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1 INTRODUCTION

The STRUCTRAN structured programming translators are tools for enabling
structured programming in FORTRAN—based software developments . STRUCTRAN—l
translates programs written in DMATRAN into pure FORTRAN programs . STRUCTRAN—2
translates (“structurizes”) programs written in FORTRAN into a structured form
t x p r~~ssed in 1)MA TRAN .

Ta~ ~ I i< UCT RA N—2 so f tware  has been developed on the  Con t ro l  Data Corpora-
t i on  (C C) ‘ -.O() com p u t e r  at  t h e  ( encr a ]  t~t -s t -a r~~h Corpora t ion  (CRC) f a c i l i t y
in Sa n ta Barhi r a , C a l i f o r n i a .  F o l l o w i n g  t h i s  s o I L s - i n -  deve lopmen t  phase ,
S U R ~~ T R A N — 2  ti;is be en insta  I l t d  on the  UN J \’AC 1 1  08 - i t  t ~ D e f e nse M a p p i n g  A gency
Aeros pace Ce nt e r (DMAAC ) , S t .  Louis , M i s s o u r i .  The 501 Ls- - i r t  d -vi  I opment  phase
u t i l  ized the CDC FORTRAN run comp ii er , ver s  ion 2 . 3 u n d t . r  t~ o- ( 0 1 ,E TA ~ r~it i ng
system fo r  the  CDC 6400 . The i n s t a l l a t i o n  p hase u t i l  ized  i I i ~ U N I V \ C  1108
FORTRAN V compiler  w i th  the UNIVA C 1108 o p e r a t i n g  sy s t e m .

This document describes the overal l  desi gn of the  S T R V C F R A N — 2  s o f t w a r e
(Sec . 2 ) ,  and the organization and contents of the S l R L C l ’ R A N — 2  d a t a  base
(Sec . 3 ) .  The STRUCTRAN—2 sof tware components are descr ibed  in Soy . 4 . A
nar ra t ive  description of each module contained in the components  is inc luded
in Appendix A. The details of the STRUCTRAN—2 organization , intermodule depen-
dencies, and intraxnodule control structure are contained in the STRUCTRAN—2
Sof tware  Analysis Collection documentat ion .
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2 STRUCTR .AN-2 PROGRAM OVERV I EW

2.1 STRUCTRAN-2 PROGRAM ORGANIZATION

STRUCTRAN—2 is organized into eigh t components , each of which
consists of a hierarchy of interrelated modules with specific pro-
cessing capabilities. These components are used in a definite order to
translate FORTRAN to DMATRAN. Table 2.1 shows the STRUCTRAN—2 components;

detailed descriptions of each component ’s function appear in Sec . 4.

TABLE 2.1

STRUCTRAN-2 COMPONENTS

Component Memory (Octal) Function

STRUCO 77K Storage Manager , Data Base
Services , Suppor t Subrou tines ,
and Con trol

STRUC1 3K Initialization of Data Base

STRUC2 14K Lexical Analysis

STRIJC3 14K FORTRAN Parsing

STRUC4 13K Graph Identification

STRUC5 16K Graph Analysis

STRUC6 20K Formation of DMATRAN Program

STRUC7 5K Print/Punch Services

The UNIVAC installation of STRUCTRAN—2 operates in an overlay mode .
SIRUCO Is the root of the overlay structure and causes each of the other
components to be loaded and executed in the proper order . All routines
required by two or more components are included in STRUCO. STRUCO is
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 2.1.

The code for all STRUCTRAN—2 components was developed by GRC personnel
utilizing structured programming techniques throughout.

2
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2 . 2  STRUCT RAN-2 OPERATION

Each STRU CTRAN—2 component is devoted to a u n i q u e  t a s k ;  communica t ion
between components is through a common data base called a dat i base library .
The da ta base library is initiall y crea ted by STRUC1 , modified by STRUC2 ,
STRUC3 , STRUC4 , and STRUC5 , and utilized by STRUC6 and S T R U C 7 .  The sequence
in which  the  components  are execu ted is shown in F ig. 2 .1 , w h i c h  usei~ DMA TRAN
to express a high—level , structured representation of ST RI~C I R A N — 2  operation .

PRO CEDURE STR UCT RA N2 CONT ROL
INVOKE ( STRUC I — I N I T A L J Z E  DATA BASE
00 WH ILE ( END OF THE CURRENT MODULE HAS NOT BEEN REACHED
• INVOKE C STP UC2 — PERFORM LEXICAL  SCAN OF MODULE TO IDENT IFY

1. KEYWOR DS AND VARIABLES
• IF C END OF THE CURRENT MODULE HAS NOT BEEN REACHED ) THEN
• • INVO,c E ST PUC3 — PERFORM PAR SE OF MODULE TO IDENT IFY STATEMENT

1. • TYPES
• . INVOKE ( STRUC7 — PRINT FORTRAN MODUL E
• • INVO KE C ST RUC4 — ID ENTI FY PROGRAM GRAPH
• . INVOK E C ST RUC5 — RECOGNIZE ST RUCTUR ED FORMS IN PROGRAM GRAPH AND

1. • A d S T P A C T LY  REPR ESENT A S A STR UCTU RED PROGRAM
• . INVO KE C STRUC6 — USE ST RUCTURED FORM REPR ESENTATION TO REWR ITE

3 .  • MODULE IN UMATRAN )
• • INVOKE C STRU C7 - PUNCH DMATRAN MODULE )
• END iF
(ND WHILE
END

Figure 2.1. Description of STRUCTRAI4—2 Control

STRUCO consists of the main program for STRUCTRAN—2, all the routines
it causes to be loaded , and all routines which are referred to directly or
indirectly in two or more components. Since STRUC1 through STRUC7 communicate
through the data base library, all data base service routines and storage
manager routines are in STRUCO . Also all support routines performing commonly
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 statement type and symbol usage
information to the data base library . STRUC4 utilizes all of the information
accumulated so far in the data base library to identify the program graph of the
module . This is added to the data base library in tabular form . STRUCS per-
forms 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 many rou-
tines may be contained in a single UNIVAC 1108 FORTRAN V program unit (due to
the internal subroutine capability) the iteration indicated in Fig. 2.1 is
necessary to process modules consisting of more than one routine .

3
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2 . 3  STRUCTR AN-2 DATA STRUCTURE S

In performing its structurization STRUCTRAN—2 utilizes the data struc-
tures shown in Table 2.2. The FORTRAN source text to be structurized is input
on l I N .  A random access data base library is created on LIBNEW . The FORTRAN
s~ urcc is listed on LOUT, translated DMATRAN source is written on LPUNCH , and
1 h i g h l evel a u d i t  t rai l  is output to LDEBUG . File activity performed by

~ 1Rt ’L1 RAN—2 is summarized in Fig. 2.2.

Examples of each type of output which is meaning ful to the user appear
in the SI R [CIRA N—2 User ’s Manual .

TABLE 2 . 2

FILES USED IN STRUCTRAN-2 PROCESSING

Log ical
Unit File Data Storage Record Recormsended
Wumber Name Structure Mode Form Forma t Allocation

6LLIBNtW L IBNtW FORTRAN Binary Random System Standard Scratch file (mass storage)
Piogram (ins tal la t ion— depen dent)
Deecript ion

6tOUTPUT lOUT Reports lCD Sequential MaxImum 132 characters Systea pri n ter
per l ine

6LLDE~I’C LDEBUG Report s lCD Sequential Maxiriun 132 character s Scratch file (mass storage)
per line

6U.PUNCH LPUNCII mIATRAN lCD Sequential Card image Sys t em punch or permanen t
Translated fil e
Text

~L1XFUT tIN FORT RAN lCD Sequential Card imag e Card reader c r permanent
Text f 11c

Permam. ut file s Rust have been previ ously created.

‘~~
‘
~E : The above files , along with other intermediate scratch

~~
1es , are defined in subroutine rLINIT .

4
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Figure 2.2. STRUCTRAN—2 Data Flow
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3 STRUCTRAN-2 DATA BASE

3.1 INTRODUCTION

The STRUCTRAN-2 system is intended to provide the nucleus of a general-
ized system for translation of FORTRAN programs to DMATRAN . To provide the
greatest possible flexibility in supporting STRUCTRAN—2 translation objectives ,
it is necessary to preserve detailed information about the internal structure
and organizat ion of individual elements of the program text being analyzed .
For convenience , we refer to a UNIVAC 1108 FORTRAN V program , an in ternal or
external subroutine or function as a “module ’ . All of the information neces-
sary to deal with any attribute or characteristic of any module is embodied
in a series of tables of specific format. The tables which describe a parti-
cu la r mod ule are trea ted as a whole , in the sense that it will be the case
that one table ’s information is only meaningf ul in terms of the in f o r mat ion in
o t h e r  t ab les .  The interrelationship between the various types of tables and
the general  form of i n f o r m a t i o n  s to red  in each table  is given below .

To avoid core limitations in the size and number of modules processed ,
a v i r t u a l  storage system is used to s tore the tab les .  Tables are assigned to
p r e d e f i n e d  blocks (called f ragments)  as they are c rea ted  in working storage .
As work ing storage becomes f ull , f r ag men ts are wri tten to a rando m l ibrary by
the dat a manager. When subsequent references are made to a table no longer in
working s to rage , the data manager re tr ieves the proper f ragment  f rom the
l ibra ry and cop ies it into working storage .

3.2  TABLE TYPES

The tables crea ted and used by STRLJCTRAN—2 collectively define all in-
formation STRUCTRAN—2 has about a system of modules under analysis and the
information pertinent to each module within the system . It is assumed that
all this information is kept in one STRUCTRAN—2 library . The tables used by
STRUCTRAN—2 can then be categorized in the following way :

a. Those which describe the contents of the library (system tables)
b . Those which pertain to specific modules (module tables)
c. Those which support token storage (text tables)

Each table is in one of two for ma ts: f ixed length (meaning a fixed number of
w~irds per entry or block) or variable length (meaning a variable number of
words per entry or block). Each table is divided into fixed—length segments
called fragments; one fragment is the unit of transfer to the auxiliary stor-
age device which holds the library . We will discuss each type ’s general
nature in turn . Specific uses of each word of a table are found in the table
format on the referenced page .

3.2.1 Permanent Sys tem Tables

The tabl..s used to describe library contents are listed below .

Library Header Table (LHT): fixed table. The Library Header Table con-
tains a fixed set of global library data that is the same for all libraries.
The table is always located in the first twenty words of the random file that
con tains the l ibrary and provides pointers to the Entry Point Table, which is
the directory table for the library .

6
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Module Location Table (MLT): fixed table. The Module Location Table
stores the library address and working storage address of each module descrip-
tor block known to the system. The MLT is not located on the l ib rary , but  is
constructed in working storage as analysis proceeds. The MLT is in ascending
order by module number assigned at run time .

Ent ry Pc~tnt Table (EPT): fixed table. The Entry Point Table is used
for storing the names and locations of modules within the library. It is
searched for finding the run—time module number of a named module. The en-
tries in the EPT are created in the order in which modules are assigned to
the library .

Fragment Directory Table (FDT): fixed table. The Fragment Directory
Table is used to link library fragments belonging to one table. It is also
used to store the working storage location of a fragment if it is resident in
core . The entries in the FDT are in fragment order .

3.2.2 Module Tables

The single—module tables and blocks describe , in aggregate, all of the
fixed characteristics of each FORTRAN module . These tables are listed below :

Module Descriptor Block (MDB): fixed table. The Module Descriptor Block
specifies certain parameters pertaining to a single module in the system. It
also contains Library Manager pointers to other tables pertaining to this
module . The MDB must be present in the working storage when using any of the
other module tables. There is only one entry for each module in this table,
hence there is no implied order .

Statement Descriptor Block (SDB): fixed table . The Statement Descriptor
Block table describes the attributes of each statement within the pertinent
module. There is an entry in the table for each statement , containing type
codes , length informa tion , block structure pointers and other descriptive in-
formation . The SDB table is in ascending order by statement number.

Statement Block (SB): variable table . The Statement Block table con-
tains the parsed source text in token pointer form for the pertinent module .
There is one Statement Block for each statement in the source program text ;
each block is a variable length word—pair list. In addition to the source text
which is stored as a string of token pointers, the Statement Block contains
token keyword descript ors  and pointers  to the Symbol Table. The SB table is
in ascending order by statement number and by word—pair within a statement.

Symbol Table (STB): fixed table. The Symbol Table contains an entry
for each symbol defined within the pertinent module . Type , mode , pointers
and other descriptive information for each symbol are recorded .

DD—Path Table (DDP): fixed table. The DD—Path (Decision—to—Decision
Path) Table contains the module ’s program graph. There is an entry for each
decision— to—decision path in the program , wi th the beginning statement number ,
the ending statement number and other useful information . The DDP table is
in ascending order by DD—path n umber .



DD-Path/Statement Table (DS): variable table. The DD—Path/Stateuient
Table has a variable length entry for every DD—path in the pertinent module.
Each entry is the list of statements comprising the corresponding DD—path .
The DS Table is in ascending order by DD—path number , and in statement execu-
tion order within a DD—path.

3.2.3 Temporary Module Tables

Various tables are used internally in given components and do not con-
tain information passed to other components. Such temporary tables provide
efficiency in operation and flexibility in size constraints. These tables are
listed below :

Label/Statement Table (LBTL): fixed table. The Label/Statement Table
con tains an entry for each labeled executable stateme Lit in the module . Given
a label in some form of GOTO statement , it allows the corresponding sta tement
number to be efficiently found .

Current Program Graph Tables (ITEMP and JTEMP): fixed tables. The
Current Program Graph Tables are used in the graphical reduction process.

P rogram Graph Connection Table (CN): variable table. The Program Graph
Connection Table is used to efficiently store and retrieve information describ-
ing the current program graph.

Program Graph Connection Directory Table (CNAX): fixed table . This
table serves as the directory for the variable length CN table.

3.2.4 Text Tables

The system breaks down the module source text into its individual tokens
(keyword , variable name, delimiter , constant,operator) and stores the text by
saving these tokens. The character strings that make up the tokens are stored
ind ividually in a token list for an entire library , and the table entries
that refer to tokens contain pointers to the particular character strings in
the token list. The following permanent tables are used for storing text in
this way. Figure 3.1 shows pointer relationships between tables.

Token String Table (TKL): variable table. The full text of each token
is stored En a table entry of a variable number of words. On the UNIVAC 1108
with 6 characters per word all strings of 1 to 6 characters are stored in one
word (with blank fill), 7 to 12 characters in two words, and so on. The
string address is the word number (starting from the beginning of the list)
of the first word of the table entry . No other information but character
strings is stored in the token string table.

Token Directory Table (TOK): fixed table. To simplify and speed up
Token String Table searches, a Token Directory Table is created. This fixed
table contains four words per entry describing a particular Token String Table
entry :

Word 1 contains one word of token text (UNIVAC 1108 implementation
has the first six characters of the string)

8
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Word 2 contains the number of characters in the complete string in
the Token String Table

Word 3 contains the word address of the first word of the string

Word 4 contains the number of words in the table entry

Fixed Pointers. All tokens that are known to appear in text are stored
when the system is initialized (the specific strings are given in the common
block descriptions found on pages 20 to 26 following) . These simple integer
variables contain the token directory index for the specified character string .
Thus when a fixed string is encountered in text analysis , the direc tory table
and string tables are established. For example , when the string “PROGRAM” is
encountered and is to be used in word 2 of a Module Descriptor Block, all that
need be done is store the contents of IXPRGM into word 2 of the table entry .

3.3 TABLE FORMATS

Each STRUCTRAN—2 table consists of one or more blocks, each of which con-
sists of one or more items. Au item is a word which is used as one of three
types : an integer, a pointer to an entry in another table , or a Hollerith
character string. The design of the tables ensures a high degree of machine
transportability : internally table values are right—justified in the machine
word unless otherwise noted . Also all Hollerith character strings are stored
in one table (the Token String Table).

In the remainder of this section , the contents of each table are defined .
Successive lines for a given item in the table descriptions imply alternate
meaning or value.

10
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CCCC (C ( c CCCCC C CC CCC C CCCCCCCCCCCCCCCCCCCCCCCCCCC CCCCCCCCC CCCCCCCCCCCCCCCCCCCC CCCC
cccc ccc rccccccccccccccccccccccccccccccccccccccccccc Cccccccccccc cccccccc ccccccccc
ccCccccCCC CCcccCCCcCcCCCccCccCCCCCccccCccCC cCCCccccccccc CCcccCccCCcCcCC

C PERMANENT SYSTEM TABLES

CCCCCCC CCCCCCCCCCCCCCC CCCCCCCCCCCCCCCCCCCC CCCCCCCCCCCCCCCCCCCCCCCCCCCCC

C L I B R A R Y  H E A D E R  T A e L E

C wnPD DEFINIT ION
C — - — —

C PASSWORD NAME OF LIBRARY
C ACCESS DIRECTIVE FOR A RUN — HOLLER ITH(H) FORMAT
C ... 3LiNEW —NOT W R ITT EN BEFORE
C ...44IREAD —CANNOT BE CHANG ED DURING RUN
C ,.. 3HR/W —CAN BE CHANGED DURING RUN
C 3
C 4 wORDS USED ON LIB R ARY
C 5 SIZE OF LI B RA R Y FRAGMENT
C A NUMB ER OF MODULES ON LIBRARY
C 7
C F IW ST MOB FRAGMENT ON LIBRARY
C 9 NUM BER OF FRAGMENTS USED ON LIBRARY
C 10 NUMB ER OF ENTRIES IN FRAGMENT OF EPT
C II FIRST FU T FRAGMENT ON LIBRARY
C I? NUMBER OF ENTRY POINTS IN MODULES ON LIBRARY
C 13 NUMBE R OF ENTRIES IN FRAGM ENT OF FDT
C 14 FIRS T EPT FRAGMEN 1 ON LiBRARY
C IS
C 16
C 17
€ i s DATt LIB RARY OPENED NEW
C 19 TOTAL NUMBER OF TIMES LIBRARY W RIT TEN
C ?O DATE LAST CLOSED AFTER BEING CHANGED

CCCCCCCCCCCCCCCC CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC CCCCC CCCCCCC CCCCCCCCCCCCCCCCC

C M O D U L E  L O C A T  i O N  T A B L E

C WORD D E FIN i TION
C —— — —

C 1 LIBRARY ADDR E SS OF MOOULE MOB INTEDEP
C 2 CORE ADDRESS OF MODULE MOB ( 0 IF NOT RESIDENT ) INTEGER

CLCCCC CCCCCCCCCCCCCCCCC (.CCCCCCCCCCCCCCCCCCCCCCCC CCCCCCCCCCCCCC CCCCCCCCCCCCCC CCCC

C L t ~~T K Y  P O I N T  T A B L E

C WORD GEF I N I T I ON
C —— — —
C 1 NA M E OF EN TRY POINT TOM POINTFR
C 2 RUN- TIN E NUMB ER OF MODULE INTEGER
C 3 NAME OF MODULE OW N IN G ENTRY POINT TOM POINTFR
C STATE ME NT NUMBER ON WH ICH ENTRY oCCURS soe POINTFR
C N UMBER of ENTR y W ITHiN MO flU L E IN TEGER
C A Ip ,CEX OF MO DUL E MOB ON LIBRARY INTEGER
C 7 LIBR A Ry ADDR ESS FoR MOB OF MODUL E . INTEGER

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC CCCCCCCCCCCCCCCCCCC CCCCCCCCC CCCCCCCCCCCCCCCCCCCC

C F R A G M E N I  D I R E C T O R Y  T A B L E

C W ORD D E F I N I T I ON
C — —— —
C 1 POINTER TO NEX T LIBRARY FRAGME N T OF TABLE ( 0 IF NONE
C I N IEGE R
C 2 CORE FRAGMENT NUMBER IF LIBRARY FRAGM ENT RESIDENT INTEGER
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CCCCCCC CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC CCCCCCCCCCCCC CCCCCCCCCCCCCCC
CCCCCCCCCCCCCCCCCCCCCCCCCCC CCCCCCCCCCCCCCCC CCCCCCCCCCCCCCCCC CCCCCCCCCCC

C PERMANENT MODULE TABLES

CCCCCCCCCCCC CCCCCCCCC CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC CCCCCCCCCCCCCCCCCCCCCCCC

C M O D U L E  U E S C R I P T O R  T A B L E

C MODULE DESCR IPTOR BLOCK (MOB). THERE IS ONE MOB FOR EAC H MODULE
C ON A LIBRARY. EACH MOB CONTAINS 100 WORDS OF INFORMATION DES CRIBING
C Nu MERIC PROPERT IRES OF THE MODULE OR SERVING AS POINTERS TO OTHER
C TABLES DESCRIBIN G THE MODULE IN GREATER DETAIL. THEY HAVE T44E
C FOLLOWING MEANING .

C W ORD DEFINITION
C — — — —

C I NAME OF MODULE TOM POINT ER
C 2 TYPE OF MODUL (( IX PRGM , IXSUB IXFNCT , JXR LC Ic ) TOM PO INTER
C 3 MODE OF FUNCTION ( I XR EAL , IX INT G , IXLGCL • IXCHPX
C 1XDBL , IXTPLS , IXBL iF NOT A FUNCTIO N).
C TOM POINTER
C 4

C S TOTAL NUMBER OF STATEMENT WORD PAIRS INTEGER
C A
C 7 NUMBER OF STATEM ENTS (NUMBER OF SOB ENTRIES ) INTEGER
C B NUMBER OF SYMBOLS (NUMBER OF STB ENTRIES) INTEGE R
C 9 NUM BER OF ARGUMENTS IF SUBROUTINE OR FUNCTION INTEGER
2 10 NUMBER OF FIRST EX ECUTABLE STATEMENT INTEGER
C 11 NUM BER OF ENTRIES TO MODULE (IF SUBROUTIN E OP FUNCTION )
C INTEGF P
C 12
C 13
C 14
C 15 NUM BER OF DEPENDENT MODUL E TABLE BLOCKS INTEGER
C
C 1~1 NUMBU ~ OF DO—PAT H BLOCKS INTEGER
C 15 LANGUAG E OIA LE CT ( IXUNV ) TOM POINTER
C 19

C ~0 LANGUAG E ( IXF TRN I TOM POINTER
C ?1
C
C 73
C 74 TOTAL NUMBER OF WORDS IN DS TABLE INTEGER
C ‘5 NUM BER OF EXTE RN~uLS INTEGER
C
C -~7 NUMBER OF EXECUTA BLE STATEMENTS iNTEGER
C ‘8 NUMBER OF COMMON STATEMENTS INTEGER
C 79 NUMB ER OF EQU IVALENCE STATEMENTS INTEGER
C 10 NUMBER OF READ STATEMENTS INTEGER
C 11 NUMP ER OF W R ITE STATEMENTS INTEGER
C 32
C 13
C 14-50 SPARE
C ‘~I— 10 O RESERVED FOR STORAGE MANAGER USE
C TB ORIGI N
C SB ORIGI N
C SOB OR IGI N
C STB ORIGI N
C DOP ORIGI N
C OS ORIGIN

12
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CCCCC CCCteCCCCCCCCCCCCCCcCCCCCCCCCCCCCCCCCCCCCCC CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC

C S T A T E M E N T  D E S C R I P T O R  T A B L E

C STATEMENT DESCRIPTOR BLOCK (SOB). THERE IS ONE SOB FOP EACH STATEMENT
C IN A MODULE. EACH 5DB CONTA INS 10 wORDS OF INFORMATION DESCRIBING
C T~ E STATEMENT. THE STAT EMENT SEQUENCE NUMBER SERVES AS THE IPiDEx
C TO THIS TABLE.

C WO RD DEFINITION
C -———
C I STATE M ENT LABEL TOM POINTER

C 2 TYP E OF STATEMENT — COMPARE WITH THE TOKEN PO INTER VAR I ABL E S
C INDICAT ED. P4OLLER ITH V ALU E ASSOCIATED W I T H  EACH TO K EN POINTER
C VARIABLE IS SHOWN.

C TYPE TAL HOLLER ITH
C POINTER VA LUE
C VARIABLE

C

C ARITH M ETIC IF IF3 Blu r—THREE
C ASSIGN IXAS S AHASSI GN
C ASS IGNMENT IXA SGM IOHASS IGNME NT
C ASSIGNED GOTO IA GT 1OHGOTO-ASSGN
C ASSIGNED GOTO IXA SG I RHA SS—GOTO
C BACKSPACE I XBM SP 9HBACMS PACE
C BLOCK IXBL K SHMLOCK
C A BLOCK OA TA IARLCK 9PIBLOCMOAT *
C N BUFFERIN IABUF I RHBUFFE PIN
C S BUF FEROUT IXBU F O 9uBIJFFEROUT
C I CALL IXCALL 4HCALL
C CALL—E XIT IXCA LE 9HCALL—E X IT
C COMMON IX CMM N AHCOMM ON
C x COMPLEX IACMPX 7L4COMPLEX
C 3 COMMENT I X CMM T THCOMMEN T
C • COMP UTED GOTO ICGT IOHCOMP. GOTO
C ‘~ CONY ZNUC ICONT RHCONT INUE
C DATA IXOA TA 4HDATA
C DiM ENSION JXDMSN 9HDIMENSION
C F DOUBLE IXD8L 6MDOUBLE
C 0 - DO I X DO 2HDO
C P END lEND 3H(ND
C T END-TOKEN I*ENDT 9HEND TOKEN
C r~ EQUI VA L ENC IXEQVL IOHEQU IVAL ENC
C A EXIT IXE X IT 4P4EX IT
C N EXTERNAL IXEXTN 8HEXTERNA L
C FORMAT IXFRMT 6HF ORMA T
C F UNCTION IXFNCT BHFUNCTION
C S GOTO I&T 4KGOTO
C T LOGICAL IF IFT ?141F
C A IF-ASSIGN IFA SS 9H1F—*SSIGN
C I IF-ASSIGNMENT IFASGM ROHIF—ASS GMNT
C F IF— ASS IC ,NED GOTO IFA ~ T RO HIF—A SSGN—G
C u IF—BACKSPACE IFBACK I0HIF—BACKSPA
C E IF—CALL IECALL 7HD—CALL
C N IF CALL EXIT IFCLX T IOH IFCAL LEXI T
C I IF-ENDF IL ( IFENDE IOHIFtNDFIIE

13
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C I F .GOTO IFGT YHIF-GOTOC IF COMPUTED GOTO IFGTC 9HIF-G OYO—C
C I I F — I F  IXIF SHIF—IF
C v IF-PAUSE IFP RHIF PA USE
C P IF -PRINT IFPRN T RH IE—P R INT
C F IF-PUNCH ITPNCH Blu r—PUNCH
C S IF-READ IFREAD 7111F—REAO
C IF—R EWIND IFRWND RH IF—REW IN O
C IF-RETURN IFR 9HZF—RF TUPN
C IF— STOP IFS 71$IF— STOP
C IF— WRITE IFW RTC SH IF—W R ITE
C INTEGER IXINT G 7HIN IEGER
C I/O— WRITE ixzow~ QHZ/O-W R ITF
C I/O—ACT ION IXIOAC 101 (1/0—ACTION
C I/O—REA D IXIORD RHI /O—READ
C LOGICAL IXLGCL 7HLOG ICAL
C PAUSE IXPAU S SHPAUSE
C PRINT IXPRNT 5HPR INT
C PUNC H IXPNC H SHPUNCH
C READ IXPEA D 4HREAD
C REA L IXPEAL 4HREAL
C RETURN IRET 6HRETURN
C REW IND IXRW ND A HREWIN D
C TWO BRANCH LOGICAL IF IF2 6H1F-IwO
C STOP ISTOP 4 (LSTOP
C STATEMENT FUNCTION IX STFX 1OHSTMT. FUNC
C SUBROUTINE IXSUR IOHSUBROU TINE
C TO IXTO 2)110
C WRIT E IXWR IT 5p$WPJTF

C — 

C E MULTIPLE ASSIGNMENT IXASNM 1OHASSG N—MULT
C * BUFFER IXBFFR 6HR(JFFEP
C I BUFF ER I IFB%JF I IDH IF—BU FFERI
C F BUFFERO IFRUFO IOHIF—BIIFF (RO
C N DECODE IXDCD 6HDECODE
C S ENCODE IXENCO 6HENCOI)E
C I ENTRY lENT SIIENTRY
C 0 IF-DECoDE IFOCDE 9H1F—DECOOE
C N IF—ENCODE IFENCD 9)41F—ENCODE
C S NAM E L IST IXNLST BP4NAMELIST
C PROGRAM I*PRGM 7I4PROGRAM

C

C ACCUMU LATO R OVERFLOW IXA CUM IIHA CCUMULA TOR
C DI VIDE CHECK IXDVD E 6HOIV ID (
C C END— OF—FILE IXEOF 3HEOF
C 0 IF—END—O F—FI LE IFEOF 6HIF—E OF
C C IF—U NI T IFUNI T 7HI F—UN IT
C — IF-ACCUMU LTOR OVERFLOW IFA IOHIF—ACC UMLJI.
C P IF—DIVID E CHECK lED 9HIF—DIV IDE
C u IF— QUOTI ENT CHECK IF_ a IO HIF—QUOTIEN
C P.J IF—SEN SE—LIGHT IFSL 1OHIF—SENS E— L
C IF—SE NSE—SWITCH IFSS IOHIF—S ENSE— S
C INPUT/OUTPUT CHECK 1*10CM 7HIOCHECK
C LI GHT IXLIG T SHLIGHT
C SENSE I*SENS SHSENSF
C SENSELIG LI T 1*SNSL IGIISENSELIGHT

14
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C ~. ITC h  I*S wC H A HSW I TC N
C N IT  IXUN IT ‘.HUNIT

C

C C (A I L W I T H  MUI fl PLL RETURNS ICA LI P IOHC A LL -PE T PN
C I F _ C A L L  0(1” MULTIPLE RE TuRNS IFCLLR O M I F — C A L L — P
C J~~ L I C I 1  IXIMP I R H IM P L I C I T
C - L IV E L  IXIF VL SHL E VF L
C O V E R L A Y  IXO VLY 7H OVE RL A Y
C SUNPOLJT INL W ITH M U L T I P L E  RETURNS IXSUBR IOHSURR-RETRN
C I

C

C M Y T (  IA RY T E  4 MBYTE
C F) r E F I N E  I X O E F I  RHOE FI NE
C ~ OFF IN L—P A NO O M FILE IADFPN 1OH OFFI NE— PA N
C — FILE IAFIL E 4H FILE
C I F IND IXF IND 4HF IND
C 1 FIND-RANDOM RECORD IXFORN Blu uIND-RA N
C IF-READ W I T H  CONDITIONAL BRANCHES IFRDC 9MW —READ—C
C IF—WRITE WITH CONDITION A L B PANCHES IFWTC 1O HIF— W PI TE—C
C INTEGER (2 bYTES) IXINT2 9HINTEGER2
C LOG ICAL ( 2BYT ES )  IXLGC I 9HLOGICAL 1
C READ W I T H  CONDIT IONAL BRANCHES IW(A OC QHPEA D—C OND
C READ- RANDOM RECORD I*ROPN RHPEAD- RAN
C R EAL (4 B Y T E S )  1XP14 B HREAL 4
C PEAL (8 B Y T E S )  IXPL8 6HPF AL U
C W R I T E  W I T H  CO N DITIONAL BRANCHES IWRT (C IO P$WP ITE—COND
C

C 1 STATEMENT TYPE COU€ — TYPE OF STATEMENT FOR RX VP PROCESSING
C FUNCTIONS.
C
C CODE INTEGER

C 0 NOT PARSED OR COMMENT
C I = NON—EXECUTABLE
C 100 = EXECUTABLE ( NON—DECISION
C 200 r EXECUTABLE ( DECISION
C LENGTH OF STATEMENT BLOC K ( IN TOKENS) INTEGER

C 5 SB ORIGIN OF STATEMENT TOKEN L IST  SN POINTER

C 6 JNT RA -STAT EME NT STRUCTUR E POiNTER SOB POINTER
C •. .FOR FORTRAN...
C FOR iF STATEMENTS ,  THE WO R DPA IR INDEX WHER E
C CONSEQUENCE OF IF BEGINS, OR FIRST LABEL
C FOR DO STAT EMENT . THE STATE M E NT NUMBER OF TARGE T
C CONTINUE
C FOR DO—TARGE T CONTINUES, THE STATEMENT NUMBER OF THE
C CORRESPONDING 00 STATEMENT.

C 7 POINTER TO SYMBOL TABLE LOCATION FOR LABEL STB POINTER

C B SPARE
C 9 SPARE

15
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10 SPAR E
C (CCCC CC CCCCCC CCCCCCCCCCC CC (C CCC (CC CCCC CCC CC CCLCIC CC CC IIICCCCC C ICC (CCCCCL( ( CLCC(

C c T A T E M E N T  T A B L E

C S T A T E M E N T  B LOC K ( S B ) .  THERE IS ONE SB E N T R Y  FOP EACH S T A T E M I N T  IN THE
C UODUL(•  THE LENGTH OF THE SB ENTRY DEPEND’, OF THE NUMBER OF TOKENS

C I~ THE S T A T E M E N T .  1OP E X A M P L E
C
C IF ( Ix .EO. JX 1 6010 100
C
C CONSISTS OF 8 TOKE NS AND IS STORED IN SB F O R M A T  AS
C -

:IF .1 : I X  • . E Q .  :JX .1 .6010 :100

:E YWO R D. D E L IMITE R: STP PT.OPE PATOW .STP ~~ :DEL IMI TE R :KFVWO PD. STB PT .

C E A C H  TOKEN IS REP R ES E NTED AS A WO ê~D P A I R .  THE TOP ELEMENT OF EACH
C wO RD PA IR  IS A TOM POINTER TO THE ORIGINAL SOURCE T E X T  FOP THE TOKEN
C ST OQE D IN THE T KL T A B L E ) .  THE BOTTOM WORD PAIR IS AN STB POINT ER
C IF TH E TOKEN REPRESENTS A SYMBOL WHICH W A S ENTERED IN THE SYM BO L
C IABLE , OR A TOM POiNTER. THE STAT EMENT SEQUENCE NUMBER SERVES AS THE
C I N( I X  TO THIS  TABLE.

C wORD D E F I N i T I O N
C -———
C T HERE IS A W O R O PA IR FOR EACH TOKEN IN THE STATEMENT T E X T
C OF THE FOLLOWiNG FORMAT

C I TOKEN TAB LE POINTER Fu )P SYMBOL TEAT TOM POINTER

C 7 SYM B OL C A I F U C R Y . . .
C TO KEN TABLE POINTER FOR 9HDEL IMIT ER,RHOPEPATOR,

7H KEVWOPt ) . IF APPROPRIATE TOM POINTER
OTHERWISE . SYMBOL TABLE POINTER STB POINTER

C
CCCC UCCf( CCCCCCCCCCCCCCCCCCCCCCrCCCCCCCCCCCCCCCCCC CCCCCCCCCCCCCCCCCCCCCCCCCCCCCC

C S Y M B O L  T A B L E

C S’iMbOL TABLE BLOCK (S I B ) .  THERE IS ONE ST B ENTRY FOR LA CH SYMBOL
C IVARIA$ L L ,AR RA Y, CON STAN T ,LA ME L ,COM MO N BLOC M ,F ILENAM E .EX TEP NAL .O P
C F Iu NCT ION )  IN THE MODULE. THE ENTRY CONTAINS INFORMATION ABOUT THE
C SY MBOL WHIC H SUMMARIZES iTS USE THROUGHOUT THE ENTIRE MODULE
C (

~ ‘OT JUST ONE S T A T E M E N T ) .

C WO RD D E F I N I T I O N
C —- -—

C I SYMBOL TOKEN TABLE POINTER 10K POINTER

C CLASS OF SYMBOL ( I X L O C L . IX P R M T , I X C M M N , I X E* T N , I E N T )  TOK POINTER

C 3 TYPE OF SYMBOL (IXCON S ,IXVR BI ,I*A PA Y,IX LA BL .IXEX TN .
C ILN T ,IX FL NM ,I*FN CT ) TOM POINTER

• 16



C ~. A R I T H M E T I C  MODE (I XR (A L , IX H O L L , IX I N T G .IX L A R L . (X L G C L .

C I X C M P A . 1 X D O H I . I X T P L S , IX F I N M )  TOM POINT ER

C S NLOC M NAME FOR SYMBOL (FOP BLOCK DATA OR
C COMMON BL O C K ) .  ( < N A M E >  OP BLANK IF CLASS IS (,HCOMMON
C BUT O T H E R W I S E  BL ANK ) TOM POINT ER

C FOP A H P A Y ,  INTEG E R D I M E N S I O N A L I T Y  ( 0 , 1 . 2 .3 ) .  INTEGER
C FOP EX T E R N A L , THE NUMBE R OF ACTUAL  P A R A M E T E R S  IN F I RS T
C UCCU RAN CE IN MODULE. INTEGE R
C FOP LABEL. STATEMENT NUMBER OF DEFINITION . SOB POINTER

C 7.8.9 1ST, 2ND AND 3RD INIERIP DIMENSIONAL E X T E N T  OP ZERO
C N E G A T I V E  IMPLiES V A R IA B L I  DIMENSION INTEGER

C 10 SPARE
C II SPAR E

C 12 STATE MENT NUMBER OF F I R S T  USE OF SY MHOL . SOB PO INT ER
C 13 NUMBER OF OCCURANCES OF SYMBO1 (TOTAL ? 5DB POINTER
C I’. S TATEM ENT NUM BER OF L A S T  USE OF SYMBOL . 5DB POINTER

C 1~~— i V  SPARE

C Cl ASS STO RA G E ORIENTED
C TYPE == INTE R NAL S Y N T A C T I C  T R E A T M E N T  O RI E NT ED
C ‘~f lflE COMPUTATIONAL TREATMENT

C ‘.~ ‘T (S...

C ( 1 )  BY CONVENTION. ST P( f l  IS T ’-$ E MODULE NAME .

C ~~ STB (2) IS THE FIRST FORMAL PARAMETER. IF ANY.

C (1)  THE OTHER STR (.) ARE ASSIGNED IN ORDER OF THEIR OCCURANCE WITHIN
C THE MODULE.

CCCCCCCc CCCCCCCCCCCC C CCC C CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC CCCCCCCCCCCCCCCCCCCCC CC

C 1 ) - U  P A T H  T A B L E

C D-D PATH BLOCK (DDP). THERE IS ONE DDP ENTRY FOR EACH DECISION OUTWAY
C IN THE MODULE, AND ONE DDP ENTRY F O R  EACH REDUCTION PEPFOPMEI)
C ~~~~~~~ THE SE/SE SUBOPAPH ANALYSIS. THE ODPATH NUMBER IS VHF
C INDEX TO T H I S  T A B L E .

C WORD DEFINITION
C --—-
C I I N I T I A L  STM T NUMBER INTEGER
C 2 F INAL STMT NUMBER INTEGER
C 3 NUMBER OF OS ENTRIES INTEGER
C 4 TYPE Of SE/SE
C 0 == DOPATH
C 1 LINEAR COMPOSITION
C PARALLEL COMPOSITION
C 3 == SELF_ -LOOP COMPO SITION
C 4 == REP EAT AT LEAST ONCE ITERAT ION COMPOS ITION
C 5 == SPARE
C 6 : RESTRUCTURED LOOP EXIT (1ST HALF )
C 7 ~~ RESTRUCTURED LOOP EXIT (2ND HALF )
C 8 z~ SINGLE ENTRY /MULTIPL E EXiT (SE/ME ) COMPOSITION

17



C N P R E D I C A T E  INDEX INT EG ER
C
C 7

C
C 9 NUMBE R OF S T A T E M E N T S  ON THE DO- PATH.  INTEGE R
C 10 DS TA B LE O R IG I N  Of DO PAT H /STATEM EN T L I S T

OP S E / S E  C O M P O S I T I O N  L I S T  INT E C, EP

C o OT E S . . .

C ~1 DO PATH BL OCKS SORTED IN ORDE R OF ( 1 )  I N I T I A L  STATE M E NT NUMB ER.
C AND ( 2 )  P R E D I C A T E  I N D EX .

C ( ) )  ENTRY DOP IS A L W A Y S  DOP NO. I.

C ) l x i i  FlOP (S)  A L W A Y S  EN DIS I  ON HIGHEST ASSIGNED NODE NUMBER.

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCFCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC

C F S T A B L L. THERE IS ONE DS ENTRY FOR EACH DDP ENTRY. THE
C f l r ’ PA T H NUMBER IS THE INDEX TO THIS  TABLE .

C n

C V A R I A B L E  LENGTH TABLE STORING EXECUTION ORDER STATEMENT SEQUENCES
C FOR EACH DO— PATH . SOB POINTEP

C S E / S E — l O S E/ S t  DECOMPOSITION TABLE ODP POINTER
C V A R I A B L E  LENGTH TABLE STORING THE COMPONENTS (IF AN SE/SE .

18
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CCCCCCC ’CCCCCCCCCCC (CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC
CCCC C CC C CCCCC CCC C CCCCCCCCCCCCCCC CCC CCCCCCCCCCCCCCCCCCCCC CCCCCCCC CCCCCCC
CCCCCCC CCCCCCCCCCCCCCLCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC

C T E M P O R A R Y  MODULE T A B L E S

CCCCCCCCCCCCCCCCCCCCCCCCCCC ( CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC (CCCCCCCCCCCCCC
CCCCCCC CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCLCCCCCCCCCCCCCCCCCCCCCCC

C L A B E L / S T A T E M N T  T A B L E

C L ABE L /STAT EMENT RLOC c (LBTL). THERE IS ONE ENTRY IN THE LHTL TABLE
C FO P EAC H LABEL IN THE MO DUL E. THE LABEL NAME IS THE INDEX TO THIS
C T A B L E .

C r)pD DEF I N IT ION
C ----
C 1 LABEL NAME TO M P O i N T E R
C
C 2 S T A T E M E N T  THE LABEL IS DEFINE AT SOB PO INTE R
C
CCCCCCCrCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC (CCCICCCCC LC

C C U R R E N T  G R A P H  T A B L E
C
C COPPENT GRAP H BLOCK (ITEMP/JTEMP . THERE IS ONE ENTRY IN h UMP OR
C JTEMP FOP EACH ARC iN THE CURRENT PROGRAM GRAPH.
C WORD DE FIN IT iON
C -- --
C I IN IT IAL  STATEMENT NUM~3EW SOB POINTER
C 2 FINAL STATEMENT NUMBER SOB POINTER
C 3 OUR ENTRY DESCRIBING TH IS SE/SE 001’ POII ’ ITE R

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCtCCCCCCCCCCCCCCCCCCCCCCCCCLCCCCCCCCCCCCCCCCCCCCCCC
CCCCCCCCCCCCCCCCCCCCCCCCCCCFCCCCCCCCCCCCCC (CCCCCCCCCCCCC CCCCCCCCCCCCCCCCCC (CCCCC
C C O N N E C T  1 O N  T A B L E
C
C CONNECTION BLOCK (JCN). THERE IS ONE JCN ENTRY FOR EACH ITEMP/JTEMP
C F~ j T P Y .  THE 11)1 JCN ENTRY LISTS THOSE ARCS WHICH ARE CONNECTED TO
C THE IT H ENTRY IN THE ITEMP/JTEMP TABLE .
C
C VARIA B LE LENGTH ENTRY STORING GRAPH CONNECTIONS
C ITEMP/JTEMP POINTER
CC CCCC C CC CCC CCC CCCC C CC (CCC CCC CCC CCCCCC CCCCCCCCCCCCCCCCCC CC CCC CCC CC C CC  C C C C CC C C C C  (

C
C C O N N E C T I O N  O I R E C T O R Y  T A B L E
C
C C (’NNICIION AUXILIARY BLOCK IJCNAX ).
C T HERE IS ONE JCNAX ENTRY FOP EACH JCN E N T R Y .
C
C W O RD D E F I N I T I O N
C — — — —
C I SPA RE
C NUMBER OF CONNECTIONS INTEGER
C 3 JCN TABLE O M T O Z N  OF CONNECTION L I S T  JCN PO INTER
C
CCCC ( CCC CCCCCCCCCCCCCC LCC C (C CCCCCCCCCCCCCCCCCCCCCCCCCCCC C CCCCC C CCCCCCCCC CC CCCCC (

L —.- -. _ _
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CCC CC CC CCC CCC CCCCCC CCC CCC C C C CCCCC CCCCC C CCCCCCCC CCC CCCCCC CCCCCCCCC CC CCCCC CCC CCC C C

C C O M M O N  B L O C K  D E S C H I P T  I O N S

CC CCCC CC CCCC CCC CCC C CC C CCI CCC C&.CC CCc CC CC CCC CCC CC CCCCCCCCCC CCC CCCC CCCC CCC
C

C SINGLE ALP HA B ETIC CHARACTERS
CO MMON/ALPH A ,  1 X A , I X B . I X C , I X D , I X E , I X F . I X I - , , I X L . I X N , I X O , I X R . I X S ,

lxx. J A Y . 1*7

C
TOM POINTER CHARACTER STRING
V A R I A B L E  POINTED TO

C I~~A 1 HA
C I~~H 1MB
C I’C IHC
C 1>1) 1HO
C I’E
C IKE
C I’M 1MB
C I’L IHL
C I’N 1HN
C I’ D 1H0
C IxP 1MB
C I’S  lBS
C J .x 1HX
C IX Y IHY
C I’T  1HZ
C

C RELATIONAL AND LOGICAL OPERATORS
COMMON/RELATN/IXALSO,IXANL ) ,iXEO ,IXGE ,IXGT ,IXLE •IXLT

IXN L .IXNOT ,IXOR1 ,IXPNEG,IX POS

C
TO M POINTER CHARACT ER STRING
VAR IABLE POINTED TO

C I;ALSO 9H.ANDALSO.
C I~~AND 5H.AND .
C IxRE Q
C IxBGE
C IX BC’T
C IxRNE
C IY EO 41s.EO.
C IxGE 4H.C,E.
C IXGT 4H.GT.
C lY LE 4H.LE .
C IXLT 4H.LT.
C lANE 4H.NE.
C IXNOT 5H.NOT.
C IXORI 4H.OR.
C I*PN(G 5M.NEG.
C I X POS SH. POS.
C
C

20



C A P IT M M F T I C  OPE RATO R’>
C O M M O N / O P E RA T / I X D IV D . I X O L M b . I X E O L  s I X E AP , I XM NU S , IX M U L T . I X P L U S

C
TO M POINTER CHARACT FR STRING
VA RIAB LE POINTED TO

C I x O IV O  lH/
C IXOLM 6 1H~
C Iw EO L
C I A E X P  2H•’
C IXMNUS IN-
C IXMUL T IH•
C IX P LUS lH.
C
C

C UT I L I T A R I A N  CONSTANTS
COMMON/ UT ILTY /IXBLNK, IXD BU G ,1X FA L S .IXNO .IXOF_ F ,JXON ,IxOP
• IXT RUE,IXY (S

C
TOM POINTER CHARACTER STRING
VARIABL E POINTED TO 

—
C IA RLP4K 1H
C IxOBUG SHOEBUG
C IM FALS 0
C IWNO 0
C IX OFF 0
C IXO N 1
C h O P  2MOR
C IxT R UE 1
C IX Y E S  1
C
C

C MISCELLANEOUS UEL IMIT (RS
COMMON/MISC / IXBL ,IXCO MA .IXOLMI,IXDL M2,IXDIM3,IXDLM4,
• IXOLMS,IXOOLL,IXPAR ,IXPARD,JXPERD,JXPRDS.IXPRIM

C
T FN( POiNTER CHARACTER STRING
vA RIABLE POINTED TO

C IXRL IHV
C IXCOMA iN,
C I*DLNI
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C IXDLM2 IN.
C IX D L M3 IHA
C I XDLM4 INC
C IY DLM5 IN)
C IxO OLL lBS
C I’PAR
C i~~PARD IH)
C IXPERD 1H.
C IXPROS 3M) I
C I,PPIM iNS
C
C

C D I A L E C T  REFERENCE SET
C O M M O N / D IA L C T / I XA S C  , IXC FTN ,  IXCRUN, IXFTRN, l* IFTN, IXPDP , IXSTI4N ,

• IXUNV

C
TO M POINTER CHARACT ER ST RING
V aPI AB L r POINTED TO

C j;ASC 3HASC
C I K C F T N  7 NCDC—F TN
C I*CRIJ N 7HCDC—PUN
C IXFTPN 7HF OPTRAN
C IX T F T N  6NI FTRAN
C I~~POP 3HPOP
C IXSTRN NMSTRIJCTRAN
C IXUNV f,HUNIVAC
C
C

C HOLLERITHS USED IN REPORTING
COMNON/REPORT/IXALL ,I*APAY .IXASGD,IXCONS,IXDTRG,IXEROR,IXF_LNM,
• l*FNXC,I XFTAL ,IXHOLL,IXMWN 1,IXLABL,IALOCL ,IXNUNL,
• IXNOTP,IXNUSD,IXOCTL,I*PRMT,IXSET ,I*TPLS,IXTYP (.
• IXUSDN,IXOSED,IXVRBL,IXWARN,IXWRTN

C
TOM POINTER CHARACTER STRING
VARIABLE POINTED TO

C IX ALL 3l ALL
C IWA PAY SNARRAY
C 1~~ASGD BMAS SIGNEO
C IxCO NS BEICONSTANT
C IX DT RG 7H00—TARG
C IxE ROP 7N.(RRORa
C IVF LNM SHFILENA ME
C IXF _ N* C  L OHFUNCT—CALL
C IA FTAL 7I’4~FATAL ’
C IXHOLL 9HHOLLERITH
C IX K WNI  8H*UNKPIOWN
C IXL ABL SHLABEL
C IxLOCL SHLOCAL
C IVNO N1 6H’NONE•
C IX NOTP IOHNOT PARSED
C IINUSO bHUNUSLD
C IYOCTL 5NOCTAL
C IW PRMT 9HPARAM(TER
C IXSET 3HSET
C IxTPLS 8HTYPELESS
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V ________________________________________________________________________________________

C I ’ T Y P E  .HTrP(
C Iu~SDN FHUNUSEO
C I~~uStD ‘.HUSEO
C IX V P B L  BHvAR IA BLE
C 1 ’ w A W N  7 MWA PNING
C IXW PIN 7HW RITTEN
C I ’ x A I L  TN.’ALL • .
C

C ~ ~o j C A L  CONSTANTS
CO M MO N , L O G I C L / IX F L S E , I X P F  . t X T  , I X T T R U

C
TOM POINT ER CHARACT ER STRING
V A RIAB LE POINTED TO 

—
C IXFLSF 7H.FALSE.
C I’PF 3p4 .F.
C IX7 3H.1.
C I’TTRD 6H .TPIJE .
C
C

C STANDARD ANS I FORTRAN
C OMM ON /ANSI /IAGT ,ICGT ,IEND ,IFAGT ,IFA SGM ,IFASS ,IFBACM ,

• IFCA L L ,J FCL * T . IFE NOF, IFGT • I F G T C  ,IFP ,IFPNCH,
* IFPRN T .IFR ,IFREAD ,IEPWND. IFS ,IFT ,IFW RTE,

* IF? ,IF3 .lGT ,IPET ,ISTOP ,IXASGM ,IXASC ,T,
* IXASS ,IXBKSP,IXBLC,c,IXBLK ,Ix8UFI,I*BUFO,1XCALE.
• LXCALL ,IXCNMN,IXCMMT ,IXCMPA ,IXCONT,IXDATA,IXDBL
• IXDMSN,IXDO .IXENDF .IXEOVL . IxEXIT,IXEXTN ,IXFNCT .
• IXFPMT ,IXGO ,I*LGCL,1XIOAC ,IXIF ,IXIOWR ,IXIORO,
• IXINTG,IXPAUS,1XPNCH,IXPRNT.IXREAD.IXREAL,IXRWND .
• 1XSTFX ,IXSUB ,IXTO ,I*WRIT

C
TOM POINTER CHARACTER ST R ING
VAR IABLE POINTED TO

C I*GT IOHGOTO-A SS G N
C ICGT 1OHCOMP . GO TO
C lEND 3HENO
C IFAGT IOHIF—ASSGN—G
C IFAS&M 1OHIF—AsSGMNT
C I~ ASS 9H1F—ASSIGN
C IFB ACK 1OHIF—BACKSPA
C IE CALL 7HiF—CALL
C IFCLXT IOHIF CALLEXIT
C IFE NDF 1OHIF—ENUFILE
C Ir GT 7HIF—GOTO
C IFGTC 9HIF_— GOTO—C
C IFP 811IF—PAUSE
C IFPNCH 8HIF—PUNCH
C IFPRNT 8HIF—PR INT
C IF_P 9HIF—RETLJRN
C IF_READ 7HZF—READ
C IFPWND 9HIP—REWIND
C IFS 7H1F—STOP
C IFT 2HIF
C IFWR TE 8HI F— WR JTE
C IF? bHIF-TWO
C IF_ 3 8M1F—THR (E

23

• . 
_ _ _ _  ~ - ~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~



C l OT ‘.MGOTO
C IPET 6HPLTURN
C ISTOP ‘.HSTO P
C 1~~AS&M 1OHASSIGNMENT
C IXA SO T BHAS S—GOTO
C IXA SS bHASS IGN
C ! X B K S P  9 t B A C K S P A C E
C I X B L C K  9I4ILO C KDA TA
C I~ BLK SHBLOCK
C I XHOF I 8HHUFFLRIN
C IxBUFO 9HBUFFEPOUT
C (<CALF 9 H C A L L — E X I T
C I X CA I L  ‘.)4 CALL
C IXC MMN bHCOMMON
C IX CMMT FHCOMM(NT
C I ,CM PX 7HCOMPLEX
C IXCON T BHCONTINU E
C (<DATA 4HOATA
C IADH I 6N000BLF
C IX1)M SN 9HDIMENSION
C (<DO 2MDO
C IXENO F 7H(’IDF ILE
C IXE OVL 1 IHEOU IVALENCE
C (<EXIT 4HEX1 T
C I X E X T N  ASP4EX TERNAL
C Ix FN C T dHFUN CTION
C IX F RMT b HFORMAT
C h~~G0 2HGO
C IVLG CL 7HLOG ICAL
C I X I O A C  IOHI /O—A CT IOIl

• C (<IF SHIF—IF
C IXI O W R  9HI /O—W RITE
C (<lORD 8HI /O—R FAD
C (<INTO 7HINT (GER

• C (<PADS SHPAUSE
C IX PNCM SHPUNCH
C I XPRNT SHPR1N I
C IX PEAD 4HREAD
C (<REAL 4HREAL
C I XRWND bHPCW IND
C IX5TFX 1OHSTMT.
C IXSUEI IOHSURROUTINE
C (<TO 2HTO
C ( < W R I T  SMWRI TE
C

C COMMONLY IMPLEM ENTED FORTRAN EXTENSIONS
EOMMO N/CO MEXT/ )ENT ,IFBUFF ,IFBUFI,IFBUF_O,IFDCDE,If(NCD.IXASNM,
• IXBF_FR,IXDCD ,IXENCD,IXNLST,IXPRDM

C
TOM POINTER CHARACTER STRING
V A R I A B L E  POINTED TO

C IF NT SHENTR Y 
——

C IrBUF F BHIFBUFFER
C IFRUF I IOHIF—BUFFERI
C IF_BUEO IOHIF—BUFFERO
C IFDCDE 9HIF—DECOD (
C IFENCO 9)4IF—ENCODL
C IXASNM IO HASSGN—MULT
C IYBF_FP bHBUFF(R
C I* DCO 6HDECODE

24

_ _ _ _  
~~~~~~~~~~~~~~~~ 

~~~~.I



C l’FNCD ~,MENCODF
C IXNLST M HNAMEL IST
C (<PRoM THPROC..PA M
C

C C O C—PIJ N CO RPILE P
COMMON/CDC RUN/IFA ,IFD .IFEOF ,IF Q •IFSL ,ifss ,IF(JN 1T .
• IKAC UM,IXOVD (.lX (OF .IXIDCK,IXLIGT ,IXQUOT . IXS ENS .
• IXSNSL,IXS WCH ,IXUN IT

C
T1) K POINTER CHARACTER STRING
v A R I A B L E  POINTED TO

C IF A IOHIF—ACCOMU L
C lED V H I F — D I V I O E
C I~~EOF 6M IF—EOF
C 1~~O IO HIFQUOTIENT
C IFSL 1O HI F—S E N ’ >E —L
C I~~Sc I O H I F — S E N S E— S
C IEIJ NIT T H I F — U N I T
C I K ACUM I1HACCU NU LATO P
C IX DVD (  bHO 1VILIE
C IXEOF JHEOF
C (< l OC K T HIOC HECM
C (<C l OT  SML IGHT
C IX OUO T HHQIJOTI (NT
C I ’S FNS SNSEP,)S(
C IXSN S L 1OHS(NS(L IGHT
C I X S W C H  bHSW ITCH
C (<UNIT 4H(j NII
C

C CO C— 6 0 00 FORTRAN EXT ENSIONS
C OMMO N /CD CEX T/ ICALL R,IF CLLR. IXIM PL ,IXL EVI ,IXOV LY ,IASUBR

C
T~~K POINTER CHARA CTER STRING
v A R I A B L E  

— 
POINTED TO

C IC* LL P IOHCA L L—R ETRN
C IECLLP V H I F — C A L L — R
C IIIM PL $I4IMPLICIT
C IK L (VL SHLEVEL
C IA OVL Y THOV EP LAY
C IASI JIA R 1OHSUHR—R (TPN
C

C P~’P-l1 FORTRAN
CnM HO F4/ PDPII / IFPDC • I F W T C  • IP( A D C , IW RT E C , I X B Y T E , I X D E F I , I X O F PN,
• IXFDRN .I*FIL (,IXF I NO ,IXINT2 ,IXLGCI,IXRDRN,IXRL4
• 1*RLB

C
T~~ POINTER CHARACTER STRING
VAR IA BLE POINTED TO

C i~~~DC 
- 

9HIF—READ—C 
--

C I FwTC IO HIF— WRI TE—C
C JPEA DC 9HREAD-COND
C IW PTEC IQMWRITE—COND
C (< BYTE 4 MBYT E
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c 1*DEF I bHDEFINF
C (<OF_ RN 1OHOEFINE— RAN
C (<F_URN 8HFIND— RAN
C IX FI L E  4HF ILE
C (<FIND “HIlNO
C I X I N T 2  bl4INT EGER2
C IX L GC I 8HLOGICAL 1
C IxPOPH BHR (AD-RAN
C IxRL4 SHREAL’.
C I x RL M SHREALS
C
C

C i~’ IV A C  COMMON
CO M MO N/ U N I VA C / IX A B N L , IX D E LT , IX E D IT , I X I N C L , I X ST P T

C
TO M POINTER CHARACTER STRING
VARIABLE POINTED TO

C I’AHNL SHABNORMAL
C 1 (DELT 6HDELETI
C (<EDIT 4HEOIT
C I’ IMCL 7HINCLUOE
C I’ST RT SH5TART
C

C INTE RNAL COMMON HOLLERITHS
COMMON/INTPNL/IXDLMT,IXENDT ,IXKYWD,IXOPTR

C
TrIM POINTER CHARACTER STRING
V A R I A BLE POINTED TO

C IYD LMT 9HD(L IM ITER
C IxEND T 9NENO- TOKEN
C IK K Y W D 7MME YWOPD
C I,OPTP BHOPERATOP

CCCCCCCCCCCCCCCCCCCCC CCCCCC CCCC CCCCC CCCCCCCCCCCCCCCCCCCC CCCCCCC CCCCCCCCCCCCCCCCC

‘OK END
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4 STRUCTRAN-2 SOFTWARE COMPONENTS

Each of the following sections describes a STRUCI’RAN—2 component : its
f unc t ion , the modules in the component , and the data structures used by the
component. Additional information is provided in the STRUCTRAN—2 Software
Analysis Collection documentation.

4.1 STRUCO

STRUCO consists p r i m a r i l y  of the s torage  managemen t f u n c t i o n  f o r
STRIJCTRAN—2. STRUCTRAN—2 is designed to handle large programs. This imposes
a requirement for access to a large data base in mass storage ; the desire f o r
fast , efficient operations on active data establishes a need for a core—resi-
dent working storage capable of holding the module data tables for two or three
modules at the same time . The large data base is maintained in random access
files called libraries , with each library holding a collection of tables for
related modules . Each table is fragmented into a fixed block size. In core
the working storage consists of allocated blocks of storage which contain whole
or partial active module data tables. Data transfer between the libraries and
the working storage area , and between working storage and analysis programs ,
is controlled by the storage manager system.

- - The organization of the storage man~igement component is shown in a fun-
tional diagram in Fig. 4.1. The interface between the analysis components and
the ac tive da ta tables in the working storage is handled by the access inter-
face subfunction , which permits the storage and retrieval of data using a

~~~~Iii

READ/WRITE DATA FLOW
LIBRARY — ——CONTROL

L1BNEW
Figure 4.1. Storage Manager Organizations
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module number , d a t a  t a b l e  number and table  block number to i d e n t i f y specific
i t c m s .  I t  the de s i r ed  module  t ab les  are not present in the working s torage
when an access interface call is made , the library manager subfunction auto—
maticallv responds by creating data tables of a new module or retrieving
existing tables from the proper l i b r a r y .  I f  space must be made in the working
storage , the activit y m o n i t o r  su b f u n c t i o n  t e l l s  which table fragment is a
likely c indidate for dump ing f rom core. The library manager also handles the
building o libr i ri e s by storing revised table  f ragments  or newly entered
module table fragments Into the data base .

A narrative description of each module contained in STRUCO is contained
in Appe ndix A. In addition numerous reports describing each module can be
found in t h e  STRU CTRAN- 2 S of t w a r e  Analysis  Col lec t ion .  The modules making up
STRUCO are listed below :

MA iN l.BZER() ACTFRC ACTOLD KSTMTS LGTWRD
WS (,WRD UPDEPT WSGFRC LBTGET IHLCON WARN
ACThOD LBTPUT ACTICH KDBCET TRACE ERPERF
PUTBLK SYSADD WSPWRD LBREAD PRMGXV PRMDB
NMBARC MKVTAB LBW’RIT NFRGSZ ISRTAB MOVEWD
LPTBLK MARTA B L BMOVE ‘ MAKMOD ICTBIT GETFRG
LCTBLK UNPX MDBPUT TOKCMP COMPZ ITS?RG
WSPFRC ACTDMP CRTFRG IBAPAR PUTWRD FATAL1
SPRYWD CETLBT DMPFRC, KFLOWS DMPMOD PRDBG
MAKFRC ISERCH SLEDIT GETLST LENTAB GETFOR
ICHFRC PUTLST PUTBIT JGET IGTTOK IGTWRD
GETMOD IMAKEP EROR JPUT FINISH GETBLK
GETTAB TOKADD ISDOTR ISCLAS NUMODS ACTDAT
EDITIO IFEOF IFUNIT LBFREE MOVECH REPLCI
XMl T

4.2 STRUC1

The STRUC1 component performs initialization functions . Figure 4.2 in-
d icates the data structures which are initialized by STRUC1. STRUCI first
assigns all of the I/O unit names used by STRUCTRAN—2 with valid unit numbers.
The n v a r i ous val ues used by the storage manager are initialized . The random
access file LIBNEW is then opened and initialized . The format of the various
library and module tables which will exist on the data base library is defined ,
and the library tables are initialized.

A narrative description of each module contained in STRUC1 is contained
in Appendix A. In addition numerous reports describing each module can be
found in the STRUCTRAN-2 Software Analysis Collection . The modules making up
STRUCI are l isted below :

PRLBT LBDIRS SBLKSZ TBINIT LBOPEN AIINIT
l.BINIT FLINIT STRTER STRUC1

4.3 STRUC2

Figure 4.3 indicates the data structures created by STRUC2 as it per-
forms a lexical analysis on the FORTRAN source text. This analysis identifies
each FORTRAN keyword , label , ope rator , delimiter , constant , or variable as a
token . The FORTRA N source text to be structurized is read in one statement at
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a t ime during the lexical analysis. If a token is not already in the token
tab le it is added to it , and an internal representation of the statement con-
taining token table pointers (in p lace of the original character string data)
Is saved in the Statement Block (SB) Table. The Statement Descriptor Block
(SOB) Table Is also initialized for each statement. During this Initial pass
through the FORTRAN source text , CONTINUE statements may be added to the source
t ext so that each DO—loop targets a unique CONTINUE statement . For purposes
et  etf i c ien ~ y FORTRAN keywords which are used in recognizing FORTRAN statement
types ire added to the Token String Table in a specific order by STRUC2. For
enhanced m a c h i n e  independence , all character strings which are used internally
or used in reports ire added to the token table by STRUC2. This is performed
by the module T~ KN 1T , the source text of which exp lic it ly indicates which
character strings ire inserted into the token table.

A narrative descri ption of each module contained in STRUC2 is contained
in Appendix A. In addition , numerous repor ts describing each module can be
found In the STRUCIRAN-2 Software Analysis Collection. The modules making up
STRt~(2 are the following:

STRUC2 LEXPDP OVRFLO IHVALU LEXEDT LADJST
PUTF OR LEXFIX TOKSET PSTPOP POSTAK CLASFY
DOLABL LEXFR1 TOKNIT ADMODL MAINCM ADCOND
ADLABLS NULA.BL SLABEL

4.4 STRUC—3

STRIJC3 pe rforms FORTRAN statement recognition. It uses the text repre-
sentations created by STRUC2 , and updates the Statement Descriptor Block Table
with the information derived from parsing each statement. This is illustrated
in Fig. 4.4. Each st atement is in turn analyzed to determine what type of
statement It is. Based upon its type , pointers within the Statement Descriptor
Bl ock Table are set. Also the symbols in the statement are added to the Symbol
Table or the Information alread y in the Symbol Table about them is updated .
The Modu le Desc ri pt or Block created by STRtJC2 Is used and updated by STRUC3.

A narra tive descr ipti on of each module contained in STRUC3 is available
in Appendix A. In addition , numerous repor ts describing each module can be
found in the STRUCTRAN—2 So t tware Anal ysis Collection. The modules included in
STRUC3 are the following:

STRUC3 ?D(CLAS IOCOND ITSMOD ITSTYP ITRGBL
ISETK ASPROC IFPROC ISNONX FUNPRC EXTFIO
ISIF EXTIO DECLAR LNSTAB KNSTAB IOPROC
INSTAB STTBLK 11STEX NUTIEXS PARASA PARIJNV
PARPDP PARRUN KNSTBL ISASGN FPARSE

4.5 STRUC4

Figure 4.5 illustrates the data base library data structures used and
created by STRUC4. The function of this component is to identify the program
graph of thc module , using the information which has already been saved in
the data base library . Each statement in turn Is examined to see if it cor-
responds to a node in the graph from which one or more arcs (DD—paths) origi-
nate. For each arc originating at a node , the statements on that arc up until
the next node (decision statement) on that path are determined . A temporary
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table , the Label /Statement Table , is created and used to effic~ entJ y assc~ciat d
labels with statement numbers. Each arc of the program grap h ~s L~scribed by
an e n t r y  in t h e  DO—Path  Tab l e ;  the s t a t e m e n t s  on each arc  are saved in the
1)1)—Path/Statement Table . The Module Descriptor Block is updated hV STRUC4 .

A narr ative description of each module contained in .SI’f~](’’, is availah~ e
in A p p e n d i x  A. In addition , numerous reports describing each module can be
found in the STRUCTRAN—2 Software Analysis Collection . The modules in S1RUC4
ire the following:

STRIJC4 LSTEX JTSCJX ITSFNC LABSTM AB Ri RN
NXTEX STMOUX BRCNT GETBIT DPSTMT FRTHN 2
PDPFT2 CI)CRN2 FJNC2 STCK FJNC1 P1)PFT1
CDCRN1 FRTRN1 No rRCH NXTSTM POPDDP BEGDDP
FNDEND DDPGEN PRDDP KJONES

4.6 STRUC5

STRUC5 identifies and reduces elernentar ,’ structured fo rms in the  p r o g r a m
grap h of the module being analyzed . To do this it uses the information stored
in the DD—Path and D D — P a t h / S t a t e m e n t  Tables .  It also up da tes  the i n f o r m a t i o n
in these tables to reflect the structured forms identified . This is indicated
in Fig. 4.6. Several temporary tables are created and used by STRUC5 during
this process. The identification of structured forms proceeds from the inside
out. When a structured form (a single entry/single exit structure consisting
of several arcs) is recognized it is removed from the graph by rep lacing it
with a single arc with the same entry and exit nodes. This allows other basic
constructs to be Identified. As this reduction process is performed , the hO—
Path and DD—Path/Statement Tables are updated with the types of structured
forms identified. Two temporary tables are used to represent the current pro-
gram graph during the reduction process. Also temporary connection tables are
used to efficiently analyze the more complicated graphical structures which
may be encountered.

A narrative description of each module in STRUC5 is contained in
Appendix A. In addition , numerous reports describing each module can he
found in the STRIJCTRAN—2 Software Analysis Collec tion . The modules in STRUC5
are the following :

STRUC~ BAKPTH NPTH NODSTK FNDCON INTPOP
INTSTK NODPOP MLTWHL IBORCD ITORIF NPAR
NBEF NAVE REORDR LOOPCK INTRVL MAKCON
ADDSLF REMENT SUBSCH ISITUN TBORNT ADDJNC
ADDBRO ADDLST ADDLIN SEME ADDWHL PRTEMP
ADDPAR REMBRO SHRINK

4.7 STRUC6

STRUC6 uses all of the information saved so far to build a DMATRAN ver-
sion of the original FORTRAN module. Figure 4.7 Indicates the data structure
usage. The DMATRAN source code is written into the Statement Block for a new
module , and the Statement Descriptor Block Table and Module Descriptor Block
Table are Initialized so that the DMATRAN program may be output by standard
print and punch routines.
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A narrative description of each module in STRUC6 is contained in
Appendix A. In addition , numerous reports descrlbinR each module can be
found in a STRUCTRAN—2 Software Analysis Collection. The modules in STRUC6
are the following:

STRUC6 NUNAME PRDSPC PRDIFT PRDASA PRDVAL
DDPRED PRDPOP PR1~STK NEG REL ITSVAR NPRED
DPRED PT INITPT SUBPOP ENCLOS JHVALU
NEXIT ITSDES NEGPRD NUSTMT FNDPRD INITX
STMTOU SESPOP SESSTK PROC INVOK DUNTIL
SEMEX N EWFIR NEWSND ELEMEN SLFLOO PARALE
LINEA PROC SUBSTK TT INITT SUBINT
STRIJCT FINDSB

4.8 STRUC7

FIgure 4.8 indicates the function of the STRUC7 component of STRUCTRAN—2.
It produces listings of the original FORTRAN source code, and also outputs
card images of the structurized DMATRAN source code. The internal token
pointer format of the Statement Block Table must be converted back into
character string representations to perform these functions.

Each module in STRUC7 is described in Appendix A. Also, numerous
reports describing each module can be found in a STRUCTRAN—2 Software
Analysis Collection. The modules making up STRUC7 are listed below:

STRUC7 REPLC1 PCHNTH PRSTMT .ENDWN INDUP
PCHMOD PRSTB PRSDB PRMODL ENDUP INDWN

• PCHMOD PCHMTH PR14ODL PRSDB PRSTB PRSTMT PRTOKS

~~DULESTATEMENT DESCRIPTORTABLE TABLE

(~~~
i; 
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~~~ Es I

/
( (PRINTING AND
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(OMATRAN I f FORTRAN 1
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J

Figure 4.8. STRUC7 Data Structures
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APPENDIX A
STRUCTRAN-2 MODULE FUNCTION DESCRIPTIONS

ABRTRN determines the Initial statements on DD—paths which begin with
abnormal returns from CALLS or I/O conditional statements.

ACTDAT is an Activity Monitor procedure . It removes a given module from
the array of active modules (LACTIV).

ACTDMP is an Ac tivity Monitor procedure . It removes entries from the
working storage fragmen t direc tory list. If the parameter MODULE is negative ,
its absolute value is the fragment being deactivated . If the parameter is
positive , it is the module being deactivated . In this case , a search of the
working storage fragment directory is made until a fragment for the given
module is found . In both cases, the entry in the working storage fragment
directory is deactivated and the working storage fragment number , and its
corresponding library fragment number is returned . In the second case , if no
fragmen t for the module is found , a fragment number of zero is returned .

ACTFRG is an Activity Monitor procedure . If the given work ing storage
fragment is a fragment of a library table (less than LBFRCS), the working
storage direc tory is upda ted to contain the proper corresponding library frag-
ment pointers . If the fragment is in the module area of working storage , the
directory cell is made “most active” and the library fragmen t pointers are
updated , if necessary .

ACTICH is an Activity Monitor procedure . This procedure sets an indica-
tor in the working storage fragment directory that the given fragment has been
changed since being fetched into core. This is done by making the library
pointer negative.

ACTMOD is an Activity Monitor procedure . This procedure inserts and re-
moves modules in the active module list (LACTIV). If the given module number
is zero, the least active module is removed from the list, its module number
and MDB location in the working storage is returned . If a module number is
given, it is inserted Into the list if it is not already present. If it is
necessary to remove a module from the list, its module number (NOLD) and MDB
location (MDBLOC) is returned . (If it is not necessary to remove a module ,
NOLD is returned with a value of zero.) The given module is moved to the top
of the list (LACTIV) to signify that it is the most active module .

ACTOLD is an Activity Monitor procedure . ACTOLD finds a likely fragment
to remove from the working storage. To do this , it searches the working stor-
age fragment direc tory for the least active fragment. It returns the fragment
number and its corresponding library fragment and releases the entry in the
fragment directory .

ADCOND checks READ and WRITE statements for END~ and ERR= and calls
RWCOND if either is found .
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ADDBRO searches the current program graph for examples of arcs which
have the same initial and final nodes, replaces them by a single entry/single
exit (SESE) structure , and records the reduction by adding an entry to the
DDPATH Table.

ADDJNC searches the current program graph for elementary examples of
borrowed code arcs , replaces them by a well—structured SESE structure , and
records the reduction in the DDPATH Table.

ADDLIN searches the current graph representation for examples of vertices
which uave only one inway and one outway , replaces such examples by a single
SESE structure , and indicates the reduc tion by adding an entry to the DDPATH
Table.

ADDLST summarizes the final state of the current program graph as the
root of the SESE tree.

ADDPAR controls the reduction process for simple, non—iterative SESE
structures. The process terminates when no further reductions can be performed .

ADDSLF removes self—loop arcs which have only one exit arc from the cur—
rent program graph , and records the reduction in the SESE tree.

ADDWHL converts basic repeat—at—least—once loops to an elementary SESE
form and records the reduction.

ADLBLS adds the statement label from a FORTRAN DO sLatement to the label
stack and calls EROR with error number 5102 if the stack overflows. ADLBLS
checks to see if the DO target is a CONTINUE statement . If it is not , then a
CONTINUE statement is added and a label defined .

ADMODL initiates the lexical analysis of a new module and stores such
information as source language type , statement blocks, statement labels, date
of first analysis, number of statements, module name and intra—statement
pointers for each module on the library .

AIINIT is a Starter Initialization procedure. It initializes storage
used by the access interf ace and the Activity Monitor.

ASPROC parses assignment statements , calls and statement functions . The
Symbol Table Block (STB) and Statement Descriptor Block (SDB) on the library
are updated as a result of this parsing.

BAKPTH backs up the last path which was found in a subset of the current
program graph until an arc which was not previously taken is found .

BEGDDP determines whether any DD—patha begin at ISTNT. If so, a stack is
set up to Indicate the initial statements on each DD-’path.

BRCNT counts the number of branch labels in IF—COMPUTED—GOTO, COMPUTED—
GOTO statements , IF—ASSIGNED—COTO , and ASSIGNED—GOTO statements.
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CDCRNI. tests for hardware—IF statements (IF—SENSE-L , IF-’SENSE-S, 1F-Acctwi.,
IF—QUOTIENT, IF—DIVIDE , IF—EOF). If any are found , the initial statements begin—
1mg each DD—path are returned .

CDCRN2 also tests for hardware—IF statements and and sets IACT to 1 if any
are found .

CLASFY Identifies delimiters , operators and FORTRAN keywords in unpro-
cessed text stream .

COMPZ converts AT characters Into packed A6 format.

CRTFRC is a Library Manager routine. It zeros out a new fragment on a
given library and returns the fragment number. If necessary , it creates an
additional fragment for the library ’s fragment directory table.

DDPGEN controls the generation of the orig inal progra m graph and bui lds
the DDPATH Table. The statements in the module are analyzed sequentiall y to
see how many DD—paths origina te at a given sta temen t and to f ind the statemen ts
on eacn such DD—path .

DDPRED constructs the predicate for a given 1)1)—path number by calling

!~~ VAL with the computed pred icate index .

DECLAR processes statements which are identified as declarations
• (DIMENSION , TYP E , DOUBLE PRECISION , etc.). The STB In the library is updated

for each symbol in the declarations .

DMPFRG is a Library Manager procedure . DMPFRG removes a given working
storage fragment from core. If the fragment has been altered since being
fetched into core , it is written to the given library fragment. If necessary ,
it is removed fr om the access interface “active fragment ” storage. The frag-
ment directory table is changed to indicate the module is no longer in the
working storage .

DMPMOD is a Library Manager routine , it removes all data fragments per-
taining to a given module from the working storage , iacludlng the Mi)B , and
se ts the Modu le Location Table to indica te the modu le is no longer in the
working storage .

DOLABL computes unique statement numbers for CONTINUE statements which
were added as DO—targets during the previous pass through the source text.

DPRED calls DDPRED with its own formal parameters.

DPSTMT computes the list of statement numbers which reside on a speci-
fied set of DD—paths .

DUNTIL constructs a DO UNTIL or END UNTIL statement for the structurized
module , depending upon the value of NBLOK(3).

EDIT1O edits imbedded blanks out of A6 character strings , saving a lead-
ing blank character and padding the last word with trailing blanks .
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ELEMEN generates the structurized statement text for statements on a
specified DD—path. ELEMEN adds each statement except the last one on a DD—
path to the DMATRAN program being written , modif ying the statement when
necessary (as for ASSIGN statements).

ENCLOS encloses a given string of length LI , stored in token array LISTI ,
with a set of parentheses and stores the new string in token array LIST .

EROR increments the error counter by one and passes the identifying er-
ror number (an input argument) to the error printing routine , PRMCXV.

ERPERF is a print routine which outputs the error processing statistics.

EXTFT () determines if a FORTRAN extended I/O statement is an IF—READ con-
d itional or an IF-WRITE conditional and stores the appropriate statement type
and pointe~ to the read or write token in the SDB. EXTF[O calls IOPROC which
processes the I/O statement.

EXTIO determines if an extended I/O statement is a READ or WRITE condi-
ti onal and stores the appropriate statement type and pointer to the parameter
list in the SDB. EXTIO calls IOPROC which processes the I/O statement .

FATAL 1 prints the fatal error message, calls the error pr inting routine ,
PRMCXV, with the error number , calls the traceback routine , TRACE, and sets
the  number of f a t a l  e r rors  to one . -

FINDSB performs a tree traversal of the SESE tree . During this process
any large segments of code which would otherwise be duplicated are noted so
that the BLOCK . . . END BLOCK and INVOKE statements can be used to control code
expansion . The mechanism for doing this is an internal subroutine stack im-
plemen ted in the SUBSTK routine .

FINISH close s the libraries and saves files prior to termina t ion of each
processing step .

FJNC1 determ ines the initial statements on a DD-path which originates at
a junction node in the program graph .

FJNC2 determines whether ISTMT Js a junction node which terminates the
DD—pa th currentl y being formed.

FLINIT initializes the standard files used and prints the file names and
descrip tions.

FNDCON builds a compact table of arc connections in the current program
graph . The program graph may be interpreted as a directed graph in one of two
directions .

FNDEND builds a label table for each module for subsequent processing
and verifies the presence of an END statement in the module . If there Is no
END statement , EROR is called with error number 8002, but processing continues.
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FN1WRD performr the minimum tree traversal required to determine the DD—
paths associated with a decision node in the SESE tree . The DD—paths are then
used to build the actual predicate required .

FPARSE parses a module which has already been stored in the statement
blocks and builds appropriate tables . FPARSE loops over the module statements
and determines if a statement is a comment or an assignment. Statement Libe I-~
are stored in the SDB and STB. Depending upon which FORTRAN corn ller is being
used , the statement is furthe r parsed by PARRUN (RUN compiler), PARPDP (PEW—li
FORTRAN) , PAREJNV (Univac), or PARASA (ASA FORTRAN). The language dial~~~r ,
number of executable statements , and number of the first executable statement
are stored in the MDB. STTBLK is called to construct block pointers.

FRTRN1 determines whethe r ISTMT is an ANSI Standard statement t Y p e  which
begins one or more DD—paths . If so, it determines the initial statements on
each such DD—path according to the statement type.

FRTRN2 finds the next executable statement for the following conditions :
a CONTINUE statement which is not a DO target , a GOTO label statemen t , a
RETURN, END, CALL EXIT , or STOP statement , or any s ta tement  not an I F — t y p e .
It finds the next statement in a DD—path when the current starerneut is one ot
these types.

FUNPRC determines if a subprogram is a block data (labelled or unlabelled)
subroutine , a subroutine , program , or function . The number of arguments , if
any ,  are determined and the MDB updated according ly. The STB is updated with
the arithmetic mode of the subprogram , the number of actual parameters and the
use class.

GETBIT gets the ith bit from a bit string . GETBIT calls routine UNPX.

GETBLK Is an Access Interface procedure used for retrieving a block of
in f orma t ion f r om a given module table. The procedure first checks to see that
the module is active for that table. It then makes certain the proper frag-
ments of that table are in the working storage. It returns the proper block
in a given array .

GETFOR puts the nex t comp lete FORTRAN statement into array LIST , in Al
format. Leading and imbedded blanks are preserved , but trailing blanks are
removed . GETFOR reads the statements from unit LUNIT. If a statement uses
more than 20 cards , EROR is called with error number 7502.

GETFRG is a Library Manager routine which activates the proper fragment
for a given module table. It threads Its way through the proper library frag-
ment table until it locates the correct fragment. If that fragment is not
already in the working storage , it re trieves it from the library, dump ing
another fragment from the working storage if necessary . Access interface
“active fragment” data is updated .

GETLBT is a Library Manager procedure which activates the proper frag-
ment for a given library table . If a fragmen t for the table type is active ,
that fragmen t is rolled out of the working storage. The proper fragment is
located in different ways . FDT fragments for the read only library are stored
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successively on the workspace library. Other libraries ’ FDTs have their frag—
ments ~p . iced  along the library. If one fragment of the FDT has 250 entries ,
there is a fragment for the FDT every 250th fragment (always starting at frag-
ment one). For the entry point table , the last cell in the fragment contains
a po inter to the next fragment. Once the proper fragment is located , it is
broug ht into the working storage and the access interface “active fragment ”
storage is upda ted .

CETLST is rn Access  Interface procedure used for retrieving a variable—
length block of information from a given module table. The procedure first
checks to see t h u  the module is active for that table. It then gets the pro-
per t a b le fragment into the working storage and retrieves the list out of it.
1 the li st spans more than one fragment , successive fragments are retrieved .
It r e t u r n s  the list in a given array .

CFTMOD is a Library Manager procedure. It fetches the Module Descriptor
Bl ock for a given module into the working storage . If necessary it dumps
another module f rom the working storage to make room . Access interface
“activ e table ” pointers are updated .

GETTAB is a Library Manager procedure. For a given table of a given
module , after insuring the module  is resident in the working storage , it up-
dates the access interface ‘ active table ” pointers.

IBAPAR is a function which returns an integer value pointer to the first
balanc ing  r ight parenthesis for the first left parenthesis in a given LIST of
leng th L.

1BORCI) is a logical function which is TRUE or FALSE depending on whether
a borrowed code construct has been found .

IBO RN T determines whether a self—loop construct has been found .

ICHFR G L; a Library Manager procedure. It is called when a table is
changed . I f  the module to which the active table is on the read—only library ,
ICHFRG moves all information for that module to the read/write library . All
data for the module is first dumped from t i i e  working storage . Then , using a
buffer fragment in the working storage , each fragment for each table is moved .
Finally the MDB for the module is put onto the read/write library .

IFEOF is a function which cheeks for an end—of-file condition on unit
LUNIT and returns a 1 for an EOF and a 0 otherwise.

IFPR OC parses the ANSI Standard IF statement types. It decides which
type of IF statement is being analyzed and extracts and saves appropriate
information for each type.

IFINI T i s a function whIch checks to see if unit LUN is busy and return8
when LUN Is In ready status.

ICTBIT is a func tion which returns the ith bit of array IARRAY . 1GTBIT
uses routine UNPX .

IGTTOK is a func tion which returns the first word of the specified block
of the token table In A6 format.
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IGTWRD is a function which returns a word from the specified table ,
block and index. If the specified index or block are beyond the length of
the table , or i f the table has not been made , calls to EROR with errors
5204 , 5205 or 5206 will result.

IHLCON converts an integer constant (ITEM) Into a left—adjusted Hollerith
constant in A6 format. If used as a function , ITEM is destroyed .

IHVALU Is a function which computes the integer value of its Hollerith
integer argument , INPUT . INPUT is not destroyed during execution of IHVALU.

IMAKEP is a Library Manager procedure. It creates a new module in the
JAVS system , setting up a new entry in the Module Location Table.

INDUP is a function which returns a YES or NO value depending upon whe-
ther the input parameter , ITYPE , represents DMATRAN statement types IF
THEN, DO WHILE , ELSE , DO UNTIL, and BLOCK.

INDWN performs the same purpose as INDUP, except that INDWH checks for
DMATRAN statement types END WHILE, END IF, END UNTIL, and END BLOCK.

INITPT initializes the stack for walking the SESE tree and building an
appropriate predicate .

INITT initializes the stack which is used in walking the SESE tree .

INITX builds the statement NEXIT 0 and passes it to NUS’I’MT to add to
the restructured module.

INSTAB Is a function which searches the STB for a specified symbol ,
IARRAY(1). If it is found , INSTAB YES , the block number is returned in MTH,
and the contents of the MTH block are returned in IARRAY. If the symbol is
not found , the contents of IARRAY are added to the end of the STB.

INTPOP takes an integer off the top of stack INSTAK and stores it in INT .
If the stack is empty, then JNT = 0.

INTRVL identifies the next interval in the current program graph. The
purpose for this is to identify non— trivial iteration structures which have
more than one exit vertex.

INTSTK puts the input parameter INT on the top of stack INSTAX . If the
stack overflows, EROR is called with error number 8013.

INVOK adds an appropriate INVOKE statement to the DMATRAN program
being written . The appropriate block name to use is generated by INVOK.

IOCOND processes statements which are potential I/O conditional state-
ments in order to send the labels which follow END and ERR to subroutine
KNSTBI.

IOPROC parses the various ANSI Standard input/output statements. The
statement type is identified and Symbol Table entries are created or updated
appropriately.
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ISASGN is a function which returns a YES or NO value depending upon
whether a statement is an assignment statement .

ISCLAS is a function which returns a 0 if the input symbol is alpha-
betic , I. if it is a dig it , 2 if it is a FORTRAN special character (+ — *
I ** ,), and 3 if it is another symbol.

ISDOTR is a function which returns a YES or NO value depending upon whe-
ther the ith statement In a specified module is a DO target .

ISERCH is a function which searches the LIST array for the first occur-
rence of the specified symbol , ISYM, and returns the subscrip t of the matching
element in LIST. ISERCH is 0 if there is no match .

ISETK is a function which returns a value that represents the word—pair
point er to the first variable in a READ or WRITE argument list.

ISIF is a func tion which returns a YES or NO value depending upon whether
a statement is an IF—THEN statement type.

ISITUN determines whether a portion of the current program graph can be
represented as a DO UNTIL type of iteration structure .

ISNONX is a function which returns a YES or NO value depending upon whe-
ther a statement is a nonexecutable statement .

ISRTAB is an Access Interface procedure for searching a given data base
table fo r an item with a given value . It searches item INDEX from block IBEG
to block lEND. It first insures the proper table is active and retrieves the
first fragment of table information to be searched into the working storage.
It brings in successive fragments of the table to search if it does not find
the value. When an item with a proper value is found , its block number is
returned . If no item is found before tEND block is reached , a value of zero
is returned .

ITORIF is a dummy routine.

ITRGBL is a function which returns the statement number that is the tar-
get of a WHILE, ELSE, IF-ThEN, or IORTRAN DO statement. If no target
can be found , EROR Is called with error number 6201, indicating that there is
no BLOCK structure , and ITRGBL is set to 0

ITSCJX determines whether a comment statement should be treated as a
junction node and thus begin or end DD—paths .

ITSDES is a function which returns a YES or NO value depending upon whe-
ther the specified statement contains a predicate.

ITSFNC determines whethe r an arbitrary statement should be treated as a
junction node and thus begin or end DD—pa ths.

ITSFRG is an access interface routine which returns the fragment number
and fragment block for a given table and block number .
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TTSMOD Is a function which returns the value *lflfl~J~O~JN.

rrsi~ is a function which determines the type of a given symbol: either
a var iable , constant , or unknown type.

ITSVAR is a function which returns a 1 if the input parameter ITEM is
in the STB for the given module and a 0 if It is not in the STB.

I1STEX is a function which returns the statement number for the first
executable statement in a given module. The statement number is written to
file LOUT . If there are no executable statements , an appropriate message is
written to LOUT, and I1STEX is returned as 0

JCET is a function which extracts the Lth symbol from a packed A6 format
character string , LIST, and returns the character In Al format.

JHVALU is a function which adds an integer J (0—9) to the token table.
If J is not 0—9 , then EROR is called with error number 8021, a range error .

JPUT inserts the leftmost character of LIST into position LET of the
packed character string (LIST) originating at L

KFLOWS computes the number of graphical flows in an SESE construct.

KJONES is the driver for DD—path generation . KJONES calls DDPGEN to
generate the DD—paths and PUTWRD to store the number of paths in the MDB.
The number of DD—paths is written to LOUT. If the compiler language of the
given module is not found to be FORTRAN , then EROR is called with error number
501. If the STATUS flag was sec in DDPGEN, indicating abnormal graphical
analysis , EROR is called with error number 502.

KNSTAB is called for a given ith word and rnth statement of a module. If
the given symbol is not yet in the STB, it is added to the STB and the arith-
metic mode, symbol type , and symbol class determined . If the symbol is already
in the STB, the symbol type and class are updated , if the symbol is an external.

KNSTBL Is crlled with a given label in a module. If the label is not
already in the STE , it is added , along with the statement number of its first
occurrence. If the label was already in the STB , the number of its occurrences
is incremented by one, and the statement number of its last occurrence is up-
dated . If the label is not a DO—target , its STB use class is typed as used .

KSTMT S computes the number of statements in an SESE construct.

LABSTh converts LABEL (which was obtained as a label in some FORTRAN
control statement) to the corresponding statement number at which the label is
defined.

LADJST left—adjusts a list by removing all leading occurrences of a spe-
cific symbol , ISYM .
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LBI)IRS is a Library Manager procedure which builds and initializes
l ibrary Directories within the STRIJCTRAN—2 startup sequence. The Fragment
I)irectorv Table for the read—onl y library is first moved to the workspace
libr a ry , fo r it must be changed during the STRUCTRAN—2 run . The Module Loca-
tion Table is then constructed , entering the modules off the read—only library
and/or the modules off the read/write library . If both a read—only and read!
writ e library exist , as modules are entered from the latter , a check is made
t o see I f  that module was already entered from the read—only library. If it

~~~~ the ~1LT e n t r y  is updated to point to the newest version ; if not , a new
~‘t 1T entry is made. The run—time module numbers for modules on the read/write
l ib rary are entered into its EPT. For modules taken off the read—only library ,
t h e i r  ruin—time numbers are equal to their library index.

I-BFREE is a Library Manager procedure. It releases a module from the
wo rk ing storage and can be called by a user.

I . B INIT  Is a Starter Initiator procedure. It initializes variables used
by the  L ib ra ry  Manager .

LBMOVE is a Library Manager procedure. It moves a fragment on one
l ibrary to a fragment of another library using a given fragmen t in the working
storage as a buffer.

LBOPEN is a L ib r a r y  Manager procedure which opens libraries to be used
in a run  during the startup sequence. It is passed the names of the read—only
l ibrary (NAMOLD) and the read/write library (NAMNEW). If either name is blank ,
it is assumed the user is not supplying a library of that type for the present
run. ‘fh e read—only library is opened first , if necessary . Its library header
is read off the library into array LIBTAB . The read/write library is then
opened . If i-he user has not supp lied one , a scratch read/write library is
opened . For a user library to be created this run (or in the case of a scratch
library), the Library Header Table is built. For an later library , it is read
off the library. An alter library must be opened with the same name as it was
created with in a previous run or a fatal error will result.

L~3RF.AD is a random I/O read routine. It reads NWDS words from library
LIjINUM , starting at relative address LIBADD and stores the data into array
CORARY , starting at position CORLOC . If LIBNUM is not a legal library , EROR
is ca l led  w i t h  error number 5313.

LBTGET is a Library Manager procedure . For a given library table, it
retrieves the table length and first fragment index from the library header
information storage .

LBTPUT is a Library Mantger procedure . For a given library table, It
stores t h e table length and first fragment index in the library header infor-
mation storage .

1 HW R! T ~s a random i/O write routine. It writes NWDS words into library
LIBN’U~~, starting at address LTBADD . The data comes from array CORARY , starting
at posPion CURfX)C If I fl~~1’M Is not a legal library number , EROR is called
with error number 5114.

LBZER () z cr o e s  out a g i v i n  l i b r a r y  fragment .
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LENTAB is an Access Interlace function whic h returns the number of
words in a block of a given table.

LEXEDT takes LS number of symbols in Al format and edits them into A6
word—pairs for the SB. Each newly edited word is added to the token table.

LEXFIX is a logical function which returns TRUE if the Ith word in the
given SB contained lH ’. LEXFIX calls LEXPDP which performs the search for
11-I’.

LEXFRI constructs the SB for FORTRAN blank— or special character—
delimited programs .

LEXPDP performs the proper lexical analysis for special characters such
as lHl and 1}IC.

LGTBLK is a Library Manager procedure used for retrieving a b ock of
in forma tion from a given library table. It first insures the proper fragment
is in the working storage and then returns the proper block of that fragment
in a given array .

LGTWRD is a Library Manager procedure which retrieves an item from a
block of a given library table . It first insures the proper fragment is in
the working storage and then returns th~ chosen item from that fragment .

LINEA is a dummy routine which returns upon entry .

LNSTAB searches the SB for a given statement , starting with word posi—
tion IBASE and ending with position ILONG . If the symbol category (lower
word pair of the SB) is 0, then KNSTAB Is called to see if the symbol resides
in the STB. For entry LNSTBL, KNSTB1 is called to check if the labei resides
in the STB.

LOOPCK examines an interval as identif led by INTRVL. It determines whe-
ther the interval contains an iteration , and if it does conver ts it into a
single exit form by making all exit arcs pass through one of the exit vertices.

LPTBLK is a Library Manager procedure used for storing a block of inf or—
na t ion into a given library table. It first retrieves or creates the proper
fragment into the working storage and then stores the data block into it.

LPTWRD is a Library Manager procedure which stores an item of a block
Into a given library table. The proper fragment Is first retrieved or created
in the working storage and then the item Is stored into it.

LSTEX is a function which returns the statement number of the executable
statement just prior to the given ISTMT .

MAIN is the main program which invokes each overlay.

MAINCM is a labelled block data routine. MAIN~M contains labelled com-
mons for all global variables . Most of the variables are set in data state-
ments in subroutine TOKNIT. MAINCM contains the data statements used to ini-
tialize the nusuber of errors and warnings allowable and the file declarations .
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MAKCON builds a compact table which represents the current program
graph. The purpose in doing this is to be able to efficiently analyze the
flow through a subset of the current program graph.

MAKFRG is a Library Manager routine which appends a new fragment to a
given module table. A new fragment is created on the proper library , the end
of the original table is found , and the Fragment Directory Table is updated
to link the new fragment to the table end .

MAXMOD is a Library Manager procedure which establishes a new module MDB
on a given library . A new MDB is added to the library ’s MDB chain, crea ting
a new fragment if necessary . An Entry Point Table entry is added , updating
it completely If the module information already exists on some other library .
The Module Location Table is also updated .

MAKTAB is a Library Manager procedure which defines a new data base
table type. For this the user supplies a table name, two Items of the 14DB
to be used for pointers by the Library Manager (or two cells in the library
header if it is a library table) and a table block length. The procedure
returns the assigned table number which must be used in the subsequent Access
Interface calls to that table.

MDBGET is a Library Manager procedure. For a given module table, it
retrieves from the MDB the table’s present maximum length and a first library
fragment index.

MDBPUT is a Library Manager procedure . For a given module table, it
stores in the 14DB the table ’s maximum length and its first library fragment
index.

MKVTAB is a Library Manager procedure which converts a data base table
defined by a call to MAKTAB into a variable length table. For this the user
supplies the assigned table number , the maximum number of blocks per entry
in the table , the table number of an auxiliary table , two items in the auxi-
liary table that the Library Manager can use for pointers, and an offset
where one wants the Library Manager to store its length cell.

MLTW11L implements the mechanism which remembers that an SEME iteration
struc ture is being red~iced .

MOVECH moves NCHARS number of characters from position 1 of array IARY1
to array IARY 2 , star ting in position INDEX .

MOV EWD moves NWDS number of words from the IPOS position of lARRY to
the IPOS1 position of IARRY1. MOVEWD calls system routine EMIT.

MXCLAS is a function which returns the maximum class (see ICLAS) of
ITEM. Entry MNCLAS returns the minimum class of ITEM.

NAFT determ ines how many arcs and which ones follow a given arc in the
current program graph .
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NEEF determines how many arcs and which ones precede a given arc in
the current program graph.

NECPRD takes the contents of a predicate In word—pair array TEMP and
negates it logically . NEGPRD calls NEGREL which negates each logical
operator.

NEGREL substitutes the negative relation for a given logical or rela-
tIonal operator.

NEWFIR generates a new statement for the restructured module : NEXIT
= j ,  where j is integer representing an appropriate exit value .

NEWSND generates a new statement for the restructured module: NEXIT
= 0, used to guide the control flow.

NEXIT is a function which adds ‘NEXIT ’ to the token table , if not al-
ready present, and returns the token table pointer to this value.

NFRGSZ is a Library Manager function which returns the working storage
fragment size.

NMBARG is a function which returns the number of arguments in LIST if
all parentheses balance. Otherwise , NMBARG points to the first balancing
right parenthesis in LIST.

NODPOP pops the top element off stack NDSTAK and puts it into output
argument NODE. If the stack is empty, NODE Is returned as 0.

NODSTK puts an element, NODE, on the top of stack NDSTAK if NODE is
nowhere in the stack. If NODE is already in the stack, control returns to
the calling routine , if the stack overflows, EROR is called with error
number 8012.

NOTRCI-1 determines which statements in a module are structurally reach-
able and writes a message to LOUT indicating that all statements can be
reached or which statements cannot be reached. NOTRCH uses subroutine DPSTMT
to get the statements on each DD—path and utilizes bit vectors to account for
reachable statements.

NPAR computes the list of brothers (parallel arcs) to a given arc in
the current program graph.

NPRED returns a list of 5 words: (NEXIT = n) where n is the speci-
fied number of DD—paths .

NPTH determines the next path in the subset of the current program graph
which is being analyzed . In order to efficiently perform a path analysis ,
FNDCON implicitly implements a stack for remembering which paths have been
taken and finds the next arc in a path.
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N1JLABL is a function which returns a FORTRAN label. The first label
is 8999; each call to NULABL produces a label which is decremented by one
from the last call.

NUMEXS is a function which returns the number of executable statements
in a module.

NUMODS is a function which returns the number of modules active on the
library.

NIJNA14E Is a function which returns a value, starting at 9999 and
decremented by one with each call , which is not already in the STB for the
given module.

NUSTMT is used to write a new statement for the restructured module onto
LOUT. The statement type and statement length Ll Is input . The new state-
ment list must be in array LIST1 (in common MTHST1) prior to calling NUSTMT.
The new statement is added to the SB. For certain statement types, enclosing
parentheses in the LIST1 expression are stripped off before generating the
new statement in LIST.

NXTEX is a function which returns the number of the next executable
statement following ISTMT.

• NXTSTM determines the next statement on the DD—path which is being found,
or indicates that the end of the DD—path has been found.

OVRFLO is called when a stack has been overflowed . OVRFLO calls EROR
with error number 5400 and sets FLAG to TRUE .

PARALE adds IF THEN, ELSE, or END IF statements to the DMATRAN program
being written . The predicate for IF THEN statements is found by calling FNDPRD.
When possible , unnecessary statements are removed from the program being
wr itten .

PARASA is the ANSI X3.9 FORTRAN recognizer . PARASA is called with a
module , statement number , and keyword . Depending upon the keyword , PARASA
determines the statement type , number of entries (if a subprogram), the
symbol use class, statement type code (executable , non—execu table, comment,
etc.), label (if any), intra—statement structure pointer and stores the
statement in the SB.

PARPDP performs the parsing for READ and WRITE conditional statements ,
DEFINE FILE, IMPLICIT , BYTE , INTEGER, LOGICAL, and REAL statements.

PARRUN recognizes special FORTRAN statements , such as the hardware IF
statements , SENSE LIGHT and SENSE SWITCH declarations. The statement type
is stored in the SDB and the statement list in the SB.

PARUNV recognizes other special FORTRAN statements , such as DEFINE,
ABNORMAL , INCLUDE, IF—PRINT. The statement type Is stored in the STE and the
statement list in the SB.
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PCHMOD causes the statements in a module to be written onto LPUNCH
in FORTRAN card image format. PCHMOD calls PCHMTH.

PCHMTH is called by PCHMOD with a specified module and statement number.
PCHMOD writes the statement onto LPUNCH in standard FORTRAN card image form
(unindented).

PDPFT1 checks a given statement for READ/WRITE or IF—READ/WRITE condi-
t ional statement type. If any of these statement types are found , IACT is set
to I , the labels within the statement text are stored , and the nex t exec utable
statement is stored in the statement vector , STMVEC .

PDPFT2 merely sets a f l a g ,  IACT , to 1 If statement type NAME is a READ!
WRITE conditional or IF—READ /WRI TE conditional. This terminates the DD—path
being found .

POPDDP removes the initial statements for the next DD—path from the DD—path
stack.

POSTAK puts a symbol , ISTMT , of two words and a priority value on the
top of ISTACK. If ISTACK has overflowed (its pointer is less than or equal
to 0), then OVRFLO is called.

PRDASA is called with the module and statement numbers , statement type ,
and DD—path predicate index as input parameters. From this information ,
PRI’~ASA constructs the restructured predicate statements and stores it in
array LWORK .

PRDBG is a debugging printout routine. It writes the values of its six
inpu t arguments onto file LDBG in the format 5X, AlO , SIlO.

PRDDP writes the DD—path table for a given module onto file LOUT.

PR1~IFT checks for IFTRAN—IF , WHILE or ORIF statements and negates the
expression associated with the second predicate index.

PRDPOP pops a 5—word predicate off SSTACK and returns it in array NBLOK.

PRDSPC is called upon detection of hardware IF statements. PRDSPC
generates calls to FORTRAN library routines and replaces the hardware IF
statement in the module’s text with an appropriate call. The following
replacements are made:

Old Statement New Statement

IF ACCUMULATOR OVERFLOW Nl,N2 CALL OVERFL (J )
IF QUOTIENT OVERFLOW Nl,N2 CALL OVERFL (J)
IF DIVIDE CHECK Nl,N2 CALL DVCHK(J )
IF (SENSE LIGHT I) Nl,N2 CALL SLITET(I ,J)
IF (SENSE SWITCH I) Nl ,N2 CALL SSWTCH(I ,J)

where J is a new variable name generated by NUNANE . When PRDSPC returns to
calling subroutine PRDVAL, the statement “IF (J .EQ . 1) THEN” is generated
as the next source text statement.
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PRDST K pu t s  a S—word predica te (in MBLOK1 , MBLOK2 , MBLOK3 , MBLOK4 ,
MBI OKS input arguments) onto stack SSTACK. If stack pointer IPTR is less
than one , FROR is called with error number 8018. -

~~~~

PRDVAL Is the dr iver routine to evaluate predicates . PRDVAL stores a
let t parenthesi s in LWORK (l,l), computes the predica te expression by calling
PRDAS A , PRI)I FT, PRDSPC, and stores the new expression in LWORK(l ,2) to
L W O RK( l ,LW—1) , then stores a right parenthesis in LWORK(1 ,LW) .

PRLBT is a print procedure which outputs the contents of the library
header s for the read—only and read/write libraries .

PRMDB is a print procedure which outputs the partial contents of the
Module Descri ptor Blocks known in the system.

PRNGXV writes the error , warning and fa tal error numbers and a message
onto file LUN I T .

PR ~10DL writes an indented listing of a given module onto file LOUT.
Statement numbers are listed at the far left of the printout. Indentation of
statemen t is based upon control flow nesting . Each indentation increment ,
IND STP , is 4 columns.

PROC controls the internal subroutine stack and generates BLOCK and END
BLOCK statements at the proper times.

PROC copies a module from the library back onto the library under a new
module number .  The new module is then modif ied during the r e s t ruc tu r ing  pro-
cess, Interspersed format statements , if any , from the old module are collect-
ed and written at the end of the new module. The 14DB, SDB , and SB (via
STMTOU) are created for the new module.

PRS’DB writes the SDB (Statement Descrip tor Blocks) for a given module
onto tile LOUT.

PRSTB wri tes the STB (Symbol Table Blocks) for a given module onto file
LOUT .

PRSTMT writes the ith statement of a given module onto file LUN, which
is an input parameter. The Indentation level, INDENT , is also an input
parameter.

PRTEMP is used for debugging purposes. PRTEMP writes the contents of a
specified temporary table onto file LOUT.

PRTOKS writes the contents of the token table onto file LOUT. One token
table Is created for the entire library , thus there is no module specification.

PSTPOP places the top element of the stack ISTACK onto the output string
IPOST. If the stack has underflowed FLAG is set to TRUE and control returns
to the calling module.
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PT implements the stack for walking the SESE tree and finding DU—paths
which affect predicates to be formed .

PUTBIT puts IBIT into the Ith position of IAR RAY using subroutine PACX .

PUTBLK is an Access Interface procedure for storing a block of informa-
tion into a given module table. After checking to see the module is active
for the table and indicating the table is going to be changed , another library
f ragment is appended to the table if necessary . Then the proper fragment is
retrieved into the working storage and the given block is stored into it.

PUTFOR wr i tes  a s tatement  into the output  f i le .

PUTLST is an Access Interface procedure for storing a variable length
block of information into a given module table . The procedure checks if this
is a new block being put into the table or an update of an old block. If it
is a new block , it sets the table pointers in the auxiliary table. It makes
the module active for the table and indicates that the table is being changed .
If necessary , new fragments are appended to the table to store a new list.
The proper fragment is brought into the working storage and the list is stored
into it. Successive fragments are brought in if the list spans multiple
fragments.

• PUTWRD is an Access Interface procedure for storing an item into a given
block of a given module table. It insures the module is active for the table
and indicates the table is being changed . It also appends a new library frag-
ment to the table if necessary . The proper fragment is brought into the
working storage and the item is stored into the proper block.

REMBRO removes brothers (parallel DD—paths) from the DDPATH table as it
produces a reduced form of the program graph.

REMENT removes out—of—date entries from the current program graph
representation.

REORDR reorders the current program graph representation so that it is
ordered by the first element in each entry .

REPLC1 replaces all occurrences of Al character ITHIS with Al character
ITHAT in LIST of length 1, where the LIST array contains only one character in
the leftmost position of each word . Entry REPLC1O performs the same replace-
ment in LIST, where LIST is a packed character string array . REPLC1O uses
subroutines JGET and JPIJT to search and replace the characters within each
LIST word. -

SBLKSZ is a Starter Initialization procedure . It calculates the number
of blocks that will fit into one fragment for each table. It also sets up
some access interface pointers for library tables. It returns the number of
modules that can be active at any one time (one fragment’s worth).

S~ ’IE identifies SRME structures in the current program graph and replaces
them with a structurally similar construct which has only one exit vertex.
This is done by choosing an exit vertex and redefining all exits to go through
this vertex in a consistent manner.
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SEMEX forms the proper predicates for a structurized multiple—exit loop
and adds the DO WHILE and END WHILE statements to the DMATRAN program being
written .

SESPOP pops 5 words off of SSTACK and stores them in array NBLOK.
SESPOP is used in processing single—entry/single—exit blocks of code. If the
stack is empty, LFLAG is set to FALSE.

SESSTK puts 5 words (input parameters MBLOK1, MBLOK2 , MBLOK3, MBLOK4 ,
MBI.0K5 ) onto stack SSTACK. If the stack overflows, EROR is called with error
number 8016.

SHRINK controls the generation of the SESE tree. Various reduction
algorithms are applied to the current program graph , producing a new nroeram
graph and adding an entry to the DD—path table for each reduction performed.
SHRINK terminates when the current program graph consists of only one entry ,
or when no more reductions can be performed .

SLJtBEL is called after a module has been restructured . SLABEL replaces
the statement labels in any READ/WRITE conditional statement with new unique
labels which correspond with the restructured code.

SLEDIT (also entry SL3DIT) edits a LIST array , removing words which have
• the value of 0 and changing the sign of words which are negative. If input

parameter NAR equals 3, then the original and edited LIST are the same. If
NAR equals 4 or more, the edited list is stored in array LSTOUT.

SLFLOO writes a WHILE or END WHILE statement in the structurized module,
depending upon whether it is the beginning or ending of a self—loop .

SPRYWD consecutively fills an array , IARRAY, starting at position IPOS
with a total of NWD S occurrences of the constant IVALUE.

STCK puts the value ISTMT on the top of stack ISTCK. If the stack over-
flows, EROR is called with error number 8026.

STHOIJX stores N number of statement numbers Into array STMVEC. The
statement numbers are obtained from calls to subroutine LABSTM and are,
therefore , statement numbers which correspond to a label.

STMTOU takes statement number ISTMT from the old (unstructured) module
and stores the text into the current statement number pointer in the restruc-
tured module. The statement number pointer and cumulative length of SB for
the new module are updated .

STRTER is the Starter Initialization driver. It calls procedures that
initialize system storage and open the random libraries that are to be used
during the STRUCTRAN-2 execution.

STRUCT controls the procedure of walking the SESE tree and producing
the structurized program during the tree walk. INITT and TT implement stacks
for a tree traversal , while the other routines referenced produce structured
statements according to the type of reductions in the SESE tree.

54

—— -
-~~



STRIJC 1 — STRUC2 are driver routines for each overlay link.

STTBLK constructs the target pointers to the end of IF , ORIF , ELSE,
WHILE blocks and DO targets for FORTRAN programs . The target statement num-
ber is stored in the intra—statement pointer word of the SDB. In FORTRAN
programs, if the DO target is not a CONTINUE statement , WARN is called w ith
warning number 5101.

SUBINT is used to initialize the SBSTAK pointer to 0 and to set the
stack size to 50.

SUBPOP pops the top element off stack SBSTAK and stores it Into output
parameter IDDP. If the stack is empty , EROR is called with error number 8007.

SUBSCH is the routine which adds all SESE reductions to the DDPATH table
as the SESE is being built. It is given the type of reduction and the en tries
being reduced (in LIST) and returns the entry (IENTRY) in the DDPATH table at
which this information was stored .

SUBSTK puts input parameter IDDP onto the top of stack SBSTAK. EROR is
called with error number 8006 if the stack overflows .

SYSADD is a Library Manager procedure which sets the number of system
tables to those defined previously during execution .

TBINIT is a Library Manager procedure which initializes some system table
storage and defines the system data base tables .

TOKADD is an integer function which adds the character string CHRLST of
character length CHARS to the token table , if the string is not already pre-
sent in the table. The token pointer is updated if an insertion is made.

TOKCMP is an integer function which returns the token pointer which cor-
responds to the input string CHRLST . TOKCMP equals 0 if the string is not in
the token table.

TOKNIT is called once, and it initializes a set of token numbers to refer
to a set of character strings. TOKNIT calls TOKSET which puts the character
strings in the token table and returns an integer pointer. The initialized
variables in TOKNIT are set to the token pointers.

TOKSET is an integer function which returns a token pointer value to the
input character string , after adding the string to the token table .

TRACE is a dummy routine which returns upon entry .

IT controls the stack which is used in walking the SESE tree . The type
of reduction represented in the SESE tree is used to determine the invocation
which is placed on the stack.

UPDEPT is a Library Manager procedure which updates a module’s entry in
a Library Entry Point Table. If the module has been moved from the read—only
library, necessary information is retrieved from the library ’s EPT. Otherwise
the information is obtained from the module’s NUB.
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UNPX is a bit string manipulation routine. The bits starting at loca-
tion II and ending at JJ of KERNL are moved to ISTRING , starting at location 1.

WARN increments the warning counter by one and call PRMGXV which prints
the warning message and number. If the number of warnings exceeds NWARER
(set in MAINCM ), then EROR is called with error number 5000.

WSGFRG is a Library Manager procedure which reads a given library f rag—
ment into a given working storage fragment.

WSCWRD is a Library Manager procedure which reads a given number of words
from a given library address to a given working storage address.

WSPFRG is a Library Manager procedure which writes a given working stor-
age fragment into a given library fragment.

WSPWRD is a Library Manager procedure which writes a given number of
working storage words onto a given library starting at a given address.

XMIT transmits the first Il words of array 12 into the first Ii words
of array 13. If Ii is negative, IU4IT transmits the first word of 12 into
the first +11 words of array 13.
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