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I 1WT*I~ UC1t(*
-~~~~~

The techniqusa of Str ucture .! Prug r la$ arc tiding secreastag appli-’
cation tn ch. couputing ce~~~~~t ty.  Structured pru ~rass ore . ! ‘ ~~~~~ct , d 1f 51
C uL t  tO write in proj r .ieg languages that do not havr t he alat~~~ et t ypes
necessary to produce ~~TO-f rie cod.. ~ IAT*AN is a GOTO-lus progr ie
language tha t auguent. standard FORTRAN so t h t  it can be tased as a bODI.
structurs.!  progra tng . The STRUCT1AJi—l preprocessor trasslaIca ~iii,~ttj .~ into
standard FORTRAN. It is conpat tb ie wi th  the out put of tTZUCTIA$-2. o .y.t.e
which colsvcrts unacru ~~ured PORI1AN pr o$r into .iructur.d Iore Is I*IATS.AL
Tht s “ st ructu r lzat ios ” capability La useful when eaistlog FUSTIAN pro.ir~.~~
tr e to be ealota lned .odhli.d , doci nted , or understood. The lsanc.d
visibil ity ot pro gras st ructure p~~vtdii4 by %‘T*UCTRAN—l trasslat loe ~~~~ In
these tas ks .

Genera l use of ST*UCTRAN—2 ii. discussed I. Sec. 2. A l e  A dsscrt e S

the u of STRUCTNA.’4-2 on the UNIVAC 110$. STIUCT*AN-2 constraints are ~~~n—

merised in S.c . 3. E rror sessa~.s which eny occur dur ing a flIUCTRAN-? r~it
ate ~~~ari zp ,I in Apprndl * B . sn4~the hlgb—level audit which soy be r int ed
during STRUCT$AIi-2 process$?lg 1. de crlb.d In Appendle C.

1

: .



2 US l~~ 5T11(T*AN-’ 2

STRUC TRAII-2 traa.statcs existing FORTRAN prograns lato sI ruc~~~ c~ thiAT$AN
prog ra.. , logica lly equivalent to the origina l FORTRAN progr . ~~1 r u c t u s 3 s a -

t ion does not chang. the algor ith 1npl...nL .d by lb. original progran . but
revea ls the str ucture of the algor tihe so that it soy be sore tcMily under-
stood . ST’$VC TIA$— Z 1. useful when ex isti ng FORTRAN ~~~~~~~ ore to be sota-
ta m ed , sodIf i.d, doci anted , or studied . The ~ t4TRAN progran can be lt~i.d
and executed by using the STRVCTIAN-l preproces soy (ref er to t l~.e ~TEJCThAN l
User ’s Manual).

STBUC T*AJI-2 replaces FORTRAN co ntrol s iai~~~ets ~~ Ih the fo1 lowi c~ ~~~DMAT*AN st ateson i constructs

• IF. . .THEN. . .EL$E. . .~~~ IF-—prov idea block slruc tvr iIt~ of casd i-
t iosolly executable sequence. of •Cat,~~nts

e DI) WNILE...U~ l$IILZ-—perw.it. ttu srat ion of a code .igaest while
•s spec ified coedition resoins t rue

• DO t1*TIt• . ..~ m UWTIL—pe r.lc. Iterat ion until a sp ecifi ed ‘osd i-
c ion beco.es t rue

• BLOCK n~iia, . . .O~ $WI.K (and corresponding IIIVOIIZ’naa. ” statesint )
—— provide a facility for t op-down progr Ie$ and Interna l
subroutines .

STRUCT*A1I—2 fit . ua4gs is ~~~~
‘ in FIg. 2.1. The FORTRAN sou rce progran

to be trans lated I. read tru. the cyst.. card reader (unit n~~~er is installa-
tion—dependent). A listing of the origina l FORTRAN pr ogr a. (plus any FORTRAN

I ¶
~T ST (M

I~~~g~~~~~~~cARo
L~ 

RtAOU

/ \ I
\

~TRUCTRAII~2/as • i. t~~~ v

r OMAT RAN I FORTRAN 7 I H191

~~~TEM _
PIJICH SYSTEM SYSTEM

PRINTER PRINTER
Figure 2.1. Use of STRUCTRAN—22



statanents inserted by ST1UCTRAII—2) is produced os t ise ~~~ton priat t i .
inf requent ly .  it is necessary to seenis. the high -level audit t r ai l (Appendix
C) produ rd by ST*IJCT*A$-2 during the structuriast to. procra. tb~o to
the case, th. scratch ftlt~ associated ~Ltb the audit us- I I’ copied to the
, ‘ste. pr in t e r .  The ONATRAN source cod. is ~!itten in card is4~~ tora onto
eithe r the sy te. punch or * persanent file . Aft er the Litt C1*A$-l rue is

coap le t , the STMUCT*A$-l preprocessor can be used to  l is t  a t .~ ~~~c t u t c  the
LIIAIKAN progr4n produced.

2. 1 TIVCTRA$-2 IMPVT

The only input r r qu ir ed by S1*t~CTRA$-2 ii the FUITRAN se4r~ • C V r  t O be

t tucturt ~~ J .  it must be In card Lusege for . and &iould c~ ~oapt labl. by the
UNiVAC 110$ FORTRAN V conpil t (or any cospiler ~ ttch i~~l~~~~te a subset of
FORTRAN V) with no errors. More thmn one routine soy t e  .iru~turiied dut **g
a STRUCIRAJI-2 run. %o control car 1’. between rout lass ore required; 4~~) CTlA$- 2
re cognizes the end of each routine outonatically. Additional c onstraint s on
the FORTRAN source code ar e su~~~ri a ed in Sec. 3. FIg ure 2.2 ind Icate , the
input for-mat for STRUCTRA$-2.

• 2 STRUCTRAN— 2 OUTPUI

S1RUCIRAJS— 2 lists the FORTRAN source code , with ~~~ wdi f lcs i lone whi ch
soy have been made ‘0 it (FIg. 2.3). For eza.ple, a unique CCWTPct1 .itat~~~nt
is 4dded for any DO statenen t which was no assoc iated with a unique ORTINVI
In th. original FORTRAN ( l In e 11 of the exanpie). The listing associate’.
interna l STRUCTRAN-2 statenent number with nach stotenent . This stat emen t
numb.r is useful  In trac ing the structurized code back to the original FORTRAN
code . The UMATRAN source code is also r ’t i tp . & (  by STRUCT*A$-2 in raid Isoy c
foraa t (FIg. 2 .4) .  so t hat it can be readily proc.ss.d by th e STIWCT RAN—l
prepro cessor. A sequence nueber In colt ss 73 through P.O ot the INIAT RAN
source code relates each state ment to the correspondin g state ment is the
STRU CTRAN-2-p roduced FORTRAN listing . This sequence information is also dis-
played on the indented list ing produced by ST*UCTRAII-l.

It is often appropriate to .zaaine the OMATIAN sourc. code produced by
STRUCTRAN— 2 for the purpo se of asking sl~~1e but effective i~~rov~~~ots. Por
exanpie , if nn ori gina l FORTRAN program contains duplicate se~~~nts of cod..
they will be highly visibl , in the .tructurized version becaus, their stru —
tu res viii be identical. The BL0CK...~~W BLOCk and HIVORE atata.en ts can be
conveniently us’d to elisinate then. redundant seg nts of cod. by manually
modifying the DKATRAJ I source code.

3
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SuIseVlIM gU~~~~,A1~a A v , I S ~~si
INT(6t 5 LIlSAY Ill)
I SUNSI
IV lio.U.l$601O 94’~
I•0

SO 5~~N-J
iF Is.~ T.ll)’.lI
00 II 1.1..
lSUN .JS~M .APR*v Ii ,

ill J .Js *
I~~iJ,Lt.~I)6OT0 SI

9’~9 R( lua’~(NO

Figure 2.2. ST*UCT*A$- 2 Input Forma t

003C.IN*i FORTRAN SOURC( STATININIS VOW SOOUL( S~~

STM T LA$(L 5761(N( P.t 1(11....-- 
~~~~~~~~ ~~~ . ~ • ~~~~~~~~ : ~~I,.11 4W AMSAy ( II  I

3 ISUM •
3V I N .11. 0 I 1.010 9~#9

S j s O
b SO s ’ N J
1 II I ~ .(.. t .  II I S • II
B 00 11100 1 • I • S
9 I SUM • ISINS • ARCAY I I
10 III J~~~J • l
Il 10100 CONTINUe
12 IF I j  .1.1. N I 1.010 SI
13 999 Rt t uk’4
IA (Pdt) 

a -_ n e_ _ f l  - eeeSe~~~~ ee S a

Figure 2 h STRUCiRA$—2 Original FORTRAN Source Listin g

SUBROVTIP4t SUM P • AR RAY • ISUN I 1
IN T L&E P A R R A y  I 10 1
ISUN * 0 3
I ,  I N •(,T . 0 1 Tp,LN
J • 0  S
DO UNTIL I J .G( . N I U
K ’ N - J

I K •GT . 10 I P. 10 7
1 . 1  0
DO UNTIL I I • t~T , P. 1 1)
ISUN * ISUM • ARRAY I I P 9

II
I • 1 • I 11
EwO UNTI L I
(NO UNTIL -
(P40 11 0
R(TURN 13
(ND iN

Figure 2 .4 .  STRUCTRAN-2 Output Format
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2.3 flE~ AULT PARAMET ERS

No provision has been made for user modification of the
default parameters. The values for each are determined dur i r~
STRIJCTRAN-2 installation . ~ef~tult values currently used are
listed below :

Parame ter Default

STRU CTRAN-2 input unit 5LINPUT

STRUCTRAN— 2 listing un it 6LOUTPUT

STRUCTRAN-2 error diagno stics unit 6LOUTPUT

STRUCTRAN—2 output unit 6W’UNCH

Include co~~ents in structur ized source code YES

BLOCK genera t ion threshold
Number of dupl icated stat’ rents 15

Number of statements 1000

Number o f paths 1 ,000,000

Working storage size 10 .000

5
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3 STRUCTRAN-2 CONSTRAINTS

The following constraints should be k.pr In mind ~~ 4c?fl using ‘71LCTRAN-2 :

1. There must be at least one blank after every source-text FORTRAN
keyword (e.g., R EAL I or 00 100 1.1,10, not REALI or DOlOO) .

2. Only UNIVAC 1108 FORTRAN V statement form are acceptable.
3. Only the ANS i X3.9 form of the ASS1GN~~

) GOTO statament is procets~ id(e .g . ,  all labels to which control can transfer must be indicat.d
in the ASSIGNED COTO state ment).

4. At most 250 keywo rds , operators . delimiters , arid syubota are per—
mUt ed in any statement (except FORMAT state ment s and Hollerith
strings).

5. DO—statemen t targets are automa tically retar~c- ted when necessary ,
each to a distinct CONTINUE stat ement .

6. No dectsion—to—decisio n path (DO—path) in the program may contain
more than 100 successive aestgi ~~ nt st atements o r unconditio nal
I/O statements.

7. Iterations which have more than one entry may not be correctly
srructurized . *n exampl , of a multiple—entry iteration follows :

IF(P) GO TO 10

5 11(Q) GO TO 20

1—1+1

10 J—J+l

GO TO 5
20 CONT I NUE

The iteration in this example can be entered at label ‘S” or
label “ 10” . The complexity of individual multiple en t ry Iter~-
tions determines the results of the structurization. Several
outcomes are possible :

(1) Structurized source code is okay (the simple example above
will be correctly structurized) .

(2) Struc turized source code contains a DO WHILE statement that
is always true (modify the structuri zed source code).

(3) Structurization is not completed and an error message
describing the program graph is printed (use th. program
graph to identify the multiple—entry iteration and modify
the original FORTRAN source code).

¾~ 
6
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4 STIUCTRAN-� PKLLiA~4 ~UtV1EW

4.1 STRU CTRAN-2 pIux.LUq ost~As I ZAT ION

STRUCTRAK—2 is organized into eight component., each of which consists
of a hierarchy of related module. with specific p r o  br ing capab ilIties .
These component. are used in a definite order to translate FORTRAN to DMATRAN .
Table 4.1 shows the STRIJCTRAN-2 component.: deta iled descr ipt ion s of their
functions appear in Sc . 4 of the STRIJCTRAI4 •2 System t)e s~1j~p and l.pleasntmuon
Manual.

TABLE 4. 1

STRIJCTRAN-2 COKPONEIITS

Component Memory (Octal ) Funr c ion

STRUCO 77k Storage Manager , Data Base
Services , Support Subroutines ,
and Control

STRUC1 3k Initialization of Data Bas’-

STRUC2 14k Lexical Analysis

STRUC3 14k FORTRAN Parsing

STRUC4 13k Grap h Identificati on

srRuc5 16K Grap h Analy sis

STRUC6 20K Formation of DMATRAN Prog ram

STRUC7 5K Print/Punc h Services

The UNIVAC—l108 installation of STRU CTRAN-2 operates in an overlay mode.
STRUCO is the root of the overlay structure and causes each of th. othe r com-
ponent. to be loaded and executed in the proper order. All routines that are
required by two or more components are included in STRUCO. STRUCO I. always
in core , with at most one other component. The approximate size of each
component as overlayed on the UNIVAC 1108 is shown in Table 4.1.

The code for all STRUCTRAN-2 components was developed by CRC personnel,
utilizing structured programeing techniques throughout .

7
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4.2 STRUC1RAN-2 OPERAT1O~’

Each STXL’( l’RAN-2 component Is devo tel to t unique tas k ; coomun teatl on
between cO ponent~ is through a co~~ .rn d~ti base called a tiat s ba’t’ library.
The d~t r~~ base libr ~ rv i~ tnlt iaily created by STRUC1 , modif it ’d by STRUC2 ,
STRVC3 , STRU C~ . and STRUCS . and utili ,ed by STRUC~ and STRUC7. me seqt ence
in which the ~~~

t r t o n t t t l  are ezecu ted Is shown In Fig. 4.1 , .~ tch u~.css DMATRAN
to express a high-level , ~tr uctured representation of STRUCTRAN-2’. operation.

Ploctoule •TuuCtas’iJ CONTROL
INVQ ~1 C $TRUC I • IN ITZ*l ,lZI Da ta •A.( I
DO u,~ft. ( C t’rD Oj TNt CURRENT woDlj~,E sAl NO , SEEN •(AC sIO I
• INV OME ( ITRUC1 • ~gRFO*M LUICA~ SCAN OP ~ODU~t to IDENt IFY

I. KEY W ORD S AwO VAI IASLC $ I
• IF ( END OP THE CUIRINT NODUI,E ‘sAl “sOT SEE N REAC HED I THEN
• • INVOKE c STIUCI • PERFORM PaRSE uP NOOu~ i to IDENT IFY STAt EMENt

1. • TYPES I
• , IN v oK E C s,rnjCt • ~~Itit FØPTPAN NODULE I
• . INVOKE C ST I U C R • ID E NT I F Y PROGRAM SRAPK )
• . INVOsc E C STIUCS • RIC0GNIU STRUC tURED FORsS ~ PROO**M GRaP a ’s At ,D
I. • AS $ T IA C T L Y R(pN (5E~ ? £5 A OSA TRAN •*OGRAS )
, • INVOKE ( $TRU C6 • USE STRUCtURED FORM RLPRES (WTAT IOW TO Rt wR IT ~1. • MCOU~~ jN O KA T RAN )
• , INVOit C STauC7 • PIINCN DMA ?RA $ NODJI,E I
• END IF
END SWI L L
END

Figure 4.1. Description of STRUCTRAN-2 Control

STRUCO consists of the siam program for STIWCTRAN—2, all the routines

~t causes to be loaded, and all routines which are referred to directly or
indirectly in two or more components. Since STRUC1 through STRUC7 comaurticate
through the data base library, all data base service routines and storage
manager routines are in STRUCO. Also all support routines performing coomonly
utilized functions are in STRUCO. The data base library is initialized by
STRUC1. STRUC2 inputs the FORTRAN text to be structurized , adding it to the
data base library after performing a lexical analysis to recognize FORTRAN key
words and variables . STRUC3 reads the lexically analyzed text from the data
base library and parses each statement , adding information on statemen t types
and symbol usage to the data base library. STRUC4 utilizes all of the infor—
mat ion accumulated so far in the data base library to identify the program
graph of the module. Thi. i. added to the data base library in tabular form.
STRUC5 performs a reduction—type analysis to recognize structured forms in the
graph of the module. It updates the information on the data base library to
indicate the structured form of the module. STRUC6 uses this representation
to build the DMATRAN version of the original FORTRAN program. STRUC7 is used
to print and punch statement text from the data base library. Since a 

single8



program unit in 1%LVAC 1108 FORTRAN may contain many routine s (due to t ’ ’
internal subroutin e capability ), the Iteration indicated in Pig. 4.1 is
necessary to process module’~ consisti ng of more than or’ rt~~t Ine.

4.3 STRUCTRAN-2 DATA STRUCTURES

STRUCTRAN—2 utilizes the data structures shown in Table 4 . 2.  The FORTRAN
source text to be structurized is input on uN. A random—access data bos*
library is created on LISNEW . The FORTRAN ~.ource code Is l is ted on LOUT,
translated DMATRAN source code Is written on LPUNCH, and a high-leve l audit
trail is output to LDEBUC. Th. file activit y performed by STRUCTRAN-Z was
sumarized in Fig. 2.1.

TABLE 4 . 2

FILES USED IN STRUCTRAN-2 PROCESSING

Io tca 1
IMII ft. Outu Stet.. .card

• ~~~.r ~~u Stf~cIur• bd. ?.1 ?or~~ t &iLoc.tIOs

~1J.iINsi~ L1 Nfl~ POSTIAS $t~ ary Pandas Sy.t.e St.ad.rd Scr.tC~ I l l .  (~~~.. .to r.Ie)

P~o r ~~ 
(5.. .) let Ioe-d~~ ..d n t)

D,.crtp’ ‘a.

b WUTPVI I.WT *.part. lCD S.q.ia. t tat Ma.i a 5)2 c~ar cter • ~~~~~ ptt.t.f
p.• ilu.

bLL.DUUC LDIIUG Paport. l,CD S,qu.nttal W...t~~~ Ill cb.r .cc.r. c rr . , h Ii,  (~~.. star...)
p., ISo.

bUJVNOI LPUISO4 atATrAN lCD S.qua.t t at  t u r d  1s.~. c,.t.t p,~~ch or r 1
Trana i.t.d I t 1 .
T.zt

SUWPVT LZ$ ?ORT SAII lCD S.qo.ni 1.1 Card l~~~ . 
Curd r..d .r e t  p.r~~ aa.t

lut t h u .

P.r~~ nSnt f 11.. ai. t h.~. buss pr.~ iOo.ty cro.t.d.

flOTE : The above files , along with other interniediate ~cra tc’~
files , are defined in subroutine FLIt~IT.
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APPENDIX A

USiNG STRUCTRAN-2 ON THE 1’h!~ A 11014

Various modifications have been mad e t~~’ the tN IVA C 1108 1nstallatto~ of
STRL’LIRAN-2 to enhance its utility in th . UNIVAC 1108 environment. The lollow—
ing point s brief ly suumtarize the enhancements:

• STRUt. I RAN-2 ~c epts input either as source rard~ (run str e tn. data)
or .~s FORTRAN source elements ret ired to with the ~ADD statement .

• STRU (IRAN-2 produces a program file in TPF$ containing DMATR.AN
source code, t ranslated FORTRAN ~~wr~~e code , and FORTRAN relocat-
able elements for each program unit structurized .

As described in Sec. 2, no special control cards are required . Section 2 de-
scribes the use of STRUCTRAN-.2, and Illustrates STRUCTRAN—2 input and output .

The following run stream t ranslates two FORTRAN source elements f rom
program file PF2, assuming that the absolute element for STRUCTRAN—2 is on
file PFI.

Assign permanent files

@XQT PF1 .STRUCTRAN 2
QADD PF2.MAIN
@XQT FF1. STRUCT RAN 2
tADD FF2 . XAMPLE

@COPY TPF$.,PF3.

@F IN

STRUcTRAN—2 causes the STRUCTRAN— l translator to process each I3MATRAN el ement
it outputs. A main program and subroutine XAMPLE are ‘he FORTRAN source ele-
ments on program file PF2• The result of this run stream includes STRUCTRAN—2
FORTRAN listings of MAIN and XAMPLE, STRUCTRAN— l indented listings of the
structurfzed MAIN and XAMPLE, FORTRAN V listings of the translated FORTRAN
versions for MAIN and XAMPLE , and a program file on PF3 containing the
DMATRAN source code , the FORTRAN source code, and the relocatable elements
for MAIN and XAMPLE. The DMATRAN source—code elements have MAIN and XAI4PLE
as element names ; both have the version identifier STR. The first card image
of DMATRAN source element MAIN is a DMATRAN control card (see STRUCTRAN—l
User ’s Manual, Appendix A) containing the name MAIN. Thi. i. follo wed by the
DMATRAN source code for MAIN. The FORTRAN source code and re locatable elements
have MAIN as the element name. Elements for X.AMPLE are similar.

10
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APPENDIX $

STRUCTRAN-2 SYSTDI DIAGNOSTICS (P01 USE WITH HI ;H-L~v~.I~ AUDIT)

CCCCrCCrCCCCC tCCC C (CCCLCCC ((CCCCCCC (~~ ((C( (CCtCtCC4tC ( (C (C (C (CLe((LCC((CCCCCCC

C L W , d O W  ~~~t S 5 A ~~~~ t~~~

C , C t C s ’ C C L C L C C t L ( & ( C C ( I C C C C (

C ~O I P .fl)Nr ~ U~.5NOMN 1. A*sc,tJA(4,
C c O? “JOPo( S ab r.1C* r. A,.AL,sb  IIVN INIIO ABNORNALL Y .
C t o )  ~t d C NT s~~OP,u ST*TLSrTNT I rPf .
C ~~~ K~CNT NO eND ING PASIf IVI T MISIS IN 0010 bT&TfN. l.1.

C IcO0 t-ROAc. ILLEIJA L ‘~R tOICAtt NOES.

C 1)00 001*51. L**4 t l. DV(RfLOv.

C S” OO T k& CF TOO MANY WA RN INGS.
• C Snot (k Ow TOO MANY (‘OtORS

C cr0’) IS’,~ Is* TOO MA N Y  NON—E eL CUTAN LE RE YWOIt ()S.
C ~~O I 1.AR~,TM LABS T M ~kROS) .
C Sic? AD~0Ifl. TO MA NY STATEME NT LA BELS.
C 5103 ADNOOL TOO MANY OO—S7A 715C’dTS .
C ~ tcs  CsNLsS COMMON Mt OCR OvERFlOW .
C S icS CL*cf Y TOO MA NY tEY w ORDS.
C SlOb CL~ SF v TOO MA NY k(’PLUSES.
C c r0 7 COr’PRC DIMENSIONED SYMBOL LIIMt NSION( 0 At. *Ih IN C OMMON
C ST* ) Es lN7 .
C ci0~ I~ IRO(. ILLEGAl. Ir—ASSIGMO—bolo IP. MOUUL(.
C 5) 09 I4TRSY M SY MMOL (QUIVALENU D BEEnwE D IMtNSIONEO .
c s~~~o t ,rrsrl ~ ‘BscpIpI tRwOo.
C ~i PAI ~A~~A ItI .tuAL ASS)C,N(D—GOTO Ii, M000tt.
C ~~~~~~ STT P’(P M . ,OIrr ~f ‘1*5 UNME C O (,, dfZAbL ( LAN GUA GE .
C S’13 O L C LA N bE C LA RAT I O N L I S T  w I T S  “ONE IPIAN TMBEL
C DIMIMSIONS

C S’OO (,ttrtLP r L(CTLD ‘lLOtR OUT 01 kNOW N RaNGE .
C S’OI ~,(Tts Lk ILLI C ,& L MOUtjt ~( ~u”sew.C s’OZ GET IST ( IT i S T  CALLED ~OR NON—VAR IABLE LtN ( .TM TA S LE .
C S’03 GULST 11.11.0*). MODULE NUMV~II’.C 5’04 J bl w PU INDE X BEYOND bLOCk Slit .
C s~o5 IC.TwRU SElE CT ED NLOCK OUI 01 kNOWN SINGE.
C c’0~t IDTWP L~ ILlEGAL MODULE PIUMSEM.
C S’07 1(,TIIL’ ILLEGAL BLOCk NUMBER.
C S’0~ IbYWSI ) ILL EGA L . RIOCIt NURSE’).
C S?09 IPTBIR ILl E GAL BLOCk NUMBER .
C S’ )O IPIW SO ILLECIAL . BLOCK NURSES.
C s ’ lI PUTBIP SELECTED BLOCs OUT OF kNOWN RANGE .
C c’12 ,~uT$Lk ILL EGAL MOOtJL ( NuMBER.
C SX) 3 PUTLSI ATT E MP T TO REPLACE L I S T  s l iM L UNGER ONE.
C S’ le PUlLS? NO 50CM ~~~~~~C c’Is PUTLST PUTLST CALLED FOR NON VARI A BL I LIN(,TP’ TAWI.(.
C S’tB PUTL ST TOO MANY ITEMS ZN VA R IABLE L I ST .
C S,17 PUTLST IL L EGAL POOULE NUMBER.
C S;Ie PUTwRU INDE X SE YONO BLOCS SIZE .

S~ I9 PUTiRD IAm~L NOT s PdOwN IN SYSTEM.
C S’?O PUTWRO ILLEG A L M000%.( NURSER.

11
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C “.100 ItMb S ~a L .’A ’ .’.) t~ ~ ~ut’~ t Nb? ‘1 t r$, NI. 4 I ’.MAR . .
C ‘‘0% OMPI I.•j * (7 )~~p (U’)I •kA6MEN ? ..u? l U’iN I ’  • ‘~I .
C c’0? ) MP$fl(~ .fl~bU) 4 .~~ ‘ IN tONI I~
C ~~~~~ . I l t . r ’ I I t L t ( ,AL l AdL i NUN” .* ’..
C .rOi. ~,t T L H T l i l t I - A r. LIM.. A p

~, 
i.uW$ t W .

C 5 1~S ~.( !~ 14? I ~~~~~~ N I st • NJ RA,.I,e
C 4 ~“Uu( I .“sl NOT vE T *5(1GM f~.
C ‘ ‘‘~~ (it • ’4 -~~ 

.. •. ‘,plT ~jê~ 4 l~~.I .
C N~I O ’ .1 T ? A 5 ~ ~~ )UIJ( ’ ( ‘ - T ’ ~~u( L EGAL WANIA
C c ’~ o I’L~~T A ’ Nd~~~,4l NURSE— NO? . 1 1  A5SIU I S
C ‘~‘I2 L sOi~(N  N INF ‘ I .w * t ) f l # ,  )~~. .1*)) 01.1 •
r S~~)) (PQ ( &~ *TT ,..,~i T~ wf AD I IL E U A L  L ) * .L.. I IS’ L Sw t &~ . .
C ~~~l —  L - -iP Ii *T !t M , T TO .11& 0’. ILcI ~~A c L ?~~& A ~~V IN t ..MII
C ( ‘ IS  ‘41. V A r  P~ f’ .i,)k1 *Mi_ e ‘.t’At t L V I I .  Lt.t (~C N 1 I S  ‘)‘ut T Mt*uP T CAN OP.L~ “1 uSILt .11,4 14.11,’ ~(‘ M 4 t S .
C .~~)7 ~~~ I-u T ~~ — .- 1 CA N ONt ’ “I 0110 .1?” I~ T IV F MOD~’itS.

C -‘o~ OI” ST wT I LL t ~~At. ~ f l—PA T’4 N I N 4 t i~.C ~- ‘(~L IT t ~t.sL INU I4 . A ’ t l )  S ? A T ( M C N T .1’. Nt ~ft’ (’ S?IJOCT.I. *

C ‘.~‘oft . ,~ ‘~~
- l iLt  ~~~ ~~ F PA(mINV N~ a ’4M P — .

C -~~01 .St,I QL, IL L EG A L L I W S A R Y  FRA GME NT NU~ $4 ” .
C ~w0Z .-.(,w ~~ IL L (I.AL (‘)‘)t ADOkE S~ .
C ~..‘O 3 ‘.51 Iet.1 .at L IrRARY b Owl SS.
C •~.0’. .‘)PI Pb l t L T ( ,1L (0R( l .JAb M & 141 P4IJMP(R.
C .~~OS w~~~~~’~ -’ f l i t  -~ L I 1$ PARV 1I4*C,MINT wusPirw .

C 7’%
~~0 A L T O A T  DI D NOT KNO. MODULE .A5 *(Tlvc .

C ‘~ 01 A C T I R D  NO SUC” INA GMEPIT.
C ?‘O? ~~~~~~ P~~At, s~~-., NUMBER UIV FP4 A ”. Zt. RO .
C 7~ Q J A CT .~oc ACIMUI) 001 5 NOT kN OW AN AL T IV I  MOO,*.( IS
C ACTIVE .

C 7~ f lI IS IS  t ’ PIb*L*P.CED PA RLNT I,tS (S.
C 7c02 (,(TSOb. TOO MANY CARDS.
C i- -.~ 3 J S A S .’4 i ’.l4 .

~t AN CED PAR(NTP4ESE S.

C ~‘OO P4*1ST” UNKNOWN LANGU A GE.
C ~n oi ~ (C~LiO~’ UNkNOWN LANGUAGE .
C ‘~~O2 INDENt) NO END STATEMENT.
C . 3  ROPLjDI~ POP’I,UP IPROR.
C N~ OS’ PRSTM T ILLEGAL CALL .
C ~‘~OS STNOU I TOO MANY DOPATHS BEGINNING AT ONE tT*TENENT.
C uiO~

, SuI4ST’ S,J)4STK OVERFLOW.
C ~nO 7 SUS’PO)’ SLJBSTK UNO(RFLOW.
C ~“0M AODJMC OVERF LOW TN AUDJNC.
C ~~~~ INTIJvL OVER FLOW IN INTRVL .
C ~~% O  P.AE T LOOP W I T H  NO E X I T .
C ~“iI NNES LOOP WiTH NO (*11.
C M~~I? P400S T P NOUSTS OVERFLOW.
C M ’ t % 3  INTST R IN TST K OVERFLOW.
C 4.94 ST R UCTA UNKNOWN TY PE .
C snIS IT UNKNOWN TYP E .
C ptt I~ SL SST ’ SST AC K OVIRIL OW .
C 5n1 7  PT UNKNOWN TYPE .
C ~~~~~ P5051K sSTACK OVERFLOW.
C 5n19 N (*IT OVERFLOW IN NESIT.
C RO2O 541*11 UNDERILOW IN NESIT.
C K”?) J’IVALU R ANGE ERROR IN IPIVALUE ,

Mflfl I S1TAB ILL EGAL TABLE NUMBER.
C P’23 ISRYAb ISRTAR CANNO T $1 USED WI TSI VA PIAR4J
C LE NGTH TABLES.

M ”25 ISRTAB ILLEDAL MODULE NUMBER.
C N~’ZB STCs ST ACK OVERFLOW
C 85’?? OURGE N OVERFLOW IN OOPG(PI
C *I’28 ODR UEN INFINITE LOOP FOUND
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CCCC ’CC CfCCCCCCLC C~ I.CCCLCC ’ L CL L ) . CC Cl C ( L CCCC CC ( CCCCCC C ( CLC CC C C I  ( C C ( ( ( C C U C ( ( L C ( (

C W A R N I N G  “ 1  S S A G I  s

C CCCLCL C LU CCCCC€.CLCCC (CCCCC (CCC

C -~ 4 ) )  ~,T 1hi ~. 110 1A11U4.T IS NOT A CONTItsiat S? * T t M , S u l.

C ~‘00 I N . ~ AWW A Y Is, IPOUR S I L l . .
C 7 ” C )  NU.s~ A R W A Y  IN INOWN FULL.

CCC C C C (r C C CCCC (CC ((,L(L$.LC C (L(tCL CLCLCLCCCCCCCLCCCLCCCCC (C (CCCLCC (C (CCCCCC (CCCC (

C F A T A L  1 Q w O ~~ M E S S A G E S

C C LCC C L C CLl. CC CCC C CCCCCCC L CC CCCC C CCCCCC 1.C

C — “00 11.0w 45505 L I M I T  ( I C E E D I L ) .

C S’00 PUTw .~L StL (CTtO IILOCIV OUT OF T*b( ( BOUNDS.
C “0% PU I.q ’. SELECTED PILOCk OUT OF IAWS_ L BOUNDS.

C S ’ % i’ L IIOR EN (LiD L I MN A RY OPENED w I t s  IMPROPER FRAGMENT Slit
C S’19 L~iOPftd ‘4E V I IBRA QY OPENE D W I T H  INPRltl’fw FRAGMEN T SIZE
C s~ ?C 1r4Ofr (~. 5/W L I R R A W Y  OPENED wIT’. IMPR ~W tW PASSWORD

C 7~ OO r.,ET F0R S %N Ct ,P4t, ST ’ lT S .  MUST R( MAPpIA LLY REMOVED.
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APPENDIX C

HIGH-LEVEL AUDIT

STRUCTRAN—2 produces a high—level audit which may be printed by copying
the normal scratch (unit 8) audit file to the printer. The audit describes
the contents ~~~~1 the data base created and used by STRUCTRAN—2 in structuring
a FORTRAN program, as well as ~n indented listing 

of the structured program.
The hi gh-level audit for the program in Fig. 2.2 is shown in Figs. C.l, C.2,
(.3 , and C.4. For an exp lanation of the report s generated , refer to the SDI,
STB , and DDP Table definitions in STRUCTRAN-2 System Design and Implementation
Manual (Sec. 3.3).
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