cards)

7/8/9
Var iable precision function subpr og r ams I
7/8/9
Data cards for executable prog r am
7/8/9
Var iable precision function subpr og r ams 2
7/8/9
Data cards for executable pr og r am
7/8/9
Var iable precision function subpr og r ams 3
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7/8/9
Data cards for executable prog r am

~ (additional va r iable precision function
subprog r ams)

6/7/8/9 End—of—file

4.2.1.9 Execute Audit Mod e and Var iable Precision Mod e from
Sequential Disk or Tape File. The var iable pr ecision mode
p r ocesses an en t ire executable p r og r am. If the execu table
p r og r am to be examined is on a sequen t ial disk file and da ta
is on cards , the following sequence of ca rds is used to execute
the audit mode and the var iable pr ecision mode for a sing le
b i t configuration.

1. —S. Same as 1— 5 from Section 4.2.1.8
6. ATTACH (TAPE7 , PFN ,ID=XXXX )
7. AUD.
8. FTN(I TAPE8)
9. FTN(8=VPLIB)
10 . L O A D ( V P L I B )
11. LGO .
12. 7/8/9 End—of—record
13. Options card
14. 7/8/9
15. Var iable precision function subpr og r ams

16. 7/8/9
17. Data cards for executable prog r am

18. 6/7/8/9 End—of—file

E X P L A N A T I O N  OF CARDS

6. PFN is the name of the permanent file on which the
executable pr og r am resides.

7. Execute the audit binary.
8. Compile the revised variable precision prog r am file

which is generated by the audit mode . This file
contains references to the var iable precision function
subpr og r ams .

9. Compile the var iable precision function subprog r ams .
10.—Il. Load the variable precision function subpr og r ams and

the revised var iable precision prog r am file and then
execute.

13. Options card is punched with a 1 in Column 1 and a
7 in Column 5.

- 
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is . Thr ee var iabl e precision function subpr ograms ()1REAL ,
.~1DPRE , and QIC OMP) for the p a r t i c u l a r  bit configu—
at i o n  des ii

The following sequence of cards (which includ es cards
t d ent if iea in the previous sequence) is used to execute the
au dit mode and the var i3ble precision mode from a sequential
disk file (executable pr og r am on file and data on cards) for
mo r e t ha n on e b i t  co n f i g u r at i o n .

Card s 1—8
C a r d s  9—l i ( f o r  var  iable p r e c i s i o n  funct ion sub-

p r o g r ams 1)
R~~~IND ,VPLIB. (fo r var iable precision function sub—
Cards 5—l i prog r ams 2)
REWIND , VPLI B (for va r iable precision function sub—
Ca rds 9—li pr og r ams 3)

~ (for additional va r iable precision
function subpr og r ams )

7/8/9 E n d — o f — i  ecor d
Op t ions card
7/8/9
Va r iab le precision function subprograms I
7/8/9
Data cards for executable prog r am
7/8/9
Vat ia ble precision function subpr ograms 2
7/8/9
Data car d s for executable prog r am
7/8/9
Var iable precision function subpr og r ams 3
7/8/9
Data c a r d s  for  executab le pr og r am} (for additional var  iable precision

f u n c t ion su bpr og r am s )
6/7/8/9 End—of—file

If the executable program is on a labeled or a stranger
sequential tape file , substit uLe two cards for Card 6, as
aescr ibed in Section 4.2.1.3.

4.2.1.10 Execute Audit Mode and Var iable Precision Mod e from
Update Disk or Tape File. The var iable pr ecision mode pr ocesses
an entire executable prog r am . If the executable pr og r am is on
an update disk file and data is on cards , the following sequence
of cards is used to execute the audit mod e and the var iable
pr ecision mod e for a single bit configuration .

i. — 5. Same as 1—5 from Section 4.2.1.8.
6. AT’rAcu(oLDPL , PEN ,ID=XXXX)
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7 .  U PDA T E ( Q ,C=TA PE7)
8 .
9. FTN(I=TAPE8)

10. F’TN (B=VPLIB)
11. LOA D(V P L I B )
12 . LGO .
13. 7/8 9 End—of—record
14. *C DECKI ,DECK2 ,DECKn
iS. 7/8/9
lb. Options Card
17.  7/ 8/ 9
18. Var ia b le precision function subp r ograms

19. 7/8/9
20. Data c a r d s  fo r  execu tab le  p rog r am

21. 6/7/8/9 End—of—file

EXPLA NATION OF CA RDS

6. PFN is the name of the permanent file on which the
executable prog r am resides.

7. Call the update utility to select the decks from the
update file which make up the executable p r og r am .
If the executable program consists of all decks on
t h e  upd a te f i l e , r e p l a c e  t h e  Q with an F.

8. Execute the audit binary.
9. Comp ile the revised var iahle pr ec ision prog r am file

which is generated by the audit mode. This file
contains references to the va r iable precision
function subpr og r ams.

10. Comp ile the va r i ab le  precision function subpr og r ams .
ll .— 12. Load the var iable pr ecision function subpr og r ams

and the revised va r iable precision prog r am file and
execute.

14. DECKI ,DECK2 ,DECKn are the spec i f i c  decks that
make up the executable pr og r am . One and only one
deck must be a main pr og r am . If an F is on the update
card (card 7), omit this card.

lb . Options card is punched with a 1 in Column 1 and a 7
in Column 5.

18. Three variable precision function subpr og r ams (QIREAL ,
Q1DPRE , and Q1COMP) for the particular bit configu-
ration desired .

20. Data cards for the executable prog r am . If additional
data is on disk or tape , the user must make such data
available to the executable prog r am.
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The following sequen ce of card s (wh i ch i ncludes cards
i dent if ied in the previous sequence) is used to execute the
] U ( i i t  mode and the varia b le prec i sion mod e from an upda te
disk t i l e  (executu ~~le pro g ra m on f ile and data on cards ) for
m ore t h an one b i t configura t ion .

Car ds 1—9
Cards 10— 12 (for variable precision functi on s b -

programs 1)
REWIND ,VPLI B (for variable precision function sub—
Car ds 10—12 programs 2)
REWIN D ,VPLI B (for variable precision function sub—
Cards 10—1 2 programs 3)

~ (for additional variable precisio n
function subprograms)

7/8/9 End—of—record
Cards 14—16
7/8/9
Variable pr e cision function subprograms 1
7/8/9
Data cards for executable pro g ram
7/8/9
Variable precision function subprograms 2
7/ 8/ 9
Data cards for executable prog r am
7/8/9
Variable precis ion function subprograms ~
7/8/9
Data cards for executable program

~ (for additional variable precision
function subprograms )

6/7/8/9 End—of—file

If the executable program is on a labeled or a stranger
update tape file , substitute two cards for Card 6, as described
in Section 4.2.1.4.

4.2.2 UNIVAC 1108. The control cards listed in this section
are applicable to the UNIVAC 1100 series with EXEC— 8 operat in~,
system .

4 . 2 . 2 . 1  Initial File Crea t ion .  The follow ing four files must
be c rea ted  in i t ia l ly :

1. Interface Definition file
2. Syntax graph file
3. Absolute binary version of the audit mode source soft-

ware.
4. Relocatable binary version of the roll call mod e

source software.
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To creat e the Interface Definition file , execu te pro g ram
SESLI ST and ca talogue the ou tput f i le w it h a f i le name of
I DV1L E. To create the syntax grap h f i l e , execu te program
GRAPH and cataleque the output file with a file name of
SYNTAXGRAP H . the audit binary version (with a file name of
AUD ITBIN) and the roll call binary version (with a file name
o f ROLLCALLBIN) are created from the source unlabeled tape
(with a t ile name of TAPE) using the following control cards:

1. Standard EXEC—8 Job card
2. -~ASG ,TJ TAPE.,8C ,AU D IT
3. JASG ,UP AUDITB I N .
4. -~ASG ,T COMPILE.
5 . JASG ,T AUD ITPL .
6. dASG ,T RLCL.
7. ~~~~~~~~ ROLLCALLBI N.
8. @ASG ..T AUDIT.
9. dCu py ,G T A P E . , COMPILE .

10. JCOPY ,G TAPE.,AUDITPL.
11. @COPY ,G TAPE.,RLCL.
12. ~ADD COMPILE.
13. @MAP ,SIX ,AUD ITBIN .AUD
14. IN AUDIT.
15. dF OR RLCL.ROLCHK ,ROLLCALL BIN .ROLC HK
16. @FOR RLCL.CMPARE ,ROLLCALLBIN.CMPARE
17. @FOR RLCL.MODID ,ROLLCALLBIN.MODID
18. @ F IN

EXPLA NATION_OF CARDS

2. Mount AUDIT source tape .
3 . A ssign a ca talog ued file for the aud i t mode absolu te

binary.
4. Assign a tempo rary file containing @FOR cards to

comp ile the AUDIT sou rce .
5. Assign a temporary file for the audit mode source.
6. Assign a temporary file for the roll call mode source.
7. A ssign a catalogued file for the roll call binary.

Assi gn a temporary file for the audit binary.
9. Copy t he @FOR cards  f rom tape .

10. Copy t he andi t  mode source  f rom tape .
11. Cop~ the roll call source from tape .
12. C mpi le the audit source.
l3.— 14. Call the MAP processor to create an absolute binary

aud it  i,od e f i le w i th  a name of AUDITBIN.
l5. - 17. Comnile the roll ca l l  mode source  ani c r e a t e  a

binary roll call mode file with a name of ROLLCALLBIN.

4 . 2 . 2 . 2  Execute Audi t  Mode f rom Cards.  If the software to be
examined is on cards , the fo l lowing sequence of cards is used
to execute the audit mode .
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1. Standa rd  EXEC — 8 Job c a r d .
2 .  , tA SG ,A IDFILE.
3. ~/\SG ,A SYNTAXGRAP II .
4. -~ASG ,A A UDITBIN.
5. @ US E 4 . ,IDFILE.
6. dUSE 19 .,SYNTAXGRAPH.
7. ~JXQT AUD ITBIN .AUD
8.  Opt ions ca rd
9. Softwar e to he examined

10. ~F I N

E X P L A N A T I O N  OF C A R D S

Ass ign input files.
4 . Assign audi t binary.
5 .— 6 .  Ass ign log ical units to input f i les .
7 . Execu te  the aud i t  b inary.
8 . Opt ions c a r d  is punched w i t h  a I in Column 1 and a

5 in Column 5.
9. At least one program unit is needed. Only one main

program is permi t ted .

4 . 2 . 2 . 3  Execu te  Audi t  Mode f rom Disk or T~~ e File. The file
to be examined must contain at least one program unit. Only
one main program is permitted . If the software to be examined
i s on a d is k or a tape SD F f o rma t t ed  f i le  ( s o u r c e ) ,  the
following sequence of cards is used to execute the audit mode.

1. Standard EXEC—8 Job card.
2.  dASG ,A IDFILE.
3. @ASG ,A SY NTA XGRAPH.
4 . @ASG ,A AUDIT BIN.
5. Assign disk or tape with a file name of AUDF ILE.
u .  @USE 4.,ID~’ILE.
7. @USE 19.,SYNTAXGRA PH .
8. @USE 7.,AUDE’ILE.
9. (

~XQT AUD ITBIN .AUD
10. Opt ions card ~~1

11. @ FIN

E X P L A N A T I O N  OF C A R D S

5.,8. AUDFILE is the f ile name on which the software to
be examined resides.

10. Options card is punched with a 1 in Column 1 and a
7 in Column 5.

(See Section 4.2 .2.2 for an explanation of the other cards.)
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It the software to he examined is on a disk or tape
pro gram t i l e  (elements), the following sequence of cards
(wh ich includes cards  iden t i f i ed  in the prev ious sequence )
is used to execu te  the audit  mode.

Cards 1— 5

~ASG ,T 7 .
Cards 6—7
dDATA ,I 7.
@ADD ,D AUDFILE.ELT I
dADD ,D AUDFILE.ELT2

~dEND
Cards 9—li

EXPLANATION OF CARDS

An @ADD ,D card is needed for each element to be examined .
ELT1 , ELT2 , etc., are the element names.

4 . 2 . 2 . 4  Execute Aud it Mode and Roll Call Mod e from Cards.
When the roll call mode is selected , the audit mod e generates
a revised roll call program file for the program unit be i ng
exam ined . T h e r e f o r e , the roll call mod e must be executed ,
along wi th t he a u d it mode , once per program unit. If the soft-
wa re to be examined is on cards, the follow ing sequence of
cards is used to execute the audit mod e and the roll call mode
for  a s ingle program unit.

I. Standard EXEC—8 Job card .
2. @ASG,A IDFI LE.
3 . @ASG,A SYNTAXGRAPH.
4.  @ASG, A AUDITBIN.
5. (dASG ,A ROLLCALLBIN.
6. @USE 4.,IDFILE .
7. @USE 19.,SYNTAXGRAPH .
8. (dX QT AU DIT BIN.AUD
9. Opt ions Card

10. Software to be examined

11. @END
12. @ADD 8.
13. @MAP ,IX ROLL
14. IN TPF$.
15. IN ROLLCALLBIN.
16. @XQT ROLL
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17 . @DATA ,L fl.
18. aEND
19 . @DATA ,L 14. Used only for a value of 2 in Column 1
20. ~thND of options card.
21. @DATA ,L 15.
22. 3END
2 3 .  ~F1N

EX PLANA TION OF CARD S

2. — 3. Assign input files.
4 . —S. Assig n audit and roll call binary.
6.—7. Assign log i cal uni ts to input files.
8. Execute the audit binary. -

9. Options card is punched with a 2 or 3 in Column 1
and a 5 in Column 5.

10. S o f t w a r e  must be a root program un it of a module.
12 .  Comp ile the rev ised roll call p rogram f i le .
13. — i S .  Ca ll the MAP p rocessor  to c r e a t e  an absolute b inary

roll call mode file composed of the file in 13. and
the binary roll call software.

l 6. Execute the absolute binary roll call mode file.
17.—22. Display information written on output devices X , Y ,

and Z by the program un it being examined . These
cards are onl y used when Column 1 of the options card
contains a 2.

The following sequence of cards (which includes cards
iden tified in the previous sequence) is used to execute the
aud it mode and the roll cal l  mode f rom cards  for more than
one pro gram unit.

Cards  1—7
Cards 8—9
Program unit 1 (for program unit 1)
Cards 11—22
Cards 8-9
P r o g r a m  u ni t 2~~( fo r  program unit 2 )
Cards 11—22 )

(for additional program units)

@FIN

4.2.2.5 Execute Audit Mode and Roll Call Mode f rom Disk or
File. When the roll call mode is selected , the audit

mode generates a revised roll call program file for the
program unit being examined . Therefore , the roll call mode
must be executed , along with the audit mode , once per program
unit. If the software to be examined is on a disk or tape
program file (elements), the following sequence of cards is
used to execute the audit mode and the roll call mode for a
single program unit.
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1. — S . Same as 1—5 of Section 4.2.2.4
6. Assign disk or tape with a file name of RC )LLFILE .
7. dASG ,T 7.
8.— 9. Same as 6—7 of Section 4.2.2.4
10. @DATA ,I 7.
11. @ADD ,D ROLLFIL E .ELT NAM E
12. @END
l3. — 14. Same as 8—9 of Section 4.2.2.4 (Options card has

a 7 in Column 5 )
15. —27 . Same as 11—23 of Section 4.2.2.4.

EXPLA NATION OF CARDS

6.,ll. ROLLFILE is the file name on which the software to he
examined resides. ELTNAME is the element name of the
element.

The previous sequence of cards is used if only one program
unit is to be examined . The following sequence of cards (which
includes ca rds  ident i f ied in the previous sequence) is used to
execute the audit mode and the roll call mode from a disk or
tape program file (elements) for more than one program unit.

Cards 1— 9 ~
Cards 10—12 (Card 11 with the first element name )
Cards 13—26
Cards 10—12 (Card 11 with the second element name )
Cards 13—26

( f o r  add itional program uni ts)

@FIN

4.2.2.6 Execute Audit Mode and Variable Precision Mode from
Cards. The variable precision mode processes an entire
executable program . If the executable program to be examined
is on cards , the following sequence of cards is used to exe-
cute the audit mode and the variable precision mode for a
single bit configuration.

1. Standard EXEC—8 Job card .
2. @ASG ,A IDFILE.
3. @ASG ,A SYNTAXGRAPH.
4. @ASG ,A AUDITBIN.
5. @USE 4.,IDFILE.
6. @USE 19.,SYNTAXGRAPH .
7. @XQT AUDITBIN.AUD
8. Options card
9. Executable program (without data cards)

101

—--— - .~——  — 
- 

~~~~~ ~J~~~-- —-_-_- -‘-- 
. -

~
- — — r— 

-_ - - — — - —



10. ~FOR ,1S Q 1REAL
11. Func t io n suhpro~~ram Q1REAL

12 . -~FOR , IS QICOMP
1 3 .  Function subprogram Q1COMP

14. ~FOR ,IS Q1DPRE
15. Func tion subprogram Q1DPRE

16. ~ADD 8.
17. dMAP ,I X  VARPRC
18. IN TPF$.
19. . J XQT VAR PRC
20. Data cards for executable program

21. d FIN

EX PLANATION OF CAR DS

2. —3. Assign input f i l es .
4. Assign aud it binary.
5. —b . Assign I/O devices to input files.
7. Execute the audit b inary.
8. Options card is punched with a 1 in Column 1 and a

5 in Column 5.
9. Executable program (without data cards) must

conta in a main program .
10.— iS . Comp ile variable precision function subprograms

Q1REAL , Q1COMP , and QIDPRE. These subprograms must
all be for the same bit configuration.

16. Comp ile the revised variable precision program file
which contains references to the variable precision
function subprograms.

17.— 18. Call the MAP processor to create the absolute
binary variable precision file.

19. Execute the variable precision mode.
20. Data cards for executable program . If additional

data is on tape or disk , the user must make this
data available to the executable program .

The following sequence of cards (which includes cards
identified in the previous sequence ) is used to execute the
audit mode and the variable precision mode from cards for
more than one bit configuration .
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C a r d s  1—8
Execu tab le program ( w i t h o u t  da ta  c a r d s )
10— 15 (for hit configuration 1)
Cards 16—20
10—15 (for L i t  configuration 2)
Car ds 16—20

(for  add it ional bi t c o n f i g u r a t i on s )

@ FIN

EXPL AN ATION OF CA RDS

Each group of var iable precision function subprograms
m ust be for a different bit configuration.

4.2.2.7 Execute Audit Mode an d Variable Precision Mode from
Disk or T~~~e File. The variable precision mode processes an
en tire executaole program . If the executable program is on a
d isk or tape SDF forma tted file (source ) and the da ta is on
ca rds , the following sequence of cards is used to execute the
au d i t mode and the variable precision mode for a single hi t
configuration.

1.—l U . Same as 1—1 0 of Section 4.2.2.3. (Cards S and
8 have a file name of VPF ILE.)

ll.— 2 2 .  Same as 10—21 of  Sect ion 4 . 2 . 2 . 6

EXPLANATION OF CARDS

S . , 8. VPI’I LE is the name of the file on which the executab le
program resides.

The following sequence of cards (which includes cards
identified in the nrevious sequence ) is used to execute the
audit mode and the variable precision mode from tape or disk
for more than one bit configuration.

Cards 1—1 0
11—16 (for bit configuration 1)
Cards 17—2 1
11—16 ( f o r  bit con f i gu ra t i on  2 )
Cards 17—21

(for additional bit configurations)

@FIN

EXPLAN ATION OF CARD S

Each group of variable precision function subprograms
must be for a different bit configuration.
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If the executable prog r am to be examined is on a disk or
tape prog r am f i l e  (e l e m e n t s) ,  the fo l lowing sequence of cards
is used to execu te  the audit mode and the v a r i a b l e  prec is ion
mode for  a s ingle b i t  c o n f i g u r a t i o n.

l.— 4 .  Same as 1—4 of Sec t i on  4 . 2 . 2 . 3
S . Ass ign d isk  or tape w i t h  a f i l e  name of

VPFILE.
6. (~ASG ,T 7.
7.-8. Same as 6—7 of Section 4.2.2.3
9. @DATA ,I 7.
10. @ADD ,D VPFILE.ELT 1

@ADD ,D VPF ILE.ELT2

11. @END
12 . — 13. Same as 9— 10 of Sect ion 4 . 2 . 2 . 3
14.—2 5 . Same as 10—21 of Section 4.2.2.6

EXPLANATION OF CARDS

An @ADD ,D card is needed for each element that makes up
the execu tab le program . ELT1 ,ELT 2 , e t c . ,  are  the element
names. VPFILE is the name of the file on which the elements
reside.

The follow i ng sequence of cards (which inc )udes cards
identified in the previous sequence) is used to execute the
aud it mod e and the var iab le  prec is ion  mod e f rom tape or d isk
for more than one bit configuration .

1—13
14— 19 (for bit configuration 1)
Cards 20—24
14—19 (for bit configuration 2
Cards 20—24

(for additional bit configurations)

@ FIN

EXPLANATION OF CARDS

Each group of variable precision function subprog r ams
must be for a different bit configuration.

4.2.3 IBM 360. The control cards listed in this section are
appl icable to the OS/360 operating system for the IBM 360.
Changes should be made as appropriate for other operating sys-
tems .
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4.2.3.1 Initial Data Set Creation. The following four
perman ent data sets must be created initially :

1. I n t e r f a c e  De f i n i t i on  f i l e
2. Syn tax graph file
3. Binary version of the aud i t mode sou r ce sof tware
4 .  B inary  v e r s i o n  of the roll cal l  mode sou rce sof tw are
To c r e a t e  t h e  Interface Defi n ition f i le , ex ecute  p ro gr am

SESLIST and ca ta logue  the ou tput file with a permanent data
set name of IDFILE. To c r e a t e  the syn tax  graph f i l e , e x e c u t e
program GR APH and catalogue the ou tpu t file with a pe rm anen t
da ta set name of SYNTXGRF. The audit binary version (with a
permanen t data set name of AUDITBIN ) and the roll call binary
version (with a permanent data set name of RLCLBIN) are created
from a labeled tape using the following control cards.

1. Standard IBM Job card
2. // EXEC PGM=CSDS ,PARM= ’ LRECL=3l20’
3. //LYSPRINT DD SISOUT=A
4. I/INPUT DD DSN=NSR .SOURCE.AMK .TAPE ,VOL=SER=XXXX ,

UN IT TAPE 9,
5. // LABEL= (l ,SL ),DCB (R EC F M U ,BLKSIZE 312O ),DISP

(OLD , KEEP)
6. //OUTPUT DD DSN=&AUDITBIN ,DISP (NEW ,PASS),UN IT

TEMP ,
7. ~// DCB= (RECFM=FB ,LRECL 80,BLKSIZE 312O ) ,SPACE=

3120 ,(200 ,5)
8. ,// EXEC PGM=CSDS ,PARM= ’LRECL=40 00’
9. //SYSPRINT DD SYSOUT=A

10. i/INPUT DD DSN=NSR . SOURCE. AMK .TAPE , VOL=SE R=XXXX ,
uN IT= ’rAPE 9,

11 . ii LABEL-.(2 ,SL ),DCB=(RECE’M U ,BLKSIZE 4000),D ISP
(OLD , K EEP

12. //OUTPUT DD DsN=&RLCLBIN ,DIsP= (NEW ,PASS ),uNI r=
T EM P ,

13. /7 DCB=(RECFM=FB ,LRECL=80 ,BLK S IZE 4 000 ) ,SPACE=
(4000 , (5 ,5))

14. 7/ EX E C  F U L ,LMOD= ’Q l . Q2 . A U D I T B I N ( A U D ) ’ ,DSP N E W ,
DEV= SAVE ,

15. // TIME:=(5 ,0),REGION .F=250K ,PARM .L=MA P ,REGION.L=
200K

16. //F.SYSPRINT DD OUTLIM=20 000
17. //F.SYSIN DD DSN=&AUDITBIN ,DISP (OLD ,DELETE )
18. //L.SYSLMOD DD SPACE=(3156 ,(600 ,50 ,15 ) )
19. // E X E C  FHL ,PARM.L=MAP ,LMOD= ’Q1.Q2.RLCLBIN (ROLL)’ ,

DSP=NEW , DEV=SAVE
20. //F.SYSIN DD DSN=&RLCLB IN ,DISP (OLD ,DELETE)
21. //L.SYSLMOD DD SPACE=(lOO ,(l0.10 ,lO))
22. /*

105

S
___________________________________- —----_ ---—------— ‘z~~~~----— -— -..- .—~~~~~

— —.- .--— -——----— - --—— 
-~



E X P L A N A T I O N  OF C A R D S

2. Call the utility CSDS (copy sequential data set) to
copy the audit mode source from tape .

4.—S. Describe the input data set , which is the source
tape . X X X X  is the volume ser ia l  number of the tape .

6. — 7 .  Descr ibe the output data set , whi ch w i l l  be a temp-
orary data set.

8. Call the utility CSDS to copy the roll call mode
source from tape .

lO .— l3. Same as 4—7.
14.—i s . Call the FIlL catalogued procedure (H compile and link

ed it) to create the audit load module which is to be
catalogued .

17. The audit source  is input to the compi le r .
18. Allocate space for the audit load module.
19. Call the FIlL catalogued procedure to create and cata-

log the roll call load module.
20. The roll call source is input to the compiler.
21. Allocate space for the roll call load module.

4.2.3.2 Execute Audit Mode from Cards. If the sof tware to be
examined is on cards , the following sequence of cards is used
to execute the audit mode.

1. Standard IBM Job card.
2. // EXEC PGM=AUD ,REGION=250K
3. //STEPLIB DD DSN=Ql.Q2.AUDITBIN ,DISP=SHR
4. //FTO6FOO1 DD SYSOUT=A ,DCB=(RECFM=FBA ,LRECL=l33 ,

BLK51ZE 3458)
5. //FTO4FOO1 DD DSN=Ql .Q2.IDFILE ,DISP=SHR
6. //FT19FOO1 DD DSN=Ql.Q2 .SYNTXGRF ,DISP=Sl-I R
7. //FTO 8FOO1 DD DSN=&OUTPT ,DISP= (NEW ,DELETE) ,UNIT=TEMP ,
8. // DCB= (RECFM=F8 ,LRECL=80 ,BLKSIZE=3l20),SPACE= (3120 ,

(10 ,1 0 ) )
9. //FTO5FOO1 DD *

10. Options Card
11. Software to be examined

12. /*

EXPLANATION OF CARDS

2.—3. Get audit binary.
4. Assign the print file.
5. Assign the Interface Definition file to logical unit 4.
6. Assign the syntax graph file to logical unit 19.
7.—S. Assign temporary file for audit revised program file.
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10. Options card is punched with a 1 in Column 1 and a 5
i n Column 5.

11 . At least one program unit is needed . Only one main
pro gram is permitted .

Exec ut e Au d i t Mode from a Se~ uen ti a 1 T~~ e o r  Disk
Data Set. A sequen t ial da ta set mus t contai n at least one
program unit. If there is more than one program unit , all
program un its must be consecutively stored . Only one main
program is permitted. If the sof tware to be examined is on
a sequent ia l  tape or d isk data  set , the following sequence
of ca rds is used to execute the audit mode.

1.— 8. Same as 1—8 of Section 4.2.3.2
9. Assign tape or disk sequential data set to logical

unit 2.
10. //FTO5FOO1 DD *

11. Options card
12. /*

EXPLANATION OF CARDS

11. Optio ns card is punched with a 1 in Column 1 and a 2 in
Column 5.

4.2.3.4 Execute Audit Mode from a Partitioned Disk Data Set.
The partitioned data set must contain at least one program
unit. Only one main program is permitted per execution. If
the software to be examined is on a partitioned disk data set ,
the following sequence of cards is used to execute the audit
mode.

1. Standard IBM Job card.
2. // EXEC LISTPCH ,LIB= ’Q1.Q2.NAME ’
3. //SYSPRINT DD DUMMY ,DCB=(RECFM=VBA ,LRECL=l37 ,

BLKSIZ E=3429)
4. //SYSPUNCH DD DSN=&DATA ,DISP=(NEW ,P A S S ) , UNIT=TEMP ,
5. /7 DCB=(RECFM=FB ,LRECL=80 ,BLKSI Z~~=32 00),SPACE=( 3 2 00 , (50,10 ) )
6. //SYSIN DD *

7. MEMBER 1
MEMBER2 -

MEMBERn
8.—l4 . Same as 2—8 of Section 4.2.3.2
15. //FTO2FOO1 DD DSN=&DATA ,DISP=(OLD ,DELETE)
16. //FTO5FOO1 DD *

17. Options card
18. /*
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EXPLANATION_OF CA RDS

2. Call the catalogued procedure LISTPCI-1 to select the
des ired members from the partitioned data set. ‘Qi.
Q2 .NAME’ is the data set name . This procedure uses the
standard IBM utility IEBCOPY .

3. Assigns the print file data set.
4.—S. Data set on which the members will reside.
7. Data set members to be examined , punched one name to a

card anywhere on the card.
15. Logical unit 2 data set on which the members reside.

4.2.3.5 Execute Audit Mode and Roll Call Mode from Cards.
When the roll call mode is selected , the audit mode generates
a revised roll call program file for the program unit being
examined . Therefore , the roll call mode must be execu ted ,
along with the audit mode , once per program unit. If the
software to be examined is on cards , the following sequence of
cards is used to execute the audit mode and the roll call mode
for a single program unit.

1. Standard IBM Job card
2. // EXEC PGM=AUD ,REGION=2SOK
3. //STEPLIB DD DSN=Ql .Q2.AUDITBIN ,DISP= SHR
4. //FTO6FOO1 DD SYSOUT=A ,DCB=( RECFM=FBA ,LRECL=133 ,

BLKSIZE=3458)
5. //FTO4FOO1 DD DSN=Ql.Q2.IDFILE ,DISP=SHR
6. //FT19FOO1 DD DSN=Q1 .Q2 .SYNTXGRF ,DISP=SHR
7. //FTO8FOO1 DD DSN=&OUTPT ,DISP=(NEW ,PASS) , UNIT=TEMP ,
8. 1/ DCB=(RECFM=FB ,LRECL=80 ,BLKSIZE=3l20 ),SPACE=

(3120 , (10 ,1 0 ) )
9. //FTO9FOO1 DD DSN=&LIST1 ,DISP (NEW ,PASS ) , UNIT TEMP ,

10. // DCB=(RECFM=VBS ,BLKSI ZE=lOO ),SPACE= (lOO , (10 ,10))
11. //FTO5FOO1 DD *

12. Options Card
13. Program Uni t

14. // EXEC FHLG ,PARM .L=MAP
15. //F.SYSIN DO DSN=&OUTPT ,DISP=(MOD ,DELETE)
16. //L.DD1 DO DSN=Ql.Q2 .RLCLBIN ,DISP=SHR
17. //L.SYSIN DO *

18. INCLUDE DD1(ROLL)
19. ENTRY MAIN
20. //G.FTO9FOO1 DO DSN=&LIST1 ,DISP=(OLD ,DELETE)
21. //G .FTO3FOO1 DD DSN=&LIST2 ,DISP=(NEW ,PASS), UNIT=TEMP ,
22. // DCB=(RECFM=VBS ,BLKSIZE=lOO ),SPACE=(lOO ,(l0 ,1O))
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23. //G .FTU3FOO2 DO DSN=&LIST3 ,DISP=(NE W ,P A S S ) , UNIT=TEMP ,
24 .  Same as 22
25. //G .FTO3FOO3 DD DSN=&LIST4 ,DISP= (NEW ,PA S S ) , UNIT=T EMP ,
2 6 . Sam e as 22

(for temporary data sets 4 through 12 )

45. / G.FTO3FO13 DD DSN=&LISTI4 ,DISP=(NEW ,PASS),UNIT=TEMP ,
46. Same as 22
47. //G.FT1OFOO1 DO DSN=&Xl ,DISP=(NEW ,PAS S ) , UNIT=TEMP ,
48. II DCB=(RECFM=FB ,LRECL=80 ,BLKSI ZE=3120), SPACE=(3120 ,

(10 ,10 ))
49. //G.FT11FOO1 DO DSN=&Yl ,DISP=(NEW ,P A S S ) , UNIT=TF MP ,
50. Same as 48
51. //G .FT12 FOO1 DO DSN=&Z1 ,DISP=( NEW ,PA SS ) , UNIm=TEMP ,
52. Same as 48
53. //G .FT13FOO1 DO DSN=&X2 ,DISP=(NEW ,PASS,,UNI’~=TEMP ,
54. Same as 48
55. //G.E’T14FOO1 DD DSN=&Y2 ,DISP=(NEW ,PA S S ) , UNIT=TEMP ,
5€. Same as 48
57. //G .FT15FOO1 DD DSN=&Z2 ,DISP=(NEW ,P A S S ) , UNIT=TEMP ,
58. Same as 48
59. // EXEC PGM=IEBPTPCH
60. //SYSPRINT DD SYSOUT=A
61. //SYSUT1 DD DSN=&X2 ,DISP=(OLD ,DELET E)
62. // DO DSN=&Y2 ,DISP=(OLD ,DELETE)
63. 1/ DO DSN=&Z2 ,DISP= (OLD ,DELETE)
64. //SYSUT2 DD SYSOUT=A ,DCB= (RECFM=F’BA ,LRECL=l21 ,

BLKSIZE= 3509)
65. / /SYSIN DD *

66. PRINT MAXFLDS=l
67. RECORD FIELD=(80 ,,,5)
68. /*
No te: Cards 47—67 are used only for a value of 2 in

column I of the options card.

EXPLANATION OF CA RDS

l. -8. Same as 1—8 of Section 4.2.3.2.
9.—lU. Assign a data set for the audit module list (Section

3.2.2.2).
12. Options card is punched w ith a 2 or 3 in Column 1 and

a 5 in Column 5.
13. Program unit must be a root program un it of a module.
14. Call the FHLG catalogued procedure to compi1’~, link

edit , and execute the revised roll call program f.le .
15. Declare the data set &OUTPT as input to the FOR1~ AN

compiler. This data set is generated by the roll call
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s~~ ir ce  and cont  a ins t he ma in p r o 3 r  am k() LCA L and the
r e v ised p r o g r a m  un it ( c o n t a i n i ng  c . i l l s  to R O LC I I K ) .

16. 1)eclan th~ roll ca l l source as input to the link

~d i tor
l7. —1 -~. Link e d i t o r  input c a r d s .
2 0 .  D~ c la r t ho aud it modul e l i S t  da ta  net
. l. — 5 2 .  i) rc ~~a r -  t m p o r a r y  d a t a  ne t s .  ( C a r d s  4 7 — 5 2  used onl y

t o r  a v i lne  of 2 in col .imn 1 of the opt ions c a r d ) .
5 3 . — S d .  D i c 1~~r~ ro l l ca l l  output  da t a  se t s  w h i c h  a re  tH con—

t ’ - r i t s  o f  ~KSCOMP I/O un i t s  X , Y , and Z . (Use d only
for  v alue of 2 in column 1 of options card).

59.— 67. Disp lay the contentn of I/O units X , Y , and Z (Used
only for v a lue of 2 in column 1 of options card).

In order to execute the audit mode and the roll call mode from
cards for more than one program unit , it is best to run each
pr og ram uni t as a sep ar a te job since it is mor e co mpl icated to
exec ut e several program uni ts in a single job.

4.2.3.6 Execute Audit Mode and Roll Call Mode from a Parti-
tioned Disk Data Set. When the roll call mode is selected ,
the aud i t mode generates a revi~ ed roll call program file for
the pro gram unit being examined. Therefore , the roll cal l
mode mus t be exec ut ed , along w ith the audi t mode , once per
program un it. If the software to be examined i s  on a parti-
tioned disk data set , the follo w ing sequence of cards is used
to execu te the au di t mode and the roll cal l  mode for  a si ngle
pro gram unit.

l. — 6. Same as 1—6 of Section 4.2.3.4
7.  MEMBER 1
8.— l 6. Same as 2—1 0 of Section 4.2.3.5
17. //FTO2FOO1 DD DSN~~&D ATA ,DISP= (OLD ,[)ELETE)
18. //F-rOSFOOl DO *

19. Options Card
20.—74. Same as 14— 68 of Section 4.2.3.5.

In orde r to execute the aud i t mode and the roll call mode from
a par tition e . -ata set for more than one program unit , it is
bent  to run each program unit as a separate job since it is
more complica ted to execute several progra m units in a single
job.

4.2.3.7 Execute Audit Mode and Variable Precision Mode from
Cards. The variable precision mode processes an entire execu-
table program. If the executable program to be examined is
on cards , the following sequence of cards is used to exec ute
the audi t mode and the varia ble p r ecis ion mode for a si ngle
bit configuration.

1.— b .  Same as 1—1 0 of Section 4.2.3.2 (but change DELETE
to PASS on card 7)
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1 1 . Executable pr c . ~r 1r ~ ( w i t  ro it d a t  a cards)

12. 7/ EXEC FIIG
13. //V .SYSIN DO D/~~~ .()I FPT ,DI~-P= (MOD ,DELET E)
14 . /7 DD *

15 . Var iab le p r e c i s i o n  f i nc t io n  su h p roq ra rn n

lb. / / G .S Y S I N  DO *

17. Data  c a r d s  for  exec ut ab le prog r am

ld.  7*
E X P L A N A T I O N _ OF C A R D S

11. E x e c u t a b l e  program (w i thout da ta  cards ) mus t con tain a
main pr ogram.

12 . Call the FHG catalogued procedure to compile and
ex ecute the executable program.

13. Comp ile the revised variable precision program file
which is generated by the audit mode. This file
con tains references to the variable precision finction
subprog~.~am s.

14.— iS. Comp ile t~ie va r iab le p rec is ion f unc t i o n su bprogr amn
(Q1PEAL , Q1UPRE , and QICOMP) for the particular bit
coni Lgu ratio n desired.

17. Data cards for executable program. If additional data
is on tape or disk , the user must make such data avail-
able to the executable program.

The follow ing sequence of cards (which includes cards
identifi e d in tLe previous sequence) is used to execute the
audi t mode and the variable precision mode from cards for more
than one L i t  configuration.

Cards 1—10
Execu tabl e program (without data c a r d s )
ba rd . 1 2—1 4
V a r i a b l e  prec is ion  funct ion subprograms 1
16—17
C a r I .n 12—14
Var iab le prec i sion func t ion su bprogr ams 2
16—17

(for additional bit configurations)

/*
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4.2.3.8 Execute Aud it Mode and Variable Precision Mode from

~t 
t i a l  ~Taj~c~ or D i sk  Da ta  Se t .  The va r i able prec i s i on

mode procenses an r’nt ire executable program. If the executable
progr am to be examined is on a se luen t ia l  tape or disk data
s et  and data is on cards , the f o l l o w i n g  sequ ence of cards is
u:o i t o execute the audit mode and the variable pr ecision mode
for  a s i ng le  hit c o n f ig u r a t i o n .

1. — i l. Same as 1— 11 of  S e c t i o n  4 . 2 . 3 . 3  (h ut  change DELETE
to PASS on card 7).

12 .—l B . S a m e  as 12— 18 of Section 4.2.3.7.

The f o l l o w i ng seque nce of  c a rds (whic h includes car ds
iaent it ied in the previous sequence) is used to execute the
a udit mode and the variable precision mode from a sequential
t ap e  o r  d i s k  d a t a  n t  (e xecu ta b le pro gr am on f i le  and da ta on
ca rd s ) fo r more than on e bit c o nf i~~ura~~ion.

Cards 1— 11
Car ds 12—14
V a r i a b l e  p rec i s ion f unc t i on  subprograms 1
16— 17
Ca rds 12—1 4
Va riable precision function subprograms 2
16—17

( f or addi t ional  bit c o n f i g u r a t i o n s )

/*

4 . 2 . 3 . 9  F:xecute Audit Mode and Variable Precision Mode from a
P a r t i t ioned Disk Data Set. The v a r i a b l e  p rec i s i on  mode pro-
ce sses an entire execu tab le prog ra m . If the execu table program
is on a rartitioned disk da ta set and data is on cards , the
f o l l o w ing sequence of cards is used to execute the audit mode
and the varia ble precision mode for a single bit configuration.

1. - l7. Same as 1— 17 of Sec t i on  4 . 2 . 3 . 4  (bu t change DELETE
to PASS on ca rd  13)

l8. — 2 4 .  Same as 12— 18 of Sect ion 4 . 2 . 3 . 7 .

EXPLA NATI ON OF CAR DS

7. The da ta set members must together make up an executable
program. One membe r must be a main program.

The follow ing sequence of cards (which includes cards
identified in the previous sequence) is used to execute the
aud it mode and the variable precision mode from a partitioned
disk data set (executable program on file and data on cards)
for more than one bit configuration.
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Ca rds 1—1 7
Cards 18—20
Variabl e pr ecision function subprograms 1
2 2 — 2  3
Cards 18—20
Var iahle precis rrn function subprograms 2

(for additional bit configurations)

/ *

4.3 Verification. For each program unit examined , AU DiT prin t s
out any deviations from the SESCOMP standards. iost of these
deviations must be corrected if the program unit is to conform
with the SESCOMP standards. However , the flow anal ysis i ssue s
dia~ nos tjcs that must be verified . A variable is indicated as
bein g referenced but not defined along some path. The flow
analysis m erely indicates a possible undefined variable. To
d e t e r m ine whether  or not the pa r t i cu la r  path can be taken and
whether or not the variable along the path is actually refer-
ence d and undefined , th i s pa th should be ana lyzed by the use r .

4.4 ~~ ec ia1 Ma in t e n a n c e  Pr o~~~ams.

4.4.1 Proq~~am SESLI ST. The Interface Definition file (Section
3 .2.1 .3) is created by program SESLIST , which reads card input
and creates a tape or disk file. SESLIST reads the input cards ,
packs the card images , and wri tes them ou t unforma tt ed on to
logical unit 4. The file should be saved for la ter use by
AU DIT. Each time the Interface Definition file is to be changed ,
SESLIST must be executed . Section 3.2.1 .3 contains a description
of the Interface Definition file and the card input for SESLIST.

4.4.2 Program GRAPH . The syn tax graph file (Section 3.2.1.4)
i s crea ted by program GRAP H , which reads ca rd input and creates
a tape or disk file. GRAPH reads the input cards and writes the
syn tax graph as an unformatted file onto logical unit 4. The
user need not concern himself with the card data used to con-
struct the file. Since the data remains constant , the user
need onl y create the file once , by executing GRAPH. Sections
2.1.5 and 3.2.1.4 contain a description of the syntax graph .

4.5 E r r o r  Conditions. The designers of the AUDIT software
have assigned sizes to many of the arrays so that core storage

• w i ll not be overburdened . Reasonable limits were chosen so
that most software could be examined without any array overflow.
It is possible , however , that some software may cause an array
overflow. In this case the ar ray size would have to be changed
so tha t the software could be processed properly. When an
array overflows , a message is prin ted indicating the type of
the array. In most cases AUDIT processing then terminates.
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If the DO st a cK a rray overflows , the DO loop processing termi—
nat -s but th e rest of the processing continues. If an arr ay
,‘er flows t uring the Ilow analysis , the flow analysis t r r m i —

nat : nut t h e  r e s t  of the processing cont i nues .  Fo l l ow ing  a re
he a t  rays to be watch ed for poss ib le  ove r  f l o w  d u r i ng  p r o —

cess .in

1. Basic block t able — II3LOCK (2500) in COMMbN block
BAS ULK .
Symbol t a ble  — IDTBL(8 ,500) or IDTBL(ll ,50 0 ) in b la n k
COM~’t )N

3. DO St  ick - I b T \ C K ( 4 ,5 0 )  in COMMON b lock DOLOOP.
4. Branch list - ISTCK(lOO ) in SUBROUTINE FLOWCK .
5. Block li st — FLWLST(100) in SUBROUTINE FLOWCK .
b . GIR S  me m o ry  — NODSPC (l000) in CO~1MON o lock LVVT R1

LSTSPC(1000) in COMMON block LVVTR2
LNKSPC(1000) in COMMON block LVVTR3
FLGSPC ( 10 0 0 ) in COMMON block LVVTR4

7. Sub routine table — ISUBS (lOO ) in COMMON block GLOBAL
8. Ext ernal re fer ence table — EXTTBL(lQO ) in COMMON

r l ( ) ( ’K GLOBAL.
~~~. CONMUN block t ab le  — BLKTBL(200) in COMMON block

bLI i 3 AL
10. St3teme nt number table — STATRA(2 ,200) in COMMON

b lock LABELS .
11. Statement reference table — IPNCRA(5 ,12) in COMMON

block FUNC.
12. St rtement reference location table - FNCLOC(5 ) in

CUNNI ()N block i - U NC
1 3 . Expressio n v a ria b les table — IA R G S (5 0 )  in COMMON

olock FUNC.
14 .  S t a t e m e n t  func t ion table — ISTFNC(lO ) in COMMON

b lock STFUNC.
15. In terface Definition file tables — ISUBLT(2 ,200),

II S U B L T ( 3 ,200), or ISU BLT (4 ,200) and IP4TFAC(300),
INi FAC( 50 0), or INTFAC(600) in COMMON block LIST.

16. Encoded expression table — STR(500) in COMMON
block STRING.

17. Equivalence table — IQUIV (~~00) in SUBROUTINE CHKLST .

The su b rou ti ne , ex ternal reference , and COMMON block
tables are global tables which store information on all the
p rogram unit s being examined . All other arrays store infor—
m at ion for a sing le program uni t and are reused for each new
program unit being examined .
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I nter fu e De fin ition File

AB S I 1 ¼
102
a r p o o *  6 0 1
100  100 t o o  t oo  t o o  j e t  412 ¼C2
sEP00 ! 3 0 7 21

2 1 1 ¼ 16 1
AE P O SA 9 0 1
102 100 100 100 100 100 i tO  41? 4 0 2
AEP OS C 2 0 7 6

7 1  1 4
A!PA ~ 1 1 4.
2 0 2
SIN! I 1 ‘.
102
S LO G I I I’
102
A L O G I O  1 1 4
102
O M 550 —1 1 4
4 0 2
s M A l l .1 1 4
t o ?
AMI NO —i 1 4
4 0 2
A M INI  -i 1 4.
102
ABED 2 1 4
102 102
A P NOG* 6 0 1
110 110 110 110 110 110 4Q2 402
A P #OG C 1 0 7 60

60 1
*PPNO G 3 0 7 262

1 ~, 200 1 61 4
asro v  5 t 2
102 10? 4 0 2  421 40 2
A S E OV I  0 0 6
ASE L G 4 1 2
102 4 02  42 1 4 0 2
ASELG I 0 0 6
A S E L I  0 0 6
ISELIO 4 1 P
102 4 02 4 21  4.02
AS EPT 4. 1 2
102 40? 421 402
6SEP 1 1 0 0 6
61601 1 1 I,
102
STOW? 2 1 4.
10 2 102
O S R V A L  1 0 7 3

3 1
•!N0L ’( 1 0 1
402
ONCO 2 C 7 2

1 1  1 6
OOW SL A 9 0 1
100 100 I t O  100 100 10 0 100 4.12 4. 0?
COWSL I 3 0 7 59

1 4 56 1 2 4
6OW S LC 1 0 7 40

4.0 1

}
~~~~D1N P1A~Z ~~~~~~~~ 7l1.Jo~~
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C O O S  1 1 4,
2 0 2
CCO S 1 2 4
202
C EAP 1 2 4
2 0 2
CGLOC 1 0 7 2

2 1
CL OG 1 2 8
20?
CP~LX 2 2 I.
102 102
C C & ~ L* 0 0
COLUM N 1 0 7 P

2 ’,
CONINP 5 0 7 36

2 1 2 4. ii 1 1 4 22 1
C ONJ G 1 2 8
202
COS I 1 4.
102
C $ T N  1 2 4 .
202
CS Q PT I 2 4
202
0*95 1 3 8
302
0* 10W 1 3 I.
3 0 2
0 5 T 6 0 1 2  2 3 4.
302 302
DO L E 1 3 4
102
OCOS 1 3 ’ ,
302
!OEXP 1 3 4
3 0 2
DIM 2 * 4
102 10 2
O LOG 1 3 4
302
OL O G1O 1 3 8
362
DM011 -1 3 I,
30?
OM!N1 —i 3 8
302
DM00 2 3 4
302 302
OSEDV 5 3 2
302 30? 4 02  421 802
OSEDVI C I C
~SELG 4 3 2
30? 482 42 1 4.02
OSELGI S S I
05(1. 1 I 0 S
05(1.15 8 3 2
302 852 421 802
OS ERT 4 3 2
302 402  421 402
05(011 0 0 S
051GW 2 3 4
302 302
OS IN 1 3 4
30?
0500? 1 3 8
382
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DUMB 1 0 7  1
* 8

EN G INA 3 0 3
10? 4 02  402
(PIGINI 6 0 7 1507

O 4 260 1 7 4, 7 1 21 4. 1176 I 1 I. 7 1
EON CO 2 0 7 81

1 4  4 0 1
(10 1 1 4.
102
FA PI A 7 0 1
102 112 1* 0 100 100 4 02  4.02
F O N O V A  3 0 3
110 80 2 802
p 1W! 5 0 7 354

21 4 60 * 45 8 203 * 3 8
FGIA 6 1 2
102 4 0 2  112 112 801 4 0 2
FG2A 10 1 2
102 102 402 402 112 112 122 4 01  40 1  402
FLAGS 1 0 7 4

4 ’
F L OAT 1 1 4
4 0 2
FROU O( 1 0 7 2

2 1
F T W O T K  3 0 0
4 . 02  hO? 4.12
090W 1 C 7 3

3 1
HELMS 3 0 7 4.Q9

6 4. 400 * 0 4
TA O S 1 4. I.
4 0 2
10C M 2 4 8
4 0 2  4 0 2
101011 1 4. 8
3 0 2

— I FIX I 4, 4
102
INCONA 3 0 3
100 4 ,00 4 0 0
INO UT 0 0 6
1 011 1 I, 4.
102
INT cP A 7 0 1
402 112 102  102 4 0 2  4.1 1 402
ISEDV 5 I. 2
4 . 02  4 02  4 0 2  4 . 21  40 ?
I S E D V I  0 0 6
IS EGO 5 4. 2
4 .02 4 0 2  4 0 2  4 21 4 . 0 2
151GW 2 a,
4 .0 2  4 . 0 2
L E A K E R  * 0 7 1

1 1
L O AD S 1 0 7 1

1 1
M A S S E S  2 C 7 100 0 ,

1 4. 1005 1
M A T R I X  0 0 7 35

36 1
M A K O  - 1 4 4 .
4 .02
MA l l  -* 4. I,

102
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— — ~~—.-—. — 
— — — — — .~~~~~~- —~~~~~
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M IN VA A S I
121 802 100 818 4.10 402
M O NO —1 4 4
4 82
MI NI —I 4. 4
152
MOO 2 4 8
4 . 02  4 5 2
PI S IOW I 5 7 25

25 1
M W Afl 1 5 7 6

S I
OPTION I I 7 3

3 4
PAG( j 0 0 8
PHY CON 1 5 7  7

7 1
POINT 1 5 7  3

3 4
0000* 5 5 1
III 155 105 III 100 108 4.02 802
PROP! 2 8 7  6

7 1  1 4
REAL 1 1 4
2 82
INSA 3 S 3
112 III 402
ROLCOL 3 0 1
481 4.22 402 4.12 482
SA M 7 8 1
8 02 802 102 102 102 4 02  802
SE G CI I S S
5(5* 0 0 5
S( SST 4 0 I
4. 02  822 402 402
SESCO M 2 5 7 25

13 0 12 4
SESPLI 3 0 1
402 402 402
500 1*6 0 0 5
SI O W LA 1? 0 1
102 40 2  100 100 100 108 100 100 100 802 102 802
SI0~ .. 1 3 S 7 27

1 4 25 I 1 8
SIGPI 2 1 4
102 102
SIN I I A
182
SLOP E 1 5 7 2

2 1
51401. 1 1 8
3 02
500*7 4 0 7 33

1 4 5 1 1 4 48 1
SP0006 1 0 7  1

1 1
SO RT 1 1 8
102
STA RT 5 0 0
ST NS LA I C 1
100 100 100 108 100 100 100 40? 402
STNSL I 3 0 7 30

1 4 25 1 1 4
514451 0 1 0 7 40

40 1

I 2.

-.- - - ——— — — ~-— .— ~~~-~~-



TAN 1 1 ¼
102
TOWN 1 1 I.
102
TIMES 1 0 1 5

5 1
TORQUE 0 0 9
T P A C E I  0 0 6
TRAP 2 1 2
112 4 02
UNITS 1 0 7 9

9 4 ,
US(001 0 0 6
USEO O 2 0 0 6
USEOO3 0 0 6
USE DO4 0 0 6
U5E006  0 0 6
U5E009 0 0 6
USEDIO 0 0 6
USEOI I  0 0 6
USEOI4. 0 0 6
rISEOt? 0 0 6
USEDI6 0 0 8
USEO I9 0 0 6
U S E O 2 O  0 0 6
V A R O L E  1 0 7 15

15 1
W A V E  1 0 7 6

S i
W A V E S  11 0 1
4 0 2  11? 112 110 110 110 110 110 110 402 602
WAVES!  I. 0 7 79

I I 1 I. 71, 1 1 4
W *VT AB 6 0 7 14050

1 4 2 1 1 4 2 1 1 4 2 1 1 4 14060 1
1721*8 1 0 7 651

651 1

I 2 1



Aud it and Flow Anal ysis of a Main Pro~ ram

C OPTION 1 SAMPLE MAI N PR OGPA M .... SESCOMP .US—02—06Ol 71,

C CAT E GO Ry 1 L* BE LE O COMMON

C

C

C)N N ON /SES COM /CAS (i13),IN A ,IN B,I NC. IOX ,N PAGX, L INX,10Y,N PA (y .LTN y . TO7 .N PA e~7 ,L1N1

C

C CATEGORY 2 LABELED COMMON

C

C

C CATEGORY 3 LABEL E D COMMON

C

C

I FO PMA T(~~3A4,~~~

p FOR M* 7 l5X,52MOPTION I SAMPLE MAIN PROORAM .... 5 (SCOMP .US-02..fl4007p,

3 FORMAT (!4)

C C AS E L OG I C

CALt.. 1040U7
C ALL INOUT

R(AD IIN A ,3) P4C*SE

12

__________________________________ — —.‘---.-.~-J- — _ _ ‘—.-.—— r —  —— - -- --——v - - -
~~~
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GRAPH HAS BUN PLACED INTO MEMORY

DO 4 I.l,P4CASE

P ( A D ( I N A , 1 )  CAS E, MODE

CALL START
CA LL START

C A LL XA N PL ( 1 ( R P . l i
...... ... ....... .................... fl. ..... ....•.••..•...•. ••••••••.. .. ........•.

WA RN ING — THIS MODULE IS NOT IN THE SESCOMP LIST
•• t • • •S• • •S• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •e•S e •• • • • • • • • •~~St • • • .~~~~. OOflS.

C AL L X ANP L (IERR , Ii

CALL SE SPL I(IOX ,1. 2)
CALL SESPI1 4101,1.2)

WRITE (101,?)

CA LL XA N PL ( 1 E R R , MOD ()
CA L LXAMP L I i E P R ,MOO(

IF CIERR .EO.O GO 10 5

CALL NOU T
CALL INOU T

4 CONTINU E

S STOP

(ND

I 25

- _ _ - . ; — - — -
--~~~~~~~~— - 

a



SY MBOL TABLE FOR MODULE M A I N

VA R IA B L E S
NAME TYPE R E L O C A T I O N
CASE REAL ARRAY 1 SES COM
IWO INT EGER cE cCO M
lox INTEGER SEsCOM
NCASE INTEGER

I INTEGER
NODE INTEGER
IEPR INTEGER

E X T E R N A L S
NA ME TYPE APOS
INOUT 0
START 0
XA MP L 2
SESPL 1 3

S T A T E M E N T  LABELS
1 2 3 4 5

CO MMON BLOCKS
NAM E LENGTH
SESC OM

••.. ‘• RE SULTS OF FLOW ANALYSIS •~~S••

NO ERRORS FOUND

NUMBER OF PATHS CHECKED— P

116

— 
_ - — —

~~
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Aud i t , Flow Ana l ys i s , and Roll Ca l l (Mode=2) of a Subroutine Module

S U B R O U T I’~ A P ~,t ) ( ~A FY , r y . ~~7 . F w . F M ,FN , I N , M0 O f )

C “ C A T F G O R Y  1 C O M M O N  B 1 3 f .~ - 
........ 

CO MM-D ’~ ,APNr) Go/ Y A P P F ) 2 O ) , Y A P P F ( 2 0 ) ,Z A P P F ( 2 Q )

COM MON /A P P ~4C0/ ~sA P P , X A P P (? O ) , Y A P P ( ? O )  ,ZA P P ( P O t  ,C HO T(2 0),C HON(?I),SP AN(20) ,TO V C ( 2 0 4 , *NG I P4C(2O)

C O $M ) ~ ,r L O r /  X~~, l S

C OM M O .4 / F L A f , S /  IJ o ~I , 1 C A s F , 1 S 1 t P , I EQ p

C O M M O N  / P - ~Y C C N / O ,R 4 ~~, H~~W O, E N U . R H O I N F , P IN F . G A H

CO MMON /S F’CO ~~/ C A S E ( i 3 )  ,1NA ,(N0,zNC .Cox,Np a r,~~,Lr N Y , [oy ,N p A G y , L t N y ,[oZ,Np A G z , L t N z

O M ’ 404 , V A R B L E,  VOL ( i S )

C ~~~~~~~~~~~~~~~~~~~~~ CA t E G O R Y 2 COMMON B L O C K S  ~~~~~~~~~~~~~~~~~~~~~

r. OMU )N / USE Of) 1/ M)’~

C

1 F O R M A T  (~.X ,~~24l ’~J~4 R O U 1 I N [  A PND GA DRAFT. 01— 0 1— 05 147’.)

C

P F O R M A T  (1PM ‘‘ FRROR”~~)

FO R M A T  (5K ,l?HLJ ’O INOF I IO, I3.21 H CHE C K  I ’ 4 I E O A L I Z * T I O N I

4 F O R M A T  1,1,24W IMP R O P rR  MODE IN tJEX O F , I ’.,13H ENCOUPI TER(O. /51,39p 4 ZERO SU 0ST ITU TEO , ROLL CALL
C ONT I ‘ 4 ) 1  • I

5 F O R M A T  451 .SHUSF I , I’-, 4.OM T r M E ~ W I T H  MCDI IN OE X GREAT ER TH OM ZERO )

6 FORM A T  (/BM AP N D GA /12CM SPNOG AN G INC CANT 0MG K -FORCE V —FOR CE 2— FORCE

12 7

______ _______ 
a



ROLL MOM . P I T C H  14004 . Y A W  MOlt . / 120W NO. 0(6. 0(6. LBS.
LBS.  LB S .  FT — L B S . • FT-LBS. FT—LB S . /4

7 F O R M A T  t I 4 , 2 F I O . ? , S E I S . 4 I

DIME N SION F li t ), F Y 1 1 ) ,  FZ(I) , F Ki1), FPII1 ) , FW( I)

DIME N SION RCOS (20) , RSIN (20 )

DIMENSI ON E T I (20 ) , VW AVE (20 ), WWAV E(20), O UM I2O)

EQ UIVALENCE IVAL(2 ) ,U ) , IVA L(3), V) , IVAI(8), W), (VAL IS ) .P), (VAL(6 ),Q ), IV AL (7 4, R ) , (VAL (6),PH
I) .  ( V A L t 9 ) , T M ( T A ) ,  ( V A L ( l 0 ) . Z )

C CHEC K MODE

I F (MDOE .LT.l ) GO 10 17
GRAPH HAS BEEN PLAC EO INTO MEMORY

MUSE ’MU SE II
MUSE.MUSEG 1

C BEGINNI NG OF JOB L O G I C

IF (IJO8 .EQ.1) GO 10 0

P 1.4. ‘A TAN (1. 4
Pt .4 . ‘ AT AN ii. )

P16.01/S.
PI O.P I /6 .

RA 0 160 . 0/PT
RA O.16O.0~ PI

0 CONTINUE

C 6EGINN ING OF CASE LOGIC

IF (IC AS (.(Q.i) GO TO 10

00 9 1’I ,NAPP

PSIM I!) SI NI AN G CN T ( £4 )
PS I Nf I  PuS INIANG CN T I I))

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
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S R C O S ( I ) . C O 5 ( A N F j C N T I I ) p
I P00 5(1 )SCO SIANG CNT I II)

18 CONTINUE

02.U’U HRHO
02.U’U’HRMO

C SEGI NNIN G OF TIME STEP LOG IC

IF (TSTE P .EQ.1 ) GO TO 11

CALL W AV E A (NA PP .KAPP ,YAP P,ETA ,0UM ,O UM ,OUM ,VWAVE ,WWAVE ,ION, MOO ()
CALL RO LCM K IIHW, IHA ,1NV .IH (,LHA ,IH I

11 C0140T NU E

00 18 I.1 .NAP P

C CALCULATE WETT E D SPAN

OSR .Z .ZS—X A PP (I) TNE TA .YA PP I I) ‘PHIPE TA t! )
OS Q. ZA ZS -XA P P (1I ‘THETA ,YA PPIfl ‘PHI .ETA II)

RS PAN .SPA N (I)
RSPAN . SPAN (I)

RAP EA. .5’ (CHOT lII ,CHOR(I ) )‘RSPAN
P AREA. • S•( CHOT (I)PCHOR II) P ‘OSPAN

(NOFAC .I.0
(NOT *0.1.0

OELT .O SR— (ZS—ZAPP II ))
D E L T . O S R — U S— Z A P P U I

C IS APPENDAG E OUT OF W A T E R

IF (OELT.GE . 0.S) GO TO 13

C IS A PPENDAG E HORIZONTAL OR CANTED UPWARD

IF IRCOS (I).LE .0.0) GO TO 12

RS P A N . R $ P A N, O E L T m C O S ( I )
RSPAN.R SPAN.O(LTF 000$4 I)

_______________ a- - - 
- - -



IF (RSPA N .LE.0.O) GO TO 12

RA PEA ..5•(CHDT (J),CH0R (~~)*~ SPAN~ SPAN (I))’RSPAN
RAR EA. • S’ICHOT (I)4CHOR II) 3RSPAN /SPA M (I) I ‘RSPAN

C NOT AC . 1. 0
EN O FAC .I.0

GO TO 13

12 FX(I ).Q .0
12 FX (I) .0.0

FT (I)~ 0. 0
FYI! P. 0.0

Fit I)’0.0
F 2 ( 1 1 ,0 .  0

F K t . I 1 , 0 . 0
TX (I) • 0.0

F III I) .0. 0
F MU I~~0 . 0

FN(t).0.0
FN (I)~~0.0

GO TO 14

C CALC ULATE L IFT

13 VH .V .XA PP I!) R—Z A PP II ) ’P -VWAV ((I)
13 VH .V ,X *PP (I) ’P—Z A PP (I) ’P -VW AVE II)

VV .M— XAPP ( 1) ‘Q,YAPP I I) ‘ P + U ’ T H ( T A — W W A V E  ( I)
V V • N— K APP ( I) ‘Q•Y APP (I) ‘PPU’ THE TA — W W A  VE Il )

PHIV .ANG CN T(IP.P H I
PHIV .A N GCN T (II .PHI

VN .SORT (VV ’VV •V H’VH )
V 04 .SOR TIVV ’V V ,VH’VH )

PH IM~~PH IV
PHIN .PHIV

I I() 

.~~~~~ 
—-—--
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IF (V M. 14F. O .I) P~-4IN. P~4 lV. A t A N 2 (V V , V H 4

V Nr V ’ 4 C O S ( P H I N)
V N~ V TI’ COS ( P M IN)

A L P . - lA I ~~A T A N ’  ( V M , U )
A ). Pal A I ~ AT A M ’  I V N , i l

F F 4.HC.~ A NGI NC I l l — A L  PHI I
FFF A N G .AI IGTIIC(I)—A).Pl .4A I

OO~~Q2’  R A R E  A
O Q . Q P R A P [ A

PF y r f ) ~ ( P A R C A/ P 5 P 0 1 4) / FPIU
RI Y . I J ’ ( R A R E S / N S P A N ) /F N U

c r p. . ’ 4 p 7 / ( A L o c , I o ( R E Y ) — . a , o ? )  ‘p 2 . 6 4
CFR ~~.4 ,2T f (*LC Gt0IRCVI— .407)’’2.54

RA 5PP .RSPAOI’RS PAM/RARE A
PA 5 P R . R S P A N ’ R S PA T I / R A R E  A

RCLO ’2 • ‘9! ‘R*SPR/ I P AS PR* 3.)
RCLB .2.’PI’R AS PR / (RA SPR , 1.)

FL ITT . DO ‘E NOT AC ’ Pt L B’€ FF A NC.
FIITT .QQ’ENOT *C’RCL9’I F FA N G

CD.2. ’CFR ,PI8’TOVC(!)’TOVC II) .Ii . ,G’RSPAN/(LJ .(J)P~~RCLB’E FFAN G’(FFAN G

CD .2.’CFR ,PIC’TOVC II)’TOVC (l)’(1. ,G’RSPAN ,IU ’U Ip, RCL 0’EFFAHG’EF FAN
0

C C A L C U L A T E  MOMENT A R M S

X A P P F I I ) . X A P P ( I P
XAPP F(I ) .X APP (II

YAP PF (I)~~YA PP(I ) - ( S P A N ( l P — .5’RSPAN )’RSIN tI )
YA P PF (T) .YA P P (t)—I SPA N(I )— .5’RSPAN) ‘PSINII)

ZA PPFII) .ZAPP (IP ,SPA N U — .5’RSPANI ‘RCO SII).YAPPF (IP PH I— XAPP FII ) THETA

ZA PPF II).ZAPP ( I)+I SPA N (I )— .5~ R SPAN P ‘RCOS III.YAPPF (I)’P $I—XA PPFIIP’
THETA

FXII1,—C 0’QG
F X(I )’—CO ’OQ

I I I

__________ _______ _______________ a
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FYI! I • F).IFT’RCOSII)
F Y 1 1 )  ‘FL IFT PCOSI I)

a 7~ I) .TLI FT SRS IN II)
FZU I. FL IT T•RS lN ( I)

—7 A PPV I I I FY 1 1) • V OPPF I I) ‘Fill )
K)I ).— ZAP P F (I) ‘ TV I I) .VAPP FI I)’FZII)

F N l I ) ~~l A P P F (I I ’ F 4 ( I ) — l A P O F l I ) ’ F Z l I )
FNI I ) . Z A P P T I T ) S T r ( I ) — X A P P F I J ) ’ F Z ) I )

1 N ( I ) .— Y A P P T(I)’ FX(I ) ,XAPP F( I ’ SFY(I )
T W I T )  —YA PPT(I ) •FK( !I.XAP PFIIJ* FY(I4

1 4. C O N T I N U E

IT IIO aI. N E .IAPN OG ) R ETURN

ITEM P .SPMAP P
ITEMP ’S•N APP

C A t . SESPL I (IO l .ITEM P .NOOC )
CA L L  ROLCMK IIHS,I HE .1IIS,1HP ,IHL,IH1)

WR ITE (101 ,6)

DO 15 !.1,MAPP

AN G 1•ANG INC ( I)’RAD
AN GI • ANG INC (I) ‘PAD

ANG2 ‘ANGC NT( I) RAO
0NG 2 .ANr ,C N T I I) ‘ROD

W R I T E  (10 1,7) I, AN GI ,A N G2. F K ( 1 ) . T Y I I I , FZ (IP, FK(Z),F M III ,FN ( l )

15 CON TINUE

RE TURN

C START SE SCOM ROLL CALL COO ING W I T H O U T  BUFFER TRACING

C PATH FOR ER R ORS

IS COLt . SESP1.1 (101 ,3,1)
16 CALL ROLC HK (IHS ,IHE ,IHS ,IHP ,IHL ,1H1)

I 32

- _ _ _ - — -—---—— -———-- - — - a



W R I T E  1101 ,2)

WR I T E  (101 ,1)

WRITE (101,3) M UST

GO TO 2 4

C POLL CALL COD ING

17 N HOO~~MODE
17 NHOD .M OOE

IF (MUSE) 16,2 4.10

16 IT (MOOE .G( .-3 ) GO To 19

I F IMOO E.G E. -?P GO TO 20

10.101
10.102

I F (MOOE .GE. -11 ) GO TO 2 1

19 10.101
19 10.101

IF (MOOE .G (.-I t ) ~ C TO 21

C A L L  SE SPLI (10,4.1)
CALL ROL CI4K (IM S.1HE.IHS , IHP , IML .INI)

WRITE 110,24

WRIT E (10.1)

WRITE (10,4) MODE

NMOO.0
NMOO.S

GO TO 2.

20 IO .TOY
20 IO.!OY

1 1 1

- ._- - ---—- —;-  _____ - - - 
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21 CA L L  SESPL 1 (10,1,1 )
21 CALL ROICUK (1HS ,IHE,IMS ,1HP,IHL,IHI)

WRITE (10 ,11

NMOUE.ISIGN INMOD,1 ) 61
NM OD (’ISIGN (NNOO,I) +1

IND X .NOO (NM OOE.44.t
INO X .MOO (NMOCE .8)61

C GO TO SELECTED MODE

GO TO (23,22 .23 ,22) , INDI

22 CALL SUPL1 IIO ,1,I)
22 CAL l. RO LCH K (1H5,IHE ,IHS ,1HP ,IHL ,IHII

WRITE (10,5) MUSE

23 MLJSE .0
23 MUSE .S

C CAL L REFERENCED MODULES IN ROLL CALL MODE

C ALL SES PL I (IO ,I. M OOE )
CALL QOLC NK (1HS ,1HE,14 4S,IHP .tPlI. . 1H1)

CALL M A V F A  IOM .IM .DM .OM ,OM .ON ,OM .OM,DM ,OM . M OOE P

ARGUMENT NO. 1 HAS INCO R R E CT TYPE

W A R N I N G  - ARGUMENT NO. 2 M A Y  HAVE INCORRECT O IMEN SID N A LI TY

• ....... ....e.... ...... ....•.e.....• ..•e,...,.o.,,... ..,,s.e. .... ....,.e.,., ...e.
WA R N I N G  - A R G U M E N T  NO. 3 MAY HAVE INCORRECT D I M E N S I O N A L I T Y

W A R NIN G • A R G U M E N T  NO . I. M AY HAVE INCORRECT D IMENS IONALIT Y
. ....•. ........ ..•. ,•• ..•.•. ..... .............. ...... ........ ,.•e..,..........o,s
•,.,.,.,, ... ,.,.. .,., .... ,,. .... ...e... .., ...... .....,.... .... fl. ... .. s,..e,......

WA R N I N G  - A R G U M E N T  NO. 5 M A Y  HAVE INCORRECT D I M E N S I O N A L I T Y

...,....•............. ..,...•e.........S.....,........,,..s ..fl.. ...,. • ..•••. ..• ••

W A R M I N G  - A R G U M E N T  NO. S MA Y  HAVE INCORRECT D I ME N S I O N A L I T Y
• ..•...,•••• ••.•••..•.... ,,•,.,•••• .••• .••..,,,•...••..,, ••,.•.•.•••••••• .••••••••
• .....,....... ,.. s.....s ......,. .e...,... .......,. ..,,...,.. ....., ......,..,...fl s

W A R N I N G  - A R G U M E N T  ‘40. 7 M A F  W AVE INCORRECT OIMENST ON A LITY

W A R N I N G  - ARGUMENT NO. 6 M A Y  HAVE INCORRECT D IM ENSI ONALITY
• ..,.I....S....... s ..IS..•,..S.I,II.uI.sS......S.,....•...,........•~~,,..I..•,.J.•

~~— —~~ - - -- - -— . _______ ___ a



W A R NING - A R G U M E N T  ‘40. 9 M A Y  H A V E  INCORRECT D I M E  N S 1 O N A L T T Y  
.... •.••.•,... •.•......... ,..o ........o.,,.... •. 

ARG U M E N T  NO. 10 HAS I N CO R R E C T  TYPE 

CALL ROL C MX IIHW.IH A .IHV,I HE,I HA ,IM

C END SESCOM ROLL CALL COOING

24 RET U RN

END

SY MBOL T A B L E  FOR MODULE A P N D G A

V A R I A B L E S
NA ME TYPE R E L O C A T I O N
TX REAL A R R A Y  I F. P.
FT REA L  A R R A Y  1 F. P.
F! REAL A R R A Y  1 F. P.
TX REAL ARRA Y I F. P.
FM REAL A R R A Y  I F. P.
FM PEAL A R R A Y  I F. P.
10)4 INTE GR F. P.
MODE INT EGR F. P.
X A PPF REAL A R R A Y  I A PNO GO
YAPP F REAL A R R A Y  1 APN 000
ZAPPT REAL A R R A Y  I APN 000
NAPP INTEOR A PPNDG
XAP P  REAL A R R A Y  I AP PN OG
YAPP REAL A R R A Y  1 APPN OG
ZAPP REAL A R R A Y  I APPNO G
CHD T REAL ARRAY 1 APP N OG
CHD ~ PEAL ARR A T 1 A PPNOG
SPAN REAL ARRAY 1 APPN OG
TOVC REAL A R R A Y  I A PPNDG
ANG INC REAL ARRAY 1 APPNO G
ANGCN T REAL A R R A Y  I APPNO G
IAPNOG INTEGR *PPNOG
25 REAL CGLOC
IJOB IN TEGR FLAGS
ICASE INTE GR FLAGS
ISTEP INT IGR FLAGS
0 REAL PHYCON
HRNO REAL PHYCON
(MU REAL PHYCON
101 INYEG R SESCOM
IOY £ NTEG R SESCOM
1 02 IN TEGR SESCOM
V At.. REAL ARRAY I W ARBLE
MUSE INTEGR USEOI3
RCOS REAL A R R A Y  I
R SIN REAL A R R A Y  I
ETA REAL ARR AY I
V W A V E  REAL ARRAY I
W W A V E  REAL ARRAY I
DUN REAL ARRAY I

I 15

a-- _
x .____•_ —~~~~
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U R E A L
V RE A L
N REAL
P R E A L
0 R E A L
P R E A L
PHI REAL
IME T A REAL
2 R E A L
P1 REAL
P16 PEAL
PA D R E A L
I INTEGR
02 R E A L
DS P R EAL
RSP AN PEAL
R A R E A  R E A L
ENOTAC REAL
D ELT RE AL
V H REAL
VV REAL
PH IV REAL
VN REAL
PHIN REAL
A L PHA ! REAL
E FFAN G REAL
00 R E A L
REY REAL
C F R REAL
RASP R REAL
RC& 8 REAL
TUF T REAL
CO REAL
ITEMP INTEGR
ANG I REAL
ANG ! REAL
NN OO INTE GR
10 INTEOR
N MOD ( INTIGN
INO X INT IGR
ON RE AL

EXTERNALS
NAME TYPE ARO S
A lA N REA l. £
SIN REAL
COS RE A L
W A V E A  It
SOR T R E A L
ATA N2 REAL 2
A L O G I O  R E A L
SESPLI 3
ISIGN INTEOR 2
MOO INTEGA 2

S T A T E M E N T  LA B ELS
I 2 3 8 6
6 7 17 I LI
6 11 14 13 12

13 16 24 II II
28 21 23 22

COMMO N BLOCKS
NAM E L~ NGYH
APN DGO AS
AP PN DG 262
COLOC 2
TLAAS 4
PHYCON 7
SESCOM PS
W AR B LE A S
USEDSJ I 

— — — — - 4



•‘~~~‘ RESULTS OF FLOW ANALYSIS ~~~‘“

e,•••,.,•••••,•,••••,,.••.,•,• .. . ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ •.. .. .• • • • •b••. .• •  ••..
THE V A R I A B L E  DM IS REFERENCED BUT NOT DEFINED
ALONG T HE PATH 17 16 19 21 23

••.‘“,••‘.•‘•••e•’•’•’’.•••••.•• ’••’.•’•.••’..’•’••.••’••••.’’••.•••’•••••.••••••••••
THE V A R I A B L E  ETA IS REFERENCED OUT NOT D E F I N E D
ALO NG THE PATH 6 10 11

THE V ARIABLE V W A V E  IS REFERENCED BUT NOT DEFINED
ALONG TME PATH 6 10 II 13

•.•••• e.•.,,•.•,••.,•.,•••..,,.,••...•,•..••••.•••. ..•.. •.••..• ..... ..••••.•.•••.••.••
THE V A R I A B L E  M W A V E  IS REFERENCED BUT NOT D E FINED
ALONG THE PATH 6 10 II 13

••••••••••• .•.•.••.• ..•••.••..•.•••.••••••• ,••,••.• •.,.••••...• • ••.. •. .•.. .•••....w••.

THE V A R I A B L E  P1 IS REFERENCED BUT NOT DEFINED
ALONG THE PATH 6 - 

10 11 13
•••.••••• . .•••• .•..••• ..•.••• ..••• .... •••••• .•,... ••.•...•••• .•.•,.••.•••• ...•.•••• ,•.

THE VAR I A B L E  P16 IS R E FERENCED BUT NOT DEFINED
ALONG THE PATH 8 10 11 13

THE VA 9 IA B LE RS IN IS REFERENCED BUT NOT DEFINED
A ).ON THE PATH 0 10 11 13

• • • • • •S* • • • • •I • •• • • • • • • •S • • • •• • • •• •• • • •• • • •• •• •• • • • • •• •• • • • • •S • • •• • • • • • • • • •• • •• •• • • • • •

T .-,E V A R I A R L E  RCOS IS R E F E R E N C E D BUT NOT D E F I N E D
010140 THE P A T H  B 10 11 13

•.‘.‘ ......‘• c ..•• . . ..’ • • • • •’ ’• ’ • •. .’ • • • • • • •’ • • • •’ ’ ’• ’• •’ ’• •’ . • . .’ ’• • • •’ •• .. .• . .” • •.•

T HE V A R I A B L E  PAD IS R E F E R E N C E D  OUT NOT D E F I N E D
ALO NG T HE P A T H  6 10 11 13 14

N U M B E R OF PATHS CHECKED- 70

FLOW A N A L Y S I S  TOOK i.394 CP SECONDS

I ~7
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GL OBAL REFERENC E TAB LE

E X T E R N A L  REFERENCES
ATAN A NSI FUNCTION
SI N ANSI FUNCTION
COS ANSI FUNCTION
W AV E A  SUBROUTINE MODULE
SORT ANSI FUNCTION
ATAN 2 ANSI FUNCTION
AL OGI0 ANSI FUNCTION
SESPLI SUBROUTINE MODULE
ISIGN ANS I FUNCTION
MOD A NSI FUNCTION

LAB E LLED COMMON BLOCKS
BLOCK NAME SIZE CLASS

APN 000 60 CATEGORY 1
APP NOG 2b2 CATEGOR Y 1
CGLOC 2 CATEGORY 1
FLAGS 8 CATEGORY I
PHYCON 7 CAIEGORY I
SESCOM 25 CATEGORY I
WARBLE 15 CATEGORY 1
USEDOI 1 CATEGORY 2

SUBROUTINES ENCOUNTERED
APND GA SUBROUTINE MODULE

__________ 
_ _ _ _ _ _  _ _ _ _ _ _ _ _  a

_____________ 
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SU B ROUTIN E A PTI OGA )F K ,T Y ,FZ, 1k ,FM. FN , IQN ,MODE P
C I M M O M  /A PN) C,O/ XAP P F ( 2 O ) ,V A PD TI2O) .ZA PP F(20)
CO~~ION / A P P N OE,/ HAPP .X AP P (2 0 P .YAPP I2 Q ),ZAPP (20 ).CHOT (20),CHO R(20 ) ,

‘SP IN(?)l ,’O~~C (?I),AN G I N C (2O), A N G C M T ( 2 0 ) , A N G S W P ( 2 0 ) ,I L I T T ( 2 0 ) , IA t T (
‘23) • I T Y P E  ( 2 0 )  * IA P N D G
CO MMON /CGLOC / 15,21
C O M M O N  IFLA& S/ I J O A . IC A S E , IS T E P , I E R R
CO M M O N  /PHY CON/ C.,R HO ,HR IIO,EWU, R HO I N T ,PIN F ,GAM
CO MM O M  ISESCOM/ CA TE ( 13 ) ,IN A ,INB ,IPIC ,IOX.N PAG X ,LIN K, 1O Y .N PA GY ,L IN Y
,I07 ,N P A G Z , L IN Z
CO MMON /V A R B L E /  V A I I I S )
COM MON /U SE OO 3/ M USE
FO R M A T  (4 .X .52HSUBROUT INE A PN O G A  DRATT . O 1— 0 t - 0 5 i 4 7 4

2 F O R M A T  (12 41 ‘‘ E R R O R ’ ’)
3 F3Q M A t  (S1 ,IP HUS ( 11401, IS.13 ,2jH CHECK IN I T I A L I ZA T I O N )
4 F O RM A T )‘A ,P4H I M P R O P E R  MOO ~ I N D E X  QT .14,1341 ENC O U N TEREO ./5 1 .39M

7E~~O S U B S T I T U T E D .  ROL L C A L L  CONTINUES. )
S FO’~M A T  (S, ,SMUS FD ,15.h0~4 TI MES WITH MODE INDEX &R EAT ~~Q TH AN ZERO)
6 T 1.~M A T  (2 M M  A P N O G A  1120W A P N DG ANG INC CANT ANG X FORC (

‘ Y — T ~~F-c7 i - F O R C E  ROLL MOM. PITCH M ., ’ø .
• Y A W  M OM . /120 H NO. DEC.. DEC. LBS . L
‘BS. LBS. F T—LBS. FT-LBS .
‘LB . I)

7 FO R M A T  lIl.,2F1l .2 . i~T I6 .4)
DI M E N S I O N  F l I t ) ,  F I l l ) ,  F / I l ) ,  Fi( ( 1), FM (j ) , FN I 1 )
DI )~~N S I O P4 Q CO S(2O ) , R S IN (2 0 )
D I M E N S I O N E T* (?O) , V W A V E ( 2 0 ) ,  W W A V C I 2 O ) ,  DUM( 204
E Q U I V A L E N C T  (VAL )2 ).U ). (V A L I 3 I , V 4 ,  (VALII.P, W). I VA L ( S) . P). (VA L(6
) , Q ) ,  (VAL (7) ,P) , (V A L (B ) , PHI) . (VAL (9), t H (TA). IV A L ( 1 0) . Z )
IF IMOOE .LT .1) GO TO 1?
MUSE • MUSE + 1
IT IIJO: ’ (0 .1)  GO TO B
PI~~4. •AT A N (I .  P
PIB’P I/O
PA O ~ 100 • 0/PI

5 CON T I N u T
IF (ICAS F.E Q.t) GO TO 10
DO 9 I~~I , NA PP
PS I~a I I) .SIN (A NC.C NT ( I) I

9 RCOS( I) rC OS( AN G CNT II))
10 C O N T I N U E

Q2 rU ’U ’HRII O
IF ( IS T E F . E Q .t) GO TO 11
CALL ROLCH K (IHW. 1HA ,IHV.I H T,I HA ,jH

11 CONTI NUE
DO 14 I.I,NAP P
OS .i,1S—K A P P (I) THETA ,YAPP (II PH I+E TA (1 )
R SPAN .SPAN I I)
PAR EA . • 5’ (CHO T (I) ,CHO R (I)) R S P A N
ElIOT AC .t .0
OELT .OSR— I ZS—ZAP P ( I))
IT (OELT .GE .O .0) GO TO 13
IF IRC OS(I).LE.0.0P GO TO 12
R SPAN .PSPAN +DEt.T/RCOS (I)
IF (RSP A N . L E . O . Q )  GO TO 12
R A - ’FA ..O’(C HO T )I ) ,CHLJ R (I)’PS PAN /S PANII ) )’R S PAN

((

. 4 A



F N D F A C = 1 .  1
GO TO 13

12 FK( I ). ” .3
Fy ( ~~).I. O
F? (I) ‘0.0
FK ( T ’  ‘O.,
F M ( T  ‘ 0 . 0
T N -  :~~~ I . 0
GO t~ 1’.

13 V rV + X A P p ( I ) ’ R — Z A P P ( I  ) ‘P— V W AV E II)
V V = W — K A P P ( I ) ’ Q + Y A P P ( I ) ’ P + U ’T H E T A — W W A V ( ( I )
P44 IV ’A ’ .CNT (I) •PHI
VN -’SQR T V V ’V V 4 V H ’ V H )
P4(I)~ PHil
IT (V N. ‘IE .I.O) P H I N ’ P H IV — A TA N 2 ( V V . V H )
V ’ I ’ V N ’ L OS (P 44114 )
ALP H A I • A TAN2 IRN , U)
F F F A N G ’ AN G IN C I I I  — A L P H A !
00~ (3? ‘ P A RE A
PEY’ U  ( RA R E A / Q S P A N ) /E N U
CFR ~~. 4 / 7 / IA L O G I I  (REV) — .407)’’2.6 4
RA S P~ .’R 0 PA N ’ P S PA N / R A R E A
RCLB 2. ‘Pt RASPR / ( PA SPR .3 .1
F’ IFT—Q 0’ENOFAC’RC LB EFFAN&
CO .2.’CFR ,P IO’TDVC (I) ’TOVC (II’(l. aG’R SPAN /IU U )) +R C LB’ EF FAN G’ EFTA N
‘6

X A P P F ( I )  .XAPP(I )
YA$4’ T (t 1,VAPP (I)— (SPAN (I)—.S’RS PAN ) ’R5IN ( I)
?APPF (I)~- ZA P P I I ) . I S PA N ( I )— .5’R SPAN) ’RC 0SlI) ,YA PPF (I) ‘PU I—XAPPF (I)

• T H E T A
FlU) .— ~~~‘QQ
FY 11 )  ‘TL IFT ’PCOS(l)
F!) I) FLI FT R SIN (I
T K ( I ) .— ZA P P F (I ) F V (I ) + YA PP F ( 1 )’ FZ ( i )
FM I I ) . / A P P F ( I )’ FX ( I ) — X A P P F ( I ) ’ F Z I I )
TN II ) ‘— Y A P P E I  I ) ‘FX (I) •XAPPF ( I) ‘F Y I!)

14 CONT I M ’V
IT (IO N.N E .IAPNOG I RETURN
I T E MP ~+$AP P
CALL R OL . 44K (IH S ,IHE,1 H5 ,IHP .IHI ,1H1)
W R I T E  ~IC 1,b)
DO 15 I’l,NA PP
AN GI. A NU INC ( I )  RA D
A N C 2 . A N~, C N T ( I ) ’ R A D
WR ~~T E (101 . ? ) 1, AN G 1,ANG 2, F x u f ) , T Y (I),TZ( 1) ,FK(E) ,FM II ) .FN (f)

15 C O N T I N U E
RE T)JR N

16 C A L L . RO LCH P( IIHS .111E.IHS,IHP.IHL,IHI I
WRITE (l OX ,?)
WRIT E  (10 1,14
W R I T E  (101,3) MU ST
GO TO 2 4

1 7 NM OO ’MO DE
7F (MUSE ) 16,28,16

10  IF ( MO O E.GE .- 3 4  GO TO 19
IF IMOOE. GE .- 7) GO TO 20
10.102

. - ~
—
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IF (M ODE .GE. -11) GO TO 21
19 IO ’IOX

IF IM OOE .GE. -11) 60 TO 21
CALL ROLCHK (I HS,IHE , IHS ,IHP ,IHL .1H1)
WRITE (10,2)
WRITE (10 ,1)
WRITE (10, 4) MODE
NMOO. 0
GO TO 21

20 IO . IOY
21 CALL ROL C HK ( IHS , IH E, IH S, IHD ,11$L , IH I)

WRITE  ( 1 0 , 1)
MMOO€ .ISIGNINM OO , 1)61
INOX .MOO (NMODE .4)61
G O b  (23,22,23.221 , INDX

22 CALL ROLCH K IjHS,1HE ,LHS,IHP ,1H1,1HI)
WRITE (I0,S) MUSE

23 MU SEPO
C A LL ROLCH K (IHS,1HE, IHS ,IHP,IHL ,1H1)
CALL ROLCH K IIHW,I HA,I HV ,IHE .1HA ,1H

28 RE TURN
END

- —_-•-. —.-——-———— . ——. - . . .*.—-—— . . .— — —r —
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PROGRAM RO LCAL (OUTPUT ,TA PES. OUTPUT .TAPE3.TA PE 9,
TAP E 10 ,TA PE I1, TAPE L?. TA PE I3 , TAPE 14. TAP E 1S)

COM M O N / A P N O G D / I X  II 60)
CO MM ON/APPND G / IX II 26?)
CO PUIDN /CGLOC III 21 2)
CO NN ON IT LAG S /11 31 4)
COMMO M/ P HYCON /11 41 7)
COM I ION/SE SCOM / IX  5 6  25)
CO M M O N /V A R R L E / I X  61 15)
CON $ON/USEO O 3 /1X 76 1)
(3’t
M QOE~~2
R E W I N D  13
R E W I N D  14
R E W I N D  11
DO 10 I~~1 ,13
.J.J-1
DO 1000 K .1, 60
I X 0(1).!

1000 CONTINUE
DO 1001 K’!, 262
IX 1 ( K )= 1

1001 C O N T I N U E
DO 1002 1’!, 2
I X ? (K) .1

1 0 0 2  CONT INUE
DO 1003  Kr) , 8
El T I K ) ’ l

1003 CO N T I N U E
00 100’. K t .  7
I X 4 (K).i

100 4 C O N T I N U E
DO l b S  ‘ 1 ,  15
I X 5 (K)~~I

1005 C O N T I N U E
I~ S (1?)’lO
I X 5 (20).11
I X 5 (23) ‘1?
DO 1006 l~~1 , IS
IX 6 I K )~~t
C O N T INUE
DO 100? 1.1. 1
T I ? ) V ) r 1

1007 CO’4TI N’JE
CALL  APN OC.A ( D , D , D , D , O , D , D ,  3)
ITI M OOF .EO . 3)60 TO 5
CALL M O D I D I J )

S E N O F I L E  3
10 C O N T I N U E

CALL C M PAR I
R E W IN D
R E W I N D  13
RE W I N D  14
REWIND 15
ST OP
FN O

-- -- -~~~ -- - . 
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RES ULTS iF  ROLL CALL CHECK

ALL SUBROUTINE S W E RE C A L L E D  IN THE ROLL CALL M OOT

OU T P UT DEVICE V

MO DE I N D E X ’  0
SUBROUTINE APN D G A  D R A F T .  O I-I1 - 0S14?~

USED I T I M E S  W I T N  MOOT I N D E X  G R E A T E R  THAN Z E R O

MODE I N D E X.  -1
SUBROUTIN E APHD ’GA D R A F T .  0 1 — 0 1 - 0 5 1 4 ? ’ .

MODE I N D EX ’  — ?
SUBROUTINE APN O G A  DRAFT. 0 1 - 01-OSI ’ .?i.
USED 1 TIM E S  W I T H  MOOT I NDEX G R E A T E R  THAN ZERO

MOOT IN D E X ’  -3
SUBROUTINE APNDGA D R A F T .  0 I—0 I-051 4?4

MODE IN D E X’ - ! ?
‘‘‘E RROR’’ ’

SUBROUTINE APN DG A DRAFT. 01— 01- 051 471.
IMPROPER NODE INDEX OF — 12 ENCOUNTERED.
ZERO SUBSTITUTED. ROLL C A L L  CONTINUES.

SUBROUTINE A PN D GA DRAFT. O I— 0 1— 0 5 1 4 7 4
USEr) £ TIMES WITH MODE INDEX GREATER THAN ZERO

I 4 ~
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OUT PUT DEVICE V

MODE INDEX’  -I.
SUBROUTINE APNDGA DRAFT. 01—01—0 511.78
USED I TIMES WIT H NODE I NDEX G R E A T E R  THAN ZERO

MODE INDE X ’ -5
SUBROUTINE A PND GA DRAFT. 01—01-051478

MO DE INDEX . — 6
SUBR OUTINE APNO GA DRAFT. OI -01-05187 8
USED I T IMES WITH MODE INDE X GREATE R THAN ZERO

MODE I N D E X ’  —7
S U B R O U T I N E  APH O GA DRAFT. 01-01-051 874

OUT PUT DEVICE 2

MODE INDEX ’ -6
SUBROUTINE A PNO GA DRAFT.  00—01- 051478

USED I TIMES W I T H  MODE INDE X GREATER THAN ZERO

MODE 1 M O EX .  —,
SUBROUTINE APN OG A DRAFT. 01-01-95187’.

NODE INDEX .—II
SUBROUTINE A PNDGA DRAFT, 01—01—15147’.

USED 0 TIMES W ITH MODE I NDE X GREATER THAN ZERO

MODE INDE X~~— t I
SUOROUTINE APNO GA DRAFT. 01—01—131474

. 4 4
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Audi t , How Ana ly s is ,  and R~~1 Ca li~JMode=- 3) of a SE SCOMP U t i l i ty  Module

FUN CTION X S TD V I I ,N ,LOC,NBCT, MOD E )

C FUNCTION ISEOV SESCOM P.US-02— 070175

C ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

C • THIS P R O G R A M  UNIT IS PROVIDED BY ‘

C •

C • DEPARTMENT OF THE N A V Y

C • SURFACE E F F E C T  SHIPS PROJECT

C • P.O. BOX 3 1.1.01

C • BET HESDA, M A R Y L A N O  20064

C

C • REFERENCE--

C • MODULE VERS ION MANUAL - BUFFERED I N T E G E R  DIVISION •

C ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

C’~~” !SEDV-A SE SCOM P BUFFERED FUNCTION WHI C H FINDS THE QU OT IENT

C OF TWO INTEGERS

C~~~’’’’’1—THE INTEGER D I V I D E N D

C~~~~~”” N— THE INTEGE R DIVISOR

C’ ” LD C-LOCAT ION COOT OF FUNCTION REFERE NCE IN REFERENCING

C MODULE. .67. 0 AND .LE. 10

C” NBCT -BU F FE R- TRAC IN G ARRAY

‘ . 4 ’)

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



C”M ODE .POSITIV ( INTEGER INDICATES COMPUTATIONAL MODE

C .LE. 0 AND .GE. — 12 INDICATES ROLL-CALL MODE

C SEE U T I L I T Y  MODULE ROLCOL FOR AN E X P L A N A T I O N  OF

C ROLL-CALL M O D E  V A L U E S

C NO BU FFERED FU N CT IO P6 ARE REFERENCE D BY THIS VERSION.

C C A T E G O R Y  I COMMON

C OMMON /SE SCOM/ CA SE113 ),INA, IN B,IN C ,10X ,NP A G X , L IN X ,IOY,NPA GY ,L IN Y ,IOZ.NPAGZ ,LINZ

C”  CATEGOR Y 2 COMMON

COMMON / I SE OV I/NUSE

C” ’”’NUSE -USE-COUNT INDEX

C .‘PD SITIV F INTEGER INDICATES NUMBER OF TI MES MODUL E HAS

C BEEN C A L L E D  W I T H A POSITIVE MOOT INDEX

C .0 INDICATES MODULE HAS NOT BEEN C A L L E D  DR

C HAS PREVIOUSL Y BEEN CALLED IN THE

C ROLL-CALL MODE

I TOR M A T ( 5 X ,j 3A 4 )

~ F O R M A T (12H ‘“ERROR”)

I F O RM A T ( SX , 2 0H  USE-COU NT INDE X IS ,I7,21M CHECK I N I T I A L I Z A T I O N )

D I M E N S I O N  NACT (20. 10) ,MI F (13)

D A T A  MI F /4HFUNC. ’.HT ION ,¼ H ISE, l,HOV.. .4”.H....,4HSESC,’.HOMP.,4HUS-0 ,4H2—07 ,4H01751

C~~~~~ .CH FCK NODE

IF (M O D E . L T .i )  GO TO 990A

. 4 4 )

— - a- .v
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GRAP H HAS BEEN P L A C E D  INTO M E M O R Y

C ’ C H F C K  FOR NE GAT !V F USE COUNT

IF (NUSE.GE. 0) GO TO 10

C’~~~~’PR!NT ERROR ~FS SA GE FOR N E G A T I V E  USE COUNT

CALL SESP L 1 (IOX , 3,3)
CALL ROL CHK (1H5 ,IHE,IHS ,IHP ,IHL, IH I)

W R I T E  (lOX .2)

W R I T E ( I O X , 1 )  MI F

W RI TE (IOX .3) MUSE

N USE • 0
MUSE’ 0

10 NUSE .NUSE .1
10 NUSE .NUSE+I

IF ( N .N E .0 )  GO TO 50

I S EOV =  I
I SEOV ’l

IF (LO C. GT .0.AND. LOC .LE. i0 ) GD 10 20

IF (LOC.LE .0) GD TO 21

NB C T I I  1, 10) ‘NBCT (11 ,10 ) II
NBCT III, 108 .NBCT III, 10) 61

GO TO 9999

21 NBCT III,14 .NBCT III , 1)61
21 NBCT (11 ,1) ‘NOCT (11,1)61

GO TO 9999

20 NB CT (tt,LOC).NBC T (11,LOC) •1
20 NBC T (11,LOC ).NBC T (11,LOC ).1

4 7
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GO TO 9999

50 ISEDV’ I /N
50 ISEOV ’I/N

GO TO 9999

C” REFERENCE TO R OLL—CALL UTILITY M OD ULE

9966 CALL ROLCOL (NUSE ,NBCT ,0, MIF ,MODE )
9966 CALL ROLC HK (IHR, IHO .1HL,1HC ,IHO ,IHL)

C~~~~~~~CA LL REFERENCED NODULES IN THE ROLL— CAL ) . MODE

CALL SESPL 1IIDX ,1, MO DE )
CALL ROLCH I( (IHS,1HE .IHS,IHP ,1H1,IH1)

9999 RETURN

END

I .4M

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  -— — - - - - . - — - — . — -~~.___ - a ,



SYMBOL TABLE FOR MODULE I SE O V

VAR I ABLES
N A M E  TYPE RELOCAT ION
I INT(GR F. P.
N INTEGR F. P.
LOC INT (GR F. P.
NBCT IHTEGR ARRAY 2 F. P.
MODE INTEGR F. P.
lOX INTEGP SESCOM
MUSE INTEGR ESEOV I
M IT INTEGR A R R A Y  1
ISFDV INTEGP

E X T E R N A L S
NA ME TYPE ARGS
SESPL I 3
ROLCOL S

S T A T E M E N T  LABELS
1 2 3 9960 10

50 20 21 9999

COMMON BLOCKS
NAME LENGTH
S ESCO M 23
ISEDV I I

“ RESULTS OF FLOW A N A L Y S I S  ~~~“S’

MO ERRORS FOUND

NUMBER OF PATHS CHECKED— B

FLOW ANAL Y SIS TOOK .036 CR SECONDS

I (4

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  - . — . - a



GL OB A L R E F E R E NCE T A B L E

E X T E R N A L  REFERENCES
SESPLI SUB ROUTINE MODUL E
ROLCOL SUBROUTI NE MODULE

LA B E L L E D  COMMON BLOCKS
B LOCK NAME S IZE  CLASS

SESCOM 25 CATEGORY
ISEDVI 1 CATEGORY 2

SUBROUTINES ENCOUNTEREO
ISEOV FUNCTION MODUL E

F U N C T I O N  IS E O V IZ , N ,L OC, NBC T , NODE)
COMMON /SE SCOM/CASE (I3),INA ,INB ,INC ,IOX, NPAGX ,LIM X,I OY ,NPA GY ,LINY,

‘IOZ,MPAGZ ,LINZ
COMMON/I  SEDVI/NUSE

1 FO PMAT (5X, j3A 4 )
2 F O R M A T ( 1 2 H  “ERROR” )
3 F D P M A T ( S X , 2 0 H  USE—COUNT INDEX IS , I 7 , 2 IH  CHECK I N I T I A L I Z A T I O N )

D I M E N S I O N  N 6CTIZO ,t 0),M IF II3 )
DA T A  M IT/4HFUNC ,l.NTION ,l,H ISE ,l.HDV.., l,’l.M....,’.HSESC,8HOMP .,’.HuS—0
‘,4~)2- 07, 4HOI7S/
IF INOOF.LT.1 ) GO TO 99U
IF (NUS F.GE .0) GO TO 10
CALL ROLCHK (IHS,IIME , IHS,IHP ,IHL .IHI )
WRITE (IOX .2)
W R I T E ( I O X , 1 )  MIT
W R IT E ( I O X , 3)  MUSE
NOSE. 0

10 NUSE .NUSE ,1
IF(N. N E .0 )  GO TO 50
ISEDV .I
I F IL O C . G T . 0 .A N O . L O C . L E . 1 0 )  ~ D TO 20
IF ILOC.LE.0P GO TO 21
NBCT I 11 • 10) .N6CT (11,10 4 61
GO TO 9999

21 NBCT III ,I) .NBC T (II,j4 •1
GO TO 9999

20 NBCT II1,LOC ).NSCT(lj,LOC).1
GO TO 9999

SO ISEOV .I’N
GO TO 9999

9966 CALl . ROLCH K (jMR,IHO,jHL ,jHC,jHO,14~~)
CALL •OLC MK (IHS,1HE,jNS ,INP,146L,IHI)

9999 RE TURN
END

. a



PPO( .R A + ~f lL r A L u O U T P U T , T A P E~~. O U T P U T . T A P E 3 . T A P E ’ l .
T A P )  10 . T A P F I I , T A PI 12, TAPI 13, T A P E I ’ ..TA PEI 5 )

CO M M O N / S E S C O M / I X  01 2S)
C O M M O N / I S F D V 1 / 1 X  l(  1)
J. 1
MOOf r I

~ f W INO 13
P E W I N r i  1.
P T  w I N O  1’~00 10 I’I . lJ
J’ J- I
00 1 0 0 0  F’ ! , /S
I X 0 (K ) ’l

l O O T  ~ O N T I N ( J ’
I X  0 ( 1~~u r 1 0
IV  0 ( 2 0 ) ’ I l
I X 0(2 !)’12
DO 1 0 0 1  K ’ ! ,  1
IX ilK )’ !

100 1 C O N T I N W
C A L L  I SEOV (D,O,O,O,J)
IF (MOO ) .EO . ~~GO TO S
CALL M.O D I O ( J )

S F N OF I L I  3
10 C O N ’ 1 1 4 1 5 ’

CALL CMPAR F
RE WIND I

• RE W I N D  13
RE W I N O  14
R E W I N D  15
S T O P
END

A L L  S U B R O U T I N ES WERE C A L L E D  IN THE ROLL CALL MODE

— — 
-- 

- ‘  - 
a



Au di t m d  Flow Analys is of Ancillary Subpro~ rarii

SUBRO UT IME CO ITLA

C ~~~~~~~~~~~~~~~~~~~~~ CATEGORY I COMMON BLOCKS ~~~~~~~~~~~~~~~~~~~

COMMO N /COLUMN/ IVERT ,ILATRL

COMMO N /SESCDM/ CASEII3).INA,I NB,INC ,IOX .NPA GX, L INX ,IOY ,NPAGY ,LINY ,IOZ, NPAGZ,L INZ

COMMON /UNITS/ ISI,IS2,I53.!54

1 FO R M A T  ( 1 4  /S IX ,22NV E RT 1CAL F L A M E  SUM MARY / / IQ X ,8HT IME ,7X ,6HWAVE AN P ,7X.SHORAFT ,9X ,5HTHETA ,SX,I
O HGAGE PR€SS ,IX ,BHBOW ACCEL ,SX ,9HC G ACC E L ,8X ,T1MFAN PW R/ 1OX ,3HSEC,IIX ,2HFT ,IIX,3H FT ,IIX ,3HOEG ,ISX ,3
#4 P 5F , I0X,IHG.i3X ,IHG ,1iX ,2 HHP/)

2 F O R M A T  (70,F7.2,71,F6 .3,?X,F7.3,2(?X ,F6.2),2I7X ,F6.3) ,TX ,F7 .1)

I FORMAT UN /33 0,2 1HLA T(RAL PLANE ~JMMARY //9X ,’ .HTIME, 10X,3NP HI,9X,5HOETAS ,6X ,BHLAT ACCLL ,AX, IHU
,6X, II N TURN PA DIUS ,SX, 6HYAW RAT (,I7H RUDDER ANCLE/LOX ,3H5EC,I0X,3HOEG ,IlX,3HOEG.1IX, IHG,IIX,3 HFP
S . 1 0 X .2 H F T , 1 0 X ,T HD EG/SE C ,  l O X  ,3NOEG/ )

8 FO R M A T  (7X , F7 .2,2(7X ,F6,2),7X ,F5.3, 7X, F6.2,71,F6.0,71,F7.3,F16.21

DATA EOF/ 3HEOF /

IF (IVE R T.NE.1 ) GO TO 7

WRITE (151) (EOF,I’I,8I

END FILE 131

REWIND 131

S CALL SESPL I IIOX,6,2)
S CALLSCS PL 1(IOX ,0,2)

WRITE IIOX ,1I

A READ lISt ) T1ME, ETA ,7,THE TA, PS ,BOWACC .ACC ,P A N P W R

IF (T1ME.EO.EOF ) GO TO 7

152

- —~~ - - —• _________________________________- — - . — —~~ a



WRITE 1!OX ,P) TZ~~ ,ETA ,Z.THETA ,P6 .0OWACC, A CC .FAN PMM

LINI .LINX .1
LINI’LINX.l

IF ILI NX .EQ,5 O) GO TO S

GO TO A

7 IF (ILATRL .NE .1 GO TO 10

WRITE (IS?) (EOF .I.I,6)

END FILE IS?

REWI ND 152

• CALL SESPL1 IIOX ,A,2)
CA LLSESPL t T tOX ,~~,Z!

W R I T E  l IO X ,3 )

9 READ (IS?) TIME , PHI, R E TA S .ACCLAT,U .TR ADU S -,T ,~~’’)ANG

IF (TIME .E Q .EOF) GO TO 10

WRITE (lOX,’.) TIME, PNI ,OE TA S, A C C L A T  ,U ,TRAD US ,R ,RUDAN G

L INX .L INX +l
LTNI .L INX+ 1

IF (L1NX.EQ.50 ) GO TO A

GO TO 9

II REWIND 1St

REWIND IS?

RE T U R N

(NO

I ~) I

__________ 
a



SYMBOL TABLE FOR MODULE COLFLA

V IRIAB LE S
N AME TYPE RELOCATION
IV E R T INTEGR COLUMN
ILA ~ RL INTE GR COLUMN
lO X INTEGR SESCOM
L INX INTEGR SESCOM
1S1 INTEGR .LMITS
IS? INTE A UN ITS
(OF REAL
I INT (GR
TIM’  REAL
ET A REAL
Z R E A L
ThE TA PEAL
PB REAL
B OWACC REAL
ACC REAL
F A N P W R  REAL
P H I  REAL
BETAS REAL
A CCL A T REAL
U REAL
TRAOUS REAL
R R E A L
RUDANG REAL

EXTERNALS
NAME TYPE A RG S
SESPLI 3

STATEME NT LABELS
1 2 3 4 7
S A 10 I ‘0

• C O M M O N  BLOCKS
NAM E LENGTH
COLUMN 2
SESC OM 25
UNITS 1.

• ,,••...•.,••.,e.e•.,,...,,,....,.,• .•....,••...,e••.••..•......., ,.,.........,. ..o
COMMON BLOCK UNITS HAS INCORRECT SIZE

. ,,,,.,, .,,..e,.s,,,,.,u, ,..o,.,.,, ..,,,,,, ,,,,,,,,. .,,,.. .,.,,,,,,,,,.,.,,.,,,,, .,,

_______ - __________________ a



•““ RES U L T S Or F L O W  A N A L Y S I S  ‘““

N’) ER RO R S ~~O)J ND

NUM’3FP OF P A T H S C H E C K E D -  I.

F L O W  A N A L Y S I S  TOOK .050 CP SECONDS

-~ .~
- 3r -- - .‘- - - 

-
-
-- 

- - - .
-

- -~~~~~~~ :-~ - - ~~~~~~~~~~~~~~~~~~~~~~ V —i- - ~~~~~



Audit ~nd Flow An ml y si - -, uf Lxtr m ord inary Subrout ine ~~~~

C I ( 9 R C ) J T  INr I ~~ i ’ T

COM M CN /SESC~ IM/  C A S E  (1 I ) ,INA , INR.INC .IOI.NPA r X . L I N X .If lY ,N R A C Y .L INV , I C ? . MPA ~, 7 . L V N ?

C O N MCN / U 4 X I T S /  I!I,I’2,IS3.IS4

INA .5
INA .5

IMB’ lO
I NB • 10

lOX ’S
101.6

101.5
101.5

107.6
107.1

1St ‘1
ISI .1

IS2 .2
152.2

ISO”.’.
153.44

O54’3

RETURN

END

- - ~~~~~. a



C Y M B a L T A ’ ) L E  FOP MOr IULX I N ’ ) ’ J T

V A R lA D LE S
W A N T  T Y P ’  R’LO C A T I O N
I NA  IN T ’ C ~ S C SC OM
INP I N T ’ G P  SESC OM

I # J T F C ,R SE SC1D M
T O Y  IN IFER SESCO M
I D ?  INT c r . p S ESCOM

I NT ’C R  UNITS
I S?  I~.T F 1,c UNITS

I) ,TEG P UNITS
I~~L IP ~T ’ G Q  UNITS

C~ ”4NON P L O C K S
NAN’ L !NGT H

25
UNIT ’  I.

Cr’ w~~O’. S L C ’ v I~N T T ~ H A ’  I N C O R R E C T  S I FT
..•..• .. ••••....• .•,....•.....•. .•..• 

~~~~~ PF’U L T~ (‘1 F~~’)W !NAL K’! S ‘‘‘‘“

610 ‘ PRO PS FOUND

N I M ” f R  OF ~ AT ’ - ”  C H E ( . V 0- I

FL ’ )W A N A L Y c I S  TOOK 3.0~~Q O P SECOND S

‘ ( 1

_ _ _ _ _ _ _ _ _ _ _  a



Audi t  dr id F low Ana l ys i s  of Extraordina ry Subrout ine ST ART

S U B R O U T I N E  START

COMMON /USEDOI/ MUS h

COMMON /USE 0O2 / MUS O2

COMMON /USED 03/ MUSO3

COMMON /USEDO4 / MUS O ’ .

COMMON /05(006/  NUSOS

COMMON /USET)06/ MUSOB

COMMON ,USEOIO/ MUSI O

COMMON /USEDII/ MU Sh

C OMMON /USED I4/ MUS t ’ .

COMMON /USEO17/ MUSt ?

COMMON /US(0I6/ MU S1B

COMMON /USEOI9/ MU SI9

COMMON /USEO2O/ *JS2O

CO MMON /PAGE !/ NUSE ,NROLLC

N USE .0
NUSE O

HR OIL C • I
N RO LL C’O

MUSh 1.0
MUS h 1.0

MUS)(2 .O
MUS h 2.0

- - 
- - -

-
~~ 

._

~~ 
— — ---p--— a



MUSS 3. 0
MUSh 3.0

MU SO 8. 0
MUSS I~~ 0

MOSIS’ I
MUSh 6.0

MUSO I’I
MUSS 6.0

MU S 10’S
MU S 10.0

4(0511.0
MUSh ’S

NUS 18,0
MUSI’..0

MUSt?’ 0
MUS h ’S

MUS I A s S
MUSt S’S

MUS tS’S
MUSIS.0

MUS2O’I
MUS?0.I

RE TURN

(NO

____________ ___________ ___ 
-

.--— - . - -.— - ______ 
-- - - ~~~~~



SYMBOL lISLE FOR MODULE START

VA R I A B L E S
NAME T YPE RELOCATION
MUS0I  INTEGR USED0~
M U S S ?  INTEGR USEOOZ
M USO3 Z NT E& R 05(003
MUSOI. INTEGR 05(008
MUSO S INTEGR USEDOS
MUSS6 IW TEGR USEOSS
MUSII INTEGA USEOti
MUSt ’ . INTEGR USEDI’.
MUSt ?  INTEGA 05(017
M USt S INT (GR USEOI$
MU SIS INTEGR USEDIB
MUS 2O INTE GR 05(020
N OSE INT (GR PAGE I
NROLLC INTEGR PAGE L

COMMON BLOCKS
NAME LENGTH
US(DOI I
USE OO 2 I
USEOD3 I
USEQI ’. 1
USEDOB I
USTOOS I
USEOIS I
US(OII 1
USEOIS I
05(01? 1
05(015 1
05(019 I
USEO2I I
PAGE L 2

‘••,,. ‘,‘•• .‘•‘•,, ‘.“.‘•• ‘“‘‘ •‘‘ •••‘“ .‘‘ .“.“‘ •“•‘“ .‘.“•• ‘.‘‘ .“•..“•‘S•’’
THE COMMON BLOC K 5(SCOM DOES NOT APPEAR EN THIS PROGRAM

‘‘ .‘•.“ •“ e” •’•” •’••” .” ” ••” ••” .” •” .’•’.” .•.•.’” •’•

‘“ RESULTS OF FLOW ANALYSIS “

NO ERRORS F OUND

NUMBER ~~ PAT4X 5 CNECKED — I

FLO W ANAL YSIS TOOK .623 CP SECONDS



Aud i t o f d  BLOCK DATA Subproj ram

RLOCK DXII

COMMO N / Ar P O O I /  71 (21)

COM M CN /A EPO SI / 7~~E( ,)

COM N CN /X PPNO G / ?€1126? )

COM MEN /APN DGO/  751(U)

CO MMCN / S MC O/  72 ( 2 )

COM M ON /D OWS LI/ 7~~Q (~~9)

COMM O N / Q O W S L O /  7 5 8 ( 8 0 )

CCM M CN / O G L O C/  7 !7 1 2)

COMP 4 CN / C O L ) J M N/  7 3 ( 2 )

COM MO N / ‘‘)NCO/ 77 (41)

CO M M O N  /EN cT NI / 745(1507)

COMM O N / FA N I /  786 (35’.)

r 0MM C H  /FLA G S / I JOB ,ICAS E ,ISTE P .IERR

COMM O N /FPOU O E/  71’ (?)

COM M CN /G9OW / 730(3)

CO M M O N  ,HELMc/ 212(409)

COMM O N /L(AK ’R/ 722

COMM CN /10 105/ X M l

C O M M O N  /MA SSFS / 723(61? )

I~ I

— -  - - - - a
_ _ _ _



C N M C N  / M A T R T X /  72 1.131)

C O M M O N /M S I O W /  7 2 E 1 2 F )

C O M M O N  / M W X V T /  7 2 1(6 )

C OM MON / O P T I O N /  727 (3)

C OWMCN /P6IYCON/ r,,PHO, WP HO,EMJ,RHO INE ,PTN F ,CXW

CO M M O N  /PQ IN T/ I S E S , I I N T G R , I RM C

C O M M O N  /PQO PI/  7 2 9 ( 6 )

CC M M C N  /SESC )M / CA ’E (I .I),?N A ,INB ,INC .IOX ,N P&cX .LI N T ,IOY .NPA GY ,LI NY .IO Z.NPA CZ ,LTN ?

COMMON / c I r )W L ! /  7 3 1 ) 2 7 )

CO M M C N  /SLOP~~/ 211(2)

C O M M O N  /SP °AY/ 757 (5r )

CO M M ON /STNSLI / 7 3M ( 3 0 )

COMMON ,C 7 4 ~~(O/  75~~l4 0 J

COM MON /T IMF / 7 3 3 ( 5 )

CO M M O N  /TO QOIJI / 734.127)

C O M M C N  /VA ~ M L F / 71.1 (15)

COM MON  / W I V F / 742(6)

COMM ON /W * VES 7/ ?6C (79)

DATA  7i/7I’I,O/

DATA  72/2’0.3/

D A T A  71/? ’I.T/

D A T A  F? /41~~~ ,0 /

/ 

- a



~‘ X T A  7~~L. / ‘ .3 .  C f

- A T A  2 ? ? f ) .  -

) A T A  7 ? 3 / ’ i ’ ’ C . C /

D A T A  7?4 ./ -~~~. C/

D A T A  ? 2 S / ? C ~~~ . /

D A T A  7 ? 6 / l ’ O. C/

D A T A  ?? 7 / 1 5 . 0 /

D A T A  7 7 q /~~.0~~,1.~~.( /

DA TA 7 T C / 3 . r/ 
5•0 •s•.•.......•• .... .....•. ••..,

L I C T  ~~~~~~ DC ~~‘T MAT fl .’  
3 • • • • • • f l •q 3•3 5 5 3• • •3 3 p• 3  S 3~~~5

DAT A ?11/7”3 .I/

D A T A  7 3 3 / 5 ’ O . I /

D A T A  7 1’ . /7 7 ). ’/

D A T A  7 3 6 / 7 ’ O . O /

D A T A 7~~B/ 3fl’0.0/

DATA 7¼h/15’~~.C/

D A T A  74.?/6’O.O/

DA T A  ?l. ’/ 1 ’ ’7 ’ C.  C/

D A T A  F4.6/351. 0.0/

DATA ? 5 C / B ’ O . O /

DAT A 754/40’’T.’/

D A T A  755/h0’O.O/

I I

_____________ ____________ a
____________________ ________________________ _____________ -3



‘~ ‘~~~‘~ •

D A ~~~ T ~~!7 / ’ C .~~~ /

•
~‘A C a  7~ /- - ~~. 

-/

D A T A  ‘ / ‘  ‘ C . ’/

lA b 7~~~ / ’  ‘~~~‘ .~~~ /

D A T A  7~ ? I N ’ ~•0 . T /

D A T A  ‘~~u .’~~~’ , ’’’ , ./l.2~~E—5 ,F1I6 ~.,.O023 7B ,1.l,/

~ A D A  i A ~ /i T’ .--

‘ATA INA.I .4q ,~~NC,IOx ,N PA GX ,LI Nx ,IO y .NPAGY ,LT NY ,IO?,NPAC,7,LTN?/i?•0/

DATA  IJOp ,1r A~Y, !’TEP. 1cPP/ 4 . T /

DA ’ A X~~~/O.Q/

D A T A  I ’ E ’ . I I NT t P ,I F H C / T .T , I /

‘N’ )

S Y M B O L  T A ~~LE FO R BLO CK D A T A

V A R I A B L E S
TY PE R E L O C A T I O N

REAL A R R A Y  0 AEPOO I
7T~C REAL A R R A Y  I a~~ROSI
fbi R E AL A R R A Y  I AP PND G
7’,) RE AL A R R A Y  1 A PNDGO
71 PEAL ARR AY I BMC O

75~ 
REAL A RR AY I POWSIC
REAL A R R A Y  I RO WSLO

7’,7 PE AL A R R A Y  I CGIOC

7 !  REAL AR R A Y  I C O L U M N

7? RE AL ARR AY I FO NCO
7I.~ RE AL A R R A Y  I EN GIN I

74.) R E A L  A R R A Y  I FANI
Ij (~~ 

INTE (~R 
FLAGS

IN TF G R FLAGS

I P4TEGR FLA C S

II PR IN TE C ~ FLAGS
71’ PEAL ARRAY I FR000E

730 REAL ARRA Y I GBOW
PI AL ARRAY I HELMS

7?? R E A L  LEAKER

A M !  PEAL LOADS

I h

— - •- —-~~~~~——----— ~— - ---—-— a



P~ A L A -~?~~~Y I NA ~~’) 5
XR ~~A Y I M A T R I X

1’’ PI A L A R R A Y  I
‘‘~ O F A L  A R R A Y  1 M W A V F
‘‘7 P r A L  A R R A Y  I OP T’ ’)N

RI A L -~ V
P 1 A L  P~~1U’)N
R E A L
R E A L  PH Y C O N
I’-~ ’~- ’ PRINT

II’T ’P t~~TE’.R PR INT
IP)~’ I NT F ’ ~’ PR INT
77Q PRA L A R R A Y  I PPOPT
(A ’F P r A L  A R R A Y  1 S O C C I M
TN T INT’(.R
I ’”, IN T’r.Q

I NT rr ,R
IO~ 

r N T r ( R
1 P T E G R
I NTF ’Q

IO N  I N TEG P C’SCOM

‘ - p
~~GY I P T IC~

CO
107 I 6 T F C O  ‘~~CC OM

I N TE rO SECCOM
L I ’-? I NT’GP C’SCOM
7 31 PEA L A T R A Y  t SIDW L I
73) PEA L A R R A Y  I SLOPE
7 3 A  P IA L  A R R A Y I SDNSL I
‘N’  P~~A L A R R A Y  I 4TNSLO
i l l  ~1 A L  A R R A Y  I T I M E C
731. P(AL AR RAY I TO POUr

P EA L A R R A Y  t
74 2 P rA I _ A R R A Y  I W A V E
74.T P E A L  A R R A Y 1 W A V E S I

C O M M O N  B1 0C~~’
N AM I
A’QOOT ‘1
A ’RO’I
A PPNDC
A PN DGO
RMCO 7

~ O W S L T  Sq
4 3

Cr - L O C
C O L U ’ N  2
TO N E ’) 1.1
‘‘.0161?
F A N I

4
F P C)JflI 7

3

IT A K r P  I
L O 4 ’ ) ’~ 1

~I2
M A T O T E  36
MSI’l W
N W A V I  6
O P T I O N  3

1
PO INT
PROP ’
‘‘ ‘ C ’ ) M  ‘S
SIO W L I  77

~L O P’  2
‘)- Q AY
O T N I 1 IT
C T N C L O  4.0
TIM )’ 5

77
V A PBL C IS
W A VE 6
W A V E S T  79

_ _ _ _ _ _  ____  _ _ _ _ _ _  ___  a— _____ — — -.-— 
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— J A C ’ T ~~ T N )  i V , C V C N  0 t - I C . ,  ~~~D~~ C I  “lc’  C T  A ’ !  ‘I’ ’ ‘~‘‘~~~~‘C~ ‘)‘‘:‘-r ’I ’-

1.A~- ’ I ’f , — J A I A L  ‘ Y ) E  ~
.. r 9 .OI, 3 l O C3 A I C O r 1  Cr ’  ~, f l T  A’’’ 9T~~~ ~ N T Dr A C T r f r c I N I T 1 r ~,

- V~ ‘ - L  T N P r 3’ C ’ -’’ N ~LO C~ A P~~’.’)’ DO’’ C ’  A . ‘ -~1 T’I N’ P IA I C  DE’T’,T’I O)

.A ’’CIC - J)~~~I A ’ L  T ) ~ II C C V I 9 . )  U 011 ‘E ME D ‘Y’  C ’ T  7 C ’ C C  4 ’ A H  I’~~’. F C o .r 0 O n T N I T I O N

A R’. 7 C  - — V A — ‘L’ ‘N )  r 1 ’ - C f l .  -~ - ‘t 1 ~ ‘‘- I I “1’! ‘ 1  AGP ’ 1 
~ ‘ I p CI CI ‘ A R ~~ N! T I C I)

PC — IA ’-I~~ ’L ‘~~~) T ’  C ‘ ‘ N  ‘T[ ~( CC L ~9~_ OO’S ‘~“T A ’ ~~ ’ 9 ’ T 4  ‘N T ’ P T A C ’  Cf

, A R N  
~~~~ 

— — -~ 
2 ‘1. ‘ Y I I I C ‘C “A  DC r ~ Ci ‘1 C’ )~~~C -~ A 7 ’  OC — 

~‘ 2 1 N i’ pr n C’ c l  •

a,- -. - — ‘ ‘A ’  L - ‘I C — — ~~~~~~~~ ‘ C  I ‘4) I’- ! DO’’ C’ A A . ’ ’ ’  9 ’ ’ 1 C T )  P C Dr I ,‘. I ’  I 

•. 
p C . -~~. d 2 A I. I V I - - 

- 
C BE 13 ~~A N  I !’’ C’ 1 A C” ’  V T ~ ‘ N A r  c A C, ’ fl ) ‘I C j ’ C  C

— V A R I~~’~~ - ‘~~IF P N P L O C ~ ~ ‘L’  ‘0’’- CO T  A G’’’ 4 ’ T p  T N T ’  ~ ‘ ~~ Dr IP IT I  ~V~

C .~~~ ~- I L (’~~ 
9) - 1 1 ( L . l I  CT ‘IT)

W A R ~~! NC — / A R T  A. ‘ ‘ V I  A I ~I C~~~l R  II 3 )  T~1 I O PT T ‘ P 10’ 0 JIl T A C° 4 A ~ N T I  C A C  2 ’ ’  ‘ N I T  I N

— V A ’ T A A. ‘ N I f  T ’~ ‘ - ‘ -  31Dr~ PPO ~~ I ’”’’ NOT A1.°’’ ~~‘ T  ‘NT R I  ~ I ‘~ P-I~~I ‘

A R  I V r — V A R  L ‘ ‘ v i - , I N 2 NH’  N ~~1 CCI  C Y A W L  ‘))~ N o T  A1.Pr! ~ -- I NT -~~~ I #( Cf  I ‘.1 I N

W A R N  T Y ~~~~~1’ ’- I I T I L  T N r I  I’ NP~~~~ ‘1) Cr 3 ¶ I P T V  ~O~~’ N O T A~,O’ p ’ -  ‘ N T -  C I A C -  ‘ I I’ V . l ’ 3  C

A A P ‘-I -- ‘ — V A R  TA A V ) ‘ I ’ — - ~~~‘ C RI C r TN’ A -~ N T A ),O - - T ~ N A - UI A C • 2 ‘ A I ‘N

W A R . IN’ . - ~~i. T A  A. ‘ N I )  I C I - ‘  C 0’’ W A  V C l  ‘0’’ N’ T Af,O~ ‘ I N T ’  I~I A l l  -‘r fl ‘.1 T~~ N
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- A u d l t .  F1~~~I An A l ,  is , m d  d A l a b l e  P rec i s ion  of an E~~~.u~~A b le Pl~U’j l . 1 I

PR’ThPA M M I C R O  I INPIJ T .O(JTPUT.TA PE’, INPUT .TA P ’ h~~lUTPUT (

1 FORMAT (IHI,10 U TPAPEZOIO. 6R ,4.HA REA,i?A .N ’-A PPOR )

I NTEGE R r)’)T

‘CA T ~I
, C A P ~~ ~ a5 P c r P .  P4 )11 1 7) INT O P1 MO PY

OU T ~

WRITE (OUT , IA)

00 10 1-1, 1’,

‘4--’’~~(I— 1 )
N 7’’(I—i)

A ’ 0.0
A . 1 3 . 0

W .j./FLQA 1 (N)
W Q I P E A L ( I . / FL O A T (N ) )

00 20 J~~I.N

VI I L ’ ) A r ( J— j ) AW
X1~~’) IPE A L (FL OAT I . 4 — I )  W )

7 A .~~ 4 ( W / 2 . P ’ l E U N ( Y L ) , F T J N ) W . X l l)
• ......... ... ~~~~...... .. ... .... ....e  ...

WA R N IN G  - T W I ’, MODULE IC NOT IN THE SESCOMP LI S T

I ) ) )

E~~5.  -A
F O I R E A L ( S . — A (

c 3 V  W R IT E ( O U T , 4.0)N ,A,E

40 F O R M A T (I 6 , FI4..B ,(I q .6) 

TN !11 STATEMENT IS ()t’T OF O R DE R 
.........o...............fl.... ..•.•.•••

STO P

END

W A P W I N I . - T HIS MODULE I’ NOT IN THE SESCOMP LIST.... 

I , ~

a



11YMBOL T A R L C  FO R MODU LE M I ’ Q O

V A R  lA D L E S
N AME TYPE RI  D C A T I  .N
2IJT I NT E C ,~
I I N T E I R
N IN TF GV
A P E A L
w P E A L
J I N TEC,R
X L PEAL
C Ø F A L

‘K T E R N A 4 $
N A ~~ T Y P E A R C S
F L O A T  R E A L  I
FUN R E A L

S T A T E M E N T  LA P R L S
Ii 3! 20 4.0 

•• • • •M•••  M S M M . . M . M S M  MM
A C )  C C M R ;N  BLOCK ‘ESCOM DOES NOT A P P E A R  IN THIS PO DORAM 

MM ... I M M M M M ~~ M M f l M S S • M . f lS S M M M M M •S  M O M  M M S M ~~~•IP

A U.I L T C  OF F L O W  A N A L YSIS ••‘~~‘.

NO IPRORS FOUND

P OF PA TH S CHECKED- I

F L O W  A N A L Y S I S  TOOK 0.000 OP SECONDS



lUNd ION FUN IX )

FUN.5. —6. K~~~5.
A ’UN .QIP( AL ,,.— Q IRE &L (6. 01P’AL (X MS . )

R E T U R N

END

S Y M B O L  T * R L C  FO P M O D U L E  ‘ ‘ A N

V A R  l A D L E S
NA M E TYPE

R E A L  F. P .
I A J N  P E A L  

...... O... .... .. ... .. .. •M M M ~~~M M M O M  •M M M • • M S M  M.M.M.O.

T IlE COMMON BLOCI 11E .C CM DOES NOT A P P E A R  IN THIS PPOGPA M 
t..... ,o. ... ..........f l M.... .... ... .. ...

“““ RF ’IULTS OF F),’ w A N A L Y S I C

NO ~PPORS FOUND

N’JMRL P C F PA T H S  CH ECKED-  1

F l o w  A N A L Y 1 1 I S  TOOK 0.000 CD CECONOS

GLOBAL RE FERENC E TAB L E

EXTE RNA L V E F I PEN CES
FL OAT ANS I FUNC T TD N
rUN ‘ I C R  SUPPLT )1

S U B R O U T I M I C  E N C O U N T E R E D
MI CRO I J 1AR SUPPLIED
FUN 1111 C R SU PPL TED

- - a



P R O G R A M  MI CRO( INPUT .OU TPUT .TAPE ’5.INPUT . TA P T 6 M O U T P U T )
COMPLEX Q ICOM P
DOUBLE PREC ISION OED PRF

10 F O R M A T  (1I41 .I0H TRA D E 7OTD .6X , l.HAR EA.1 2 Y .5HC PROR)

INTEGER OUT
OUT~~I
WR I T E  IOUT .l0)
00 30 1.1,15
N’ ?~~‘ ( I — I )
A~~D.0
W ’ O lR E A I ( I . /F L O A T ( M ) )
00 20 J~~1.N
X L V Q I R E A L (F L O A T ( J — I ) W )

20 A , .O 1PE A L( A +OIR EAL ( (OIR E AL (W/ 2.))M( OIRE AL (EUN (XL )G FUN (OIPEAL (W+X L ) )

DIRE AL (5.—A )
30 W R I T E  (OUT , 40)N. A ,E
40 F O R M A T (I B , FI6 .P.E19.6)

ST OP
END

FUNCT ION F U N I X )
COMPLEX QICOMP
DOU B LE PRE CISION QIO PRE
F U N N Q 1 P E A L ( 6 . _

QIP(A L (6..QIREA I (K..S )))
I U~ N

E N D

‘-- - - - - - -
-
- - - - - —--____ - ~~~~~~~~~~~~~~~~

-
~~~~~

—-- -- - - — — - -- _~~~~ - - - -J



O u t p u t

TRA PE77) ID A R E A  ERROR
0 3 . 0 0 0 0 0 0 0 0  .2 0 0 0 0 0 0 0 0 ’ O I
2 ¼.4.0625000 .593 ? S 0 0 0 E M O O
4. 4..6457I013 .t~~I.296eSE .00
B 1..9610S9S7 .JR91 .04.300—0I

16 l..990?’.?00 .975 799560—02
32 4..q975 ’,A74. .24.41?57?E-02
64. b .9993A9?O .610790600—03

120 6 1 .9 9 9 6 4 625 .15375 1160— 03
256 61.99995960 .1.02633330—0 4
SI? 61.9999664.1 .135094)590—0 4

102 4 ~ .9qQq 6930 .10699034.0-04
204.6 4.99990245 .17SS3S660-0N
4.0 96 6 1 .9 9 9 96 6 6 0  .3 3 1 9 9 7 6 7 E — 0 ’ .
6197 61 .99990381 .661909580—0 4

1636 4. 61.9996660? .133 93 164.0— 03

39~~~ t O ~~~u t

T R A P E ? O IU  ARE A ERROR
I 00000 1305 .Z0000000E~~0i
2 61 .4.0625000 .593750000400
61 61 .64.57 0113 .1S4.296680400
B 61 .96105957 .3 094.04300—01

16 4.99024.200 .975799560-02
32 4.99755~~4.7 .24.405255E—02
64 4.99938852 .61I4. A ’.OSE—03

126 4.999o 4509 .154.614450-03
256 4.9999560’ .4I961670E B4
512 4.99996242 .175633700—0 ’,

1024 61.99996061 .191926960—04
201.4) 4.99996537 .346302990—04
4.096 4 .qqqgI44. q .6S5 055050— 04.
4)19? 4.99q8E,6~,0 .133395200—03

16304 4.99973202 .26?9621.OE—0 3

3 8-B i  t Putput

TRAP E ZOID AR IA ERROR
3 .00000000 .200000001+01

2 4.40625600 .393750001400
I’ 61.64570313 - 154?%ABE400
6 61.96105951 .3094.04.300—01

16 4.9902 4163 .973035320—02
32 4.99755000 .244200230—02
64 4.99936736 .612616540—03

128 61 .99964336 . 1 5 6 6 41 0 10 — 03
256 61.999956122 .6137763671-04
Si? 61.999976123 .257492070—04
1024 4.99996016 .366356700—0 4.
204. 0 4 .99993193  .6 0 0 6 6 3 0 6 1 0 — 0 4
4096  4 .99966569 . 0 3 4 1 1 0 4 5 0 - 0 3
019? 4 .9 9 9 13 03 6  . 26 9 6 5 14 1 0 — 0 3

1 6 30 6 1  4 .9994 6296  . 3 3 7 0 37 8 5 0— 6 3

a



37-Bit Ou tpu t

T R A P E Z O I D  AR I A ERROR
3 . 0 0 0 0 0 0 0 0  . 2 1 0 0 00 0 0 0 ’ O i

2 6 1 .4 0 6 2 5 0 0 0  . 5 9 3 7 5 0 0 0 0 + 0 0
61 4.64576313 .154296860’OO
4) 4.96005957 .369 61 0 61 30 0—0 1

16 4.990261103 .915694930—02
3? 61.99755692 .21.4.301520—02

64 4.999386140 .615596770-03
126 61.999639% .160453100-03
256 61.99996154.0 .54.5970550—04
512 4.99995756 .l.2 434)50?E -04

102’ 4.9999’’38 .69616225E—O ’
20 46 61.99966792 .132 0836 90—03
4096 61.99973464 .~~653 5D68E—0 3
019? 4 .99945807  .5~~t925 l.3 E—03

163661 4.99691923 .10801514.0—02

6 _O~~pp~t

TR A PEZ O I” AREA ERROR
1 3 .00000000 .20000000040 1
2 4.40 625000 .593750000 .00
I. 61.84510313 154?96680400

4) 4.96105957 .389I.04300—0 1
16 4 .99024010 .915990300—02
32 61.99755526 . 24 4 4 7 4 4 1 0 — 0 2
51, 4.99936154 .618457790—03

1211 61.99963263 .16136981.043
256 61.99992990 .700950620 -44

51? 4.99992311 .162939430—04
1021. 4.99986124 .I38T59611-03
201.4) 61.99913631 .263690950-03
4096 4.99947166 .52633557E-13

6192 4.99691567 .106432770—02

1636 4 61.99163564 .216436390—8 2

3 5 - B I t O u  tpu t

TRA PE 7O IO A R E A  ERROR

1 3 .00000000 .200000001 01
2 4.4062S100 .593130000460
4, 4.64370313 .1542%601400
4) 4.96105951 .36940I.301 S1

16 4 .99023724 .576276401 62
32 4.99755096 .244903361 02
64 61.99931153 .628471370 13

128 4.99961765 .t6?i31791 03

256 61.9996994)6 •100133600 13
312 4.99983313

1024 4.99911463 .213I466?0 03
2 0616 4.99947166 .526335370— 03

4096 4.99092990 .II1SS?26E-12
6192 4..9976.0104 .t1686S54E I2

16304 4.99363503 .436496731-St

-- - - 

‘

~ -

-

‘ -



34—Bit Ou tj~ut

TRAP EZ OID AR IA ERROR
1 3 .00000000 .2010060004I1
2 4.40625000 .593751000411
4 4.64570313 .IS~~296$I04S0
6 61.96105957 .369404301—Il

16 4. 99623247 .976753231-02
32 4.99753952 .246047970-02
64 4.9993533? .64’.683S4E-03

126 4.99974)028 .?1i715?0E— 03
256 4.999634.06 .165939330—03
512 4.99912125 .272750650-03

1021. 4.99944305 .556945100-03
20 1,6 4 .99692233 .107763200—52
4096 4.99764666 .215339660-02
6192 4.99562636 .431161.310—52

16364 4.99120522 .S791,76l,5E—I2

~~~ i L9Yt~Yt .

T R A P E Z O I D  A R E A  ERROR
1 3 .00000000 .?0000000E~~0I
2 4.40625000 .593750001+00
4 1..4)b5703~ 3 .I54296600+II
0 4.96105951 .389404300—Si

16 4.99022675 .9773251.40-I?
32 4.99752426 .247573650-02
64 4 .999 3 246 0  .67520 1420-1 3

126 4.99972534 . 2 7 4 6 5 6 2 0 0 — 5 3
236 4.99969462 .305175180— 03
512 4.99943342 .564515200-03

1021. 4.99669755 .110244751-02
2046 4.99704470 .215530400—I?
4896 4.99562573 .431921250-U ?
6192 4.9912071? .679267120—02

16364 4.96219299 .176010070—SI

32-Bi t  Output

TRAPEZOID AREA ERROR
I 3 . 0 0 0 0 0 0 0 0  .?0 0 0 0 0 0 0 0 • O I
2 4.40625000 .593150100+00
4 ‘.64570013 .054296661+00
6 4.96165194 .369460590—0 1

16 4 .99 02114 9 . 9 7 1 0 5 1 3 2 1 — 0 ?
3? 4.99747461 .252532960—02
64 4.9992323? .747660660-03

126 4.99957275 .427246090—03
256 61 . 99 94 12 5 61  . 5 6 7 4 6 3 3 6 0 — 1 3
512 61.99194.714 .10526564.E-02

1024 4.99781799 .718200660—I?
204.8 61.99363599 .436401370— 02
1.096 4.99114990 .665009770-I?
6692 4.90219299 .11807001F—O i

16364 4 .964 2103 1  .35 7 8 9 4 9 0 0 - I l



3 1— B i t  I UtJ)Llt

TRA PE ZO I D AW E A  ERROR
3 . 0 0 0 0 0 0 0 0  . 2 0 0 0 0 0 0 0 0 + 0 1

2 1..4.06?5000 .593750000400
4 4 .64 .5 10313 . 15 1 . 2 9 6 8 6 0 + 0 0
4) 4 .96101379 .369662060—01

16 1..990I7334 .982666020-02
32 4.99140601 .259399410—0?
64 4.9q90844.7 .9l552731.E -03

4 .99931335 .66661.55I0 03
256 4.996947161 .105285640-0?
5 0 2  4 .99161 79 9  . 2 1 6 2 0 0 6 6 0 - 0 2

1024 4.99565’?S .434875490—02
204.8 61.99116516 .863463690—02
61096 4.96208616 .17 913 6160—01
8192 4.96430969 .3569C306E—01

16 3 6 6 1  4.92608643 .1391.35740—01

30-Bit Outpu t

T R A P E Z O I D  AREA ERROR
1 3.00000000 .200000000+01
2 61.40625000 .593750000400
61’ 4.,6’.570313 .154296880400
0 4.96099854 .390014650-01

16 4 .9901428? .965717770—02
32 4.99725342 .27465 6200— 02
661 4 .99664033 .115966800-02

128 4 . 9 9 88 0 9 8 1  . 1 1 90 16 5 3 0— 0 ?
256 61.99769429 .214.571290—02
512 4.99542236 .457763670-0?

102 4 ~ .99I36353 .663647460—02
2046 4.96220625 .177917480-01
4091, 4.961.11133 .356886720-01
619? 4.97617198 .738220210-00

1634)4 4.64579468 .158205320.00

_ _ _ _ _ _ _  

a



I N I ’ I ’ I A L  [ ) [ S T R I I 3 U T I N

Cop i I~ S

1. 0 N A V S I : - \  PN1~; 3 O 4 — 3 2  W h i t i -
2 Nt~vSF: A 1’ .M S 4 0 5 — 4 0  Cut hbeo

12 DDC

C E N T I I R  D~~S ’ I ’ R I B U T I u N

1 18 -  180~
1 1802.2 Fl enk i e l
1 1 O2 .4 Thei1he i~net
1 1809.3 D. Fl a i r i s  (C n t r a l Depository, CM IID)
1 182 Ca m a r a
1 1u26 Cul peppei

30 1826 ~ybr~~n iec
1 184 Lugt
1 185 Coo i n

1 186 S u ] , j t .
1 189 GI-J y

1 18~~0 T a y l o r
30 5214.1 Repn tts D i s t r i b u t i o n
1 522

crof j chi copi l’s
30 1826 ~y b ia n i e c

I / I

a
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