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ABSTRACT 

This report is concerned with an investigation into 

a software system designed to allow effect utilization of 

FORTRAN application programs from a library. The components 

of this system consist of an interpreter program to manip­

ulate character strings and provide overall control, an 

evaluator program to carry out operations on numeric data 

and to provide for the calling of library programs, and an 

associative memory to store and retrieve facts about the 

environment or field of study in which the system is being 

used. Details involving how to use each component and how 

each component works are discussed. Possible improvements 

to the system and the relationship of the system to the 

field of control structures are also considered. The 

implementation of the system is discussed and this leads 

to an examination of the algorithms used in the operation 

of the system. Control is easily maintained so systems 

constructed from the components may be modified or extended 

by any user. Thus, these components form a basis for a 

class of extendable systems. 
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PREFACE 

This project involves the study of a group of basic 

computer programs and methods collectively called the 

Communication Management System (COMS). Originally designed 

and implemented in 1969 by Robert Cn Gammill at the Univer­

sity of Colorado, COMS was used to develop methods of 

computer utilization which would allow application programs 

produced by experienced progra~~ers for different fields of 

study to be used by other interested people, who, having 

very little knowledge of computers and computer program­

ming, never had access to such programs before. The result 

is a system which creates an environment that encourages 

the authors of application programs to write them as general 

purpose subroutines, and which allows the inexperienced 

computer user to operate such application programs with 

little knowledge of their intricacies. 

(ix) 



CHAP'rER 1 

THE COMHUNICATION rvlANP.GE£1ENT SYSTEH 

1.1 Introduction 

The software elements (programs) which make up the 

COMS system were originally implemented in PL/l on an IBM 

360/65 computer. A second but incomplete Fortran IV im-

plementation was carried out on a CDC 6600 computer. Part 

of this project involved completing the previous Fortran 

version and reimplementing it on the CDC 6400 computer at 

McMaster University. 

The individual program elements of COMS are dis-

cussed in great detail in Chapter 1 with respect to their 

function in the COMS system, their relationship to each 

other and the methods involved in their use. Investigation 

of a possible improvement in the system is carried out in 

Chapter 2 showing how particular programming control 

structures may be used to attain a greater degree of effi-

ciency. Also examined here is the possible use of COMS in 

the development of a command language for an operating 

system used in a parallel programming environment. The 

appendices following Chapter 2 are used to provide summaries 

of important aspects of the COMS system, to display sample 

programs involving a variety of applications of the system 

and to give a detailed account of the program flow of each 

of' the COMS software elements. 

- 1 -



1.2. Description of COMS 

COMS is a softvlare package which consists of three 

major programs. These include an Interpreter program which 

serves as the controlling element of COMS, an Associative 

Memory program which stores factual information about COMS, 

its library and the environment in which it is being used, 

and an Evaluator program which evaluates algebraic formulas, 

stores and retrieves numeric data, and causes execution of 

FORTRAN programs from a library. Associated with each of 

these programs is a data collection as shown in Figure 1.1. 

The major aim of COMS is effective utilization of 

FORTRAN programs from a program library. These programs are 

supplied by both those who design the COMS system and those 

who use it. 

To be helpful to programmers in all fields of study, 

COMS has been designed to be changed. This is because CQIv1S 

is data directed through commands to the interpreter and 

these commands can be modified or added to by anyone. 

One way to view the COMS system is by an analogous 

comparison to a book-type library, where the man in charge 

is say Mr. X. Now Mr. X (the computer scientist) is a busy 

man dealing with not one but many such libraries (computer 

systems) and he knows that for each of his libraries to be 

useful to the public, books (application programs) cannot be 

blindly thrown into rooms where readers (people wanting to 

2 



FIGURE 1.1 
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4 

use the application programs) are expected to rummage 

through the mess to find what they want. Mr. X also knows 

that he hasn't the time to take each person (each programmer) 

and show them the exact location of each book they wish to 

read (that is, the computer scientist is too busy to show 

each programmer how to use a particular application program). 

Instead, Mr. X must create a system (COMS) which allovls 

library users (programmers) to find and use what they need 

on their own. Thus Mr. X hires librarians (system program­

mers) and provides them with money (COMS programs) to dev­

elop such a system. The librarian can then transform the 

library books (application programs) into an effective tool 

for different readers' (users') goals. The authors of the 

books in the library are analogous to the authors of the 

application programs. 

The important point in the above comparison is that 

the person in a particular field of study that desires the 

use of computing facilities but does not have any idea how 

to use them is provided with a tool for just this purpose. 

Once COMS has been set up by experienced programmers for use 

in a particular field, anyone involved in that field will 

have the availability of computing facilities that did not 

exist previously due to the lack of programming "know-how ll
• 



Other software systems of the COMS varietyl have 

been deve18ped and aimed at people who know little about 

computers but are knowledgeable in the problem area of 

interest. None of these however, offer as much user flex­

ibility as that given in COMS. Also, in some cases, ap­

plication programs in the field of interest which are to be 

added to the system have to be massively rewritten to con­

form to restrictive conventions and standards. The result 

with many systems (and this is definitely not true of COMS) 

is that they have remained alive only as long as the people 

who originally designed them continued to work on and dev­

elop the system. 

5 

In summary then, COMS was conceived with the follow­

ing philosophy. The computer scientist designs the basic 

programs of the system. Given these, the systems programmers 

use them to produce particular COMS implementations (that is, 

particular to a certain field, say compiler development or the 

fluid sciences). Library application programs for each im­

plementation are supplied by sophisticated members of the 

user population who would be rewarded for their work (much 

like authors getting monetary awards for their efforts). The 

result should be a system which will rapidly grow and develop_ 

lSome of these software systems include SKETCHPAD (Sutherland, 

1963), Map (Kaplmv, 1966), ANAL 68 (Welsh, 1967), ICES (Roos, 

1967) and SIR AND STUDENT (Raphael and Bobrow, 1964). 



1.3. Elements of CaMS 

In the following four sections a description of the 

element.s of em-iS will be presented. These include the in­

terpreter, the evaluator, the associative memory and the 

program library. Each element will be described in detail 

in terms of its purpose, its use and its relationship to 

the other elements. 

1.3.1. 'l'he I~te·rpreter.:. 

Of the four elements in the Co~munication Manage­

m2nt System the interpreter serves as the most important. 

The reason for this is its ability to provide a control 

mechanism for each of the other elements. 

6 

Control is established through the manipulation of 

data (presented as strings of characters) by a set of rules 

(also presented as strings of characters) fed to the inter­

preter. These rules directing the interpreter may cause 

character strings to be passed to and received from the 

associative memory and the evaluator {see Figure 1.1 in sec­

tion 2.l}. Also, user communication is established by 

rules which may cause input of character strings (from the 

user) and output of character strings (to the user). Since 

the interpreter has the ability to communicate with both 

the other elements of COMS and the COMS user, it serves as 

an intermediary and translator betvleen the two. This leads 



to the primary function of the COMS interpreter which is to 

allow the definition of cownand languages by experienced 

computer users, thus providing a valuable tool for access 

to computational facilities not previously available to in­

experienced computer users. 

Programming the rules which direct the interpreter 

is done in the string transformation language (STRAN). 

STRAN may be classified as a general purpose symbol manip­

ulation language and as will be seen forms a very signif­

icant part of COMS. STRAN closely resembles the informa­

tion retrieval language COMIT[l]. Both STRAN and COMIT use 

sequentially interpreted rules which perform decomposition, 

transformation and recomposition of character strings. Al­

so both languages have rules which pass control to one of 

two other rules depending upon the success or failure of 

the decomposition portion of the rule. The main difference 

between STRAN and COMIT is that STRAN makes no distinction 

between rules and data. A character string to be inter­

preted as a rule must simply conform to certain rules of 

format if successful interpretation is to occur. 

~.3.l.l. The STFAN Language 

7 

The interpreter for the string transformation lan­

guage is a sequentially executed character string processor. 

Input to the interpreter must be in character string form 



so that STRAN programs (also referred to as "rules") and 

data are in the same format. An example of a few simple 

STRAN rules will serve to motivate the descriptive material 

that follows. These are shown in Figure 1.2 (page 13). 

The interpreter can operate in two different modes: 

(1) In the "rule reading" mode rules are collected from 

the input cards (80 columns) and stored. A unique name is 

associated with each rule. The interpreter always begins 

execution in the rule reading mode but is switched from 

this to the "interpretive" mode when a rule name surrounded 

by parentheses is encountered. An example of this is 

(PROG) or 

(READ) or 

(TEST) 

Each of the above rule-names are termed "go-to" rule names. 

When an input such as this is encountered, control is 

transferred to the rule named by the character string with­

in the parenthesis except where the rule named is a pseudo 

operator. 

1.3.1.2. STRAN Pseudo Operators 

In the rule reading mode, the interpreter is able 

to accept commands from the STRAN user via a list of pseudo 

operators. (These may be compared to the pseudo operators 

found in a typical assembly language). Through these com-

8 



rnands a user can control certain "switches" (i.e. variables 

set to -true- or -false' in the FORTRAN sense) which in 

turn control certain aspects of the interpretation opera­

tion. Input of a STill\N command does not change the rule 

reading mode to interpretive mode. This only occurs when 

a "go-to" rule name is encountered. 

The following is a list of pseudo operators avail­

able in t.he present STRAN version: 

(ECHO): Causes an echo of each input card to be 

printed. Each line given by the echo com­

mand begins with the phrase INPUT •.• to 

distinguish it from the output lines of 

the interpreter. 

(NOECHO): Echoing is discontinued. 

(TRACE): Causes each rule currently being inter­

preted to be output in the form: 

(NOTRACE) : 

(PUNCH) : 

INTERPRETING RULE ••• 

and also causes the contents of each 

variable changed during rule execution to 

be output in the form: 

VARIABLE (name) = 

Turns off the (TRACE) cormnand. 

Causes punching of a card for each output 

line produced by a rule. That is, the 

output line produced by the (TRACE) com-

9 



mand is also punched on cards (without the 

two words shown above) 

(NOPUNCH): Punching is discontinued. 

(RESTART) 

(RETURN) 

(DUMP) 

(READLX) 

see Appendix B 

The above four pseudo operators pertain to the entire COMS 

system rather than the interpreter and are therefore dis­

cussed in the COMS reference manual. 

10 

In the interpretive mode execution of the STRAN prog­

ram takes place. Once the interpretive mode has been 

entered a return to the rule reading mode can only be 

accomplished when the name of the next rule to be inter­

preted is (END) or when the pushdown stack (to be discussed 

below) is empty. 

1.3.1.3. The STRAN Rule 

Each STRAN rule is scanned from left to right by the 

interpreter. There are three main types of STRAN rules, all 

of which must begin with a left parenthesis followed by a rule 

name followed immediately by a second left parenthesis. Also, 

each of these rules must end with two right parentheses sur­

rounding from zero to two rule names. A rule name may be from 

one to ten characters in length (any characters 



over 10 are ignored). 

Using traditional Backus-Naur form the definition 

of a STRAN rule is given below. The English words enclosed 

between the angular brackets < and > denote syntactic con­

structs. Possible repetition of a construct is indicated 

by an asterisk (0 or more repetitions) or a circled plus 

sign (lor more repetitions). If a sequence of constructs 

to be repeated consists of more than one element, it is 

enclosed in the meta-brackets { and }. 

Thus in BNF we have 

<STRAN RULE>:: = «RULE NAME>«TYPE 1 BODY>!<TYPE 2 BODY>! 

<TYPE 3 BODY» 

<RULE NAME>::=<NAME> 

<NAME>:: = <LETTER> <ALPHANUM CH>* 

(maximum of ten characters) 

<ALPHANUM CH>::=<DIGIT> I <LETTER> ! <ZERO> 

<DIGIT>::=1121314IsI617IsI9 

<LETTER>::=AIBlcIDIEIF!GIHIIIJIKIL!MINlo!pIQIRlsIT!ulv! 

Wlxlylz 
<ZERO>:: =0 

11 

The user must fit each STRAN rule onto an SO column 

card. If a rule is more than SO characters in length, it 

must be broken down into smaller length rules so that each 

can fit on a card (this is easy to do with STRAN). 

The three types of STRAN rules are described below 



12 

with references to Figure 1.2. Rules with type 1 and type 2 

bodies are used for storing information while those with 

type 3 bodies stipulate the processing to be performed by 

the STRAN interpreter. 

Type 1 Body: 

The form of this body in BNF is 

<TYPE 1 BODY>::=<RULE NAME>{~<RULE NAME>}*) 

Thus a rule with a type 1 body must contain a string of rule 

names separated by commas. An example is (1) of Figure 1.2. 

The purpose of this type of rule is to place a list 

of rule names onto a push-down stack which is referenced 

by the interpreter when the rule name (END) is encountered. 

The stack is accessed in a IIlas t-in-first-out ll manner (from 

right to left) so that the last rule to be placed on the stack 

is the first one to be referenced by the interpreter. In the 

example referred to above, the rule will give rise to the 

following stack configuration 

READ 

EXEC 

TEST 

~ First rule referenced 

~ Second rule referenced 

~ Third rule referenced 

Thus on encountering an (END) rule name, the interpreter 

will "pop-up" the first rule name in the stack and execute 

that rule. All the other rule names would then move up one 
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FIGURE 1. 2 

SIMPLE STRAN RULES 

(PROG(READ,EXEC,TEST» (1) 

(STOP ( 'F IN' HALT t TERMINATE' ) ) (2) 

(READ(*INPUT/'*'+$/=*INPUT/'COM ••• '+2/}READ,END) (3) 

(EXEC (INPUT/$+' ('+$+') '+$/=*OUT/3/INPUT/5/} EXEC,END) (4) 

(TEST (INPUT/$+STOP/)END,PROG) (5) 

(PUNCH) (6) 

(PROG) (7) 



slot giving: 

[ ________ E_X_E_C ______ ~ 

l TEST 

~ First rule referenced 

~ Second rule referenced 

If now another stran rule of this type is executed by the 

interpreter, the existing rule names on the stack will be 

pushed down. For example 

(RULE l(XYZ,RG,SUCCEED» 

will result in: 

XYZ ~ First rule referenced 

RG ~ Second rule referenced 

SUCCEED ~ Third rule referenced 

EXEC ~ Fourth rule referenced 

TEST ~ Fifth rule referenced 

The maximum number of rule names the stack is capable of 

holding is 100. 

Type 2 Body: 

The form of this body in BNF is 

<TYPE 2 BODY>::=<LITERAL PATTERN» 

<LITERAL PATTERN>::={'<CHARACTER STRING>}~' 

<CHARACTER STRING>::=<any sequence of one or more basic 

6-bit display BCD characters>. An example is (2) of 

14 



~igure 1.2. 

The purpose of this rule is to store away a literal 

collection pattern under one name (which is the rule name) 

for later pattern matching in STRAN rules. This type of 

STRAN rule can be placed anywhere in the STRAN program and 

is dealt with by the interpreter while in the rule-reading 

mode only. Trying to pass control to this rule during 

execution will cause an interpretation error. An example 

of the use of this type of rule will be given later on in 

the discussion. 

Type 3 Body: 

The form of this body in BNF is: 

<TYPE 3 BODY>::=<RULE BODY»<GO-TO SECTION> 

<GO-TO SECTION>:: = <RULE NAME> I <RULE NAME>,<RULE NAME> 

<RULE BODY>::=<LHS>=<RHS>I<LHS>I=<RHS> 

<LHS>::={<VARIABLE NAME>/<DECOMP PAT>/I 

+F<DIGIT>/<FIND PAT>/I 

+A<DIGIT>/<ACCESS PAT>/}$ 

<VARIABLE NAME>::=<NAME> 

<DECOMP PAT>::=<DECOMP OP>{+<DECOMP OP>}$ 

~DECOMP OP>::=$I$<DIGIT>I$LITERALI<VARIABLE NAME> I 
+<DIGIT>I<LITERAL>I-<DIGIT> 

<LITERAL>::='<CHARACTER STRING>' 

<FIND PAT>::=<FIND OP>{+<FIND Op>}$ 

(a maximum of 4 find operators is al-

15 



lowed in one find pattern) 

<FIND OP> ::= $I<LITERAL> 1 <DIGIT> 

<ACCESS PAT>::=<DIGIT>{+<DIGIT>}~ 

(a maximum of 3 digits is allowed in an 

access pattern) 

<RHS >!!= { {* 1-, } * <VARIABLE NAME> / <COMP PAT> / I 

+S/<STORE PAT>/}~ 

<COMP PAT>:: = <COMP OP> {+<COMP OP>}~ 

16 

<COMP OP>:: = <DIGIT> I <LITERAL> I'" <DIGIT> I EL<NUMB> ,<DIGIT> I 
==R<NUMB>,<DIGIT> 

<NUMB> ::= <DIGIT> I <DIGIT><DIGIT> 

(numb has a maximum value of 80) 

<STORE PAT>::=<STORE OP>{+<STORE Op>}e 

(maximum of 4 store operators in a store 

pattern) 

<STORE OP>::=<LITERAL>I<DIGIT> 

The complete form of the type 3 body is presented 

above although many of the definitions (those dealing with 

the associative memory) will not be referred to until sec­

tion 1.3.3.2. Some examples of type 3 body rules are 

shown in (3), (4) and (5) of Figure 1.2. 

A STRAN rule with type 3 body is the real workhorse 

of the STRAN language, performing compositions, decomposi­

tions and transformations of character strings. The go-to 

section of the rule contains either one or two rule names. 



If two are given they are separated by a comma. The first 

will receive control if the character string decomposi­

tion by the rule body succeeds. The second will receive 

control if decomposition fails. Of course if only one rule 

name is present, control is passed to it in either case. 

Some examples are: 

(A) (RULEl«RULE BODY»RULE2) 

(B) (RULE2«RULE BODY»RULE3,RULEl) 

(C) (RULE3«RULE BODY»END) 

17 

In (A) RULEI will pass control to RULE2 no matter 

what happens in decomposition. However, in (B), RULE2 will 

only pass control to RULEI on a decomposition failure where­

as RULE3 will receive control on decomposition success. In 

(C) control will be passed to the rule named END regardless 

of whether RULE3 has failed or succeeded and, as mentioned 

previously, this will initiate the popping up of a rule 

name from the push down stack. 

The rule body is separated into two sides (left and 

right) by an equals sign. The left side of the rule body 

performs three operations. 

1) References the contents of STRAN "storage loca­

tions" named. A STRAN storage location provides storage 

for variable length strings of characters {up to a maximum 



of 80 characters in one location) where both data and rules 

are kept. Each location of this storage is referenced by a 

unique name assigned at execution time. 

2) Decomposes the contents of the storage locations 

named according to the pattern matching directions given. 

18 

3) Stores the resulting decomposed elements in one 

of nine successive special character-string-storage loca­

tions. These may be thought of as pseudo-registers or 

accumulators: each capable of holding up to 80 characters. 

Referencing of these registers is done by using the integers 

1 to 9 as will be shovm. (A virtual depiction of STRAN 

storage can be found in Figure 1.3). 

The right side of the rule body performs three 

operations: 

1) Concatenates the contents of specified pseudo 

registers and literals. 

2) Stores the results (character strings) of con­

catenations in the storage locations named. 

3) Associative memory operations (section 1.3.4). 

A more detailed description of the rule body can be 

carried out using the example shown in Figure 1.4(a). Be­

ginning with the left side of the rule body (Figure 1.4(b» 

VARB is the name of a storage location (as with rule names 

the maximum length of a storage location name is 10 char­

acters). 
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FIGURE 1. 3 
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PSEUDO REGISTERS 

+ 80 CHARACTERS 

VARIABLE LENGTH 
STRING STORAGE 

+ 

+ 80 CHARACTERS + 

I 

1) Pseudo registers are automatically referenced in succes­
sion by the left hand side of a STRAN rule with type 3 body. 
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2) Variable names may also be used as rules names as long as 
the string referenced by that name is a syntactically correct 
STRAN rule. 



FIGURE 1. 4 (a) 

RULE BODIES 

(5) (6) (5) (7) 
r---, ,-------, r--I r-----. 

(EG(VARB/$+'A'+$/=VARB/l+'B'3/)EG,R2) 
l--1 '-' ______ ---1 ~_------~I ~I __ ~ 

(1) (2) (3) 

(1) rule name 

(2) left side 

(3) right side 

(4) 

(4) succeeding rule names 

(5) variable name 

(6) decomposition operators 

(7) composition operators 
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FIGURE 1. 4 (b) 

RULE BODIES 

(3 ) 
(4) (4) 

VARB / $ + I A I + $ / 

(1) (2) 

(1) variable containing character string to be decomposed 

(2) decomposition operators separated by plus signs 

(3) decomposition operations to be performed on the vari­
able VARB 

(4) quotes indicate a literal 

FIGURE 1. 4 (c) 

(3) 
(4) (4) 

VARB / 1 + I B I + 3 / 
L-J l' 1-

(1) (2) 
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(1) variable under whose name composed string will be placed 
in STRAN storage 

(2) numbers refer to particular pseudo registers 

(3) composition operations to be performed on decomposed 
string 

(4) quotes indicate a literal 



Operations enclosed between the two oblique strokes 

are performed on the variable named immediately to the left 

of the first oblique stroke. The operators for decomposi­

tion are seperated by plus signs. The two operators shown 

are the dollar sign $ and a character string literal rAre 
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A complete list of STRAN decomposition and composi­

tion operators along with their meaning is given in Appendix 

B. 

The dollar sign operator matches any arbitrary char­

acter string including the null string. The character 

string literal (string of characters surrounded by single 

quotes) matches only an exact occurrence of the contained 

string of characters. Thus the above operators attempt to 

find an A in the character string stored in VARB. If an A 

is found (i.e. decomposition is successful) all characters 

preceding the left most A are placed in pseudo register 1, 

the A is placed in pseudo register 2 and the remaining char­

acters in pseudo register 3. 

For example if VARB references the string 

IbRUNbWITHbSAM 

(where b indicates a blank character), the result of the a­

bove decomposition will be 

pseudo register 1 contains IbRUNbWITHbS 

pseudo register 2 contains A 



pseudo register 3 contains M 

If VARB references the string 

IbRUNbWITHbPETER 

decomposition fails, the rest of the rule body is skipped 

and control is immediately transferred to rule R2. 

Now consider the right side of the rule body as 

shown in Figure 1.4(c}. The storage location named immedi-

ately to the left of the first oblique stroke receives the 

result of the character string composed by the operators 

between the oblique strokes. Composition operators like 

decomposition operators are separated by plus signs. The 

integers I and 3 refer to the contents of pseudo-registers 

I and 3 respectively. 

The contents of VARB after the above operations 

are performed will be the contents of pseudo register 1 

concatenated with a B, concatenated with the contents of 

pseudo-register 3. Using the previous example VARB will 

contain 

(3) 
+ 

IbRUNbWITHbSBM 

t 
(1) (2) 

(l) pseudo register 1 

(2) literal 

(3) pseudo register (2) 
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Control will now be passed to the rule named EG and the 

whole process will be repeated resulting in all the A's 

being changed into B's. 

An asterisk placed in front of a variable name 

indicates that an input-output operation is to be carried 

out. Thus on the left side of a rule body an asterisk pre­

ceeding a variable name tells the interpreter that before 

decomposition begins, an input line (i.e. an 80 column card) 

is to be read into a STRAN storage location for future ref­

erence by that variable. Similarly an asterisk preceding 
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a name on the right side of a rule body tells the interpreter 

that after results have been placed in the storage location 

named, its contents are to be printed as a line of output. 

An example of this is: 

(READ {*INPUT/'C '+$/=*INPUT/2/) READ,END} 

This rule reads an input line, tests to see if that line 

begins with a C and if so it outputs the rest of the line. 

This process continues until an input line without a C at 

its start is found. 

The comma is also used as a variable name prefix 

but only in the right side of the rule body. Its presence 

indicates that before the results of composition are placed 

in the storage location named, they are to be passed to the 

COMS evaluator {section 1.3.2}. The result returned by the 

evaluator (always a string of characters) is then placed 



into this storage location. The use of the comma in this 

way is the only means by which the STRAN interpreter may 

be caused to communicate with the COMS evaluator. An ex­

ample of the use of a comma is: 

(EVAL (INPUT/$/=,RESULT/l/) END) 

This rule causes the whole contents of the storage location 

named INPUT to be passed to the evaluator before it is 

placed in the storage location RESULT. 
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A comma may be used in conjunction with an asterisk 

to send a string to the evaluator and output the result when 

it returns. The order is not significant, either *, or ,* 

will work. For example: 

If the variable INPUT contains the string I=COS(O) 

then the rule 

(EVAL (INPUT/$/=,*RESULT/l/) END) 

will print out 

I=l 

with the string I=l stored in RESULT. 

A rule body need not have both a left and right side. 

The equals sign is included only when it is necessary to 

mark the beginning of the right side. An example of a rule 

body with left side only is: 

(READ(*INPUT/$+rCAT r +$+fbb r +$/)R2) 

If a rule body has no left side, the operations specified 

are performed on the contents of the pseudo registers left 
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from in-terpreta tion of previous rules. Examples of a rule 

body with right side only are: 

(RIGHT (=OUT/1+'b'+5+6/) SUCCEED,FAIL) 

(REMARK (=*LINE/'PROGRAMbbSTRAN'/) END) 

The second example will cause the literal character string 

PROGRAMbbST?~N to be printed out as well as stored in LINE. 

It is possible to mention more than one variable 

name on either side of a rule body. For the left side of 

a rule body the operators in the seperate strings place 

their respective components of the decomposition in consecu-

tive pseudo registers as shown by the following: 

123 456 
~ + ~ + + + 

(DECOMP(VARB/$+'A'+$/TEM~/$+'B'+$/)END) 

If VARB contains an A and TEMP contains a B, the A will 

appear in pseudo register 2 and B in pseudo register 5 after 

decomposition. A failure at any point causes the rest of 

the rule to be skipped. 

~~ example of more than one variable on the right 

side is: 

(COMP (=VARB/1+' ABC' ;-5/TE~1P /1+2+3+4/) END} 

The "literal" decomposition operator (number (2) as 

listed in Appendix B) is worthy of special note as its 

creation is dependent on a STRAN rule with type 2 body 

(section 1.3.1.3). Pattern matching takes place in the left 

side of a type 3 body rule using the name of the type 2 body 
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rule as the decomposition operator. 

For example say we had previously issued the follow­

ing type 2 body rule: 

(ANIMALS ( I bDOGb t CATb' bHORSEb r ) ) 

The string ANIMALS used as a decomposition operator would 

match the first occurrence of any of the three above literals 

(i.e. bDOGb or bCATb or bHORSEb). Assume the variable SENTEN 

contains the string 

WALRbYOURbDOGbFIRSTbTHENbYOURbCAT 

Now the following decomposition operation is possible: 

(LIT(SENTEN/$+ANIMALS+$/» 

Thus the following would be the pseudo registers' contents: 

pseudo register 

1 

2 

3 

contents 

WALKbYOUR 

. bDOGb 

FIRSTbTHENbYOURbCAT 

i.e. the leftmost occurrence of one of the literals in the 

collection will be matched. 

A more useful example of this type of decomposition 

operator can be seen by having a STRAN rule such as 

(PREPOSITS (f bINb I bONb' bTOb I bBYb' bFORb' ) ) 

where all the prepositions in a sentence could be matched 

and printed out by a rule such as 



(MATCH (SENrENCE/$+PREPOSITS+$/=*OUT/2/SENTENCE/3/) MATCH ,E ND) 

1. 3.1. 4. STRAN and the Associative Hemory 

The Associative Memory (section 1.3.4) forms a 

P.lajor part of the COMS system as does the STRAN interpreter, 

the evaluator and the program library. Interpreter commu­

nication with the evaluator has already been mentioned and 

now associative memory communication will be discussed. 

The associative memory stores and retrieves ordered 

pairs, triples and quadruples of character strings. These 

are refered to as n-tuples for simplicity. Some examples 

of n-tuples are: 

(ANIMAL, CAT) 

(NUMBER, 20) 

(A,B,C,D) 

(NUMERICbFOR,20,TWENTY) 

28 

Storing of n--tuples in the associative memory 

occurs only on the right side of a rule body by using a 

STORE request. The components of an n-tuple may be literals 

or the contents of pseudo registers. A typical STORE re­

quest is written as 

+S/pseudo register numbers and literals/ 

Plus signs are used as separators for the different parts of 



the n-tuple. For example 

+S/1+'ONE'+5/ 

stores an ordered triple whose first element is the char­

acter string in pseudo register 1, whose second element is 

the literal 'ONE' and whose third element is the character 

string in pseudo register 5. It is interesting to note 

that we have already used the associative memory without 

knowing it in a previous example (section 1.3.1.3). The 

type 2 body ST~~N rule (literal collection patterns) uses 

the associative memory automatically to store its literals. 

Taking for example the rule 

(PREPOSITS('bINb'bONb'bTOb'bBYb'bFORbl» 

this automatically generates stores of the follo~ing form: 

+S/'PREPOSITS'+'bONb'/ 

+S/'PREPOSITS'+'bONb'/ and so on. 

Wnen the rule name PREPOSITS was used as a left side decom­

position operator what in effect was happening was an auto­

matic reference to the associative memory for retrieval of 

one of the above ordered pairs. That is, the above would 

have been stored as 

(PREPOSITS,IN) 

(PREPOSITS,ON) 

29 



30 

etc. 

Failure of a STORE request occurs only if the n-tuple 

being stored is already in the associative memory. If this 

occurs, execution of the rest of the rule is skipped and 

control is transferred as if the rule had succeeded. 

Retrieval of stored character strings from the asso-

ciative memory occurs on the left side of a rule body. It 

is carried out by two separate requests, FIND and ACCESS. 

The FIND request attempts to find suitable stored n-tuples 

to serve as answers for the n-tuple sought. If all the 

components of that sought n-tuple are known, then the only 

information that can be given the user is whether or not 

the n-tuple is stored. However, if some components of the 

n-tuple are not known, then they can be obtained by the 

ACCESS request. Before proceeding consider the following 

example. 

stored: 

Assume the following triples have previously been 

(LETTERS IN,3,BOY) 

(NUMERIC FOR,2,TWO) 



(NUMERIC FOR,lO,TEN) 

(NUMERIC FOR,13,THIRTEEN) 

(LETTERS IN,5,TRAIN) 

Now if a FIND request is issued for the triple (NUMERIC FOR, 

lO,TEN) the only result will be successful request. Con­

versely (NUMERIC FOR,5,FIVE) will result in an unsuccessful 

request. However, (NUMERIC FOR, ,TWO) will cause a search 

of the associative memory for a triple having as its first 

element the character string 'NUMERIC FOR' and as its last 

element the character string 'TWO'. To obtain the second 

component of this n-tuple an ACCESS request is issued. Thus 

the character string (2( will be picked up. 

Now, looking at the actual STRAN commands (BNF on 

page A-I), the FIND request is written as: 

+Fn/pseudo register numbers, literals and dollar signs/ 

As with decomposition and composition operators plus signs 

are used as separators for the above components. Using the 

previous example, assume that pseudo register 2 contains 

the character string THIRTEEN. Thus, the FIND request will 

be 

+F4/'NUMERICbFOR'+$+2/ 

The above will retrieve all ordered triples whose first 

element is the string NUMERICbFOR, second element is an 

arbitrary string and third element is the string contained 

31 



in pseudo register 2. The number immediately following the 

+F is used by the ACCESS operation to identify which FIND 

request will receive the result. This identification is 

necessary due to the possibility of several ACCESS and FIND 

operations occurring in one program. Each ACCESS operation 

must know which FIND requested it. 

The ACCESS request is written as 

+An/pseudo register numbers/ 
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(Separators of pseudo register numbers are again plus signs). 

The number of pseudo registers needed depends en­

tirely on how many dollar signs occur in the associated 

FIND request. Continuing with the present example the ACCESS 

request is: 

+A4/4/ 

since only one dollar sign appears in the FIND operation. 

The end result of the example is that the character string 

'13' will be placed in pseudo register 4. 

The ACCESS request is thus used to collect results 

of FIND requests which have included dollar signs. If no 

dollar signs are included then the success or failure of 

that FIND request is the only useful information obtained 

and any ACCESS request associated with the FIND will not 

return any valid information. Failure of a FIND request 

causes control to be passed in the exact same manner as a 

decomposition failure (to the rule whose name has been given 

for the failure case). Further examples of STRAN associative 



memory requests can be found in program (4) listed in 

Appendix c. 

Summary of STRAN rule syntax 

The following is a summary of the syntax of rule 

bodies (to be used for quick reference). Curly brackets 

indicate a choice of one or more from a list and square 

brackets indicate an optional element. 
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(1) left and right sides of a rule body are separated by an 

equals sign. 

(2) left side: one or more syntactic units from the fol­

lowing-

(a) [*] storage name/decomposition operator string/ 

(b) +Fn/string of $'s, literals and pseudo register 

numbers/ 

(c) +An/string of pseudo register numbers/ 

(3) right side: one or more syntactic units from the fol­

lowing-

(a) [{~}] storage name/composition operator string/ 

(b) +S/string of literals and pseudo register numbers/ 

(4) All strings of operators between slanted bars are 

seperated by plus signs. 

1.3.1.5. STRAN Errors 

The STRAN user must take care that he never causes 



the interpreter to process a string of characters that is 

not a well formed rule. This mistake can easily be made due 

to the fact that STRAN rules and STRAN data are stored in 

the same mechanism. If an error such as this does occur the 

message "Error has occurred in interpretation of" followed 

by the rule name is printed. The interpreter then automat­

ically pops up another rule name from the push down stack 

and begins executing it. If the stack has no more rule 

names in it the interpreter switches to the rule reading 

mode and proceeds to read the next input card. 

The problem here is that in most cases all rules 

will have previously been read in, so the result is either 

data cards are read in as rules (which leads to another 

interpretation error unless the data is itself a well form­

ed rule) or there are no input cards left, thus causing the 

termination of execution entirely. 
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If a user tries to perform a decomposition operation 

on a variable which has nothing stored in it then the error 

message "Variable named (variable name) is not yet stored" ap­

pears and the same procedure described above is followed by 

the interpreter. This type of error commonly occurs due to a 

misspelling of. previously used variable names. 

The error message "Error in evaluation of algebraic 

expression" occurs when a string of characters sent by the 

interpreter to the evaluator has caused the evaluator to 



go into error. Another evaluator error is caused by using 

more than 5 subscripted variable names in one algebraic 

expression. The error message given is "Error, algebraic 

expression contains more than 5 subscripted variable names". 

A variable in an arithmetic expression not yet as­

signed a value is assigned a default value of zero and the 

message "The variable (variable name) has been assigned a 

value of zero" is printed. Any errors due to storing or 

retrieving values of either subscripted or unsubscripted 

variables by the evaluator results in the error message 
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"Error in numeric storage or retrieval". An overflow of 

evaluator storage results in "Numeric storage has overflowed". 

"Error in indices" is caused by incorrect referencing of 

array variables. Overflow of the storage of rule names and 

variable names (which are both stored in the same area) causes 

"Dictionary full, execution terminated". Finally I a STR&~ 

program trying to read more data cards than actually exist 

results in the message "End of file read on input tape (tape 

number}". This cannot really be classified as an error mes­

sage since the termination of a STRAN program (with no errors) 

is brought about by there being no more input cards left on 

the input file. At this point the above message is also 

written out and execution is stopped. 

A list of all the above mentioned error messages a­

long with the resulting action by the interpreter can be found 
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i.n Appendix D. 

~~~~_§_. __ ~~~~?_~,!~ic?ES an~ __ ~xa~12.le_?_ 

STRAN can be described as a simple but powerful 

language that is easy to learn and easy to use. Take for 

example the fact that rules and data are stored under the 

same mechanism. '1'his allows the user to change the meaning 

of a rule during its execution. The example below shows 

this feature of S'I'RAN. The reader must keep in mind that 

\vhen a STR!~N rule is stored internally, the pair of left 

parentheses and the rule name they surround are removed from 

the rest of the rule and stored else where - i.e. when say 

(Sl (=*OUT/l/) S2) is stored, only the characters =*OUT/l/)S2) 

are stored together. Consider the rule 

(EXAMPLE(=RULE1/ 1 RULE2,RULE3» I/RULEl) 

This stores in the variable RULEl the character string RULE2, 

RULE3» and thus when this rule passes control to RULEl 

(i.e. in the go-to section) what the interpreter sees stored 

under rule name RULEl is a type 2 body rule telling it to 

place the rule name RULE2, RULE3 on the push down stack. 

Thus the rule EXAMPLE actually creates another STRAN rule 

called RULEl and transfers control to it. 

Now to extend the above example and make it more 

general exa.mine the following section of a STRAN program: 



(XYZ( 

(RULE4( 

• 

PROGRAM 

) FOUND,FAIL) 

) FOUND,FAIL) 

(READ (*INPUT/$+' ('+$+')'+$/=OUT/3/)51,END) 

(51(OUT/$/=OUT/l+'» 'lOUT) 

(~~) 

(XYZ) 

(RULE4) 

• 

• 

DATA FOR PROGRAM 
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When the rule called READ is executed the character 

string READ is placed in the variable OUT and control trans­

ferred to rule 51. Rule 51 adds the two closing parentheses 

to the character string ~ obtaining the character string 

READ» which is again stored in the variable OUT. Now 

control is transferred to the name OUT and this results in 

the rule name READ being placed on the push down stack. Thus 

the next rule to be executed is READ (since it lies at the 

top of the stack) and the whole 



process repeats itself, reading in the character string 

(XYZ) • 

The above examples plus the ones given in Appendix C 

should demonstrate some of the more useful characteristics 

of STRAN. 

One can view STRAN and its interpreter as a segment 

of the overall COMS system working to provide simple com­

munication links with the other elements. This is an ex­

tremely important task since although STRAN serves as a 

powerful character manipulation language in its own right, 

the effectiveness of the whole COMS system is dependent 

entirely on communicable results between the user and the 

COMS elements. 
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1.3.2. The Evalu~tor 

Any implementation of a COMS system must use the 

evaluator program to achieve the goal of effective utili-

zation of the program library (1.3.3). Besides serving the 

purpose of a communication link to the program library, the 

evaluator also provides an interface mechanism for the inter-

preter to the realm of numeric data. More specifically, 

this element of COMS evaluates algebraic formulas, allocates 

space for numeric variables and arrays, stores values in and 

retrieves values from these variables and arrays, generates 

argument lists for the COMS Fortran library programs and 

causes the execution time loading of these same programs 

upon request from the COMS user. 

Commands to direct evaluator action are received 

from the interpreter as character strings. Results from 

the evaluator are sent back to the interpreter also as char-

acter strings. 

To the knowledgeable computer user desiring a mod-

ification of a particular COMS system, the evaluator is 

more resistant to change than any of the other COMS elements. 

The reason for this is found in the actual program set-up 

of the evaluator which deals with the practical and concrete 

difficulties of the Scope operating system. Also, because 

the evaluator deals specifically with library programs and 

sets of data, it is more dedicated to a specific problem 



area (say geophysics or astronomy) than either the inter­

preter or the associ~tive memory (1.3.4). 

1. 3.2 .1. AlgehI'a~_~ Fo£mula Evaluation 

As in Fortr~n, algebraic expressions are accepted 

by the evaluator in infix notation. There are basically 

two ways to cause evaluation of expressions. The first is 

by sending the evaluator a character string consisting of 

a STRAN variable name followed by an equals sign followed 

by the expression. In this case the character string re­

turned to the interpreter includes the name of the target 

variable, the equals sign and the resulting value of the 

expression. For example if the string 

RESULT=Y+5*(2+Z**2) 

is sent to the evaluator, then the string 

RESULT=33 
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will be returned (assuning Y and Z have previously been 

assigned the values 3 and 2 respectively). The second way 

to cause evaluation is by sending only the expression itself. 

For example sending the string 

Y+5*(2+Z**2) 

will return the string 33. 

Most of the built-in functions and operators avail­

able in Fortran are also available to the evaluator. These 



include: 

+, -, *, I, **, unary +, unary -, AMOD, MOD, FLOAT, FIX, 

ABS, lABS, SIN, COS, TAN, ATAN, EXP, ALOG, ALOGIO, SQRT. 

The mode (fixed or floating) of a particular STRAN 

variable is defined by the mode of the number assigned to 

it. For example Y=5 makes Y integer while Z=5.2 makes Z 

real. An expression containing mixed modes has all its 

fixed point numbers floated. Also if a fixed point number 

appears as the argument of a built-in function requiring a 

floating point argument, that number is floated and vice­

versa. 
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The evaluator operates in two passes as shown in 

Figure 1.5. The first pass collects contiguous characters 

into symbols and interprets these symbols as variable names, 

numeric constants, array names, operators or built-in func­

tion names. Also, the values of simple variables are re­

trieved from STRAN storage and a precedence is assigned to 

each operand and built-in function. The second pass trans­

lates the original infix notation fed to the evaluator into 

prefix Polish notation. This is accomplished under the 

control of operator precedence and parentheses. Also during 

the second P?ss, evaluation of operators, execution of the 

built-in functions and retrieval of array values takes place. 
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FIGURE 1.5 
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1.3.2.2. Infix to Prefix Polish 

The translation scheme used for the conversion of 

infix to prefjx Polish notation is based on a pUblication 

of the Burroughs Corporation called a ItCompilogramll which 

was specifically adapted for this use by D. McCracken [2]. 

A flmo,rchart of the assignment of operator precedence and 

the translation process is shown in Figure 1.6. Although 

the evaluator has many more intricacies than are shown, the 

basic method of conversion is the same. Also, for sim-

plicity, variable names have been assumed only one character 

in length and no error situations are examined. 

The input expression is stored in the array SOURCE 

and the associated precedence of each operator, operand or 

built-in function is stored in SHIER (standing for Source 

HIERarchy). Allocation of precedence (in the order lowest 

to highest) is as follows: 

OPERAND 0 

1 

2 

+,- 3 

*,/ 4 

** ,MOD 5 

UNARY +, - } 
BUILT IN FUNCTION 6 

Operands are transferred to the array POLISH as soon 



N=L-l 

STOP 

FIGURE 1. 6 

ASSIGNMENT OF OPERATOR PRECEDENCE AND 

TRANSLATION OF INFIX TO PREFIX POLISH NOTATION 

SET L=l 

L=L+l 

SHIER(L)=1 

SHIER(L)=2 

SHIER(L)=3 

Note: assume no blanks precede the input expression. 
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Notes 

(1) The built-in functions available to the evaluator 

are not in actual fact all given the same precedence 

as shown above. A separate section of coding han­

les tneir individual classifications, however for 

simplicity this will not be shown. 

(2) The exponentiation operator and the MOD function are 

both treated as binary infix operators. 

(3) Also for simplicity, operands are taken as single 

letter unsubscripted variables. 

(4) Blanks are ignored in the input expression. 



as they are encountered. This array holds the resulting 

expression in prefix Polish form. Operators (except right 

parentheses) are held temporarily in the array OPSTCK 

(OPerator STack) and their associated precedence is stored 

in the array OHlER (Operator HIERarchy). When an operand 

is picked up from the input expression, it is transferred 

to the array POLISH immediately and a check is made to see 

if the last entry made in the operator array OPSTCK has the 

same or a higher precedence than the next operator in the 

input string. If so, the last entry operator is placed in 

POLISH. If not, the next character of the input string is 

examined and the process repeated. 

If an operand is not encountered as the next ele­

ment of the input string, a check for a right parenthesis 

is made. If one is found, it is ignored and its matching 

left parenthesis which will always be the last entry in the 

operator array, is also ignored. 

If a right parenthesis does not turn up, an opera­

tor must have been encountered and thus it is transferred 

to the operator array with its precedence placed in the 

array OHlER. The next element of the string is then exam­

ined. 

The whole process continues until the total number 

of characters in the input string (established previously 

when precedence was originally being assigned) has been 
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examined. 

A few examples are shown below: 

INFIX INPUT 

-(A**B)/C 

A*(B-C)+D 

A+B/(-(D**E*F)/G) 

PREFIX OUTPUT 

AB**C/­

ABC-*D+ 

ABDE**F*G/-/+ 

For a much more detailed ar.d complete description 
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of both the first and second passes of the evaluator, the 

reader is referred to the COMS reference manual (Appendix E). 

1.3.2.3. Variables and Arrays 

The evaluator dynamically allocates storage for 

variables and arrays. For the former this is done by the 

assignment of a value to the variable (an example is SPEED= 

50.2). For the latter, a statement of the following form 

must be passed to the evaluator. 

INTEGER<NAME> «DIMl>,<DIM2>, •••• ) 

REAL<NAME>«DIMl>,<DIM2>, •••• ) 

As in Fortran, arrays are classified as integer or real 

depending on the mode of the data they are referencing. 

<NAME> refers to the name of the array being declared (as 

with STRAN variable names, array names may be up to 10 

characters in length). Following the array name as many 
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dimensions as desired are listed. These are separated by 

corr~as and 0nclosed completely by parentheses. A particular 

dimension may be stated as a constant, a variable or an 

expression. For example, the five dimensional real array 

TIMINGS may be declared as 

REAL 'I'IMINGS(K,6,2.5*SQRT(Z) ,7, (P+3)/2.8) 

Retrieval of a value stored in a variable or array is 

caused by the appearance of the variable name or the array 

na.me vIi th subscripts in an expression. 

Although the evaluator serves well as an arithmetic 

processor for the CaMS system, its more important task is 

communication with the program library (1.3.3). Examples 

of the use of the evaluator in different types of calcu­

lations are shown in program (1) of Appendix C. 

1.3.2.4. Communication with the Program Library 

The loading and execution of Fortran subprograms 

(subroutines and functions) from the CaMS library is 

carried out by a special assembly language routine in the 

evaluator program called LOADIT. The original PLl version 

of CaMS made use of the IBM linkage editor program to per­

form the same jobs as LOADIT, but of courSe this routine 

is not available in CDC computer software systems (and 

neither is any reasonable facimile). It was therefore 



necessary to develop such a program specifically for the 

current Fortran version of COMS. Details of the set-up 

and operation of LOADIT can be found in Appendix F. 

A library subprogram is loaded and executed when 

either of the following character strings are sent by the 

interpreter to the evaluator: 
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CALL <PROGNAME> 

CALL <PROGNAME>«ARGI>,<ARG2>, •••• } 

[a] 

[b] 

In [aJ and [b1 <PROGNAME> refers to the name given the sub­

program when it was originally placed in the COMS library 

(placing subprograms in the COMS library is discussed in 

section 1.3.3). Only a subroutine subprogram may be called 

with either no arguments (as in raj) or with an argument 

list (as in [b1). Function subprograms must be called with 

an argument list. This list is enclosed by parentheses and 

each argument (up to thirty allowed) is separated from the 

next by a comma. 

The only method of communication between a library 

subprogram being executed and the rest of the COMS system 

(i.e. through the interpreter) is via the argument list 

introduced above l • A primary restriction on all subprograms 

IThe original version of COMS has a second method of com­

munication involving the passing of NAMELIST data input di-
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placed in the library is that the passing of arguments by any 

method which depends on some previous linkage technique be­

tween the calling program and library routine is not allowed. 

This in fact means that arguments can in no way be passed 

through a common block shared with COMS. The reason for this 

major restriction involves the independence of both the li­

brary and COMS programs. To change the actual Fortran coding 

of COMS every time a new subprogram is to be placed in the 

library would lessen the efficiency of a system that was 

wholly designed to provide its own communication management. 

Also, the library subprogram has to maintain its independence 

if it is to be classified as a true "utility" routine. 

The type of arguments allowed in a call to a library 

routine include nearly all those available in standard For­

tran programming. This includes expressions to be evaluated, 

array names, specific array elements and simple numeric var­

iables and constants. 

rectly from the evaluator to NAMELIST read instructions lo­

cated in the current library program being executed. Details 

of this NAMELIST interface mechanism (which is not currently 

available to the present version of COMS) can be found in the 

COMS thesis by GAMMILL [3]. 
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Correspondence between actual and formal parameters l 

is carried out by reference. This means that at runtime, 

prior to the subroutine call, the actual parameters are 

processed. If they are not variables (simple and array 

variables) or constants, they are evaluated and stored in 

temporary locations assigned by the calling routine. The 

addresses of the variables, constants and temporary locations 

are then calculated and passed to the called subprogram. 

The subprogram uses these addresses to perform the desired 

calculations on the values referenced by them - thus COMS 

library programs have the ability to change the formal 

parameter values sent them by the evaluator. By use of the 

dollar sign character $ placed immediately in front of a 

simple or array variable name, it is possible to send the 

address of such a formal parameter to the called procedure 

as the actual value of the variable. For example if the 

simple variable A is located at machine address 000122 and 

has as its contents the real number 5.2, when a call such as 

lFormal parameters are identifiers in a subroutine which 

are replaced by other identifiers or expressions when the 

subroutine is called. For example in the Fortran statement 

SUBROUTINE A(X,Y), X and Yare formal parameters. Actual 

parameters are those listed in the subroutine call. For 

example, in the Fortran statement CALL A(B,C*D}, Band C*D 

are the actual parameters. 



CALL XYZ ($A) is made, the address of a temporary location 

is sent to the subprogram having as its value the integer 

000122. The reason this particular feature is available 
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in the current version of COMS (which has no real use for 

it) is simply because it was left over from the previous 

IBM 360 Fortran version of COMS which used it to override 

the simple variable call-by-value correspondence inherent 

in this compiler. Examples of various possible actual 

parameters used in a calling statement are shown in Figure 

1.7. The following section will discuss the placing of 

subroutines and functions in the program library and the 

organization of these for maximum programming effectiveness. 
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FIGURE 1. 7 

EXAMPLES OF POSSIBLE ACTUAL PARAMETERS, USED IN CALLING 

LIBRARY PROGRAMS 

Note: assume the declaration REAL SSQ(50,50) and the values 

of I, J and Q have previously been passed to the evaluator. 

(1) simple variable I 

The address of a temporary location containing 

the present value of I is passed. 

(2) array element SSQ{12,14) 

The address of a temporary location containing 

the present value of SSQ(12,14) is passed. 

(3) array name SSQ 

The address of a temporary location containing 

the present value of the first element of SSQ 

is passed. 
(4) array element SSQ(I,J) 

The present value of I and J are used to 

calculate the address of a temporary location 

containing the present value of SSQ(I,J) which 

is then passed. 

(5) expression SIN(I) +J+Q 

The present value of I, J and Q are used to 

evaluate the expression which is then stored in 

a temporary location. The address of this 



(6) 

(7) 
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location is then passed. 

constant 7.9E-5 

The address of a temporary location containing 

this value is passed. 

dollar sign operation $I 

$55Q(12,14) 

$55Q(I,J) 

$55Q 

$5IN(I)*J+Q 

$7.9E-5 

The address of a temporary location containing 

the machine address of each of these parameters 

is passed. 
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1.3.3. Fortran Library of Programs 

1.3.3.1. Placing Programs in the Library 

As outlined in the preceding section, the evaluator, 

upon recognizing a user call to the program library, requests 

an assembly language program called LOADIT to perform this 

operation. The information that is automatically passed to 

LOADIT includes the called subprogram name, the number of 

arguments in the call, the location and value of these argu­

ments and also whether the location of each argument con­

tains its actual value or its address (this refers to the 

dollar sign operator as discussed in section 1.3.2). 

In the present version of COMS, the library is 

stored on a file on disc. The name given this file is 

COMSLIB and it is here that LOADIT expects to find library 

programs. Each time the COMS program is run this file must 

be attached to the job (the full set of control cards needed 

to run a COMS job is shown in Appendix G). 

Thus before COMS is used at all, the library routines 

needed (either now and/or for future COMS programs) must be 

placed on COMSLIB. The creation of COMSLIB using the CATA­

LOG control card under Scope 3.4 is shown in Figure 1.8. Also 

shown are the control card set-ups for both placing addition­

al programs on the file and purging the entire file when it 

is not in use (a basic knowledge of Scope control cards is 

assumed). 



(I) 

FIGURE 1. 8 

(1) CREATION OF COMSLIB FILE --
~ __ ) ~~IT}ONS TO COMSLIB FIL~ 

(3) DELETION OF COMSLIB FILE 

CREATION OF COMSLIB FILE - . 
JOB CARD 
REQUEST,LGO,*PF. 
RUN (S) 
CATALOG{LGO,COMSLIB,ID=COMSPROG,RP=30,XR=A} 
END OF RECORD 

~UBPROGRAM TO BE PLACED IN LIBRARY 

END OJ? FILE 

(2) ADDITIONS 'TO COlv1SLIB FILE 

This is done in two stages to allow testing of the 

new file for any errors that might have occurred during the 

cataloging process. The user is also cautioned to closely 

check the program itself since any errors in the coding of a 

program already added to the file means the entire file will 

have to be purged and recreated to dispose of this program 

(there is no easy method by which the program in error can 

be deleted from the rest of the file). 

59 



Stage 1: 

JOB CARD 
REQUEST f LGO, 'J'PF. 
ATTACH (X, COl~SLIB, ID=CONSPROG, RP=30 , PW==A) 
RUN(S) 
COPYBF(X,LGO) 
CA'rALOG(LGO,COMSLIB,ID=COMSPROG,RP=30,XR=A) 
END OF RECORD 

[ SUBPROGRAM TO BE ADDED TO LIBRARY 

END OF FILE 

After testing the newly created file and finding no errors, 

the old cycle may be purged. 

Stage 2: 

JOB CARD 
ATTACH(X,COMSLIB,ID=COMSPROG,RP=30,PW=A) 
PURGE (X,COMSLIB,ID=COMSPTIOG,LC=l,PW=A) 
END OF FILE 

(3) DELETION OF COMSLIB FILE 

JOB CARD 
ATTACH (X,COMSLIB, ID=COHSPROG,PW=A) 
PURGE (X,COMSLIB,ID=COMSPROG) 
END OF FILE 
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1.3.3.2. Efficient Program Organization 

A systems program.mer in setting up a COr1S implemen-

tation may wish to place utility routines in the library 

which would be useful not only to a particular problem area 

but to all problem areas in general (i.e. the library would 

always have these routines placed in it no matter what COMS 

application was involved). Examples of these include 

input-output routines involving printing, punching, plot-

ting and CRT displays, routines to generate, edit or cor-

rect large data decks, or routines to control the external 

storage of information (i.e. on tape, disc, cards, drum, 

etc). 

To make these routines flexible and easily used by 

both experienced and inexperienced programmers, certain 

methods by which FORTRAN subprograms can collect directive 

information from outside themselves are discussed in this 

section. Use of these methods is not directly related to 

CaMS, but applicaticn programs employing them will help to 

make COMS a more versatile system. 

Actually, the methods involved may.not only be used 

in general routines as such, but rather in any program 

where the collection of information may vary from minimal 

(that information absolutely essentia.l for correct execution) 

to maximal (settings for all optional parameters). Thus, 

the beginning user will find much less mandatory information 



required and the advanced user will find the ability to 

exert much more control over the program. 

SET-RESET METHOD 
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The SET-RESET method of program organization 

(discussed by Gammill [3]) involves the use of NAMELIST 

input to direct a program which is to be executed several 

successive times using various settings of control para­

meters for each execution. NAMELIST input-output is in­

cluded in some FORTRAN compilers (the FORTRAN-RUN compiler 

on the CDC 6400 allows it) but is not a part of ANSI (Ameri­

can National Standards Institute) FORTRAN. It involves the 

use of an internal symbol dictionary to allow the unformat­

ted input and output of specified variables and arrays. 

In the SET-RESET method, NAMELIST I/O is specifi­

cally applied to the modification of default values of a 

large set of independent variables and control parameters 

since only a subset (including none) of NAMELIST variables 

need be read in at any particular time. To the inexperienced 

programmer this provides a mechanism for obtaining default 

results of a program with no input operations necessary, 

while the same program in the hands of an experienced user 

can provide access to all internal control parameters needed. 

The SET-RESET method involves the inclusion of a 

logical control parameter among the other program va~iables 



to make it possible to reset any, all or none of the 

initial settings of these variables at the beginning of 

each execution of the program. A Fortran program using the 

SET-RESET method is shown in Figure 1.9. The data cards 

used will cause the program to be successively executed 

three times before stopping. The values of the NAMELIST 

input variables for each pass are as follows: 

PASS 

1 

2 

3 

I 

5 

2400 

1 

J 

5782 

5782 

1 

RESET 

-FALSE-

-TRUE-

-FALSE-
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The point of the above mentioned example is that if 

the program variables are not reset, their initial values 

used for any execution are those left from the previous 

execution. This allows the user working on a particuar 

problem to make small changes in a few independent variables 

which results in a slow step by step progression through the 

problem. After all, a typical researcher doesn't make mas­

sive changes in input data to get to a solution, but rather 

changes a few things "here" and a few things "there" to see 

if the result holds more promise. 

Using the SET-RESET method encourages programmers to 

write programs which are extremely data directed. Applica­

tions of the method hold for any program which has many 

modes of operation or some uncertainty as to the best set-



FIGURE 1_9 

THE SET-RESET METHOD OF PROGRAM ORGANIZATION 

C PROGRAM SET-RESET 
C DECLARATIONS 

NAMELIST/INPUT/RESET,I,J/OUTPUT/K 
LOGICAL RESET 

C INITIALIZE NAMELIST VARIABLES TO DEFAULT VALUES 
1 1=1 

J=l 
RESET=-FALSE-

C RESET DETERMINES IF A NAMELIST READ IS TO BE DONE 
2 IF (RESET) GO TO 1 
C READ NEXT NAMELIST INPUT STRING 

READ (5, INPUT) 
C TEST FOR END OF FILE CONDITION 

IF (EOF, 5) 3,4 
C WRITE OUT NAHELIST INPUT STRING 
4 WRITE (6,INPUT) 
C ANY CODE USING VALUES OF I&J IS INSERTED HERE 
C A POSSIBLE EXAMPLE IS THE FOLLOWING 

K=I*J 
WRITE (6,OUTPUT) 

C END OF INSERTED CODE 
C EXECUTE THE PROGRAM AGAIN 

GO TO 2 
C STOP THE PROGRAM 
3 STOP 

END 

DATA CARDS USED: 

$1NPUT 1=5, J=5782 $ 
$1NPUT 1=2400, RESET=-T- $ 
$1NPUT $ 
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ting Gf various independent parameters. The user is al-

lowed a IIgood guess" default value for different parameters 

until the "true" value can be obtained through calculation. 

A convenient implementation of the method is as 

a separate subroutine that could be placed in the COMS li-

brary and linked to any program needing this type of organ-

ization. The following section describes two more methods 

of program organization which also adapt library programs 

for more versatile and flexible use under COMS control. 

METHOD OF VARIABLE LENGTH ARGUMENT LISTS 

The purpose of this method of program organization 

is to relieve the application program user of having to 

remember all the arguments a particular subprogram requires. 

For example, if a library subprogram requires the passage 

of sixteen arguments for its operation but some of these 

need be changed only under certain circumstances, it would 

be nice for the inexperienced user (under normal operation 

of the subprogram) to leave these alone and have the sub-

program itself take care of them. This possibility exists 

in the subprogram shown in Figure 1.10. In this example, it 

is only necessary to pass three arguments to the subroutine 

for its proper execution. All the rest of the arguments are 

optional to the programmer and are automatically initialized 

inside the subroutine. 



FIGURE 1.10 

VAlUABLE LENGTH ARGUMENT LIS'TS 

SUBRO~.J'rnJE EG (ARRAY, ISIZE, JSIZE, OPARGl, OPARG2, 
*OPARG3, .... ) 

C OPARG REPRESENTS OPTIONAL ARGUMENT 
DIHENSION ARRAY(ISIZE,JSIZE) 

C INITIALIZE DEFAULT VALUES OF OP'rIONAL 
C ARGUHENTS BY EITHER ASSIGNMENT OR 
C DATA STATEMENT 

DATA ARG2,ARG3/0.0,5.0/ 
ARG1=10.O 

C ANY MORE INITIALIZATIONS TAKE PLACE HERE 
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C FIND OUT HOW MANY ARGUMENTS THIS SUBROUTINE WAS CALLED 
C WITH 

CALL NUHP(NARG) 
C IN THIS PARTICULAR SUBROUTINE THREE ARGUMENTS ARE 
C MANDATORY 

IF (NARG.GT.2) GO TO 500 
C WRITE(6,100) 
100 FORMAT ( I TOO Fmv ARGUMENTS IN CALL TO EG I ) 

RETURN 
500 NARG=NARG-2 
C RESET VALUES OF SPECIFIED ARGUMENTS 

GO TO ( 1 , 2 , 3 , .... ) NARG 

C ONE WAY OF RESETTING IS AS FOLLOWS 

4 IF (OPARG3.EQ.0) GO TO 3 
ARG3=OPARG3 

3 ARG2=OPARG2 
2 ARGI=OPARG1 
1 CONTINUE 

C BODY OF SUBROUTINE HERE 

END 

Note: NUMP is an assembly language routine which counts the 
number of arguments in the call to the routine in which it is 
placed. This count is then stored in NARG. 



Two methods of initialization are shown. One is 

by the DATA statement (for ARG2 and ARG3) and the other by 

an assignment statement (for ARGI). In the former case 

an argument if changed by a specification in the argument 

list will keep this value for all subsequent calls to the 

program during execution. In the latter case, the argu­

ment is reassigned its initial value for every call and is 

only changed if the proper optional argument is provided. 

Thus for subroutine EG, the inexperienced user can 

get away with a three argument call, while the experienced 

user can specify as many of the optional arguments as de-

sired. 

An extension of the variable length argument list 

method described above uses NAMELIST input to read in 

values of particular optional arguments. This permits the 

user to 

(1) not have to specify the previous values of 

say fifteen arguments in order to change the 

sixteenth argument to a new value 

(2) not have to specify argument values in any 

particular order since NAMELIST input accepts 

these in any order. 
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A program displaying this use of NAMELIST input is shown in 

Figure 1.11. It is basically the same as that in Figure 1.10 

except that when the first optional argument OPARGl is 



FIGURE 1.11 

NAMELIST ARGUMENT 'rRANSMISSION 

SUBROUTINE EG2(ARRAY,ISIZE,JSIZE,OPARG1,OPARG2, 
*OPARG3, .... ) 

C OPARG REPRESENTS OPTIONAL ARGUMENT 
C DECLARATIONS 

DI~lliNSION ARRAY(ISIZE,JSIZE) 
LOGICAL OPARG3,ARG3 
NAMELIST/INPUT/NTAPE,ARG4,ARG5,ARG6 

C INITIALIZE DEFAULT VALUES 
DATA ARG2,ARG3,ARG4,ARG5,ARG6,/0.0, 

*5.0,·FALSE·,7.69,10.1/ 
DATA N'J'APE/6/ 
ARG1=lO.0 

C ANY MORE INITIALIZATIONS TAKE PLACE HERE 

C FIND OUT HO'i'l JVlANY ARGUMENTS THIS 
C SUBROUTINE WAS CALLED WITH 

CALL NUMP(NARG) 
C THREE ARGUMENTS ARE HANDATORY FOR THIS ROUTINE 

IF (NARG.GT.2) GO TO 500 
C \vRITE OUT ERROR MESSAGE 

WRITE(6,100) 
100 FORMAT('TOO FEW ARGUMENTS IN CALL TO EG') 

RETURN 
500 NARG=NARG-2 
C RESET VALUES OF SPECIFIED ARGUMEN'l'S 

GO TO (1,2,3, .... ) NARG 

C ONE WAY OF RESETTING IS AS FOLLOWS 

4 IF (OPARG3) 5,3 
5 ARG3=OPARG3 
3 ARG2=OPARG2 
2 ARG1=OPARGl 

continued ....•. 
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C IF REQUIRED PERFORM A NAMELIST READ 
IF (OPARG1.GE.O.O) GO TO 6 
READ (5,INPUT) 

6 CONTINUE 

• 

C BODY OF PROGRAM 
• 
• 
• 
• 

END 
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negative a NN1ELIST read is performed to obtain new values 

of specified cptional argume~ts. Here, again all arguments 

are initiali~ed to default values for the inexperienced 

users' sake. 
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Using this method of argument transmission does have 

disadvantages over the previous variable length argument list 

method. These are found in the inefficiency caused by the 

slower processes of manipulation of character strings and 

dictionary look-up of variable names involved in NAMELIST 

reads. However the method really shows its usefulness when 

long arg'_lments lists are at stake. 

The methods mentioned above were discussed in the 

hope that further interpretations of the material will 

promote more useful application programs for both inexperi­

enced and experienced users. 
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1.3.4. The Associative Memory 

The associative memory is the final element of COMS 

to be discussed. It was already introduced in section 

1.3.1.4 where the STRAN statements for the storage and 

retrieval of ordered n-tuples of symbols (strings of chara­

cters) were described. 

The main purpose of the associative memory is to 

permit the COMS programmer (i.e. the systems programmer) to 

store and retrieve factual information about COMS and the 

program library. This information can then be used in the 

translation of command languages, developed for tl'1e in­

experienced computer user, into formal internal commands 

which control the operations of COMS. In other words, it 

is the associative memory that serves as the communicator 

between the vast computational facilities of a computer and 

the inexperienced computer user. In very simple COMS im­

plementations, a satisfactory system can be set up without 

the use of the associative memory. Here the user is as­

sumed to already have the basic information needed and 

hence no outside help (the associative memory) is needed. 

A software system such as COMS that is developed entirely 

without an equivalent type of associative memory mechanism 

will find itself restricted to a particular class of users -

those that want to take the time and effort learning the 

intricate programming details involved in running the system. 
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1.3.4.1. Use of the Set Theoretic Language (STL) 

Originally the associative ~emory was developed for 

the specific application of storing and retrieving sentences 

in finite set theory. It turned out that although this was 

only one of a myriad of potential uses for the associative 

memory, it proved extremely fruitful in the development and 

interpretation of command languages for inexperienced users. 

The reason for this was due to the inherent logic in finite 

set theory which could easily be used to produce simple de-

ductive processes. These processes provided COMS with an 

II in-telligence" to translate a simple command language state-

ment given by the inexperienced user into useful programming 

actions. Thus the rigorous formalities of current program-

ming languages could be left up to COMS while the user could 

concentrate more specifically on the particular problem be-

ing solved. 

To adapt sentences of finite set theory for the 

ordered n-tuple form used by the associative memory, the 

Set Theoretic Language (STL) was developed by Gammill [31. 

This language is simply an encoding of sentences of finite 

set theory in a particular form easily adaptable to the 

associative memory mechanism. This is shown in Figure 1.12(a}. 

Finite set theory defines properties and relations between 

sets. This is also true of STL but to become meaningful the 

individual letters representing sets are expanded to more 



(1) 

(2) 

(3) 

(4) 

(l) 

(2) 

(3) 

(4) 
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FIGURE 1.12 Ca) 

SET THEORETIC LANGUAGE 

Set Theoretic Language Language of Finite Set Theory 

(a,b) 

(d,e,f) 

(g,h,j,k) 

(C,j,k) 

e: is a member relation 

C is a subset 

FIGURE 1.12(b) 

b€a 

<e,f>€.d 

<h,j ,k> € g 

jCk 

Expanded Set Theoretic Language N-Tuples 

(MAN,NORMAN) 

(FATHER OF,NORMAN,ERIC) 

(CHAIN OF&AND ,GRANDFATHER OF,FATHER OF,PARENT OF) 

(SUBSET OF,FATHER OF,PARENT OF) 
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expressive English words with symbols such as C being re­

placed by "SUBSET OF". The result as one possibility is the 

four STL n-tuples dealing with human relationships as shown 

in Figure 1.12(b). 

In general, there are three types of symbols permit-

ted in STL. One is to represent the domain of the problem 

space being considered. In Figure 1.12 (b), this domain is shown 

to be that of people such as NORMAN or ERIC. The second is 

either a property of the domain such as MAN or a relation of 

the domain such as F!l.'l'HER OF or GRANDFATB.ER OF. The third 

expresses a property or relation on the properties or rela­

tions already existing. These latter symbols are termed 

"primitives" and are used to define relationships occurring 

throughout the total associative structure. Examples of 

these are SUBSET OF or INVERSE OF. 

The ability to state properties and relations of 

t.he properties a.nd relations defined for a problem space 

makes STL a very powerful fact retrieval language. This 

ability implies that symbols appearing in the first position 

of an STL sentence (n-tuples) may also appear elsewhere. An 

example of this is (CHAIN OF&AND, SUBSET OF, SUBSET OF) which 

usin9 the primitive C}~IN OF&AND states that the relation 

SUBSET OF is d CHAIN OF the relation SUBSET OF and the 

relation SUBSET OF. Another example, using the primitive 

INVERSE OF, is (INVERSE OF, INVERSE OF, INVERSE OF) which 



states that the relation INVERSE OF is the INVERSE OF the 

relation INVERSE OF. 

Any symbol appearir:g in the first position of an 

STL sentence is either a property or relation. In 2-tuples 

such as (BOY,ERIC) it is always a property, otherwise it is 

a relation as in the 3-tuples (PARENT OF, MARVIN, NORMAN). 

It is not difficult to see that a complicated set 

of relationships for a problem space can be quickly built 
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up using the simple sentences of STL. The process of model 

building using STL becomes one of identifying the relevant 

domain (for example humans) and the relations and properties 

involved in this domain. Once a set of primitive relations 

and properties have been worked out, deductions concerning 

relationships between elements of the domain can be dra,,,n 

from the model and thence information can be retrieved 

~hich was not actually entered beforehand. 

There is a large variety of primitive relationships 

available for the STL model builder. The set of these is 

by no means complete but the ones shown in Figure 1.13 have 

proven useful in previous work on model building. Once a 

model is constructed for a particular problem space, the 

properties and relations of that model can be stored in the 

associative memory. STRAN procedural definitions (i.e. rule 

sets) can then be written for each of the primitives desired. 

Using these definitions COMS can in turn produce deductions 
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FIGURE 1.13 

A SET OF USEFUL PRIMITIVES 

(1) (CHAIN OF&AND,A,B,C) 

(2 ) (SUBSET OF,A,B) 

(3) (DISJOINT FROM,A,B) 

(4) (LEFT INTERSECTION OF&AND,A,B,C) 

(5) (RIGHT INTERSECTION OF&AND,A,B,C) 

(6) (INVEP.SE OF ,A, B) 

(7) (INTERSECTION OF&~ND,A,B,C) 

(8) (UNION OF&AND,A,B,C,) 

(9) (LEFT HALF OF,A,B) 

(10) (RIGHT HALF OP,A,B) 

EXAI:vlPLES OF THE ABOVE PRIMITIVES USING HUMAN RELATIONSHIPS 

(1) (CHAIN OF&AND,GRANDPARENT OF,PARENT OF,PARENT OF) 

(CHAIN OF&AND,UNCLE OF,BROTHER OF,PARENT OF) 

(2) (SUBSET OF,FATHER,MAN) 

(SUBSET OF,HUSBAND,MAN) 

(3) (DISJOINT FROM, CHILD ,ADULT) 

(DISJOINT FROM,UNMARRIED,MARRIED) 

(4) (LEE'T INTERSECT ION OF &AND , WIFE OF, MARRIED TO, WOMAN) 

(LEFT INTERSECITON OF&AND,FATHER OF,PARENT OF,MAN) 

(5) (RIGHT INTERSECTION OF&AND,WIFE OF,WOMAN,MARRIED TO) 

continued ••••• 
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(HIGHT INTERSECTION OF&AND,FATHER OF,PARENT OF,MAN) 

(6) (INVERSE OF,PARENT OF,OFFSPRING OF) 

(INVERSE OF,HUSBAND OF,WIFE OF) 

(7) (IN'rERSECTION OF&AND, GIRL,CHILD ,FEMALE PERSON) 

(INTERSECTION OF&AND,BACHELOR,UNMARRIED,MAN) 

(8) (UNION OF&AND,PARENT,FATHER,HOTHER) 

(UNION OF&AND,SIBLING,BROTHER,SISTER) 

(9) (LEFT HALF OF,WIFE,WIFE OF) 

(LEFT Hl\LF OF,CHILD,CHILD OF) 

(10) (RIGHT HALF OF,OFFSPRING,MOTHER OF) 

(RIGHT HALF OF,OFFSPRING,FATHER OF) 

Note: the correct way to translate an STL sentence into 

English is as follows: 

(SUBSET OF,HUSBAND,MAN) 

the translation is: HUSBAND is the SUBSET OF MAN. 

For a 4-tuple such as (CHAIN OF&AND,GRANDPARENT OF, 

PARENT OF, PARENT OF) the translation is: GRANDPARENT OF is 

the CHAIN OF PARENT OF and PARENT OF. 
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from the model required by the inexperienc8d user. 

1.3.4.2. An Example Deduction 

If the relations (INVERSE OF, ABOVE, BELOW) and 

(ABOVE, LAMP, TABLE) are stored in the associative memory, 

deductions made by STRAN rules for the primitive relation 

INVERSE OF will entail searching for all the ordered triples 

that have as their first element INVERSE OF. Upon finding 

the sentence (INVERSE OF, ABOVE, BELOW), the STRAN rules 

will search for all the ordered triples beginning with 

ABOVE. When the triple (ABOVE, LAMP, TABLE) is found the 

automatic deduction (BELOW, TABLE, L~1P) is made and stored 

in the memory. Thus information is deduced and stored that 

was not previously available. 

Appendix C contains three STRAN programs dealing 

with human relationships which use the associative memory. 

Program (3) shows two STRAN rule sets called ASSERT and 

ANSWER that store and retrieve ordered n-tuples respectively. 

Program (4) translates simple English sentences into STL and 

stores relevant information obtained from these in the asso­

ciative memory. Finally program (5) uses the information 

previously stored by programs (3) and (4) and makes deduc­

tions leading to new information which in turn is stored 

away. 
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1.3.5, Conclu3ions 

'l'he scftware package introduced in this chapter 

describes a system consisting of a number of elements, each 

capable of performing certain tasks with regard to the 

prograrnming d:i.fficulties inherent in any particular study 

area. COMS is a flexible system having as a major attribute 

extendability of use through modification of rule sets and 

additions to both the library and the facts stored in the 

associative memory. 

The descriptions and examples given really only 

touch on the possible systems one can develop using COMS. 

The flexibility involved in being able to use some or all 

of COHS elements to provide different programming environ-

ments is really one of its great features. Its true 

strength however will be shown as more and more sophisti-

cated users produce more and more sophist,icated implementa-

tions through the development of a hierarchy of models, 

each able to override the statements of those below. 

It is easily seen that provided with a proper set of 

grammar rules used to generate sequences of evaluatable 

statements as the result of simple commands and provided 

with the proper set of well written application programs, 

COMS through its ability to make logical deductions of new 

information, could assist in a great variety of computer 

programming applications in any field where research in-



vestigations require the use of a computer. Section 2.3 

of chapter 2, as an example of a particular COMS applica­

tion, discusses the development of an operating system 

cormnand language using COMS, for use in a parallel program­

ming environment. 

At this point mention should be made of the dis­

advantages in using the COMS system. The major disadvan­

tage here is in the massive amount- of execution time needed 

for the operation of each of COMS program elements. Of 

course it would be very hard to develop a system such as 

COMS and provide the flexibility it does without using a 

great deal of computer time to do this. Overcoming long 

execution times would entail the rewriting of some of the 

COMS Fortran subroutines in assembly language. One place 

where this might be done is in the evaluator program which 

is well defined for the particular job it is doing and is 

not likely to be changed for different applications of the 

COMS system. 

A second disadvantage in the use of COMS is the need 

for a relatively large machine to provide its memory re­

quirements. There are several ways to alleviate this 

problem however, including a garbage collection routine to 

clear all unwanted storage locations originally allocated 

by COMS and allowing only those rules and n-tuples which 
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are absolutely necessary for a particular COMS implementation 



to be stored in memory_ 

On the whole CaMS presents a system that lends it­

self to change and emphasizes simplicity and flexibility 

over efficiency. The most exciting possibilities for its 

future use lie in the extension of its modelling capabili­

ties since the design of the system was specifically 

created for this purpose. 
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CHAPTER 2 

COMS AND CONTROL STRUCTURES 

2.1. Introduction 

Although the major part of this project centers 

around the introduction and implementation of the COMS 

system at McMaster, a small amount of research was also 

carried out by this author into both the possible in-

corporation of particular control structures into COMS and 

conversely, the possible use COMS might have in the field 

of control structures. More specifically, both the advan-

tages of using coroutines instead of subroutines in the 

Cor-1S library I and the development of a command language 

for the simulation of a parallel processing environment 

are discuss~"Od. 

The field of control structures in general refers 

to the progra:nming environi11ents or operations which specify 

the sequencing and interpretation rules for programs and 

parts of programs. Included in this field are such controls 

as sequential processing, subroutines, parallel processing, 

coroutines, recursion, conditional and unconditional opera-

tions, iteration, continuous evaluation, and monitoring. 

Using the communication management system to develop models 

for some or all of the above controls would allow investiga-

tion of the processes involved and although simulation 
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would h~ve to be carried out in current sequential proces­

sing environments, systems could be constructed to allow 

the user to formula~e new control structures not before 

conceived. The goal would be a better understanding of 

control structures leading (with particular respect to COMS) 

to a more powerful facility for the inexperienced computer 

user. 

It is beyond the scope of this project to provide 

an implementation of the above discussion, but the ideas 

are presented for possible future research. 

2.2. COMS and Coroutines 

One factor on which to base the efficiency of the 

communication management system is the way it handles the 

external application programs found in the program library. 

Since COMS was specifically designed to provide easy user 

access to such a set of programs, any method of improving 

this accessibility would seem to this author to increase 

overall efficiency. 

An important aspect involved in accessibility is 

found not only in the actual loading and execution of de­

sired routines, but also in the transference of data by 

the COMS system to and from these routines. It would seem 

in the present version of COMS that due to the loss of 

evaluator-program library communication via NAMELIST-in-

83 



put (executed by the application routines as discussed in 

section 1.3.3.2), the system is not as flexible as it 

might be. Thus any method of improvement with regard to 

the external data communication of the program library will 

certainly benefit the COHS user. 
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Hore specifically, if an application program in the 

library is so structured that its paths of execution are 

entir~ly dependent on the results produced from a previous 

call to it, alot of unnecessary information will have to be 

passed to this program to have it run correctly (by this 

is meant both the variable settings resulting from the 

previous call, and the state of processing within the rou­

tine indicating where the current call is to continue 

processing). The reader will immediately say that this 

concept is certainly not particular to programs in the COHS 

library but is present in many subprogram applications in 

general use. This of course is very true, but due to the 

significantly greater amount of processing time involved 

with argument transference in the COHS system (as compared 

with the execution time of typical compiled code for 

program-subprogram communication in other programming 

languages), any method used to avoid unnecessary subprogram 

communication in COMS will certainly help the system's 

efficiency. 

A possible solution to the above problem lies in the 
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replacement of particular subroutines in the program library 

by coroutines. The word "coroutine" was coined by Melvin 

E. CODVlay in 1958 after he had developed the concept and 

applied it to the construction of an assembly language. 

Independent studies of coroutines were also carried out 

concurrently by Joel Erdwinn and J. Merner, but the first 

published explanation did not appear until 1963 when Conway 

wrote an article for the Communications of the ACM on the 

design of a seperable transition-diagram compiler [4]. The 

coroutine concept has not been widely discussed since its 

initial introduction, but its usefulness in particular 

program applications can easily be demonstrated through 

examples given later in the discussion. Before further 

discussion on the incorporation of coroutines into the COMS 

system, a brief introductory description of their major 

features will be given. 

In contrast to the unsymmetric relationship between 

a main program and a subroutine, there is complete symmetry 

between coroutines. Every subroutine has a return address 

which is saved while the subroutine is being performed, and 

which is different each time the subroutine is called. When 

the subroutine is not being performed, no return address 

needs to be saved. Thus this makes a subroutine subordinate 

to its main program. If, however, the main program and the 

subroutine work as a team of programs where the main program 
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calls the subroutine when it is needed and the subroutine 

calls the main program when it is needed, the result is a 

set of coroutines, neither subordinate to the other. When 

control passes from one coroutine to another, the coroutine 

which is being entered takes up where it last left off, and 

the address at which the other coroutine transferred control, 

plus one, is saved as the return address to that coroutine. 

This type of linkage is termed "bilateral". 

Coroutines come under the classification of control 

structures (as described by D. A. Fisher [51) r their 

principle advantage as such being that each of several 

processes can be described as a principle routine with 

minimal concern for other processes. 

To implement the facilities provided by coroutines 

in a high level language such as FORTRAN (that is, to re­

tain the state of processing within a subroutine so that 

processing can continue from that point at the next call) , 

the only mechanism that can be used is a IIswitch" vThich 

selects the proper point of re-entry specified by a label 

attached to each of the desired entry points. 

This is the type of program the COMS library can 

really do without. The reader at this point may think 

that routines such as this will not appear very often in 

regular programming practice. The fact of the matter is 

that they do, simply because they are frequently based on 



input and output operations and these nobody will argue 

appear very frequently. To illustrate this point, take 

a situation where COMS is being used to study the lexical 

scan techniques used by different programming language 

compilers. Involved in this study is the development of a 

simple command language to load and execute sections of 

coding from different compilers and record data (say exe-

cution times) on the efficiency of each scan executed. 

Assume that for a particular programming language, part of 

the lexical scan process involves reading characters one at 

a time from an input card (starting at column 1 of card 1 

say) and pairing off any occurrence of two adjacent aster-

isks, replacing these by the single character "t". Also, 

any characters encountered between two tis are output to 

the next print line with the symbol It-It .,= used to indicate 

the termination of that line. Thus for example take the 

input string 

DECLARE ••• **DATA ITlME/5/**ASSIGN ••• **Y=5.2** 
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The part of the lexical scan described above will first form 

the new string 

DECLARE ••• tDATA ITIME/5/tASSIGN ••• tY=5.2t 

and then output the following two lines· 

DATA ITIME/5/= 
Y=5.2= 

The program to accomplish this task has been written 



with both main routine - subroutine and coroutine - co­

routine (i.e. bilateral) linkage techniques. A block dia­

gram displaying the t.wo linkages is shown in Figure 2.I(a) 

and 2.1(b). Figure 2.2 shows the flowcharts of the read 

subroutine RDCARD (used to read single characters from a 

card) and the scanning subroutine SQUISH (used to replace 

** with t). The writing subroutine WRITE which is called 
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by SQUISH for its output operations is shown in Figure 2.3. 

Both SQUISH and WRITE have been rewritten as coroutines in 

Figures 2.4 and 2.5 respectively. Examination of the sub­

routines SQUISH and WRITE reveals that a switch is necessary 

to describe the execution path each time either of these 

routines are called. The need for this switch is a direct 

result of the entry point of the subroutine always remaining 

the same (of course different entry points could be used 

but then a switch in the main program would be needed to 

select the proper call). 

The coroutine approach to the problem accomplishes 

the switching of entry points implicitly by use of the 

calling sequence. That is, coroutines SQUISH and WRITE are 

connected such that SQUISH runs for a while until it en­

counters a write operation which means it needs coroutine 

WRITE. Control is transferred to WRITE until this coroutine 

finds it needs another character. SQUISH is called and is 

entered at the place where it last left off. The point here 

is that by careful positioning of calls to other coroutines, 



FIGURE 2.1(a) 

MAIN ROUTINE - SUBROU'I'INE LINKAGE 

FIGURE 2.1(b) 

COROUTINE - COROUTINE LINKAGE 

r-;~~~~INE ] <J----1C>1 
~11~-__ I ,-- -----: I SUBROUTINE 

READ 

COROUTINE I 
WRITE 
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FIGURE 2.2 

FLOWCHART OF SQUISH, RDCARD SUBROUTINES 

SUBROUTINE RDCARD 

RETURN 

SUBROUTINE SQUISH 

START 

CALL RDCARD 
OFF 

C1=CARD(1) 

1=1 

read input 
card in 
array CARD 

put C2 in 
output area 

SW1T CHl= OFF 

Note: I is initialized to 81, SWITCH 1 is initialized to 
OFF, main program calls subroutine WRITE to start 
off. 
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1=1+1 RETURN 

I 1--

No 4:o/C~lS~:f<'~ CALL RDCARD I 
"*" 

I :& 

put C1j
o

n 
output 
area 
- -

C2=CARD(I) 

[RETURN 

I 
Cl="t" Yes C2 No 1- I ~ ~ITCHl"ON 

6 



SWITCH2==ON 

FIGURE 2.3 

SUBROUTINE WRITE 

START 

CALL SQUISH 

write out 
terminating 
symbol ":::" 

SWITCH2=OFF 

write out the 
character 

CALL SQUISH 

write out 
character 

Note: SWITCH2 is initialized to OFF 
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[:
ALL WRITE 

C1 
----,r-----' 

FIGURE 2.4 

COROUTINE SQUISH 

( START 

'----.---

CALL RDCARD 

~ 
No 

1=1+1 

No Yes 
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STOP ") 

CALL RDCARD 

C2=CARD(I) 



CALL WRITE 
C1 

CALL WRITE 
C2 

No 
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1=1+1 

Cl="t" 

set CARD(I-1)="t" 



FIGURE 2.5 

COROUTINE WRITE 

START 

initialize 
new output 
line to 
blanks 

CALL SQUISH 
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Yes 



CALL SQUISH 

write out 
terminating 
symbol ":::" 

set CARD(I-I) 
= 11....," 

write out 
Cl 
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all switching processes are eliminated (this leads to the 

important relation coroutines have to multiple pass algo­

rithms as discussed in the next section). An implementa­

tion of the above example is shown in Appendix H. The 

programming is done in Fortran except for an assembly 

language routine called COR which provides the bilateral 

linkage needed for proper coroutine execution. 
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It is not difficult to find short, simple examples 

of coroutines which illustrate the importance of the idea, 

but the most useful coroutine applications (for example a 

lexical scanner and a syntax analyser acting as coroutines) 

are usually quite lengthy. 

For the interested reader, a further example is shown 

in Figures 2.6 and 2.7. Three coroutines are involved here­

namely GETCHR, IN and OUT. Again, input - output operations 

are involved in the translation of a Dcoded" sequence of 

alphabetic characters terminated by a period. The Dcode" 

involves the following: if the next character of the input 

string (read from left to right) is a digit, say n, it 

indicates (n+l) repetitions of the following character, 

whether the following character is a digit or not. A non­

digit simply denotes itself. The program output consists 

of the sequence indicated in this manner and separated into 

groups of three characters each (where the last group may 

have less than three characters). For example the input 



FIGURE 2.6 

MAIN PROGRAM 

GART ) 

~ 
initialize starting 
addresses of coroutine 
GETCHR, IN and OUT 

& 
CALL OUT 

COROUTINE GETCHR 

START 

initialize 
character count 
to 0 
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CALL IN 

increase character 
count by 1 

Yes 

change 
character to 
a period 

CALL IN 
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FIGURE 2 .. 7 

COROUTINE IN 

START 

CALL GETCHR 
for next 
character 

store digit 
found in N 

CALL GETCHR 
for next 
input character 
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CALL OUT 



decrease N 
by 1 

No 
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continued .....•... 



FIGURE 2.7 {continued} 

COROUTINE OUT 

START 

initialize new 
output line 
to blanks 

CALL IN 

store in next 
position in output 
output line 

(.\/1 Yes 
~~---<.. 

CALL IN 
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Yes 

store in next 
position in 
output line 

CALL IN 

store in next 
position in 
output line 

store a blank 

Yes 

in next position 
in output line 
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string 

A2B5E3426. 

should be translated by the program into 

ABB BEE EEE E44 446 66. 

To accomplish this task coroutine GETCHR is used 

to read in one input card at a time and send individual 

characters to coroutine IN. The job is complete if no 

more input cards can be found in the input file. An 

error check is also made for a missing period (the string 

terminating symbol) by not allowing the character count on 

anyone card to exceed 80. If the character count equals 

80 and a period is still not found, the 80th character is 

set to a period and the next input card is read in (if one 

exists). Coroutine IN checks whether each character is a 

letter, special character or digit. Letters and special 

characters are immediately passed to coroutine OUT for 

placement in the output line, whereas digits initiate a 

looping process which sends the required number of repeti­

tions of the following character to OUT (this is done one 

104 

at a time). Coroutine OUT stores groups of three characters 

separated by a blank in the output line. Printing of this 

line is not done until a period is encountered. 

The reader should note that the calls form one co­

routine to another have been carefully placed for implicit 
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recognition of the required actions to be taken by the 

program. Of course writing coroutines (in Fortran a.t least) 

is a little more involved than writing subroutines, but 

to rei t.erate, in longer more complex applications the 

extra time is well worth it. 

2.2.1. Coroutines and Multiple-Pass Algorithms 

It is important at this point to assert the relation­

ship of coroutines to mUltiple-pass algorithms, and the 

effect this relationship can have on the CaMS library. With 

regard to the second example of section 2.2.1 involving code 

translation, the process used could have been accomplished 

in two distinct passes rather than just one. This would en­

tail using coroutine IN by itself to write the required 

number of character repetitions from the input string onto 

(say) magnetic tape, rewinding the tape, and using coroutine 

OUT by itself to read these characters from the tape and 

write them out in groups of three. 

The point is that a process done by say n coroutines 

can often be transformed into an n-pass process and con­

versely, an n-pass process can often be transformed into a 

single pass process using n coroutines (an exception to 

this type of transformation involves forward referencing 

where one pass cannot proceed without information returned 

from a later pass). Assuming no forward references are 



needed, Figure 2.8 illustrates the coroutine - mUltiple­

pass relationship. If coroutines A, B, C and D of Figure 

2.8(b) are substituted for the respective passes A, B, C, 

D of Figure 2.8(a) the result is as follows. Coroutine 

A will jump to B when pass A would have written an item 

of output on tape 1; coroutine B will jump to A when pass 

B would have read an item of input from tape 1, and B will 

jump to C when pass B would have written an item of output 

on tape 2; etc. Thus, what previously took four passes to 

accomplish now only takes one. 
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In nlost cases, the COMS user can take distinct advan­

tages of the coroutine - multiple-pass algorithm relation­

ship in that any group of programs which are to be used in 

the COMS library and which depend on multiple-pass algo­

rithms to produce their results can be rewritten as co­

routines and used in a single-pass fashion. The major ad­

vantage here is in the time saved in not having to transfer 

data back and forth between the evaluator and the library 

(of course there is also the possibility of using secondary 

storage to hold the necessary data since this would also 

result in some time saved). The disadvantage in using co­

routines to eliminate the above transferral of data stems 

from the resulting additional Inemory requirements. Spec­

ifically, enough fast core memory is needed to simultaneously 

store all the programs involved in the process. This problem 



107 

FIGURE 2.8 (a) 

MULTIPLE-PASS ALGORITHM 

<3 c{ PASS A ) t{D 

(1) L{ PASS B ) t>® 
~ t( PASS C ) t>® 
~ ~ PASS D ) ~ 

FIGURE 2.8(b) 

ONE-PASS ALGORITHM 

e c{ COROtNE ) 

COROUTINE 
B 



is partially remedied by reducing the original number of 

passes involved until the memory core limit is reached. 

This involves for a four pass algorithm say, writing only 

the number of coroutines that will fit into available core. 

This may mean that the four pass process is only reduced to 

say a three pass process, but with caMS the time saved will 

still prove advantageous. 
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Having seen what a particular control structure can 

do for CaMS, the next section describes briefly what CaMS can 

do for control structures. 

2.3. Soapsuds 

An interesting application of the communication 

management system to the field of control structures is in 

the development of command languages for the implementation 

of a simulated parallel processing environment. The most 

common type of parallel system configuration is the multi­

processor, i.e. several central processors with a shared 

storage. Soapsuds! is an assembly language program written 

for the CDC 6600 which simulates such a configuration provid-

lSoapsuds is an offshoot of "WATCHER", a former debugging aid 

for the CDC 6600 which simulated the running of the 6600 cen­

tral processor. Soapsuds, like Watcher, uses the program to 

be simulated as data, analyzing the instructions and perform­

ing the operations they request. 
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ing fer up to a maximum of sixty central processing units, 

each with its own location counter, operating asynchronously, 

from a common memory. Thus a possible use of COMS with 

respect to the Soapsuds program is in the development of a 

parallel operating system2 command language to perform such 

tasks as (1) re-distributing processors, as they become a­

vailable, to various tasks attempting to run in the simulated 

parallel environment; (2) conversely, handling the assignment 

of tasks to processors; and (3) accepting and managing the I/O 

for all processors. The type of questions that experimenta­

tion with such an operating system will answer include (1) how 

to route the CPUs between several jobs in a minimum of time; 

(2) how to establish a job mix that keeps all CPUs occupied; 

(3) how to define and implement priority and (4) how to opti­

mize throughput. 

Linking COMS to Soapsuds should help answer these ques­

tions since the flexibility inherent in the COMS system can 

be used to quickly deduce the best way of approaching any of 

the above problems given a choice of possibilities. In other 

words, the details of the simulation will be left to Soapsuds, 

while commands .. developed for COMS will stem from both the des­

criptions of the general features available (i.e. what Soapsuds 

2Such an operating system has been partically developed by E. 

Draughton as part of an experimentation with Soapsuds [61. 
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can actually do) and the results recorded on the performance 

of the system in a variety of program applications. 

Performance characteristics are easily obtained 

through the trapping, tracing and checking options avail-

able in Soapsuds. "Trap" options are used for such things 

as counting the frequency of opcodes, loads or stores, turn-

ing on or off other available options at particular places in 

the program being executed, and checking the values of 

special machine locations at particular instants. "Trace" 

options are a special form of trap option where a message 

is printed out describing the required tracing procedure. 

"Checking" options check whether a specified location bears 

a particular relation to another specified location. Also 

available are timing options which keep track of system time, 

program time, idle time and tracing time. Finally, at the 

end of a program simulation, Soapsuds prints out the present 

status of all processors, and the running and idle times of 

the same. Other performance characteristics regarding the 

efficiency of programs executed in parallel as compared to 

serially executed programs is available (according to the 

authors of Soapsuds) from the following calculation: 

where En = efficiency of n CPUs 



Tl = time required for a serial machine to 
perform the program 

n = number of CPUs 

T = time required n for n CPUs to perform the 
program. 

Incorporating the Soapsuds program into the COMS 

system for use in the development of an operating system 

command language can be accomplished by writing Fortran 

routines (to be placed in the COMS library) to provide the 

necessary controls needed in the operating system. These 

routines could then make calls to Soapsuds to perform the 

required simulations, and the resulting information (as 

described in the previous paragraph) could then be recorded 

in the associative memory. Deductive processes using the 

associative memory data might then lead to further improve-

ments in the system. 

A command language developed through COMS for the 

control of parallel processing operations would be very 

useful in the actual implementation of an operating system 

for a real multi-processor computer (including one that if 

and when developed has sixty central processing units) , 

III 

since the various techniques for the organization and control 

of such a multi-processor system will most certainly become 

apparent. 
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APPENDIX A 

STRAN SYNTAX 

The following shows the complete STRAN syntax in 

BNF for the present version of the interpreter: 

<STRAN RULE>::= «RULE NAME> (<TYPE I BODY> I 

<TYPE 2 BODY>I<TYPE 3 BODY» 

<TYPE I BODY>:: = <RULE NAME> { ,<RULE NAME>} *) 

<TYPE 2 BODY>:: = <LITERAL PATTERN» 

<TYPE 3 BODY>::=<RULE BODY»<GD-TO SECTION> 

<RULE NAME>::=<NAME> 

<LITERAL PATTERN>:: = {'<CHARACTER STRING}~' 

<RULE BODY>::=<LHS>=<RHS>I<LHS>I=<RHS> 

<GO-TO SECTION>::=<RULE NAME> I <RULE NAME>,<RULE NAME> 

<NAME>:: = <LETTER> <ALPHANUM CH>* 

(maximum of ten characters) 

<ALPHANUM CH>::=<DIGIT>I<LETTER>I<ZERO> 

<OIGIT>::=1!2!3!4!S!6!7Ia!9 

<LETTER>:: =AIBlcloIEIFIGIHIIIJ!KILIMIN!O!P!Q!R!S! 

Tlu!v!W!X!Y!Z 

<ZERO>:: = 0 

<LHS>::={<VARIABLE NAME>/~OECOMP PAT>/I 

+F<OIGIT>/<FINO PAT>/! 

+A<OIGIT>/<ACCESS PAT>/}~ 
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<VARIABLE NAME>::=<NAME> 

<DECOMP PAT>::=<DECOMP OP>{+<DECOMP OP>}~ 

<DECOMP OP>::=$/$<DIGIT>/$<LITERAL>I<VARIABLE NAME> I 

+<DIGIT>/<LITERAL>!.<DIGIT> 

<LITERAL>::= '<CHARACTER STRING>' 

<CHARACTER STRING>::= (any sequence of one or more basic 6-

bit display BCD characters) 

<FIND PAT>::=<FIND OP>{+<FIND OP>}~ 

(a maximum of 4 find operators is al­

lowed in one find pattern) 

<FIND OP>::=$ I <LITERAL> !<DIGIT> 

<ACCESS PAT>::=<DIGIT>{+<DIGIT>}ffi 

(a maximum of 3 digits is allowed in 

an access pattern) 

<RHS>::={{*! ,}*<VARIABLE NAME>/<COMP PAT>/! 

+S/<STORE PAT>/}$ 

<COMP PAT>::=<COMP OP>{+<COMP op>}ffi 

<COMP OP>::=<DIGIT>!~LITERAL>I+<DIGIT>! 

=L<NUMB>,<DIGIT>I=R<NUMB>,<DIGIT> 

<NUMB>::=<DIGIT>!<DIGIT><DIGIT> 

(numb has a maximum value of 80) 

<STORE PAT>::=<STORE OP>{+<STORE OP>}~ 

(maximum of 4 store operators in a 

store pattern) 

<STORE OP>:: = <LITERAL> I <DIGIT> 
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Note: 

* indicates 0 or more repetitions 

ffi indicates 1 or more repetitions 

{} indicates multiple construct repetitions 
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APPENDIX B 

STRAN Decomposition and Composition Operators 

Decomposition Operators: 

1) $ 

2) literal 

3) storage name 

4) $n 

- dollar sign matches any arbitrary 

character string including the null 

string. 

- string of characters surrounded 

by single quote marks matches only 

an exact occurrence of the contained 

string of characters. 

- this storage location must contain 

a sequence of literals separated by 

single quotes and terminated by two 

right parentheses. The first of 

these literals to produce a satis­

factory match is used. An example 

of the contents of the storage loca­

tion is: 

'THEIAIAN I » 

- dollar sign followed by an integer 

matches the first n characters of 

the remaining string 

5) $Icharacter string l 
- dollar sign followed by a literal, 

matches as many repetitions of the 
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literal as can be found in consecu­

tive order. This does not include 

matching the null string - i.e. 

B-2 

there must be at least one occurrence 

of the literal present. 

6) in 

7) en 

- downward arrow followed by an in­

teger indicates the next character 

will come from column n. Thus this 

operator matches characters through 

column n-l if the present position 

in the character string lies before 

column n. If the present position 

lies past column n, the operator 

matches the null string and backs up 

so that the next character will come 

from column n. 

- period followed by an integer, 

causes the contents of pseudo-regis­

ter n to be inserted (at execution 

time) in the operator string for 

this operator. 

Note (1) If a literal occurs in the left or rightmost 

position of a decomposition operator string", the 

left or rightmost portion of the string to be 
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matched must duplicate the literal exactly. 

Note (2) The elements of a match are placed in successive 

pseudo-registers where they remain until wipeo 

out by the left side of some later rule. 

Composition Operators: 

1) integer from 1 to 9 - these refer to the nine pseudo­

registers. 

2) literal 

3} +n 

4} :=Ln,.m 

5) :=Rn,m 

- string of characters surrounded by 

single quote marks. 

- downward arrow followed by an inte­

ger, causes composition to continue 

at column n, either by adding blanks 

or truncating. 

- equivalence followed by an L fol­

lowed by two integers separated by a 

comma, causes the leftmost m char­

acters of the string in pseudo-reg­

ister n to be concatenated to the 

result. If there are less than m 

characters, the string is padded on 

the right with blanks. 

- exactly the same as (4) except the 

rightmost m characters are used. If 

not enough characters are available 

padding with blanks is on the left. 



APPENDIX C 

Sample STRhN Programs 

The sample programs presented in this appendix show 

how each of the software elements of COMS may be used to 

perform various operations including arithmetic calculations, 

pattern matching of character strings, storage and retrieval 

of information and referencing the program library. Examples 

will show how combinations of the interpreter, evaluator and 

associative memory programs can be used to perform different 

tasks. 

Program execution for these examples was carried 

out on the CDC 6400 computer at McMaster. 

C-l 
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PROGRAM 1 

A simple STRAN rule set to read in character strings 

and send them to the evaluator is shown. Input information 

to the evaluator is terminated in each case by a semicolon, 

whereas comments used to describe the actions being per­

formed are separated from the evaluator input by use of a 

period placed in column one of the comment card. Lines 

beginning with INPUT ••• are echos of the input cards read 

by the interpreter. Output from the evaluator is shown 

directly beneath each echoed line. 

The reader should note the use of the dollar sign 

operator preceding a variable name (for example $X) to 

obtain the relative machine address of the variable. 

Errors have purposely been placed in two input 

strings to show evaluator response under these conditions. 

Sample calculations of formulae using some of the 

normal built-in arithmetic functions of Fortran are also 

given. 



BEGIN READING RULES. 

-------------------------------------- -- -_.- -----

(') 
I 

w 



BEGIN INTER?RETING RULES. 

INPUT. ••• rHE FOLL:hIING EXA:1PLES SHOW POSSIBLE INPUT ST~I"tGS TO THE INTt::'RPRET'-R 
_____ JHL EDLL OWl NG __ L~.A :-lPLE S_ SHOW pas S I 8u::r Nf".UT ST~I NGS TO THe'" I NT ERPP ET EP 

INDur ••• ~ <CQLlING LIRRARf PROGRAMS IS D~~LT WITH IN PROGoA~ ~) 
!CALLING LIBRARY PROGR~MS IS OEnLT WITH TN ~ROG~A~ 6J 

If»PUT ....... 

IN PUT .. " ... 

IN PUT •••• 
}N PU r ~ • ~ Q =2--g~-62:- ------------------ - ----- - --­
Q=2.962000000000E+01b 
I N PI) T •••• 

IN PU T ..... Z ::: 1 0 S 6 ; 
Z=10::;6$ 
P4 pur ....... 
INPuT~ ~-~X-=-4~----~--------------------------~--------- ------­
X::4$ 
n~ PU T ........ 

INPUT. •• ABCDEFGHtJ=234B. 62~ 
A8GQEFGHIJ=2 .. 348620000000E+03~ 
INPUT ..... 

PiPUT ••• R~L\L ARRAY(X,X,X ,1); 
REAL ARRAY{4,4,4,1) 
INPUlf ..... 

- iNPUT. ~-~IA-RR-4Yn.~T,1 ~T;f-;-1r=z~----- --------------­
IARRAY(1,1,1,1,1,1}=lG56$ 
ItlPUT •••• 

n 
I 

.!» 



INPUT ••• O! 
2.962000000000E+01 
INPUr •••• 

- ~tNF[JT~;·;Zr 

111 56 
INPUT •••• 

IN PU r .... 2> (): 
13515 
INPUT ..... 

--lNPUT .-.~$ZT 
13 SlS 
IN PUT •••• 

p~ PI JT ••• ~ X: 
13S17 
IN PU r •••• 

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

INPUT ••• ll.R~AY; 
12n46 
IN PU T •••• 
IN PUT .... $ ARRAl'_.L _____________ . ___ ... _. __ . __ . _____ · . ~ .... -.~ ....... . 
12n46 
IN PUT •••• 

IN PU T ••• I A ~ RAY ( 1 , 1 , 1 , 1 , 1 ,1) ; 
1056 
INPUf •••• 

IN PU LL •. ~ U.QO ~.9.2 5.1 1..4..1 __ _ 
-S6 
IN pur •••• 
INPUT ••• 2.963·2.0; 
5.926000000000E+QO 
INPUT •••• 

o 
I 

U1 



INPUT •••• 

INPUT.... THE FOLLOWING '1'"t40 STATt:MENTS A:~E PUI<POS~lY IN ERROP 
fHE FOLLOWING rwo STATEMENTS A~~ PURPOS~LY IN ERRO~ 

___ INPU Lu ~ ... ______________ . _______ . __________ . _. ___ . ____ _ 

INPU I. 0 •• 

INPUI ••• 2.1+6.2+ZQRPT; 
ERROR IN NUMERIC STO~~GE OR RETRIEVAL. 
THE VllRIA8LE lQPPT HAS I'JEEN ASSIGNED A VALUE OF ZFRO. 
R.~QOOQGOOOOOOE+ao 

__ 1i\l °U I ~ t u. __ . ____________________ . _. ________ . ________ .. ____ ._. ____ . 

INPUT •••• 

IN PU T ••• I A R PAY (& ,8 ,5, '+ , 3 , (}, 3 , 5 ,2) ='1 ; 
[R~OR IN INDTCES. 
E~RO~ IN NUMERIC STO~~GE OQ RETRIEVAL. 
IARQAY(6,8,5t4,3,8,3,5,2>=1$ 

___ INPU r .... ~. ______ . _____________ . ____ ._. ______ . __ . __ . ________ . 
IN PU T •••• 

INPUT •••• 

INPUT •••• 

INPUT.... EXAMPLES OF CALCULATIONS .-.- -- EXAMP[ES'-OF-CAlCULATIONS'----- ---- -----------------
IN°UT •••• 
IN.DUT ••• 1l=2.n; 
A=2.00000aUOLlOOOE+005 
INPUT •••• 

() 
I 

0) 



IN PU T ••• B =,. • 0 ; 
_ B=4JJl 0 00 00 OOOOOE+ 0 OJ 

INPUT •••• 

IN PU T ••• C = 1 • 0 ; 
C=1.000000000000E+OO$ 
INPUT •••• 

INPUT ••• DETERM=B4·2-4.0·A4C~ 
_. OE IE ~M~ 8~(1.0JlJULQJLOJULllJlE-±JJ!$ ____ . 

INPUT •••• 

INPur ••• lnETERM=a··Z-4·A·Cl 
IOETERM=8.000000000000E+OO~ 
INPUT •••• 

INPUT ••• ROOTt= (-B+SQRT (a"·2-4. 04A"'C) )/2. O*A; 
_. RO aT L~ :-1 .. 11"15 (.28 7? Z 5 4 E + 0 0 $ . _____ . ___ ~ ___ . __ . 

IN pur •••• 

INPUT ••• ROOTl= (-a-SQRT (B ··2-4. O.A·.C) ) ?2. O·A ~ 
ROOT1=-6.82842712474GE+OO$ 
INPUT •••• 

IN PU T ••• H = 1 • 0 6 
__ J:i;:.1 •. QOJUIO 0 0 0 a _ a 1l£tJiO.i ___ .. ____ _ 

INPUT •••• 

INPUT ••• P=1.0; 
P=1.000000000000E+OOI 
INPUT •••• 

INPUT ••• A=3.141S9; 
__ A==. 3. lit 159_0JL!lDJLOJ1.E..+!....O~O\LiL-___________ _ 

INPUT •••• 

INPUT ••• E=27; 
F= 27$ 
INPUT •••• 

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

() 
I 

--.J 



INPUT •• *X=(E·H¥P)'(SI~(A'·{(H~~4/16.0)+(H··2)·{P~~2)) ~ 
___ 2<:=9. 57_6372 6_21L22E±_OJ,1> ________________ --- -------- ----- - -- - -------- --------- - -

IN PU T • • •• - - -

IN?UT ••• P'I:::A; 
PJ=3.141590000000E+OO~ 
r~PUT •••• 

IN PU T ••• p = 2 • ") ~ 
R=2.300GOOOOOOOOEtOG~ 
P~DLJT .-.... -- ----------

INPur ••• GIRCA"~A.=2. n¥-,J,f'R ¥SIN (PI/P) ; 
CIPCAQEA=1.22n6S1301302E-05~ 
IN:'llJf •••• 
T U :~ I JT ~ ,.., ,.0 SAl 1\ R R 1 ( 4) ; 
R,-"L M"<.KlI4T 
IN PUT •••• 

INPUT ••• ARR1(lt=30Q.Q; 
A~Rl(1)=3.COOOOODOOOOOE+02$ 

__ INDUT ...... _______ _ 

INPUT ••• ARR1(2)=400.0; 
ARR1(Z}=4.000000000000E+02$ 
IN PU r •••• 
INPUT ••• ARRl(3)=500.ry; 
A~Dl(3)=5.000QOOOOOOGOE+02$ 

. _I N PUT •• ~ • _ 

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

IN PU T ••• S::; ( A RP 1 ( 1) + A RR 1 ( 2) .. A ~R 1 ( 3' ) 12. 0 ; 
S=6.0UOOOOOOOOOOE+02; 
INPUT •••• 

IN PU T ••• r R I A Rr::- A = SQR T (S.If- ( S-A RR1 ( 1> ) .. ( S-ARR U!2) ) ¥ ( S- ARR1 (3! ) ) ! 
TRIAPEA=6.0 nOOooooonOGEt04i 

____ INPUT ••• If . 

INPUT.... ENn OF EXA~~lES 
ENO OF E.XAMPLES 

n 
I 

OJ 
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PROGRAM 2 

Shown in this program are many of the STRAN pattern 

matching operators available in the interpreter. Fortran 

programs are read in as input data and each statement is 

analyzed with respect to its type. The operations performed 

include: 

(1) all blanks except those in FORMAT statements 

are removed 

(2) declaration statements including REAL, INTEGER, 

DIMENSION, COMMON, LOGICAL and DATA are headed 

with the string 'DECL ••• ' 

(3) assignment statements are headed with the 

string 'ASN ••• • 

(4) DO statements are broken up into component 

parts, each separated by a comma (for example 

DO 5 I=l,lO would be changed to DO,5,I,1,10,1) 

(5) statement labels are replaced by blanks 

(6) continuation cards indicated by a character 

placed in column 6 are concatenated to the 

card immediately preceding the first con­

tinuation card. 

(7) if more than one statement is found on a card 

(i.e. by use of the dollar sign which is per­

mitted in many Fortran compilers) the statements 



are separated and re-examined individually. 

(8) once a statement has been examined, and the 

necessary operations performed, it is output 

to the print line. 

The above operations are not necessarily meant to 

represent those processes which occur in the lexical and 

syntactic scans of a true Fortran compiler. Rather, they 

are used to demonstrate the many and varied pattern match­

ing operations that one might ,..,ant to perform on strings 

of characters in different situations. 

C-lO 

There are two output listings for the STRAN program 

given. The first uses the default (ECHO) pseudo operator 

to output all lines read by the interpreter. This may be­

come confusing as the interpreter output for particular in­

put card may not appear until after a second input card 

has been read in and echoed out. Thus for clarity sake, a 

second output of the program is shown with no echoing of 

input cards (this was done with the use of the (NOECHO) 

pseudo operator). 



8EGIN READING RULES. 

INPUT ••• (FORr~AN(INIT,~EAQ,LOOP) 
INPUT ••• f IN IT{ =CA.:z.ONOlt'l tlLOCltOtl OOPD/:t:tl) r:-NO~ --- lNPU r-.-~-.(CO OP \ Gc: TLI r~ :;SOI'1 PI L ~ r) ----- --- --- ----- - --- ------------- -- --- -- -- ~------ ----- -- -- --- -- --
IN?UTo •• (R~Ant~INPuTltSt+$'=~JNPUr/.l0+1+2/)OrAD,STEP) 
INPUT ••• 'STEP(CA~JNO/;I=,CA~DNO/ti+t+l/ID?rNT' 
I1'1 ? l H • • • ( i'-:'~ TiH c::: it~ fJ ~ J :) I _1> I I t r' f JT 1 1: 7 ~ + 1: I := -\< f') U T PUT / == R 1 , 4 + .1 n + 2 + 3 1 INn U T 12 IS E R I A L 13 n EN IJ, 
INPUT~ •• {G~TLTNE(INPUTI.6+t t+;t i'+$I=L~3El/1/LINEf4/)GET,ER~OP' 
IN F'U T .... ( G ~ T (C} A C 1-(, :: N I) T :::- S T> ) 
INDUT ••• (PA~K(LINEltFO~~ATt+£t t+t{t+~/=LIN~/1+l+4/}ENn,PAC~1) 

_ If J PU T .... ~ P L\ C ~ 1 (l Pl:: I i; + "': t +'~ t t. + -; /:= L T ~,r:: /1 + ld 1 ;:' A C K t,P!O) ____ __ _ _ _ __ __ ________ _ 
I N P: JT • • • ( ::~ N :JT :: ~ t. \ L 1 ~: ':'j t E r\j::! t f) E Wl , D n l L iI ~ .:- H K ~ - -
IN''')!J T ••• ( 0 0 L VI ~: C I ~ ~< ('- 1 ~J '::: /~ +:t i ;t + J; I=- lIN F=: / 11 I N ~ UTI J, 7 + 3 I ) E \J J , r: 0 N T n I U F.) 
Pl PUT ••• ( C 0 j'>J T 1 tJU E{ :') t=: ~ l) , t. 0 f) ~ ) 
It~ PU T ••• ~ A Cd} ( I N PUT !.J., C; + +- t + l' /l :: Wl , D. u 0 11 
INPUT ••• (a0~1{INPUT/~G+~t t+1/LINE/3/=LINE/4+3/)GET,F?~OR) 
I0;PUT ••• {:::F:r;>09(="'OU1''):)TltP~r::C::nI~~G CARn CAt~r\jOT BE Hl\NOLCD.t/)ENO} 
F/DUT ••• >J. C:Oi1PIun IO~ t<lJLES. 

__ IN PU T ~_._.! ;: 0 11 C' I L ( (l. I n E I:J E CL ') p:: S +- 1:1:= LIN E I if l) C CL • ~ • t + 1 + 2 n '1 U T ,~O T S TJ____ ____ ____ __ ____ _ 
r N PU T ••• {r:: Q 1 S r (L r i\j c:: I 6 t t = t T 1;1 ) n GTE S T , un k: D ) 

INPUT ••• ,n1r~ST\LrNE/tJOt.DTGTT.;+lETTE~+$~t=t+1/=00LA 3/2+3/VAR8/~+5/pr/7/)OOl,ASN) 
IN t)1j T ••• ( 0 i') 1 ( c:: T Ii,+- t. C t + 1; / ) '\ S N , J n? } 
I~o0T ••• (Dn?{RT/~1+~+tlt+~1+~/=TSJPT;1+2/TSTOP/~+5/IST EP/tlt/)DO~,aSN) 
I N pi JT ••• ( 00 3 CI S l' Cl r' / ~ i'" ~ • -: , t +- f1 +- '!':/::: 1ST Q P 11 + 2 Irs T E P 14 + S I ) 004- ~ 
INPUT ••• (004(STfPlOC,JOS)' 
INPUf ••• (ST[DLOC (EN]» 
Pl :-'U T •• ~( 00 s (~; C L A 31'; IV .1\ ~ ill ~ / I <::; T ~ T I b / 1ST 0 PI 1; / I ~ T E P / -; /) ') 0 c; ) 
p~ pur • • • ( D 0 b ( = L T q f / t 0:) , 1. t 1 + t , 1- -I- 2 + t ,1- + ~ -l-,t , 1- -4-.4 +r , 1. + 51 l (' U n 
INPUT ••• (OUT (LINF/t/::-I'-O LTf1UT IV'tl;+l/) LOOP) 
INDUT ••• (ASNILINE/~i=LINE/tASN ••• ~+l/JOUT) 
INPUT ••• {OTHE~(LTN~/t~N)t!=·nUTPUT/.30+1')2ND,OUT) 
INPUT ••• (nI~TT(totltZt3t4tSt6t7t8t9t) 
IN PU T ••• (L ::: T TO:: P ( tA t J:; ':, t'J t~ t F t. G t H t I tJ t t<t l 1- Mt ~~1 0 t P t Q t p t S tT t tJ 1- V tI,.l tXt Y t 7 t) i 
INPUT ••• E)r-CL~PS itRE/\LtI NTEG€RtDH1ENSIONtCOt1HGNtLOGICALtDATAt» 

___ HJPU T_u~ (fJ)}U:~ AN L ___________________ . 



BEGIN INTE~PRErING RJlES. 

IN PU T ••• 

IN PUT ••• 

IN PU T ••• 

SUBROUTINE NUMBER(CHAR,N8EG,IChAR) 

COMMON/CNTROl/ECHo,rRACE,JUN~(11),INTAP 

SU~ROUTINENU~B~R(CHA~,N8~G,I~HARl 
CO MM ONI i~L G E5R/NAi1t: S (5) ,SOJ r<CE (lu Q) 

rJt:Cl ••• COM,10NI CNTROC/ECHO, TRAC'::, JUNK( 11) ,INTA") 
INPUT... DIMENSION FLOT(100) ----

IN PU T ••• 

IN PUT ••• 

DECL ••• SOM'10;~1 ALGE3R/~IA~'lES(5) ,SOU~CE <lOa} 
INT[GE~ SHIER,SOUKCE,T~ST,CHAR{2),SAVE 

DtSL ••• o 1M':: NSI ONFlOT (l'J 0) 
LOGICAL FlAG,NUM8SW 

o t:: C L ••• I NT t: G [:{ S rl I Ek, SOU RC E , T f. S T ,C H A R ( 2) ,S A V E ---- INPUT-•• -. ----r-NTEGE~----F-N AM ------- - ------------ ----- - - -- -- --- - - --- -- ----------- ------ ---------- - -- -- - --- -- - -- --------- - ------ --

IN PU T ••• 

INPUT ••• 

DECL ••• LOGICAlFlAG,NUM8SW 
INTC:GE~ FNAME(51 

DtCl ••• INTEr;E~Ft\jAM 
RE Al X, M ,J ,I 

--- ---- ------------ ---- ------------------iJECL •• -. IN Tt GE~ FNA ME {5} - -------------- ------------------ ---------- ---- -- --------- --
INPUT... DATA FN4ME/3HMOU,~HFLOAT93HFIX, 

HJPUT ••• 

INPUT ••• 

OECL ••• REALX,~,U,I 
1 3rlABS,3HSINI 

NCHAR = ICHAR - NGEG $ IF(.N:)T.NUt18SW) GO TO 3 

--- ------------------------ ~---------- - ---0 EC l ••• nA T i\ F Nil. ~1 E/3HMOf)-, SH FtC A T-, 3 r-IFI X-, 3H Au S ,3H-'3 HU --~---- -­
AS lJ ••• N C H A ~ = I::: rl n f:( - N 3 E G 

INPUT... CALL GETNUM(SQURLt:!L} ,CHAR{N3~r;) ,NCHAR,1) 

IF(.NOT.NUMBSWlGOT03 
INPUT ••• SHIERtU=O 

n 
I 

I-' 
N 



CALLGr::TNUt-1(SOJ~CE(L) ,CHAR.(NBEG) ,NCHAR,1) 
-- IN PU T .-•• - - -1-- -£ A tl---{jE 1 NU H tF-l OTt L t ,-C H~P. ( N 8 E{j h N C H A ~ , ;3 }------- - ---------- ----- - --- ------

INPUT • •• SHIER.(L)=l 
I~SN ••• SHIE~(U =0 

INPUT ••• 2 L=L+l 
CD. L L r; E T N U . -I ( I=" lOT ~ l) , C H A ~ ( N 8 E G) ,N C H A R , 3 ) 

~ FLAG=.FALSE. ~ RETU~N 

-------------------------- --------- ---A SN •• -. Sd IE9 \ u-::= 1------------------------------------- ---- --------
ASN .... L-=L+i 
AS~I ••• FLAG::. FA L SE.. 

INPUT... 3 CALL PACK( CHAR(NGFGl ,FI'/;'\i1, NCrlA~) 

IN PU T ••• 

IN PU T ••• 

INPUT ••• 

IN PUT ••• 

IN PU T • •• 

INPUT ••• 

IN PUT ••• 5 

-- I N PU h.-.-£'---­
C 

KETURN 
DO 5 NF==1,12 

i,;~LLPAGl\(CrlAR( d~fG) ,FNAt'l, NCH~R) 
00 '5 IJK=l,45,3 

OJ, :), NF d. , 12 ,1 
IF(FNAd.NE.FNAME(NFl} GO TO 5 

DO,S, IJK,l,45,:3 
IFlNF.NE.l) GO TO 4 $ SHIER(L)=5 E SOURCECL)=6 

IF(FNAM.N£.FNAMECNF»GOT05 
IF (NF .NL 1) GOT 04 
ASN ••• SHIER(L) =5 

SOURCE(L) = NF + 1 

ASN ••• !:>OURCE (L..)-=6 
r;o TO 

ASN ••• SOURCE (L}..::NF+l 
CONTINUE 

GOT02 

2 

() 
I 

!-' 
W 



INPUT ••• C NOW T~EAT SU9SC~IPTED AND UNSUaSCPlPTED VA~IA1L~S 
C NOH TREAT SUgSCRIPTED ANJ UNSJ9SCPIPTED VARIABLES 

INPUT ••• C 
C 

INPUT... IF(TEST.NC::.1HO GO TO & 

~--------------------------- -------CON-T-INUE-------------------------------------------------------------
INPUT... MM = N~ + 1 

INPUT ••• 

INPUT ••• 8 

Ii~ PUT ••• 

IN PUT ••• 

IF { T EST. NZ • 1 H ( ) GO T 0 15> 

IF{~M.GT.?) GO TO 717 

AS N ••• t1 M= 11 M + 1 
NAMES(i1'-1) = Fr~AM 

IF(MM.GT.S)GOT0777 
SOURCE (l) = 13 ... MM 

ASN ••• NAM~S(MM)=FNAM 
SHIE~(U = b 

ASN ••• ~OURCE(L)=13+MM --INPUT ••• --- GO-fD--2- ------------------------ ------ -----------------------------

ASN ••• SHIE~ (U -=5 
INPU r ••• 6 CALL GErNL (GHAR(N3EG) ,i~CHAR,.:>UURCE(U ,FLOT (Ll) 

GOr02 
INPUT ••• IF{SHI~~{L).GE.-2) GO TO 2 

---------~--------------------- C ALtGET Hl----{G H A~+t..JBFG~_,-NGHA R, SO\JR.~t--{ \:- hf"-LV-r--H.-~ }----- -------------
INPUT... WRITE (NJUT AP,7> FNAM 

IF {:3 rl1 E R. (Ll • G:: • - 2) GOT 02 
INPUT ••• 7 FORMAr{·T~E VARIABLE ·A!O· HAS 8EEN ASSIGNEQ·) 

WKITE(NOUTAP,7)FNAM 

() 
I 

1-' 
It>. 



INPUT ••• s 0 U~ C E ( L) = 0 

IN PUT ••• SHI~R(L> = 0 

A Si~ •• _ S au RC E (L ) -:: 0 
Go---f-Q--2-------- --------------------~ 

ASN .... SHIE~(U =0 
INPUT ••• 777 WRITECNJUfAD,77S) 

GOT02 
INPUT ••• 778 FOR~AT(·OERROR, ALGE8RAIC EX?QCSSION¥) 

---------~-~----~---------- WRI T [-1 N 0UTI\P, 7-1~ t ----------------------- ~--------- ------ ----- ------ --- -
INPUT... MM = 5 

IN PU T •• 0 GO TO 8 

INPUT... END 
ASN ••• Mf1-=5 

GOTa8 
END 



BEGIN INTfR.Pi~ETING RJLES. 

S~9ROUTrNENUM3E~(CHA~,N~EG,ICHAR) 

o teL •• " COM 1 ON / C N T R I) L / ECHO, T R. ACE, J UN I( ( 11 ) , HJT A P 

OECL.~.COMiON/ALGE9K/NAMES(S) ,SQURCE(lJO) 

DECL ••• tJIMENSIO'1J:"Lor {lur)) 

DtCL ••• LOG.l.CAL FLAG, NUMBSYJ 

OEGL ••• INTEGFRFN~M 

0ECL ••• INT~GERFNAME(5) 

DEC L ••• c<E A LX, 1'1 , U, I 

DEC L • • • I) A T A F ;-.\ A M E / 3 HMO 0 , 5 H FLO AT, 3 H F I X , 3 H A 8 S , 3 Y S I 1\1 / 
ASN ••• NGHA~=I~HAR-N8EG 

IF(.NUT.NUMBSW)GOT03 

CALLGETNUM{SOUR.CEiL) ,CHAR{Nt3EG} ,NCHAR,1) 

ASN ••• S.iIE~ (u::;o 
GAL L G t: T N U M ( FLO T (L ) ,C H A cH i'J 8 c:: G) ,N C H A R , 3 ) 

ASN ••• SHIEr«L) =1 
----------------A SN ••• L =L + 1 -- -------------- ---- ------------------------------- ------------- ---

ASr~ ••• FLAG::. FA lS!:. 

RETUR.N 



C 

CALLPACK(C~AR{I\l8EG} ;I="NAM, NCHAR) 

00,5, IJt<,l,4S, 3 

IF{FNAM.NE.FN4ME{NF»GOT05 
IF' N F • j~ c: • 1 ) GOT 0 ~ 
A3N ••• SI-IIEi.UU =5 

ASN ••• SOURCE (L) =FJ 
~----- --- - ---- -- - -

ASN ••• SJURCE(L)=NF+l 

GOT02 

G NOW TR£~T SUBSCRIPTEJ AND JNSU~SCRrpTEO VApr~8LES 
C 

CONTItJUe::: 

IF (TEST .NE.1H(.1 GOTOE) 

ASN ••• M:1=MM+l 
----------------- -- - - -- - --- - - -_. -- --~- --- .----_.---- -'"-~------ ----.. -----

IF{MM.GT.5)GOT0777 

ASN ••• NAMES(MrlJ=FNAM 

ASN ••• SOU~Ct(~)=13+~M 

Asr~ ••• SrlIE'UL) =6 

GOT02 

CALLGETNL(~HA~(NGEG),NCHAR.SOURGE(L),FLOT{L)J 



IF(SHlt.R(U .GE.-2)GOT02 

WRITE(NUUTAP,7)FNAM 
---~-~-~~~- -~ ~--~---~-~ ~-~ ~~-~~-~~- ~ --~--- ----~-~----~--~--~--~~--~ ~ ~- ~~- --- ~ ~------ -- -~-~ - -~--~ 

FORMAT{·TH~ VAqIABL~ .A10· HAS BEEN ASSIGNED·) 

ASN ••• SOURCe (L) =0 

ASN .... SHIER{U =0 

GOT02 
--~-~---~---- --~-- ~~-- - -- ~ ----~-----~ - -------------~----~-~-----~--~~-~--~-~~ ~~----~~~--~-- ~--~~-- -----~ -~~ 

WRiTE(NJ~TAP,778) 

FORMAT{+Q~RRO~, ALGEBRAIC EXPRESSION·) 

ASN ... I1M=5 

GOT DB 
----E N [)-~--------------------------- --~-- -~- --------- -------~~~ ~~ ---~ - ~~ ~~ 

(J 
I 

I-' 
co 



C-19 

PROGRAM 3 

Two programs are shown here which carry out ele-

mentary operations for a fact retrieval system using the 

Set Theoretic Language. 'rIle first program, ASSER'l', is 

used to store 2-tuples, 3-tuples and 4-tuples of information 

in the COMS associative memory_ If an n-tuple has pre-

viously been stored, no action is taken by the program. 

However an n-tuple not previously encountered is stored in 

the memory and output to the print line. 

The second program, ANSWER, is used to retrieve 

stored n-tuples from the associative memory. If all the 

components of the n-tuple being sought are known, the 

program will output either that the n-tuple is true or, 

that the truth or falsehood of the n-tuple is unknown, 

depending of course on whether the n-tuple has been previous-

ly stored or not. If some of the n-tuple components are 

not known then the program either outputs a statement say-

ing that n-tuple sought has no answers (meaning it does 

not currently exist in the associative memory at all), or 

provides a list of all the answers found. Sample output 

of the ANSWER program is shown below: 

N-TUPLE 

(A,B,C) 

CLOSED 
OR 

OPEN 

CLOSED 

PREVIOUSLY 
STORED? 

YES 

OUTPUT OF PROGRAM 
ANSWER 

(A,B,C) IS TRUE 



N-'TUPLE CLOSED PREVIOUSLY 
OR STORED? 

OPEN ------

(A,B,C) CLOSED NO 

(A,$,C) OPEN YES 

(A, $ ,C) OPEN NO 

OUTPUT OF PROGRAM 
ANSWER 

THE TRU'fH OR FALSEHOOD 
OR (A,B,C) IS UNKNOWN 

(A,$,B) HAS THESE 
ANSWERS: 

(list of answers) 

THERE ARE NO ANSWERS 
TO (A,$,C) 

(The dollar sign character is used to indicate the parti-

cular component being sought). 

The reader will find a list of the n-tuples being 

stored by ASSERT following the program listing. Recall 

that lines starting with INPUT ••• are echos of input cards 

being read. Each time an n-tuple is stored, it is also 

output. Following this, use is made of the ANSWER program 

to retrieve some of the stored information. 

C-20 



BeGIN READI~r, PUL~S. 

INPUT. •• "" oU~ES FOR ASSERT. 
--I NtJUT-r-.-. {-A::; S E R T{ ~E A rh S T rt-R': , 1\ rc;r} } -- -- -- -

I I~ ~ U T ••• ! ~ r:: A i) \ ~ I N PUT If." t +.£ 1 = ~ I N pur 12 j) PEA 0, E I\J 0 } 
IN PU T ••• { 1\ T S T ( IN PUT I 5 +:t) t + ~ I) t: N;) , ASS E P T ) 
INPUT ••• (STCRC(T~~ur/~+t (t.~+tJ~+t/=OUT!3/INPUT/5/)STa~,ENO) 
I"JPUT ••• (STOR{SS,STO~:::} .) 
r N PUT ••• C S 5 (() U T I~ + t. , t + b+- t ~ t'd + t , t + X + t , t .. t /) E NO , S 4 i 
11\) PU r ••• ( S 4 { au T ! c.::+ t, t + H :t, t + t. f- t , t + '!;/ =.\. S 11 -+ ~ + S + 7 1>,< 0 J T I-r. {;t -+ 1 + 2 'I- 3 + 4 +- S H) + 7 +- %) t.1 ) C N f"), S") ) 
I N P U i • • • { S' (0 UTI j; + t- , t + ;, " t , t + f, 1 =- + S' 1 'j- 3 + c:; 1 .... 0 U T / t (t. f- 1 -+ 2 -;. ) + 4 +- 5 '} t ) t I) END , S 2 ) 

--INPU~ •• ~~~2{OJr/;+t,t+;I=+S/1.1/.()UTlt (t+l+2+3+t)t./)~NO,Sl) 
INPUT ••• (SlU1JTI'£I=OIJT/1+tl)t!}OUT} THIS q:JLf=' ALLOI-IS t.. GOfJ ON A ~UU:: NA'~E 
INPUT •••• PULes f='JP ~~SW[R. uses RULCS F~O~ nSSEDT. 
r N PU T ••• t ,tJ. ~-l S H:':: ~ ( PC: r... :1 , F I NJ , ~J T S T ) ) 
P-J DLJ T ••• ( NT S T ( 1I~ f-Jil T / ~ + t ~ t -r t / ) r: N '1, AN S Hi.=: Q ) 
IN PU T ••• ( F Hi 0 ( TN PUT It: + t ( t + ) + t) ;t + L 1= >:. au r 1 f. t I au T /31 I ~PU T / '5 I} I=' NO, EN 8) 
IN 01) T ••• ( F r~ C { F '::; , f=' I r'J O} ) 
I N Pi) r • ~ • , F r; ( 00 T / 1 + t , t + 11" t , t + q; + t , t i- ;; .. t , t ~ 1: I: E. N r) , F 4 ) 

.. - I N ~,( J r .- ... { F 4 (0 UTI -:: + t , t ,j- 'J; If- 1. , J; + 'l; + t , t + t, I I AN 4 , F'3 ) 
r N PU T ••• ( F :5 ( () U T ! h t , t + ~ .. t, t f- ];./) A ~13 , F 2 ) 
INPUT ••• (F2(OUT/~+t,t+~/}A~2,Sl) 
I ~ PUT • • • ( t. ~~ I~ ( + F 1 / 1 + 3 t S + 7 j) F 0 \ 1 N C , f=' A I L ) 
IN PU T •• .( A ~l' p- F 1/1 + 3 +- r, Ii F nl J ~'~ ~ , F A I l ) 
IN PU r ••• { ,1'\ N ? ( +- F 1/1 .. 31) F 0 U~i r. , FliT l J 
INPUT ••• (F4IL{OUT/~+ttt+~/:.JUr/tTHERE ARE NO ANSWERS Tn (t.1.2+3+t) .t/)CN1,FCLSD) 
INPUT ••• fFr:LSI)(OUTf';f=""OUTttTHE TR.lHH OR FALSFHOOn OF (t+1+t) TS UNKNOWN.:tnF:NO) 
-INPUT.1I.{F()U~~'l{OUT/1,+t't.t+t.'=:f0IjTPUTlt(;t+1+2!+~+;t) HAS TH~Sr:: ANSWr-RS.tllfND~,r,L'L')t:O) 

IN PU T ••• (I=' N l) 3 ( OU T 1-1-: t t ~ t .. 1; + t t: t + J, I- t £, t +- 1, I) £\ C 3, f=' NO 2) 
INDUT ••• (FND?(nUT/&.~~t.~.tjt+;/}AC2,FN01' 
IN PU T ••• { F N U 1 ( 0 UTI b+ t[. t + rr I )~ r, 1 , C L () S E [)) 
INDur ••• (QC~(+Ql/2+4.b/;.nUT/~(t+1+2.3+4+'5p6+7+~)~/)AC~,f='NO' 
I N f~U T ~ •• { L\ C 2 ( + A .1.1 2 t I.! :: >I- JUT 1 t ( t:. + if· :2 + 3 +1+ + S + t) t!) Q C 2 , E W» 
IN PUT ••• ( A C 1 ( 1- fl t / 21 = 'U) UTI tit + 1 + 2 .. 3 + t ) t I) r. C t , [I'! 0 ) 
INPUT ••• (CLos::::n(OtJTI5/=1f.OUTIt.{:t+1+tl IS Tf<.u::.tnEND) 

---IN;::U:r- ..... (ASSE~n - ---- ----

(j 
I 

tV 
I-' 



BEGIN INTE~PRETING RULES. 

INPUT ••• (INV~RSE OF,INV~RSE OF,INVE~SE OF) 
_JINVEP,.SE GF_,rNIJEf{S~ 8F,INVE~SF, ()F") _________ _ 

INPUT ••• {J~VERSE OF,OISJOINT FROM. DISJOiNT FROM) 
(I~VERSE OF,)ISJOINT ~~OM,OISJOINl ~~OM) 

INPUT • .,.{!~lVt:,{SE OF,IOE\lTICI1L TO,IflENTICAl T0~ 
( m V E R S'::" G F .r D!-_ NT Ie 11 L TO, I n E \i r T r: ;~ L TO) 

INPUT ••• (CHAIN OF+ANO,OISJOINT F~nM,SUQ~Er OF,OISJOINT FROM) 
(CHAIN Or:-+ANO~DISJO!NT F[~{)r1,S'J~SET ()F,JISJUINT FRO'1) 

HIPUT •• '(CI1AIN OF"'A~n,suaSEr OI=,SU8SEl OF,SU3SET on 
_ (:;HALN_OF"+-~NO,SU1Str OF,suaSET OF,SU9SET 01=> 

IN;3UT ••• (SrlAIN OF+ANJ.CO;"',-S F,(O~j.c;cr~.:-s C"ROi'1,IN) 
(CHAIN Gf--l-A~~IJ,COj1ES Ft<.OM,GOMES F~OMdN) 

INPUTo •• (CHAIN OF+ANJ,IN,IN,IN) 
(CHAIN OF+AND,IN,IN,lN) 

INPUT.e.(INVE~S~ OF,~~R~NT OF.O~FSPRING OF) 
(I:H/E-.RSr:: OF,PARENT JF,OFFS~KtNG Of=") 

INPUT ••• (INVERS( OF,SI8LING OF,SIBLING OF) 
._(INVE~::'EOF,SIi3LING OF,SIRLING OF) .. ________ _ 

INPUr ••• fINV~~~E OFt14~~IFg TG,MA~QIED TO} 
(I~VE~SE OF,~~~PIED TO,MAP~IEn fO) 

INPUT ••• (IN~ERSE OF,HUS3AND OF,WIFE OF) 
(INVERSE aF,HUS~4Nn ~F,WIFC" OF) 

INPUT ••• {INV~~SE Of=",:OUSIN aF,CDUSIN OF' 
(INVERSE CF,CGUSIN Of=",~OUSIN or) 

INPUT ••• (CHAI"l OF+nN'),G~ANf)PAPENT (')F,PARE'lT OF,?ARf:NT OF) 
___ (CHAIN_OF+ANJ,GRANf1I:'>,~PE=:NT OF,PI\~ENT OF,PA~F:NT OF) _______________ ~_ 

INPUf ••• 'CH~IN OF+ANO,G~AN~FATH~R OF,FArH~~ OF,PARENT OF) 
(CHAIN OF+ANQ,G~ANOFATHER OF,FATHER OF,PAR~NT OF) 

INPUT ••• (CHAIN OF+ANJ,G~ANG~OTHER OF,MOTHE~ (,)F,oARENT OF) 
(CHAIN OF+AND,GPAN010THER nF,MOTHE~ OF,PA~FNT Of=") 

HJPUT ••• H~HAIN OF+ANJ,G~ANnI1JAUGHrER OF,I]AUGHTEo OF,OFFSPoING on 
(CHAIN OF+AN~,GRANQlAUGHTE~ 0F,nAUGHT~~ Of=",OFFSPRING OF) 

INPUT ••• (CI-IAIN OF+AN;),G~ANLJCHILO OF,CHIlD OF,OFFSPRING OF) 
~_ (CHAHL:)F+ANJ,Gt<.ANnr:HILO OF,CHILJ OF,OFFS::l'~H!G Or=) 

INPUT ••• (CHAIN OF+AN1,0NCl~ o~,a~nTHER OF,~.nRf="NT O~) 
(CHAIN JF+ANO,UNGLE aF, B:~OTrlER OF.PARENT OF' 

IN0UT ••• {CHAIN OF+ANQ,AUNT OF,SISTER OF,pn~ENT OF) 
(CHAIN OF+ANO,AUNf 0F,SISTER OF,PARFNT OF) 

\.l 
I 

tv 
tv 



INPUT~ •• (CHAIN OF+ANQ,NIECE OF,OAUGHTER O~,SI8LING OF' 
(CHAIN OF~AND,NIECE JF,DAUGHfER OF,SIBLI~G O~~ 

INPUr ••• (CHAIN OF+ANQ,NEWPHEW OF,SON OF,Sr~LrNG O~) 
(CHAIN OF+AND,NEWPH~W OF1SON OF,SIBlING O~) 

-IN PlJT~-~-~(CH A IN OF +-A NO; co U::; I N D F, OF FS PR I N G J F ,UNCLE OF} 
(CHAIN OF+AN8,COUSIN OF ,OFFSPRING OF,UNClE OF) 

INPUT4 •• (r.H,UN OF+AN,),CnUSIN OF,OF'~SF'RING CJF,~UNT OF~ 
(CHAIN OF+A~O,~OUSIN OF.OFFSPRING OF,AUNT OF) 

INPUT ••• (CHAIN OFtAN0,COUSIN OF,NIEC~ OF,PA~ENT OF) 
(CHAIN OF+AN~,GOUSIN OF ,~.rECE OF,PAKENT 0::') 

IN~UT~ •• (GHAIN OF.AN1,CaUSTN OF,SIDLING OF,COUSIN OF) 
(CHAIN OF+AND.COUSI~ 0F,SI9LING QF,CQUStN nF~ 

-1NPuT.~-~(CHAIN OF+Ai~J,MOTHF'{ r:j L':\W OF,11CTHER OF,MARPIl=":") TO} 
(CHAIN OF+ANO,MnTHE~ IN LAW OF,MOTHER OF,~A~RIEn TO) 

IN PUT ••• ( C H A I N 0 F .. ~ f\' ), FAT H t: P, IN LAW n F , FA 'f "1 E i< 0 F , M ~ ~ R lED T 0 ~ 
(~H~rN OF+nNo,FAT~c~ IN LAW 0F,FATHER OF.~~RoIFO Ta) 

PH'lH ••• { C1 A IN () F + At,; J • 'J;; 0 T de R IN L A H 0 r- , H IJ') J I~ : i L~ 0 F , S n lIN G 0 ~ ) 
(CHAIN UF+A~ln7n~orH~~ IN l~W OF,~U~8ANO OF,Sl°LING nC

) 

I~~U11~'6F~a~~,qg1f~~~si~Te~~ ~~,h~~Ta~~~G2r~1~R2~~Mf~~I~D TO) 
INPUr ••• (CHAIN OF+AN1,SISfFR IN LAW UF,WIF~ OF,SIRLING O~) 

(CHAIN OF+AND,SISi[~ IN LAW OF,WIFE OF,ST~~ING OF) 
INPUT ••• «CHAIN OF+ANO,SISTE~ IN LAW OF,SISfER OF,MARoIEO TO) 

(CHAIN OF.ANQ,SISTF~ IN LAW OF,SISTER OF,MA~RlfO TO) 
_-INPUT ••• (CHAIN OF+ANLJ,SON IN LA!-/ OF,HUSJANJ OF,OAUGHTER OF) _____________ _ 

(CHAIN OF+ANr),SON I:i LAW OF,HUS~AND OF,OLlUGHTER OF) 
INPUr ••• ~CHAIN OFtANJ,DAUGHTFR IN LAW OF,WIFE OF,SON OF) 

'CHAIN OF.ANQ,OAUGHT~~ IN LAW OF,WIFE OF,SON O~' 
INPUT ••• (UNION OF+AN1,MARRIED,HUS8A~D,WIFEt 

( I IN ION 0 F ... A N f) , MAR R I E r1 , rl US 0 AND , W I FE) 
INPUT ••• (UNTON OF+AN0,PARcNT,~ATHfR,MOTHfR. 
(U~ION OF+ANQ,PA~ENr,FQTHEP,~OTHERJ 

__ IN DU r ••• {UN I ON 0 F+ 1\ NJ, G~ ~NDD A ~ ENT , G~ .!\NOF t\ Pi EI?, GRA N0"10T HE R) ___ _ 
(UNION OF+ANQ,GRA~O?ARENTrG~A~DFATHER,GRQ~OMOTHEP) 

INPUr ••• ~UNION OF+ANJ,OFFSP~ING,SON,OAUGHT2Q) 
~UNluN OF+AN~,OFFSP~ING,SON,OAUGHTED) 

IN PU T ••• ( UN ION 0 F -I- A ~ W, S I 8 LIN G , 81(0 r HE P , SIS TEl? ) 
(UNION OF+ANJ,SI8LINS,GROTrlER,SISTEP) 

INPUT ••• (lJNION OF+AN,J,PERSON,;,,1tILE PERSON,FEt1QLE PE~SON) 
(UNION OF+AND,PERSON,MALE D~RSON,FE~ALE PERSON) 

(') 
I 

tv 
W 



IN D ur."".l UNIO:',LOEtAND. CHiLD_~9DY_,J;IRLL________ 
(UNION OF+ANO,CHIlD,~O"GI~L~ 

INPUT ••• (INTE~SECTION OF+AND,~Oy,CHILO,~AlE PEPSON) 
(INTERSECTION OF+ANO,30Y,CHILD,MA~E PE~SO~) 

!NPUT ••• {INTE~SEcrION O~+ANn,MALE PErSON,MAlE,P~RSON) 
'INTERSE~rION OF+AN1,M~LF PE~SON,MAlE,PEq3nN) 

INPur ••• (L~Fl INTERS~~TION OF+AND,CHILD OF,O~FS~~ING OF,CYILO} 
(L~FT INTERSECTION 0F+AND,CHILO OF,nFFSPD~NG OF,rHILO) 

_lNPUT...,,(LEFLlt\JTEP,.S:::CTION OF+Mn,lnFF:: OF':'iAI{RI~f') TOt~i"O:~AN)_ 
(L~FT INTERSECTION JF+AND?WIFE OF,Mn~~IFD TO,HOMAN) 

INPUT ••• (L~FT INT~RSECTION ~F~ANO,SON aF,U~F~PRI~S OF,MAlE) 
(LEFT INTE~SECTION O~+ANn,SON nF,OFFSPRINS OF,M4l~) 

INPUT ••• tLEFT rNrJ,:"~S::::CTION OF4-,',rW~f)AUGrlrER OF,OFFSPKING OF,FF"lI\LF.:1 
CLEFT INTERS~ClION OF+nN~,D~U~~TER UF.OFFSPRIN~ OF,F=~aLE) 

INPUT ••• (LEFT INTERSE~TION OF+AND,FATHE~ OF,PARFNT oe,MAN) 
(LeFT INTFPSECTION OF+ANfJ,FATH=:R OF,p:'~ENr, oe,~~ANl 

__ J:NPUT ••• !lc.FT H:rC:R.S':.GTION OF+-t..W),iiOThl'''', O;:'~P;'Rq!T OF,WOI'1A~). 
{ L r F T I t\,j r f R SEC T ION :) F +- AND, MOT HER 0 F ,0 tU r:' ~H 0 F , IW ~1 A "1 ) 

INPUT. •• tlEFT INTERS:::r,TIO~J OF.AN'J,,(3ROTHt:R ,)F,SIBLING OF,1-1All:") 
(LEFT IN1~RSECTION OF+ANO,QROTHER OF,SISLING OF,MALE) 

INPUT ••• (l~FT INTERS~~TION OF+AND!GO~NOFAT~E~ OF,GoAN1pnRENT OF,MAN) 
( U:: F TIN T F: R SEC T ION l) F .. AND , ~ ~ AND FAT H [: ? 0 ~ , G R .1\ N D PAR f N ! 0 F ~ 11 A m 

INPLJT ••• (LEFT INTEQ::,C:TION nF+~NO,G()!'lNl)ll0THFR OF,SR.1l.t\Jn P ARF.NT OF,WOMA"J) 
(LEFT INTERSECTIOi~ )i='+-ANIJ,GRAW1110TW-R UF,GRANnrn,RENT OF,WO;1AN) 

_lNPUT .... dLEFT HALF _OF,FATHER,FHrlEP OF} 
( L £:: F T H ll. L F 0 F , FAr H U< t F ll, r H E r~ 0 I=' ) 

INPUT ••• (lEFT HALF OF,MOTH~R,~OTHEP O~) 
(lEFT HALF OF,MnTHE~,M8THEq OF) 

INPUT ••• (LEFT HALF OF,SON,SON OF) 
(LEFT HALF OF,S00J,S'JN Or-j 

IN~UT ••• (LfFT HALF O;,DAUGHTER,GAUGHTER OF) 
(LEFT HALF O~,UA~GHT~Q DAUGHTER OF) 

_~INPUT ••• (lEFT Hi~LF OF,PARr-~H,f>APENT 01=') 
( LE F T HA L F 0 F ,P A ~::: iH , P 1 Pt: N T r) F) . 

H1CUT. •• (LEFT HALF O~,CHrL(),r::Hli . .r) OF) 
(LEFT HALF OF.CHILU.CHILn OF) 

I~PUT ••• CLEFT AAt.F O~,COUSIN7COUSIN OF) 
(L~Fl HALF OF,CUU~IN,COUSrN Or:') 

INPUT ••• (LEFT HALF nF,R~OTrlfq,8ROrHF.:p OF) 
(LEFT HALF OF,BROTHE~,aROTHER OF) 

n 
I 

tv ..,.. 



INPur ••• (L~FT HALF OF,SISTEo,SISTER OF) 
___ (LJ::FI_HAlF_ Of,SISIE~-,SISTE~ OFt ___________ _ 

INPUT ••• (LEFT HALF OF,HUSr~NO,HUS~ANO OF) 
(LEFT HALF OF,HUS3A~D,HUSRAND OF) 

INP0f ••• llEFT HALF OF,WrF~,WIFE OF) 
CLEFT HALF O~,WIFE,WIFE ~F' 

INPUT ••• tlEFT HALF OF,SI3LING,St8LING OF) 
(LEFT HALF OF,SIgLI~G,SI8LING OF~ 

I~PUT ••• llEFT HA~F OF,G~ANDFATHE~,GRANDFATYER OF' 
__ C!...EFT f-:ALF GF,GPANGC"~THF()fr;Q,c;W)FAjHER on _ __ _ _____ _ 
I~PUT ••• (lEFT HALF OF,G~AN1~AUGHT~R.GRAND'DUGHTER O~) 

(LEFT H~lF aF,GkAND~AUGHT~R,r;~ANDJAUGHr[~ c~: 
INPUT ••• (lEFT HALF OF,G~ANDM0TH~?lG~nNnMJT~E~ OF) 

(LEFT HALF ()F,GR~d~Q.10THr~,GPANn.MuTHFR OF) 
P-,JoUL •• (U::FT HilLF OF,G.~MJI)SON,Gr::~N:JSON on 

(LEFT HALF o;:-,Ce'lNOS'1N, GPflpnSON O~3 
INPUT ••• (LEFT H~l~ OF,MA~~IED,M~~RIEO TO) 

__ (LEFt _':1ALF OF,,'1ARU:::'),t1/H~F"J TOJ ___ _________________ _ 
Ii'-JPUT ••• CLt::FT HAl.F OF,n~FSPRPJG,OFFSPRING O'C") 

(LEFT HALF O~,OFFSP~ING,OFFso~ING OF) 
INPUT ••• llEFT HALF OC,MOTHEq IN LAW,MOTrlER IN LAW 0F) 

(LEFT HALF OC.MOTHE{ IN lA~,~OTHER IN LAW OF) 
INPUT ••• (l~FT HALF O~,FATHER IN LAw,FATrlER IN LAW OF) 

(LEfT HALF OF,FA7IiE'~ TN lAI1,F"ATHER n~ LA\~ OF) 
INPllT ••• (L::FT HALF OF,8~orHE~ IN LAi~,BRorH~~ IN LA't'J OFt 

___ (LE:Ff_f-:!\L~ Or:-,8R0Tr-'E~ IN LAI4,Rr~orHC"r< IN lll.\-/ OF' .. 
IN')~jT.H(LEFT HALF OF,SIsn: o IN LA\~,SISrER IN LAW on 

(LEFT HALF OF,SIST~~ IN lA~,SISTER IN LAW O~) 
!NPUT •• ~(LEFT H~LF OF.S1N IN LAW,SON IN LAW OF) 

(LEFT HALF OF,SON IN LAW,SON IN LAW OF} 
INPUT ••• tLEFT HALF O~,DAUGHTFP IN LAW,0AUGHTfR IN LAw OF) 
(L~FT HALF OF,nAUGHT~R TN LA~,nAUGHTER IN LAw OF) 

INPUT ••• (RIGHf HALF 0F,OFFSPRING,~OTHER OF) 
_(RIGHr_HQLFOFtOFFSP~ING,~nr!~~o OF) 

INPUT ••• (~IGHr HALF OF,OFFSPRING,FATHE~ O~) 
(RIGHT HALF OF,OFFS?~I~G,FATHFK OF) 

INPUT. •• (SU:lSET OF,F~THER,HAN) 
(SUBSET OF,FATHEQ,MAN) 

IN?U T ••• (SU :3SF T OF, M'") THE~, WOt1i\ 1\1) 
(SUBSET OF,MOTHER,W0MAN) 

.-- ---------
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INPUT ••• (SUlSET OF,HUSBAND,MAN) 
_ . (5Ut3SET OF, HUSRANEhi1_ANL _______________________________________ . __ _ 

INPUT ••• (SU8SET OF,WIFE,WOMAN) 
(SURSET OF,WIFE,WOMQ~) 

INPUT ••• {SUQSET OFtG~ANOPA~~NT,PARENn 
(SUQSET OF,G~ANOPAR~NT,PA~ENT) 

INPUT ••• {SUBSET OF,PA~ENT,ADULT) 
(SUBSEi OF,PARENr,A~ULr) 

I~rUT ••• (SUuSET OF,C~ILD,OFFS~~ING) 
(SUBSrT OF,SYILD,OFFSPQINGl 

- lNPJT; •• {SU8S>:T O::-,C'-1Il.D,UN'1Ci.~DIEJj) 
CSU3SET OF,CHIlD,UN~A~~IE)) 

HJPUT ••• ! SUllSr: T at=: ,11f·dr.?! FO, PE~SON) 
(SUT;;~T nF.r·,IjR:)TE),'~r::PsO~!) 

IN?4T~ •• (s~nSET OFJ~~~~p.PE~SON) 
( SLJ W) E r 0 r , C 11 I L U, p F.: ~ J u ~ j 

PJ?UT ••• (SUSSEr OF,M4tJ,PERSON) 
(SUBSET OF,N~N,PE~SON) 

INPUT ••• {SUBSET OF,W)~A~,PE~SON) 
!SUBSET OF,WOMAN,PE~SON) 

INPUT ••• {DISJuINT FRJ'1,PLANT ,l\"lIM~U_. __ _ 
(DISJOINT F~OM,PLANT,A~IMAL) 

INPUT ••• (DISJOINT FRJ~,~ERSON,PLANTO 
(DISJOINT FROM,~E~SO~,OLANT) 

INPUT'.9{OISJ~INT FR1HtUN~A~RIEO,MARRIED) 
(OISJOINT FROM,UNMA~~IED,MAR~TEDJ 

INPUl ••• CDrSJOINT FR0M,MALE,F~MALE) 
(DISJOINT FROM,MALE,FE~ALE) 

__ INPUT • •• 101 SJ'I HI T FP..')'1, r.;; HILD, ADULT L ______ _ 
(DISJOINT FROM,CHILo,ADULr) 

INPUT ••• {ANSWERt 
INPUT •••• 

INPUT •••• 

INPUT •••• 

INPUT.... THE FOLLOWING LINES A~E QUESrI~NS PUT TO THE ROUTINE tANSwERt 
THE FOLLOWING LINES ARE QUESTIONS PUT TJ THE ROUTINE tANSW~Pt 

IN PU T •••• 

-INPUr~ ••• 

0-
I 

tv 
0'\ 



INPUT •••• 

IN PUT •••• 

IN PU T •• 8. 
~ ----~ r --------- ---------~---~-~-~ -~~-~~ --------TN PU ..... 

INPUT ••• (CHAIN OF+ANu,$,$,$) 

(CHAIN OF+ANr),~,$. r;) "'lAS THESE ANSWE~S. 
(CHAIN OF~QND,OISJOINT FROM,SU8~ET OF,OISJOINT FROM} 
{CHAIN OFHlNJ,DAUGHr::R IN LAW OF,~HF~ OF,SON on 
{ G H ,H N 0 F ~L\ ~ J n, s ~ N I N L l\ toJ 0 F 1 H' J S 8 ANn 0 F , SON I) q 
{CHAIN OF+Ar.Jf1·SISTER IN LAW OF,SISTE~ OF,t1!,\~uIED-Tor--- --~- ----~--- ~--~--~ 

(CHQIN OF+AN8,SISTED IN LAW OF,HIF[ 0F,~AR~IcD TO) 
(CHQIN OF+AN~,GRJrH~~ I~ L~W OF,8~OTHE~ OF,~~R~IFn TO) 
(CHAIN OF+AN1,8POTHE~ IN LAW OF,HUSB~NQ OF,M~RRI~n TO) 
(CHAIN n.F+AND,FATHER IN LAW OF,FATHEh? OF,~1A.Pr>IED Tr) 
(CHAIN OF+ANn,MOT4ER IN LAW OF,MorHE~ rF~MAR~I~D T0) 
( C H lH N OF + A I j I), C () LJ SIN 0 F, S F3l I N G Q F ~ 11 i~ R R H-~ D T Q ) 
{CHAIN nF.A~0,COUSIN 8F,NIECE OF,MARRIFO T1} 
{CriA rr~ ~ OF+A :\u~ COU.> IN OF, OFfSPRING OF ,~H~:~~Ir:: IJ TO> 
(CHAIN OF+AND,COUSIN 1F,QFFSPRING OF,MA~R!ED TO) 
(CHAIN OF.ANJ,NEW~HEW OF,SON OF,MnQQIFD TO) 
(CHAIN OF+ANO,NIECE JF,~AUGHrEQ OF,MARDIEO TO) 
(Cht..IN OF+D.~:~,AUr.lT OF,srSF'~ O~,i1Aqr.~I~D TOJ 
(CHAIN OF+~NJTUNCL~ JF,SROTH~R nF.M~~~I~n rOJ 
{~H;\+'~J or .. ~tl' r:""~tI3r.'nl1 OE rJ.HLD or- t.'I\ORTrn Tnl 
(vHA~t'J DF+4:,j 1l;G:;JIU iJi\Ot;HTt.~'dl- ,'j~IJGHtcK 'Ut,-t"IARRIEO TO) 
(CHAIN O~+AND,GPANDMOTHER OF,~OTHEP OF,~nR~IED Tn) 
(CHAIN OF+ANQ,GRAN~FATHER OF,FATH[~ nF,MAQ~t~a roo 
(CHAIN OF+AND,GRA~OPA~FNT OF,PARENT OF,MAR~IED Tal 
(CHAIN OF+AN'l,IN,IN,IN) 

_~ CCHA IN~ OF+A Nil, COM:::S Fr~0:1 ,COW·S FRO'M, IN) 
(CHAIN OF+A~!O,SUBScT JF,SU3SET OF,TN) 
INPUT ••• (DISJOINT FRJ;1,fl>LANT,AtlJIMAU (80y,E~IC) (INVERSE 

(DISJOINT FRO~1,PLANT,ANIMAU IS TRUE. 

OF, $ , 1:) ($, CHI L 0 ,.$ ) U , T Q E E, E ) ) 

\.l 
I 
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- -------------------------------------------

THE TRUTH OR FALSEYO~D OF (90'(,ERICa IS UNKNOWN. 

___ U N'J E~ S E_O F_~ 1;,$ )HAS __ r tiE SL AN S WE~S._ __ ___ __ _ ____________ ~ _______ _ 
i!NVE~SE OF,INVERSE OF,INVERSE OF) 
(INV~RSE OF,COUSIN OF,CDUSIN 0F) 
(INVERSE OF,HU~BAND ~F,WIFF OF) 
(INV~~SE OF,MARRI~D rO,MARRTEO TO) 
(I~NERSE OF,SIBLI"iG OF,SFllING OF) 
!INVE~SE OF,P~RF~T OF,OFFS~RI~G OF) 
(INVE~SE OF,TDENTICAL TO,IDENTICAL Tal 

____ u N.w'ERS E __ DE, 0 I SJ OHn _F R.0 r~ $ f) I SJOI NL FJ~QML ___ . ___________________________ _ 

('X,GHILf),$) Hf\S THESe.: ANSWE~S. 
(LEFT HALF OF~CHILJJ,SHILf) OF) 
(OISJOINT FRO~fCHILD,ADULT} 
(SU~SET OF,CnlLf),?~p)ON~ 
(SUBS~T OF,CHILD,UNMA~PIEn) 
ISU3SFT nF,CHrLo,OFFS~~i"iG) 

-t H ERE-tiRE-No -A Ns wERS T d ($ ~ T REE;-$ r~ -------------------- --------------------

n 
I 

tv 
OJ 



PROGRAH 4 

Here again, use of the associative memory is made 

to store information obtained through the parsing of 

English sentences into facts encoded as sentences of the 

Set 'l'heoretic Language. The particular example given 

consists of sentences describing relationships in a part­

icular family. As each sentence is broken down into 

STL .form, the information is stored in the associative 

memory just as if the set of n-tuples formed had been input 

to the ASSERT program. 

The STRAN rule set involved in this program only 

recognizes a few structural English words and hasn't the 

need to know the syntactic categories of all the words in 

a sentence. The result is that sentences can be parsed 

which contain words unknown to the parser and thus many 

diverse facts written in English can be stored in the 

associative memory without having to write STL n-t.uples 

for any of them. 

The parser recognizes proper names as those ,,,,ords 

having a p~eceeding asterisk. Each sentence is printed 

out with the resulting n-tuples following. Once an n-tuple 

has been stored, it is not printed out if encountered a­

gain. 

C-29 





INOUTe •• 142{OUTPUT/$fVPf$/=VP/t t+1+2/V o lY?/tVER8 PHRASE,t/}~Ulf2) 
PH)Ur. •• (PREF \;t:-H,?: R:::LAT ION tTHE P'ROPEqTY tTMe.: WODf) t}l 
INPUT ..... U,LSTt;t: ~N:J THE PR()PE~ry t ANJ THE RELATION til 
I~PUT ••• (3T~(ORJ/P~EF+~'=OqJ/2/]3T4} 

,-, I~PUT.'.- ~{ ,n {d:'1 ~3,) / t IT Sf' LFt+-':-;/ SU GJI t 1= 08-..1/3 +2 /) 3 TS' . '-----
Irp~H • •• 1~T5{O~,)Jt;}t AN'] HS~lFt/SU8J/t/::>~LnU~, ... t tl=0~J/i+t,t+3/?£LTN/4+t+,.".f\!Cl t,l) 3T;} 
INPUr ••• (3r6(n8,Jf<:+I\LST+-,];I?;7LTN/~+t: ~~/=08.J"1.+"l'.t-·1-3/~ElTN/4+t+t\ND tn:n:?') 
INPUT ••• (3T7(OgJltfHE t.1/=OUrltUNTQ0~,t+2,aQJ/2'rMPltS2,~T8)t/JTMP,3TR} 
n..: DU T ••• ( 3 T 0 ( ') 8 J /:t ;<- 1: + ; I = OU Tit \. -: () FE Q ;,J{'. ~, E , it 1 .. 2 I T ~ ; "") I ;t S? , J T U::: t ) t I) P1 P , ') r g) 
INPUT .... { 3 T 9 (') GJ ,'.5 + P R. E?O S n rJS +- S I = OUT ?U T 12.' J':3 J /:1 +;t , t +"3/ } :3 ,..J , 3 T W') 
IN DU r • 9 • { ;: T N {::; U T DU T / t :t i- :];/ :,~.::: L HU b f- t tl -::: ~ E L;;;" 13 f t + 1- + 2 i} :; T U"'; 

___ 1: N D U T ~ ,. • { 3 T U D ( V P T Y P / t :--.j all N, tiP E L T N / 1. ;:': + ~: +;t t / ::: ~ UT ,. t N () (j i ? nor , t + :: / T M P I ;t S 2 t -::-):' 1 ~ i n T ~1 P • ~ :- 1) 
IN? U T • • e ( j T 1 ( V P T Y>"; I t V r:: ~ 'j t t- ; I R r::" -; N I;' ;t-+ 1: +- 1 t. I ::: OUT I t 'v CY:3 F' a '1 r , t + I, IT' H) / i S ~ , 3 T!=' ) ) t; ) pw" '3 j- 2 ) 
INPUT ••• (3TZ{VPTYP/iFUN:TION,i/ o ElTN/f t+$+t tl=OUT/l+3!T~?ltS2,SUPEql )tl)THP,~lF) 
INPUT ••• (SUPER(C?::lTNft 1-+q:+:t: t/=OUTltNOUN ~t'JOi~f.+?/H1J/-tS?,jfF')lt/)Tr1;::;,,:nF) 
I ~,l PU T .... {3 T :=- ( ~ F L T ~' Itt + S + t t! S u:: ,J t 1: I f) ~3J,' ']: I::: ~ S S;' t { :. 1'? + t , t ~ 4- + i ? t + C) + 1- ~ t l} ~;') ,1',l) 
IN PLJ T • ~ • ( T E S l ( ~~ U t3 1 I P' T !-{ E 1- .... ' iJ V Pit 1:-:-; I::: S t' 1.:' III" ;1 p ! t -=-; 2 I '.f r T y!:'ll t F IJ i'! r. T ION, t n P ~ r:: I') ~ ~ ? -:- W' 1 
I r ~ PU r ••• ( P Ij P T ( V P T y Din, 'I'" t'i; f 'J r> Itt + 1: + t t + r I,:; C; U T ; t. AD p:- C. T r v F rJ H 0 I~ S E , t. + I~ .. ~, t-.r) /} ~ \j Pc., .:, V ;:; U 
p,1 ;-> lJ r •• • ~ .. I ~ ~ ( ::: T ,,1 ~ I.;t '::> ,l) N l\ H} ) ;t /1 T v, p } 
I i ~ tJ U T •• : ~ ;:;> Ii LJ j (V P l' Y ,.) / t 1 V ,-' It' t J, £ I ::: 0 LJ T I 1.;- 3 / r M'> It::' 2 , P ~! AM) } t I , Tt~ p , !') N 1\ ~~ ) 
It~?U r .... { P ;-H,/v1 { S IJ E~; / t ~ .t + :: /::: 0 UTI ;t P F~:) P E ~ N A "if: ~ :t ... 1 + 2/ n;? / t. S? , ") PIN T , ) tnT MP ,P R I N T l 
I iWU T ••• (P 0 IN T (R 55 Ii + t (t +; -l- -n ;t + 1;;::: 0 U T / ~ I HP ItS S , 3::= G I i~ I ) t!'J r M P , L) F G HH 
INPur ••• (UNAgLE{SENTEN~[/;/:::.0UTPur/tuNABLE TO PARSE t+l/)R~GTNI 
INPUT •••• Pl;LES FOR <'tSSE RT .. 

_I~DUT ••• 'ASSEqTCREAO,STOPCtATST) . 
INDur ••• iR~AD{~INPUTlt.t+;'=·INPur/2/)DEAD,~ND) 
INPUT ••• {f1.T~T(INPI)T/;+t) t+~/)~~Jf),ASSEOT) 
INPUT ••• {STOO[(INPUT/£tx (t*~+t}t+£I=OUT/~/!NPUT/5/)STO~,ENa, 
IN PU T ••• ( S TOP { S 5 • S T 0 ~ ~', ) 
It~ PUT ••• ( S S ( 0 U T / ,t + ;t , t + :£ t- t , l- + -; + ;t , t .. 1; i- t , t + ~ n Et-Jn , S {;.) 
IN PU r .... { S 1+ (0 UTI $+ t , t+ <J; .. f. , t. -; ... t , ;t + ~I =+ S /1 +3 'I- S + 71· 0 U T It (;t + 1 + 2" ~ + 4+5 +6+ 1 + tl -,t It E: NO, S~ )' 
INrUl* •• {S3(OUT/1.ttt.,.t,J+F!=+S/1.~+Sl·0Ul!t (1tl+2+3+4+5+t)~/)END,S2) 

~ P-F) U Tit •• r S 2 (n uri i. t q t. + 1, I = + SI1 + 31 "I- 0 UTI t {t + 1 '+- 2 + ::; + t) t n '.: NO, S 1 , . 
INPUT ••• (Sl{OUT/~/=our/l+t»t/)OUf) T~tS R~Lf ALLOWS AGOra nN A RULi NAME 
INPUT ••• ~ RULES F'R ~NS~ER. USES RULES FRO~ ASSEDT. 
IN ru T ••• ( AN S v.; E R ( PE An, F HI I) , NT Sf} ) 
IN PU r • It • ( ~JT S T ( I N PI) T I ; + t ~ t +- 1: /) :: N [) A NS yJE q ) 
INPUT ••• (FIND{INPUT/~+t(t.~+t)t+l/=.aUTlt tI0UT/J/INPUT/5/)FNO,ENO) 
INPUT •• o(FNn(~5,FINn) 
INPUT ••• (F5{OUT/~+t,t.s.t,t.$+t,t.(+t,t+i/afNO,F4) 

(") 
I 

w 
l-' 



_H-IPULL~ ___ iF 4 {OUT I $t_t._t~'1+. t."J_t $~j(~ t+ $1) AN4_,f="lJ _______ .. _______ ,_. ______ .. _ 
INPUT •• ~(F3{OUT/$+t,t+$~t,t+~/)AN3,F?) 
INPUT ••• (F2(QUT/$.t,t"'$')AN2,~1} 
IN PU T ••• (A N 4 (+ F 111 -+- 3'" S + 7 n F all NO, FAIL) 
INPUT ••• (AN3n-Fl/1+3+5n FOUNi),FAIL) 
INPUT.oo(AN2(tF1/1+3!IFOUN~,F~IL) 
INDUT ••• (FAIUOUT/q;+t~t~ S/::"<QUT/tTHERE A'7E NO l\NSWERS TO (;t+1+2+1+;t).,tnE\i:1,Fr:LSO) 
It~PUT. •• (FCLSO(OlJT/$'=·"'OUTltTH~ T~U1H OK cALSEHOO[l OF (1.+1+1.) TS UNKNOWN~:t/)r:'Ni)l 

--.-IN pu r ._~--# {F 0 UN 0 {a UI j '! +- .q; t +1: j='>;< CUT PUT f t ~ t + 1'" 2 + ~ +;t) HAS THE SE A NS HERS. 1. f} frIO ~, C L OS ~i) )_ 
IN?UT ••• {FNG3(OUT/'+t£tt$+t£t+$+t~t+~/)AC3,FND2) 
INPUT ••• IFND2{OUT/$.t&t+$+t1,t+$/)AC2,FND1' 
INPUT ••• (FN01(OUT/i+t&t+I/)AC1,CLOSFil. 
INPUT ••• (AC3(+A1/Z+4+6!:·GUfft{t+1+2t3+4+S+6+7+t)t/)AC3,ENn) 
INPur ••• tAC2(.Al/2+4j=·OUTlt(t+1+2t3+4+5ft;tl!AC2,~NOJ 
IN~Jf~ •• (AC1'.Al/2/:.0ur/t(t+1+2+3+t)t/)AC1,END' 
INPUT ••• (CLOSED(OUT/"=·our/t(t+1~t} IS TPifE.,t/)END) 

__ INflUI ....... (PA ~S5: t. _ .. __ . ______ .. 

o 
I 

w 
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BEGIN INTERP~ETING RULES. 

INPUT •••• ENGLISH LA~GUAGE MODEL OF NORMANtS FAMILY. 
~NGlISH LANGUAGE MOOEL OF NC~MANtS ~AMILY. --INPUT •• -~~NOPi14N -rS-TrEFATHEh( -OF >·<ER Ie.. --------- - -------- -------------- ------------ ------------ ------ ---------

.NO~MA~ IS THE FArHE~ OF ·ERIC. 
(PROPER NA~F,~c9rCI 
(FUNGTION,FATHFR OF) 
(NOUN PDaJ,F~rHE? OFt 
:~~OPER NAHE. ~(r--.:OI?11AN) 

_ {F Ii TH f. R OF, "'"N OR Mli. N, '" E:~IC} __ __ ____ _ _ ____ ___________________ __ __________ _ __ __ _ __ _ 
INPU1.~.·MAR~IN IS THE FATHER OF .NORMAN. 

~MA~VI~ IS rH~ FATHE~ OF #~OQMAN. 
(P~OF)r:-R N4~1,~, l'i'Mi\.~VIN) 
(FATHER Of,·MARVIN,·NO~MAN) 

I~PUT.o.xPAr IS A OAJGHfER OF ·ALICE • 
. __ ~P AT IS A_ 0 Aut; HT E~ Of~JI,_LICEL __________________________ ._. ___________ _ 

(PROPER NAME,PALICF) 
(NOUN ROOT,OAUGHfER aFt 
(~ROPER NAME,·PAT) 
(DAUGHTE~ OF,~PAT,·ALICEt 

INPUT ••• ~E~IC IS A LIfTLE move 
·E~IC IS A LITTLE 801. 

__ I ADJEC T I v:: 4 LIlT LEL ___________________________ . ___________________________________________________ . ____________________ _ 
(LIrTlE,v-F::RI~) 
(NOUN, ROY) 
Ul'!y,~EQIC) 

INPUT •••• BARTON IS A 3ROTHER OF ·NORMAN. 

¥RARTON IS A RROTHER OF .NORMAN. 
(NOUN ROOf,BROTHFR Q~t 

_j PPOPER. NAMe, ~8A~TON) _____ _ _ _______________________ ___________ __ _ 
(£3 Q OTHE'R OF?1'-8A~TON,'f-NOR~1AN) 

INPUr ••• ~MARVIN IS M~RRIEO TO ·ALICE. 

·MARVIN IS MARRIED TO ·ALICE. 
tMA~RIED TO,~MA~VIN,·ALICE) 

.NORH~N IS MARRIED TO ¥MADELAINE. 

o , 
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~NORMAN IS ~A~RIED TO ~MAOELAINE. 
_~_ tPt::OPE R J~H1L, H-1 Aa£L_~tNL'-_~ ______ . ___ . __ ._. __ . _____________ . ______ _ 

.(MAi(RltO fO, .. NOi~M.l\N, .. :~AOELAINF) 
INPUT ••• ·8ARTON IS MARRIED TO ~MERLA. ¥K~VIN IS A SON OF ~B~PTON. 

~8A~TnN IS MARRIED TO "HERL~. 
(PROPER NAME,"M~RLA) 
(MAKRIED TO,"8A9TON,"M~RLA) 

~KEVIN IS A SON OF ·9A~TON. - -t NO UN -. PO a T ~ so N0F ) -- - .. - - ----~-------------
(P~S?ER NAME,·K~iIN) 
(SON OF,+KEVIN,·BARTONt 

INPUT ••• ~CHRISrOPHEp. IS A SON OF ·NO~MAN. 

""CH~ISTncHFR IS A SON OF ::NO~MAN. 
lP.)np~Q N~rv1F .lJ'r'-j.:JT<'TQ:>HEP} { so ~ 0 p , ~'C ~n.i: ::; i I))) RF~ ~ , ~ NOr;: r1 MD 

~Hf IS A GHIllJ. 
(MALE,¥Cy8ISTOPHE~) 
(NOUN, Cf-lILO) 

.HE IS A CHILO. 

-I~ 80 t: ~: ~~~~~~~~2~ §~i N~*-F-RANCE-;----~MA--OCCA I NE --COMES- -FROM. MA NDRES ~---- - --------- -------. -

·MQND~ES IS IN ~F~ANC~. 
(P~OPER NAME,·FRnNG~) 
(DROPER NAME,~MANORE5) 
(I~,~MANDRES,¥FRANCE) 

__ :,,"i1M)ELAINE COMrS.FRO~ -'\<It:f}\ND~SS.. ____ .. ___________________________ . __ .. ___ .. _ 
(VE~8 ROOT~COMES ~RJM) 
(CO~ES FROM,~MAOELAIN~,~MANO~ES) 

IN PU T ••• } t ) 
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PROGRAH 5 

A final example of the use of the associative memory 

is presented here. Using the information stored previous­

ly by programs (3) and (4), program (5) attempts to make 

deductions leading to the production of n-tuples that are 

relevant to the overall model of family relationships but 

have not been introduced previously. The reader should 

examine the information presented in programs (3) and (4) 

before proceeding to this example. The program given here 

is split into sections, each dealing with a particular 

primitive (a discussion of primitives can be found in 

section 1.3.4.1) which has proven useful in defining the 

characteristics of other relations. Those presented here 

are CHAIN OF&AND,INVERSE OF,UNION OF&AND,LEFT HALF OF, 

RIGHT HALF OF, RIGHT INTERSECTION OF&AND and MINISET OF&AND. 

By using previously stored information it is shown that 

with the proper sequence of FIND and ACCESS operations, 

new information (in the form of n-tuples) which is rele­

vant to the area of interest can easily be deduced. 

Thus we have the idea whereby the inexperienced 

computer user can input simple command to COMS for per­

forming certain desired computer operations. Using this 

information (the commands) COMS could be set up to properly 

deduce the correct instructions needed to accomplish the 

required tasks. For example, if the user was in doubt as 



to what partiular commands were available to carry out his 

desired tasks, instructions to COMS could result in the 

output of such information. As a second example, instruc­

tions for the generation of calls to the Fortran library 

could be made available so the user need not be concerned 

about the actual programming statements involved. 

A important point to note about program (5) is 

that one must be careful in programming a STRAN rule set 

to perform deductions. Enough information may be present 

to allow the eventual deduction of incorrect information. 
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BEGIN qEAOING RULES. 

INPUT ••• ~ DEDUCTION ~ULES. GALLED BY DEDU~E • 
. _-It'l ~UL. A.'l to:: O.UG£J C~.~LN ,_IKVE~SE, UN ION, LEHALF;.. ~IH AL F, P.I NT, H I NI SET 1 ) 

INPUT ••• (CHAPJ UFt/tGHAIN O~.ANOt+$;+$+~/=J(.JUTltEXECUTING RULE OFCHAIN~-i/fp~Hr~nl~n--­
INPUT_ •• (~CH1(+A1/1.2+3/}PCH2,FNDi 
INDUT ••• (RCH2(+F2/2+;+!/)R~H3.R8H1) 
INPUT ••• (RC~3{~A2/4+5/)~CH~,~CH1) 
INPUT ••• (RCrl4(+F313 ... 5+i/t~CH5,RCH3) 
INPUr ••• (RC~S(+A3!6/~+S/1+4+6/·0UT/t (t+l+t,t+4+t,t+6+t)tl'RCH5,RCH~) 
INPIJT ••• (INV[~SE(1-F1/tINVE~SE OFt+$.t/="OUT/t-EXECUTING ~UL~ OF INVERSE.t/)?IV1,C~Fl) 

__ IN PUT .. <t. ( R 1 V 1( + A 1/ 3 +- it I ) ~ I V? f 1:: N 0 l. '._ __ 
rNPUT ••• (RI~2(+F2/3+;+$/)RrV3,PIV1) 
IN PU r .... ('=~ I V 3 { + A 2/1 + 2' :: t S 14+ 2 + 1 ! If 0 UTI t (t ,.. ~I+ t , t ... ? ... t , t to1 ... 1-) t n P I V 3 , R I V 1 ) 
INPUT ••• (UNION{+FlltUNIJN O~.ANDt.$+~+I/=·OUT/tEXECUTING RUL~ OF UNT0N.t/)0N1,~NOt 
INPUT ••• (UNi (+A1/1+2+J/) UN2,ENO) 
IN PU T .... i U 0J 2 ( = ... Sit S lJ 'J S E;r 0 F ;t + '2 + 11 t,r. 0 urI t (S U 8 ~ E T 0 F , t .. ? ... t , t + 1 .. t ) t /) UN 3) 
INPUf ••• (UN3(=+S/tSU3SEf OFt+3+1/·0Uf/t (SUSSET OF,t ... 1+t,1+1.t)t/)U~1) 
INPUT ••• (LEHALF(+F1/tl~FT HALF OFt"'$+~/=·O~T/t~XECUTE LEFi HALF.t/)LEH1,~NOt 

__ INPUT ....... tLEHl (+A 111 +2n L EH2, ~NO) _ . 
INPUT ••• (LEH2(+F2/2+&+$/)LEH~,LEH1' 
INPUT ••• (LEH~(+A2/3+4'=~S/1+3/~OUrlt (t+l+t,t+3+t)t/)LFH3,L~Hl) 
IN?UT~ •• {RIHALF{+F1/t~IGHT HALF OFt+~+~/=.OUTftEXECUTING RIGHT HALF.tllQIH1,END! 
INPUT ••• (RIH1(+Al/1~2/)QIH?,END) 
INPUT ••• (RIH2(+F2/2+~t$/)~IH3,PIH1) 
INPUf ••• (RIH~(+A2/3+41=+S/1+4f~OUT/t (t+1+t,t+4+t)t/t P IH3,QIHlt 
INPUT •• _(RINf{tFl1tRIGHf rNT~~SEcrION OF+ANntti+~+$I=~OUT/tEXECUTING PINT.t/)RIN1,ENO) 

_ INPUT ..... (fUNiC +A1/1+2+3/) QIN2, ENr)~ 
INPUT ••• (RIN2(+F2/1+~+$f)RIN3~RIN5) 
INPur ••• (PIN3(+A2f4+5/=+S/~+5/~OUr't (t+~+t,t+?+t)t/)qIN4,RIN?) 
INDUT ••• (RIN4(=+S/2+4+5/~OUrlt (t.2+~~t+4+t,t~5+t.~/)RIN3) 
INPUT ••• IRIN51+F2/2+i+;/)RINS,PIN1) 
INPUT ••• (PIN6(+A2/4+5f)RIN1,QIN1) 
INoUT ••• {~IN7(+F3/3+5/::~S/1.4+S/~OUf/~ (t+l.t.t+4+t,t+5+t)t/)RIN6l 
INPUT ••• UlIN1SET (+FlltMINISET OF+ANDt+$+'t+;f=JfOUTltEXr:-ClH1NG MINISET.tIJ HtN1,ENO) 

__ I N PUT __ .... , MIN l.l + A 11 2 + 3 t 41 = + S 1 2 + 4/-\< 0 UTI t (t +? .. 1- , t + it + :f- , t n ~1 IN? , END) .. 
INPUT ••• (MIN2(=+S/tSU3SET O~t+3+2/·0UT/t'SU8SET OF,t+l+t,t+2tt)tl'MIN1) 
INPUT ••• (DEDUCE) 

() 
I 

/.),) 

-..,J 



BEGIN INrE~PR~rING RULES. 

EXECUTING ~ULE OF CH~rN. 
___ l OlSJ (' TNT _FROM, 1'10 MA ~,PLANfJ ______________________ _ 

------~-- -- --~-- --------- --- - ---- -- ----- ---~---- ---- ---- ----
(DISJOINT FROM,t-:AN,PLANrl 
(:JISJOINT F~aM,CHIlO,PlANn 
(OISJOINT FQOM,MARRI~D,PlA~T) 
(DISJOINf FPOM,CHILO,MAR~rED. 
{OISJOINf FROM,WIFE,~LANrJ 
(DISJOINT FROM,HUS8~~8~PLANT) 
(DISJOINT FROM,MOTH~~,~LANTf 

___ (8ROn~ER. IN_ LAW 01=",'l-f1A~H)t,I, .. M.~f1ELAINEL __ _ 
(FATY~Q IN LAW OF,~~A~VIN~·MAOEL~INE) 
HIEWPHEW IJF,'#-KEVIN,"'-'·EqLA} 
(NEWPHrw OF,~CH~ISTaPHER,·~AOELAINE) 
(UNCLE JF,·nARTON,·MAD~LAIN~) 
{ G~ A. H 0 FAT H r: R 0 F ,I.- ;1 A 1< IJ IN, ~ MAn E L A I N E ) 
(COMES FROM,·MADELAINE,·F~ANCE) 

EXECUTING RULE OF INvE~SE. 
(INV!=:RS~_OF,WIFE OF,HU::>P,ANG OF)_ 
(INVE~SE OF,OFFSPRING OF,PAOENT OF) 
(MARRIFD rO,~ALIGE,·MAKVIN) 
(MAR~IEo TO,~M~RLA,~~A~TO~) 
(MARRIED Tn,·MAOELAINE,·NO~MAN) 
(DIS,JOINT FROM,ANIML\L,PLANT> 
(DISJOINT F~aM,PLANT,MOrHER) 
(OISJOIN~ FRGM,DLANT,HUS~ANo) 

___ { 01 SJ 0 IN T F P..O t1 , PL ANT, WI F F.) 
(DISJOINT FROM,MARoI~D,CHILO) 
(DISJOINT FRDM,PL4Nr,MARqI~D) 
(DISJOINT F~nM,PLANT,~HILD) 
{DISJOINT FROM,oLANT,MANl 
(DISJOINT FROM,PLANT,WOMAN) 
(DISJOINT FROM,A~ULT,CHILO' 
(DISJOINT FROM.FEMALE,MAlE) 

__ (01 SJ 0 IN1f F~:O ~l t MA R'< F Ll" Ut~t'1A ~RtEOL 
(DISJOINT FROM,PLANT 1 PERSON) 

EXECUTING RULE OF UNI~N. 
(SURSET OF ,HUS[)ANi1, ·~AR~ IFfH 
(SU8SET OF,WIFE,MA~~IED) 

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

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

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

() 
I 

W 
00 



(SU8SET OF,ROY,CHIL) 
(SUBSET OF,CHILO,CHILD) 
(SU9SET OF,~AlE PERSON,PERSON) 

-{~~~~{t-g ~~~~ bf 8~ R ~·~i ~2-~~Gr------------· .---
{SUBSET OF,PERSON,SI1LING~ 
(SU8SfT OF,SON,OFFS~~ING) 
(SUlSET OF,G~ANnFAT~~q,GRANDPAOENT) 
(SUOSET O~,F~THE~,PA~ENT) 
(SUBSET OF,MOTHER,PA~ENT) 

EXECUTE LEFT HALe. 
fFAfHEP,';<NOP!'1AN) --- {Ff,. Tii E P,~M ARV IN. -------.--
(gROTHER IN LAW,~gA~rONl 
(FATHF~ IN LAW,¥MARJINJ 
«r~A Rt{ I FO,'" i-l!l.i? VI 1\1) 
(MA~~IEa,·MQ~ELQINf) 
( ~1 A r{ D I [::J , 'H1 F ~ LA) 
( '~, \ '< ,) I t: D , If. A LIe ~ ) 
(r1A~~ I FD, ~ C~A'? TO N) 
(MA ~R lED \<- NOR.MA N) 
(GRAN8FAfHf~,~MA~vIN) 
(8ROTHER,"BA9TON} 
(UNCLE,'J'QAoTON) 

_ ( CA US H TE R, -I'-p I\J L_ 
( SO N , -I'- I<E V IN) 
(SON,·CHPISTOPH~~) 

EXECUTING RIGHT HALF. 
(OFFS PDI NG, -I'-ERI C) 
(OFFSPRING,¥NOPMANl 

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

o 
I 

W 
\D 



PROGRA'1 6 

This final program shows calls made to four dif­

ferent programs located in the COMS library. Since this 

is accomplished by use of the evaluator, input strings 

(data to the STRAN program) are sent directly to the 

evaluator unless they are preceeded by a period in column 

one; in which case they are output as comments. The first 

two subroutines called are TESTI and TEST2. These are used 

to show the varied type of arguments one may use in a call 

to a library program. rrhe reader should be aware that the 

actual calling statement is not output by the interpreter 

until after the subroutine has completely been executed. 

Only the echoed input line (i.e. beginning with INPUT ••• ) 

is seen before execution begins. 

Subroutines TESTI and TEST2 have been set up to 

simply output the information passed to them by the 

evaluator. This is to show the reader that argument trans­

ferrence is infact done correctly. All possible types of 

arguments have been used in the two calls. Note that the 

dollar sign character placed before a variable name does 

not pass the relative machine address of the variable as 

was shown in program (1). Instead, the address of a temp­

orary location containing the value of the variable is 

passed, just as if the dollar sign had not been present. 

This overriding effect only occurs for variables in the 
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argument list of a call statement made to the COMS library. 

(The reason for this is discussed in section 1.3.2.4). A 

listing of subroutines TESTI and TEST2 is shown following 

the output to program (6). 

A second example involving sorting routines is also 

provided. Here, the two subroutines BBSORT and SORT are 

called on to sort a group of numbers stored in array A. 

Again, the reader will note that the printing of the call 

statement is not done until the termination of execution. 

The call to each subroutine passes only the number 

of numbers to be sorted (this is stored in the variable N). 

The numbers to be sorted are provided by the subroutine 

FRANDN which is called during execution of each of the 

sorting routines. This was purposely done to show how 

C-41 

other routines may be loaded during the execution of COMS 

library routines. FRANDN generates N real numbers each 

having a value between 0 and 1 inclusive. Subroutine BBSORT 

performs a bubblesort of the numbers in array A and prints 

out the sorted result. Once this subroutine has been 

executed, a few elements of the array A are printed out 

to show correct argument transferrence back to the evalua­

tor. 

The same operations are carried out by subroutine 

SORT except that an interchange sort is done rather than 

a bubblesort. Listings of BBSORT and SORT are shown im-



mediately following the listings of subroutines TESTl and 

TEST2. 
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BEGIN INTERP~ETING PULES. 

INPUT ••• INTFGER A~Rl(5); 
INTt:GF.:P. AR~l (5) 

lNPUT~-;-~-~r::-A[l\RP-cf2-,z,--zlT------------- ----------------------------------- ------- ------ ------ -- -- - --------- ---------
REAL ~\RR2(?,2,?) 
P.J PU T .... Y = 2.3: 
Y=2.300000000000£+005 
I i'J PU T .... I =.? ; 
1= 21; 
I N ~u T •• ~ J::; 2 ; 
J= 2~ -r N PUT ~- -;-;-K=-Z-: 
K= 2-]; 
I~PUT ••• AR~1(lj=100; 
AR~;'\1J=100r; 
INPUT ••• AR O i(2) =200; 
AR ~ 1 ( 2 , = 2 a il 1-
INPUT ••• AR~l (3) =30 0; 
A'?Rln)=~on'}; 

-- IN PUT. ~-. A:-Zf.( i( 1+T=lfqRr< u ; 
A~'?l (4) =10Q'T 
INPur ••• AR~1(5)=500; 
A~Rl (5) =50 !'\'t 
IN PU T ••• A R r:; 2' 1 , 1 ,1) = 10. 1 n; 
AK02(1,1,11=1.010aOOOOOOOOE+Ol~ 
INPUT ••• a~R2Cl,1,2)=~O.2D: 

___ A ~ r;::2 ( 1 , 1, 2)= 2. Q 200 00 ;)1) 0 G 0 CE.± lJt$_________________ _________ ____________________ _ ___ ___ ___ _ ___________ _ 
IN PU T ••• A R R 2 C1 ,2 ,1) = 3 U • 3 0 : 
ARP.:?(1,2 9 1> =3. D30a000uuO OOE+01$ 
INPur ••• ARD2(1.2.2)=~O.~"; 
ARR2(1,2,2)=4.040VDOQOOOOCE+Ol$ 
INPUT ••• AR~2(2,1,1)=50.5n: 
ARQZ(2, 1,1l =5. 05GUOOtJOOO nOEt-Ol$ 
INPur ••• ~R~2i2,1,2)=60.60; 

--- ~~~O f ;~-~A ~J) 2l2;~ ~ { ~2 ~ ~: f ~ i~~Dl$----_---- -----~------------------ ---------------------------------------- -- -------
ARP.2{2,2,l)=7. n7UOOOQQOOOOE+nl$ 
r N pu r ••• fJ. f-: D 2 ( 2 ,2 ,2 t = ') 0 • B [\ ~ 
A R R;:: <2 , 2, 2 ) = 8. 0 f\ 00 0 Q !) Q 00 00 F.: 4- 01$ 



INPUT ••• ARG1=2.87E-2; 
ARG1=2.870000000000E-02' 
INPUT ••• ARG2=1672.tl 

__ ~RG2 = 3 • 612~~O 00 __ 00 ",--,0 t.",-+,-,O'Ll3,,-,,$~ __ _ 
INPUT ••• ARC;-3 =A RG t; 
ARG3=2.870000000000£-02i 
INPUT ••• IA~G4=225693; 
IARG4=22569~$ 
IN P>UT ••• C AL L T ES T 1 (A~G 1, ARG2, A RG3 ',llA RG4, 2 7:J' , Y" 5.01 (SQR f ( 16.0) ) , ARG1· AR G2, AR~1) ; 

SUBROUTINE TE~Tl ENT€RED 

TO OEMONST~ATE COR~ECT ARGUMENT TRANSFERRENC~, THIS SUBROUTINE wILL LIST ALL THE 
ARGUMENT VALUES IT H4S ~ECEIVED FROM TH~ C4ll 

FIRS r A RG U MEN T = 

SECOND ARGUMENT= 
.03 

3672. 10 

THIRD ARGUMENT= .0287 

--FOURTH ARGUMENT= 225&q3 

FIFTH ARGUMENT= 273 

SIXTH ARGUMENT= 2.88 

SEVENTH ARGUMENT= 105.389210 

THE EIGHTH ARGUHENT IS AN ARRAV NAME - THE ELEMENTS OF fHIS ARRAY ARE AS FOLLOWS 

100 
2 00 
3 00 

--100 
500 

n 
I 
~ 
CJ1 



EXIT SUr:3PQtJTtNE TE<:)Tt 
CAL L T EST 1 { A R G 1 , AR G 2 , A ~ G 3, I A ~ G 4 , 2l( 3 , Y ~ 5 • a I( S Q P T ( 16. o. l ,A R r; 1 .II- A R G 2 , t\ R r.~ 1) 
INPUT ... ,CALL TEST2{A~R2{ 1,2,1J ,A~P.2(I,J,K}, ~AI?G1,$ARR2(1,2,2J t1,!\RR~(l,I,H ,~~R01) ~ 

TO nEMONSTPAT~ CORRECT ARGUMFNT TRANSFERRENCE, THIS SURROUTINE WILL LIST ALL THe 
Aj~GUMENT vALUES IT H~S D..ECEIIIED FROM THE Cf.I.lL 

FIRST ARGUMENT= 30.30 

SECOND .ARr,UNENT= 80. '3'" 

THIRD ARGUMENT= .0287 

FIFTH ARGUMENT= 70.70 

THE SIXTH ARGUMENT IS AN ARRAY NAME - THE ELFMfNTS OF THIS ARRAY ARE AS FOLLOWS 

HPJ 
2 Or) ----300-------------------------------------- -- ---- ----------- ---- -. ----
1 fJ 0 
500 

EXIT SURROUTINE TEST~ 
C,o, LL T E Sf? ( A RR 2 ( 1" 2 , U .t,~ RR2 { I • J 1 K}<, $ ARG 1, '$!\ R~? ( 1 ,2,2 J , ~ A R? 2 ( I, I , 11 ,~A R R,1 ) 
ENJ OF FILE READ uN IN~UT TAPE ~ 

HAOBOJ8 /111 END OF LIST /1/1 
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REGIN INTERDRETING PULE~~ 

IN PU T •••• 

INPUT.... SOR1ING ~XAMPlE USING ROUTINES IN THE COMS LIgRAQY 
SORTING EXAMPLE USING RoutINES IN THE COMS LIB~A~Y 

!N PUT •••• 

INPUT ••• ., 

INPUT ..... 

!NPUT ••• O~Al A(1001); 
R:: AL A ( 1J 0 1 ) 
INPUT ..... 

--------------------------------------------- --- -- ---- ---- --------------- ------ ------------ --------------

INPUT..... -N- IS T'-1E NUMRER OF NUMBERS TO SF. SORfED 
-N- IS THE NUMBER OF NUM~ERS TO BE SOqTED 

INPUT •••• 

INPU'r .... N==25: 
1~= zc; $ 
IN PDr.---; ... 

IN PU T ..... 



INPUT.... GALL THE BU1RlESGRf SUB~OUTINE (FROM THE COMS lIBRAoy) WHICH ~~~TS 
C ~ L l T H [ £3l..J G E: L ~ S a ~ T S U 8:~ OUT I N E ( PW M THE COM S l I 9 R A R Y) VI H ! C H SO 'X T S 

INPUT. ••• _~:~o OUTPUTS THE 'lUf.13~~~ 
1\ NO QUTP l.!TS T UE NJ:l sr:: oS - INi5U T -;-;-;-.-------- -- ---- ---------

H~ DU r ••• C n II t3;~ S OR T { ,'\ , ~, -1 j ; 

THE SORTED NU~"'8Er;::S i\~E •••• 
• (J30 .0134 .1}82 .099 .175 
.507 ~S18 .580 .6U3 .688 

.301 .315 .322 .404 .4g3 
.698 .748 .760 .79S .1l4 

.dR.7 .907 .. 922 • 9Sg .9~o __ _ - -CAT"C -r1~3 SO -::l_ r-( ~-; -N",-=" n-------------- ---- -------------- -- ---- ------ --- ---- --- ---~- ---------------
INPUT ..... 

INPUT ..... 

IN?UT •••• !f1F VJ.LIJ: or- l\ FEW ELEMENTS IS PRINTEIJ TO SHO',~ THD.T AQGUMENf 
r.r:- '/::"1'» 'jF' !. '=['i F' C'''l::-f.1TS T, ppr,~T'='"? T-O SH'l;i TrjtT I\r.'~iJ"lq\T 

I':;':j~~ ••• ~ ·--r;!t.~~3~~.,,~::J~:;:' 1~C~ fj T~c ~7glJ4rO~'~~AS 3UCI:~$~t='LJ~_' 
T0:"i':FE::;l?:::iCE 3:'C< TJ fY:: EJf<lJt.,G::> ;lAS S:JC:;r-SSFUL 

I_·l~UT •••• 

IN PU T ••• A ( 1> : 
2.9572833601~4E-02 

-INPUT .---;-~ ~- -------

IN PU T ••• r.. ( 2) ; 
5.379870082323E-02 
INPU T •• '. 

INPUT ••• N=511; 
N= so t; 

-INPUL ••• 

IN PU r •••• 

-----.---- -------- ---

INPUT.... CALL rHE INTE~CHANr,~ S-ORT SU9RClUTINE WHICH WILL GENE~ATE A NEW 
CALL THE INTERCHANGE SO~T SUg~OUrINE WHICH WIll GENERATf A NEW 

\) 
I 
~ 
\.0 



INPUT.... S~T OF NU~8ERS TO BE SO~TEO 
_____ 5 ~_ T __ ~f N u MJLl;i'~J 0,- _;3 E _ S ~ D T E D~ __ 

IN ,":>U r •••• 
INPUT ••• CALL SOPHA,"J}; 

THE SORT~D NUMB~RS A~~ •••• 
• 010 .116 .12:;; .1.25 .129 .129 .14 lf .149 .204 .31r:l 
• "3 t Q • 3 1 2 • 3 2 7 • 3 ~ 0 • 3 3 g .. 3 54 • 3' 0 5 • ~ 35 • ~ g 2 • 4 fl 4 
.427 .4)0 .513 .53~ .1350 .572 .5~7 .599 .Sl~ .~SQ --;-5-S-3--;6-; 5----.- b5-3--.·~6Rt; --. 6-t38----~- 6-94----; 71--3--;718-----( 756 -- --~-771 ~---------- -~---------- ----- ---------
.794 .R2n .3134 .899 .930 .q53 .963 .966 .968 .g~q 

CALL SOr::>TfA,N) 
IIIJPU T •••• 

It~ PU T ••• .I'd 1} j 
9.~7eS72120204E-~3 

__ li'iPUJ_!_L~_"--______ _ 

I ~ PU T ••• A « 5 0) ; 
9.68B191751696E-Ol 

(') 
I 

In 
o 



000013 
C 

000013 
000016 1 

,.. 
I.., 

000016 
000043 2 

C 
000043 

---0 00 0-55 3 
,.. 
v 

000055 
000061 4 

G 
00'J061 

_ J)QO_'l62 

SU8ROUfINE TEST1(A,B,C,I,J,),E,K) 
DIMENSION K(5) 

WRITf=:U;,1) 
FQ~MAr(~1SUqROUTINE TEST1 ~NT~Q~r.~I/~OTO OCMO~STRATE GO~R':CT ~~GUM 

iENT TRANSF~RR~NCE, THIS SU8~OUTINE WILL LIST ALL THE·,· APGU~~NT V 
fI1LUES- IT--HI\S -RECi:.!V-E-D FRJM THE -CI\LL·' - - - -- ----

W~ITE(G,?) A,9,C~I,J,O,E 
FO~MAT(·QFIRS~ APGUMENT=.~Fl0.2/I·nSECONO ARGUMENT=·,Fl0.2//·0 T Hlo 

10 AKGUI"1E"lT=",F6.4fl't-OFOUR, H ARGU'4rNT::::~,I10Iil;<O~IFTH A~GUM~NT="1-, 
1 151/·1SIXfH ARGUMENT=·,F5.2//~OSf~ENTH ARGUMENT=~,~12.6) 

WRITE(;;~l) (KfIK) ,IK=1~5) 
FO~'1AT(#-OTHE EIr;HTH--APGU"It7"NT IS ANARRA)'-NAI1l:"-;;; THE FLEMENTS OF-TW-------

iIS ARK~Y ARE AS FOLLOWS·/IS(I5/') 

1-1 R I T E ( S , 1+ ) 
FOR~AT(1rlO,~(XtT SURROUTINE TFST1~l 

RET UR 'J 
ENQ 

UNUS(;;n COMPILER SfllAC!: 
011)2 U 0 

------------------------------------------------- -------- -- -------- -----

() 
I 

111 
I-' 



Ou 00 11 
C 

001)011 
00001.4 ~ ... 
--------

C 
000014 
000035 2 

C 

SUBROUTINE TESr2(F~G,P,L,Q,~) 
DIMENSION M(5t 

WRITECS,1) 
FO~MnT{·OSUSROUTINE TEST2 ~~TERED~/f·QfO O~MONSTRATE CORRECT A~GUM 

lENT T~nNS~ERo~~CE. THIS SU8~OUTINE WILL LIST ALL THE·/· A~GU~E~T V 
rATUCS-lr-HJrS-RF~£11Tnr-F~,)'vj T ~ECALl¥r-- -------- --- ---- - - - - --- ------ ------

WRITEts,?) F,G,P,L,Q 
FO~MAr(·nFI~ST APGUMENT=~,F~.2!/·OSECONn ARGUMENT=.,F~.2//.0rHIPO 

1 A RS Gt1E;H= '1-, FE> .. 4/ 1:'< Q,FO LJRTH A <1~UMEN T=.'f. ,FE) .. 2/.1'1- 0 FI FTH I.\'-'GUH PIT::: '" ~ 
1 F-).2) 

000035 WRITF{6 3) tMCIK) ,IK=1 S} 
--o-oonsS--:r---FO!Jf;l ~ T (lr-lfl1E-S rj(THI\RGln:-l~NT-TS -OW A;(R'IY -NA"iE -~ -TH E TL EMFNTSOF THr--- --- -

1 S A R R ,,\ yARE A S F 0 L LOW S.\< / I 5 (I S /) ) 

W~ITE{6,5) 000055 
000061 

C 

5 
C 

FORMAr{~OEXIr SUBROUTTNE T£ST2·) 

000061 pF:fURN 
_QOP'OQ.2 ___ _ E" "10 

UNUSE~ COMPILER SPACE 
010200 

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

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

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

n 
I 

U1 
N 



000005 

C 
G 
C 

c 

SUBROUTINE BBSORT tA,N,M) 

fHIS SU3RO~TINE PERFORMS A 8U9qLESORT ON A SET OF ~EAL NUM8~~S 

TJIMEtJSIOf~ L\(10f11) 

----------c-CZI:"[r THE--q D:-~1JOff -f~UM'rF0(- --GT1'ilF."U\ TO -~- -- - - - -------------- -- - - - -- --- - ---- ------- -- ---- --- -- - ---
C 

000005 CALL rRA~:ON U"N,O' 
OOOOGl M=-i 

G 
C -1 FOR ASCENDING OROE~ 
C 

___ 0_ OQO_~_2 --G--I~.1_--------------- __ ~ ____________________ _ 

000013 

C FIRST ELEM~~T OF ARRAY A 
r 'J 

c 
c 
c 

21 IF{A(r).GT.A(I.1») GO TO 20 

COMPA~E FIRST ELEMENT WITH NEXr ONE IN ARRay 

__ D-o..OJ1Z1) __ G.2'L __ t=.I_+~1 _______________________________________________________________________________________ _ 

C IF THE SEC ON 0 IS GREATER THAN ~HE FIR~T, INCREMENT AND GO ON 
C 

c 
C TEST FOR END OF THE ARRAY 
C 

___ tl.O __ OJLZ 4r __ -=2'--"'-O X = lI. ( T ) a 0 0026 A-rrr=--1\T!+T'--- -------~------------------ ---------- --------- -------- ------- ---------- -------
000031 A(I+l)=X 

000032 
000033 
00 UO 34 

C 
C INTERCHANGE ONE ELEMENT WITH ANOTHER 
C 

J=I 
GO TO 27 

23 IF 'A(J).LT~(J-l)t GO Tf) 22 

() 
I 

U1 
w 



C 
G <) r A R r W 0 ~ KIN G 8 A C K W A ~ 0 S F R () 11 r H r s POI Nrc 0 M PAR I N G F A C H E L EM!:" NiT \) P ~ r: v TO! j S 
C nNE AND INTERCHANGE IF NECESSA~Y 
C 

000040 GO TO 24 
000041 22 Y~A{J) 
000G43 AtJ)=iHJ-ll 
000046 A(J-l)~Y ----0 0-OO--5!l---------J=-J·~-1- --------- -------- ---------------- ~--------- ------- -- -- --.------------------- -----,---

000052 

000061 
000102 
0001')2 

__ QQ 01" Q~3 

r, 
V 
C Tt\lTERCHA!~GE 
C 

27 IF {J.EQ.1> GO TO 2·4 
c 
C TEST SO OJ~T GO BEYOND BEGINNING OF ARPAY WHF.N WOR~It\lG ~ACKWOROS 
r 
v 

2':> 
99 
~ 
C 
C 

W~ITE OUT SO~r!:"D A~DAY 

~lPITE(6,10H (tdI) , I=1,t\I} 
101 FO::ZMAr (4.X,10F6.3) 

RETUR~ 
Er\n_~_~ __ ~ ________ ~~ ______________________ ~ __ ~ ____________________ ~ _______ ~_~_~ __ ~ _________ _ 

UNUSED COMDILER S~ACE 
010200 

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

n 
I 

U1 
,p 



f' 
-' 

SUBROUTINE SORT fAtN) 

OOOJD5 

c 
c 

THIS SUJ~OUTINC ~EPFooMS AN EXCHANGE SORT ON A SET OF pEAL ~UMqE~S 

DIM~NStON A{1~nl} 

000005 
Oa0006 1 

C 

CAL L F R. AND N { A , tH 
1=1 

G INDEX OF FIRST ELEMENT 
C 

OOOUO? IFLAG=n -- ------- --C------ - ------------------ ---- ---- ------------------------- ------- --- ---------

000010 

__ O_O_yO 16 

000020 

C FLAG RESET 
C 

4 IF {A (Il ,.. 
v 
C COMPA~IS,)N 
C 

I) 1=1 +1 
C 
c tNr:REMENT 
C 

2 IF (I-'H 
'" :, ,... TEST FO~ EN[) !=:: 
IJ 

000023 3 TFLAG=l 

.Gr. A~I+l)~ GO TO ~ 

'It,6,S 

OF 'ARRI\Y 

--lfo-oO-2-4------X-= A -( I r--------------------
000026 AfI)=,CdI+i) 
000031 A(I+1i=X 

000032 
000033 

G 
C INTERGHA;\jGE 
C 

GO TO 5 
6 IF (IFlA:; .NE. 0) GO TO 1 

-------------- --- ----- ----------------- - ---- ------- --- ----------

n 
I 

Ln 
In 



-- ----- -c--------- ------------------------------------------ ------------- ------- --
C MEANS INTERCHANGE WAS ~AOE • MUST GO THROUGH ARRAY UNTIL IT !S NOT 
c 

WRITE{6,9g) 000034 
OOQG4G 99 FORMAT(¥nTHE SQPTE~ NU~BEqS A~E •••• ~) 

r, 
C W~ITE OUT SORTfO AR~A' 
C --- uOGn4-0 ---------w~rrc-n)-,-12f--fArrr;- -r:£r~-NT----- ------- ------

0(1 Q a 57 1? FOR '1 AT' f.t. X, 1 n ~ 6 • .3 t, 
DOOrJS7 14 COUT1'~lj1: 
000057 R~TUPN 
000060 ENQ 

UNUS:::O COMPILF:R SPIl.C[ 
01 QJ_O_O _________ _ 

------------------ ----- ----------------- --------------- ---------- -------------

o 
I 

LJI 
0"'1 



APPENDIX D 

STRAN Error Messages 

ERROR MESSAGE 

ERROR HAS OCCURRED IN 
INTERPRETATION OF ••• 

VARIABLE NAMED .•• IS 
NOT YET STORED 

ERROR IN EVALUATION OF 
ARITHMETIC EXPRESSION 

ERROR, ALGEBRAIC EXPRESSION 
CONTAINS MORE THAN 5 SUB­
SCRIPTED VARIABLE NAMES 

THE VARIABLE ••• HAS BEEN 
ASSIGNED A VALUE ZERO 

ERROR IN NUMERIC STORAGE 
OR RETRIEVAL 

NUMERIC STORAGE HAS OVER­
FLOWED 

ERROR IN INDICES 

DICTIONARY FULL, EXECUTION 
TERMINATED 

0-1 

RESULTING ACTION 

Interpretation of new rule 
name popped up from stack 

Interpretation of new rule 
name popped up from stack 

Expression not evaluated -
next section of originating 
rule body is interpreted 

Excess variable names ig­
nored - evaluator continues 
on 

Does what it says - eval­
uator continues on 

Variable in question is 
either not stored or not 
retrieved - evaluator 
continues on 

No further results from 
arithmetic expressions 
evaluated are stored by 
the evaluator - evaluator 
continues on 

Subscripted variable for 
which error occurred is 
ignored - evaluator con­
tinues on 

Interpreter is immediately 
halted 



APPENDIX E 

COMS P~FEFENCE MANUAL 

The major program elements of COMS are: 

1) The STRAN interpreter 

2) The Evaluator 

3) The Associative Memory 

4} The Program Library 

The original version of COMS was implemented in PL/l for the 

IBM 360/65 computer. A second but incomplete implementation 

for the CDC 6600 was carried out at Colorado University and 

NCAR in 1970 using - FORTRAN IV -. This version was up­

dated and reimplemented at McMaster University for the CDC 

6400 under Scope 3.4 by MARC S. BADER as part of this M.Sc. 

project in 1972--73. 

The present version does not have all of the features 

of the original version but this has not lessened any of COMS 

capabilities. The differences in the two versions are out­

lined in Chapter 1 of this report. 

COMS is not written in ANSI FORTRAN (due to the use 

of such CDC FORTRAN statements as BUFFER IN and BUFFER OUT) 

and at present will not compile under the FORTRAN extended 

E-l 
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compiler (FTN) at McMaster due to the COMPASS l routine LOAD­

IT which involves transferrence of subroutine arguments 

under control of the CDC RUN compiler. 

Heavily commented routines of the original FORTRAN 

version were rigorously tested and found to be satisfactorily 

applicable to the present version. Lightly commented rou­

tines however, were found to be either in need of further 

updating (where this was true more comments were entered) or 

completely incomprehensible to this author due to the unavail­

ability of the algorithms involved. Thus, these routines 

(mainly the ones dealing with the hash coded associative 

memory) were left alone. A list of updated and nonupdated 

routines can be found below. 

Any sections of coding needing more detailed expla-

nations than could be explicitly entered via comment state-

ments have the message ***NOTE() preceding them which gives 

a number reference to a section in this appendix where fur­

ther details are given. 

Another FORTRAN version of COMS was prepared by this 

author for the specific use of debugging certain routines 

which the interested programmer may have trouble understand­

ing. This program is called COMSTR and is available on 

punched cards. The output consists of the contents of var-

lCOMPASS is the assembly lanquage used in the CDC 6000 series 

computers. 
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iables and arrays during the actual execution of a typical 

COHS run. This may be compared to the DEBUG facility of FTN 

but has nO\vhere near the detail. For a complete execution 

breakdown of the COMS operation, the user is advised to 

first adap-t COHS for FTN compilation (by rewriting the LOAD-

IT compass routine) and then use the DEBUG facility of that 

compiler. The work for this was started by this author (as 

can be seen in the PRISf'l1 compass routines which are capable 

of running under either RUN or FTN) but time ran out before 

its completion. 

UPDATED ROUTINES: 

Stran, Load, Interp, rhody, Ipatrn, Setdict, Initial, Push, 

Eval, Nurnber f Flcat.er, Fixer, Bugout, Getnum, Getchr, Execute, 

Rdcard, Wrcard, Locate, Index, Page, Pack, Unpack, Move, 

Prisms. 

NON-UPDATED ROUTINES: 

Find, Locsym, Cont, Lnbr, Lnbl, Id, Strind, St4ind, Npart, 

Nucell, RcelI, Indices, Alloc: Getnl. 

ROUTINES ADDED: 

Loadit 
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Funcb on LCAD 

Note (l) 

The pu~posc of the function LOAD is to: 

1) Read the r~les, store them (packed) in the 

array STORE and store their lengths in the 

array LSTORE. 

2) Return a value of I, 2 or 3 to the calling 

program (subroutine STRAN) 

(1): restart the entire CaMS program by 

entering subroutine STRAN at state-

went 100 

(2): stop execution of the entire program 

(3): ca:l the interpreting subroutine 

INTERP to begin executing the rules 

Note (2) 

COM is an array of ten elements which is equivalenced 

to the variable BEGIN. This variable is the first of the 

common block RESRVD thus giving the following correspondence: 

COM (1) 
COM (2) 
COM (3) 

BEGIN 
ECH 
ECHOFF 

COM(lO) •••.• READL 

The contents of the variables BEGIN, Ecn and so on are In-

itialized in subroutine SETDICT. 
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Note (3) 

The variable NAHLIM is initialized to 10 in the sub-

routine SETDICT. It applies to names of S'l'Rl',N rules and 

names of variables used in these rules. If a name encoun-

tered is longer than ten characters (one 6000 series word), 

the characters after the tenth are ignored. 

Note (4) 

The first index of array STORE refers to the word 

numbers into which the rule has been packed. The second 

index corresponds to the index of LSTORE. Thus a rule and 

its length are referenced by the same number. 

The array DrCT serves as the dictionary of names of 

rules and variables. The position (i.e. index) in DIeT 

assigned to a rule is then correspondingly given as the index 

of LSTORE and second index of STORE for that rule. To il-

lustrate, examine the following STRAN rule: 

(READ(INPUT/l/~OUTPUT/l/)END)bb •••••• 

The name of the rule (Le. READ) is stored in the dictionary 

(a hash code is calculated for the position in the dictionary) 

as say DICT(S7). Then the rest of the rule 

(INPUT/l/=OUTPUT/l/)END)bb .•.••• 

will be stored as 

STORE(1,57)=(INPUT/1/= 
STORE (2,57)=OUTPUT/l/) 
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STORE (3, 57) =END)bbbbbb 

STORE(8,57)~bbbbDbbbbb 

Thus LSTORE(57) will equal 74. 

Note (5) 

The following pseudo operator commands are available: 

(RESTART) - restarts the entire CaMS program 

(DUMP) - used when an error condition has developed 

in COl·iS and a dump of the associative memory 

is required 

(RETURN) - stops execution of the COMS program 

(READTJX) - sets the current rule name to END and in­

itiates a NAMELIST read whereby a user may 

redefine the value of specified COMS vari­

ables (given in subroutine SETDICT) that 

were originally initialized by DATA state­

ments during the compilation of COMS. On 

completion of the NAMELIST read, if the 

current command (i.e. the one just read in 

by N]~1ELIST) stored in the variable RNAME 

is still END, then the STRAN interpreter 

will continue in the rule reading mode. If 

the current command is not END then RNAME 

is re-examined for the interpretation of a 
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new command 

(ECHO) - causes an echo of each input card to be 

printed. Each line given by the echo command 

begins with the phrase 

INPUT ••• 

to distinguish it from the output lines of 

the interpreter 

(NOECHO) - echoing is discontinued 

(TRACE) - causes each rule currently being interpreted 

to be output in the form 

INTERPRETING RULE ... 

and also causes the contents of each variable 

change during rule execution to be output in 

the form 

VARIABLE (name) = 

(NOTRACE) - turns off the ('I'RACE) command 

(PUNCH) - causes punching of a card for each output 

line produced by a rule. That is, the out­

put line produced by the (TRACE) command is 

also punched on cards (without the two words 

shown above) 

(NOPUNCH) - punching is discontinued 

The above mentioned pseudo operators can be more 

easily looked upon as a set of switches controlling certain 

operations of the interpreter. The initial or default set­

tings (where applicable) are (NOTRACE), (ECHO) and (NOPUNCH). 
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Subroutine INTERP 

The purpose of subroutine INTERP is to: 

1) Obtain the current STRAN rule to be inter-

preted. This rule is identified by a rule 

name which has either been passed directly 

to this subroutine from the function LOAD or 

has been "popped up" from the pushdown stack 

of rule names. 

The current rule is unpacked into the 

array CHAR one character per word. All fur-

ther references to the rule contents by oth-

er COMS routines are done using CHAR as the 

information source (CHAR is in common with 

these other routines). 

2) Once the rule has been obtained (from the 

array STORE where it was originally placed 

by the function LOAD), the rule type is es-

tablished as either a "push-down" rule or a 

string manipulation rule; the former con-

taining only a li.5t of rule names, the latter 



Note (2) 

a middle or IIbody" sect.ion. 

(3) Place rule names on the push-down stack. 

(4) Break down the "go-to" section of a rule 

to determine if a path exists for both the 

success and failure of the rule. 

(5) Send the body of a rule (if one exists) to 

the function rBOD~ 

(6) Receive information (from the function rBODY) 

on how successfully a rule was interpreted 

by the rest of the COMS routine~ 

The variable BREAK is in the common block RESRVD 

with the variable PRNR immediately following it. BREAK and 

PRNR are initially set in subroutine SETDrCT. 

Note (3) 

A STRAN rule can either succeed or fail depending 

on the outcome of the left hand side of the rule. If the 

left hand side fails (whether through a decomposition or an 

associative memory operation) then the right hand side of 

the rule (the part to the right of the equals sign) is not 

executed and control is passed to the second rule name in 

the go-to section (if only one rule name is present control 

is passed in any case). Otherwise control is passed to the 

E-9 
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first =ule name. Keeping this in mind, one sees the fol-

lowing possibilities. Assuming RNAME (the present rule name) 

is not END, it can either be the first of the two go-to rule 

names (stored in TNAME) or the second of these (stored in 

FNAME) or it can be neither. This is illustrated below. 

CASE 1 Successful left hand side: 

(RULE1(rule body)RULE2,RULE3) 

t t t 
RNAME TNAME FNAME 

RNAME is set to TNAME and control is passed to 

RNAME. 

(RULE1(rule body)RULE1,RULE3) 

Control is passed to the same rule for re-exe-

cution (RNAME doesn't change). 

CASE 2 Unsuccessful left hand side: 

(RULEl(rule body}RULE2,RULE3) 

RNAME is set to FNAME and control is passed to 

RNAME. 

(RULEl(rule body)RULE2,RULEl) 

Control is passed to the same rule for re-exe-

cution (RNAME doesn't change). 
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Function IBODY 

Note (1) -------
The purpose of the function rEODY is to: 

1) Examine the section of a STRAN rule between 

the second opening bracket of the entire rule 

(i.e. the opening bracket after the rule name) 

and the pair of terminating characters con-

sisting of an oblique stroke / followed by a 

closing bracket. 

2) Break this same section down into left and 

right sides and send these to the function 

IPATRN for further interpretation. 

3) Return a value of 1, 2, 3 or 4 to the sub-

routine INTERP. 

(1): no errors have occurred 

(2): some operation on the left hand side 

(i.e. the side to the left of the 

equal sign) has failed 

(3): error has occurred in the storage of 

a variable 

(4): interpretation error has occurred 

Note (2) 

ISIDE~l indicates we are on the right side of the 

equals sign in a rule body and are doing a composition 
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operation (because the associative store operation [i.e. +8] 

is taken care of elsewhere in the coding). Thus one can 

assume the result of the composition will be placed in a 

variable not previously defined. This assumption may be 

fa.lse but will not upset anything since if the name is found 

by the function DEFINE to be already in the dictionarYr if 

just redefines itr giving it the exact dictionary location 

it had before. This reasoning also holds true for IREAD = 

-TRUE- where a read input data operation takes place put­

ting the result in a variable we assume has not previously 

been defined. 

Note (J) 

It should be understood by the reader that strings 

of characters (to be referenced by CaMS variables) which 

either are read from the input file by the function IBODY 

or are formed by the function IPATRN as the result of a 

right hand side pattern operation are placed (packed ten 

characters per computer word) in the array STORE with the 

corresponding string length in array LSTORE. 

When work is to be carried out on these strings, 

they are taken out of their packed form in STORE and placed 

in unpacked form (one character per computer word) in the 

array TEMP with their corresponding lengths in array LTEMP. 

The array STORE (as noted in subroutine INTERP) is 
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also used to hold the packed form of the STRAN rules when 

they are first read in by the function LOAD. ~'Vhen work is 

to be done on these, they are transferred in unpacked form 

to array CHAR with their corresponding lengths placed in 

array LCHAR. 

Note (4) 

There is a possibility of having a slash as a lit-

eral character being used in a composition operation as 

shown the follovling example 

(RULEl(=COMP/l+'/'/)END) 

Note (5) 

If the function IPATRN retULns ~ value of 1 (meaning 

no errors in pattern matching have occurred) the variable 

lOP becomes an indicator to the function rBODY telling it 

through the calculation of IOP=JOP+l whether or not one of 

the three associative memory operators has been encountered. 



Function IPATRN 

Note (1) 

The purpose of this function is to: 

1) Examine the strings of pattern operators 

found between the two oblique strokes im-

mediately following a variable name on ei-

ther the left or right side of a rule body. 

2) Check the syntax of these strings and perform 

the operations required through other COMS 

routines called by IPATRN. 

3) Return a value of 1, 2, 3 or 4 to the func-

tion IBODY, each number having the same 

meaning as those returned by IBODY to the 

subroutine INTERP (see note (1) of subroutine 

INTERP) • 

The term "pattern operator" refers to the legal 

STRAN operators for pattern decomposition, composition or 

transformation. These include the following: 

dollar sign 
quote 
letter(s) 
number 

period 
downward arrow 
equivalence L 
equivalence R 

$ , 
A,B,C, ••• Z 
0,1,2, ••• 9 

• 
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A detailed description of the meaning of the above operators 
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can be found in Appendix B. 

Note (2) 

If a plus sign is found the program must check 

whether or not it lies inside a literal string (i.e. between 

quotes). This checking is done beginning at statement label 

35. If the plus sign is in a literal string, a further test 

is made for another plus sign. If one is not found, the end 

of pattern indicator is set. 

Note (3) 

At this point, if IPLUS=l, this indicates there were 

no characters between the two outer slashes; for example 

(Rl(XYZ//)R2). This of course is an error and pattern match-

ing is terminated with a return to function IBODY (via the 

statement GO TO 33). An error condition in this case is not 

flagged to IBODY but rather this section of the rule body is 

ignored and the next section is picked up to be processed. 

Note (4) 

The calculation of ICHAR gives a pointer to an 

element in the array IVAL. ICHAR will be a number from 1 

to 63 inclusive, having a one to one correspondence with the 

63 possible characters allowed under the current FORTRAN 

compiler (RUN) in use. For example if ICHAR contains the 
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dollar sign character $ (i.e. left justified octal code 53), 

ICHAR will be equal to 43 (a summary of octal display codes 

for all the available FOR'l'RAN characters can be found in the 

CDC RUN FORTRAN manual, Appendix A). 

'l'he array IVAL is arranged so that a lexical scan of 

pattern operators is accomplished by a reference to it. In 

other words the variable L (used in a group of computed 

go-tots) indicates to the program the section of coding which 

should be executed next depending on which pattern operator 

has been encountered. 

The legality of this pattern operator is also exam-

ined and if: an illegal operator is encountered (i.e. a char-

acter other than those mentioned in note (1) of function 

IPATRN), control is returned to the function IBODY which in 

turn gives control to subroutine INTERP. Here an error 

message is printed out and the next rule to be interpreted 

is picked up. 

The array IVAL is initialized in subroutine SETDICT. 

An outline of its contents and corresponding character refer-

ences is given below. 

IVAL(l)== 1 
(2) == 1 
(3) == 1 

(26)=1 

L=l => letter A-+Z 
(L is used as a computed go-to 
pointer indicating the particular 
pattern operator in use) 
(translate => as "indicating") 



IVi\L (27) ==2 
(28) -.= 2 

L:-..::2 => number 0-+9 

(36)=2 

(37) =9 
(38)=9 

L=9 => +,-,*,(,),/ 

{42)=9 

(43)==3 L=3 :-::> $ 
(44) =9 L::::9 => ::::: 

(45)=4 L=4 => blank 
(46) =9 L=9 => comma 
(47)=5 L=5 => period 
(4f3):::;6 L=6 => -

(49) =9 
(50)=9 L==9 => ], [, : 
(51):::.9 

(52)==7 L=7 => quote 

(53)-:::9 

L=9 => -+'/\,v,t 

(56)=9 

(57)=8 L=8 => 

(58)=9 
(59)=9 

L=9 => <,>,$.,2:,""; 

(63)=9 

NoU": (5) 

The variable K is used as a pointer to the specific 

pattern matching operation to be performed. This in turn is 
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determined by the two variables lSlDE and lOP. lSlDE de-

termines whe-t.-.her we are dealing with the left side (ISIDE=O) 

or right side (lSIDE=l) of the rule body_ lOP determines 

which assoclative memory operation is to be performed (if 

any). Both lSlDE and lOP are set in function lEODY. The 

follovJing chart shows all the possible combinations of lSlDE 

and lOP with the resulting value of K. 

lSlDE IOl? K OPERATION ---

0 0 1 Left side pa.ttern match 

0 1 2 Error (1) 

0 2 3 Left side associative find 

0 3 4 Left side associative access 

1 0 5 Right side composition 

1 1 6 Right side associative store 

1 2 7 Error (2) 

1 3 8 Error (3 ) 

Error (I) lOP indicates an associative store operation but 

lSlDE indicates the left side of the rule body. Associ-

ative stores can only be done on the right side. 

Error (2) & (3) lOP indicates associative access and find 

operations respectively, but lSIDE indicates the right 

side of the rule body_ Associative finds and accesses 

can only be done on the left side. 

K is used to determine the general pattern matching 

operation needed, while the variable L determines the par-



E-l9 

ticular operator within this operation that is presently in 

use. This is illustrated in the following example: 

K=l K=2 K=3 
, , , I j I 

(Rl (ABC/$+'D ' +·S/+Fl/l+$/=+S/2+3/) S,F} 

LI3l LIs LI2l LI2l 
L=7 L=3 L=2 

Note (6) 

The following coding is broken up into sections, 

each dealing with particular decomposition or composition 

operators. At the end of each section of coding the pro-

gram exits to one of four statement labels. These include 

33, 76, 77 or 78. Statement 33 tests for the existence of 

any more operators in the string and if none are found the 

program returns to function IBODY. Statements 76, 77 and 

78 perform "clean-up" operations (these are described in 

later notes). 

Note {7} 

The +n operator positions the output string pointer 

such that composition will continue at the column specified 

by the integer n. 
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Note (8) 

For all associative memory operations (that is, FIND, 

ACCESS and STORE), the +F, +A or +S has already been picked 

up by the function IBODY. Also, IBODY picks up the pseudo 

register number following a +F or +A and stores it in the 

variable NTRACK. This means that the function IPATRN need 

only be concerned with the dollar signs, literals and pseudo 

register numbers found between the oblique strokes immedi­

ately following the +F, +A or +S. 

Note (9) 

From experimentation with the following section of 

code, it was found that the dot operation is not working 

the way the original COMS manual claims. The reason is 

probably due to a mistake in coding during the translation 

of the PLI version of COMS to the Fortran version. At 

present the dot operator has the same effect as a 

dollar sign operator. 

Note (10) 

If the current decomposition operator is the last 

operator in the current pattern matching string (i.e. a 

terminating oblique stroke follows it) and if this oper­

ator is a dollar sign by itself (operators of more than 

one character begin with dollar signs - e.g. $'ABC ' or $5), 
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then the whole O}~ remaining part of the string being oper-

ated on (this' vlould depend on what decomposition operations 

were previously performed on this string) is moved into the 

current pseudo register WORK(l,NVARB) with its length 

placed in LWORK(NVARB). 

Note (11) 

Even though at this point the program knows no more 

operators exist; to be consistent with the rest of the 

program a test for more operators is again made at state-

ment 33. 

Note (12) 

There are more decomposition operators to be 

examined and thus the result of the $ operator (Le. just. 

how many characters it matches) will not be known until 

the next operator in line is picked up and executed. In 

the meantime, the dollar sign character is stored in the 

current pseudo register to be replaced "next time around" 

by the actual character string it matches. 

Note (13) 

The pattern matching operator $ followed by a 

literal (i.e. a character string enclosed in quotes) will 

match consecutive occurrences of the literal in the input 



string. The four lines of coding starting at statement 

label 70 form a loop to accomplish this operation. The 

program exits from this loop when either of the following 

conditions occur: 

1) All the characters in the input string have 

successfully been matched, as in the following 

example: 

/$+$tABC 1 +$/ 

operating on the input string ABCABCABC (the 

loop will be executed three times) 

2) An exact occurrence of the required literal is 

not immediately found each time a match is 

attempted (i.e. each time through the loop), as 

in the following example: 

Note (14) 

/$+$ I ABC '+S/ 

operating on the input strings 

DABC (failure during first loop) 

ABCDEF (failure during second loop) 

ABCABCABD (failure during third loop) 

When a successful match is found the characters 

matched are moved into the next position (as determined 

by the variable J) in the current pseudo register (as 
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determined by NVARB). Thus, /$+$'ABC'+$/ matching say 

ABCABC will result in 

Note (15) 

WORK (1 ,NVARB) :::; A 

" 

" 
II 

(2 I 

(3, 

(4 , 

etc. 

II 

.. 
n 

:::; B 

:::; C 

:::; A 

The variable NFND is initially set to a value one 

more than t.he length of the string being operated on (i.e. 

the string stored in TEMP). If a pattern match involving 

the literal collection is found, NFND is reset to the 

character position number where the match begins. 

For example if 

TEMP(l) :::; T 

(2 ) :::; H 

(3) :::; E 

(4) :::; blank 

(5) :::; c 

(6) :::; A 

(7) :::; T 
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(8) == blank 

(80) 

and the literal collection pattern being used is 'DOG'CAT ' », 
a match is found for the literal CAT at the fifth character 

position in TEMP and thus NFND is set to 5. 

It is very important to understand that the search 

here is for the left most match that can be made in the 

input string. This is the reason the program must test 

everyone of the literals in the collection pattern given -

i.e. one of these might cause a match further to the left 

than a previous one. This is shown in the following 

example. 

input string: CATDOGMOUSEHENCOWbb ••• 

literal string: 'COW'MOUSE'CAT ' » 

The first element of the literal collection, namely 

COW, will cause a match immediately since the whole input 

string is searched each time around. However even though 

at this point the current pseudo register WORK(I,NVARB) is 

set to COW, the process does not stop because the rest of 

the collection must still be considered. A match will 

again be found for MOUSE but the end result is that 

WORK (I,NVARB) will contain CAT, it being the leftmost match. 
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Thus the statement 

IF(IQ.EQ.O.OR.IQ.GE.NF~D) GO TO 82 

continues the matching process if either a match is not 

found or all the literals have not been considered. The 

only exit from thi s part of the program occurs \vhen all 

literals have been considered. 

At this point, if the value of NFND has not changed 

from its original setting, the program knows a match was 

not made and an error is signalled. 

Note (16) 

One must be extremely careful in programming STRAN 

pattern operations as the coding at this point shows. Here 

a test is made to see if every character in the input string 

has been accounted for 1n matching operations. This is done 

by considering the length of the input string (stored in 

LTE~'iP) and checking that the current pseudo register con-

tains characters that match this string exactly to its end. 

For example if the operation j'ABC'j is performed on the 

input string ABCbb ••••••••• where LTEMP = 80, an error 

would result as shown by the following code execution: 

IST=LTEMP-LWORK(NVARB)+1 (1) 

NFND=IST-IWORK+L (2) 

IF(INDEX(TEIvlP(IST},LWORK(NVARB), 
WORK(l,NVARB),LWORK(NVARB}.NE.l}GO TO 602 (3) 



In (1), IST=80-3+1=78. Thus in (3) the INDEX function will 

not be equal to 1 but instead will equal zero. The reason 

is that TEHP(78) , TEMP{79} and TEMP(80) are being examined, 

rather than the expected TEMP(l) , TEHP(2) and TEMP(3) which 

do in fact contain the characters A,B and C respectively. 

If the same match was performed on the input string 

ABC where LTEMP=3 (i.e. this string was not read in but 

was formed by a previous composition operation) an error 

would not have resulted as 1ST in that case would equal 1. 

Thus the point here is that unless the STRl,N user 

knows exactly what string is being operated on by decomp­

osition operators, an error (i.e. GO TO 602) could result. 

A successful ma-tch for the first input string (ABCbbb ••• ) 

would be caused by an operator string such as /$+tABC t +$/ 

where any doubts are taken care of by the two extra dollar 

signs. The above discussion also holds for the other oper­

tors which transfer control to this section of coding after 

pattern matching has taken place. 

Note (17) 

If the $ operator was stored in the pseudo register 

used immediately before the current pseudo register all 

characters of the input string up to but not including 

the first character stored in the current pseudo register 

(there may be more of them) are placed in the previous 
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pseudo register. For example an operation such as 

/$+'A'/ working on the input string CDA (where LTEMP=3) 

would first have p.r. (1) = "$" and p.r. (2) = "A". Execu­

tion of the code starting at statement 78 would then 

result in p.r. (1) = "CD" and p.r. (2) = "Au. 

Note (18) 

NFND is a variable used to indicate where a match 

was found in the input string (i. e. what character posi­

tion). If the previcus pattern matching operator was not 

a dollar sign, this means an exact match of the current 

operator was made in the input string. If this is not so, 

an error is signalled. 
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Subroutine PUSH 

Note ( 1) 

The purpose of this subroutine is to store the rule 

names listed in a STRAN type 1 rule in the 100 element 

array PUSHDN. The first rule stored is placed in PUSHDN(I), 

the second in PUSHDN(2) and so on. The variable ITOP is 

used as the index to this array, and is incremented by one 

each time a new rule name is stored. "Popping-up" the next 

rule name to be used is carried out in subroutine INTERP, 

where ITOP is decremented by one each time a rule name is 

referenced. 

Note ( 2) 

Each time a comma is encountered, a test is made 

to see if any character:s (other than the comma) have been 

picked up. Thus if ILST is equal to NXT one of the follow­

ing conditions has occurred: 

(I) a comma was found immediately preceeding the 

first terminating bracket as shown below. 

(STKI(Rl,R2,») 

(2) two or more commas were found together as 

shown below. 

(STKl(RI,R2"R3» 

(3) no characters at all were found between the 

second opening bracket and the first termin-
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ating bracket as shown below. 

(STKI () ) 

In each of the above cases, ILST is decremented by 

one to allow the next character (remember the string is 

being searched backwards) to be examined (if one exists). 

For (3) an automatic return to subroutine - INTERP - is 

executed. 

Note (3) 

If only one rule name is encountered then ILST will 

be zero at this point. However if more than one name 

occurs, the very last (going backwards) is taken cal.'e of 

here. The reason for this is d\..,,-e -to there being no comma 

at the end of the list (going backwards) but rather an 

opening bracket; thus a special section of coding is needed 

for this situation. 
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Subroutine EVAL 

Note (1) 

The purpose of subroutine EVAL is to: 

(1) evaluate algebraic formulae using most of the 

arithmetic and built-in functions of Fortran 

(2) allocate storage for subscripted and unsub-

scripted variables 

(3) store values in and retrieve values from these 

variables 

(4) pass thp necessary information to the compass 

routine LOADIT for the generation of argument 

lists for the Fortran programs in the COMS 

library. 

Subroutine EVAL operates on input character strings 

dealing with numeric data in a two pass fashion. Details 

of this operation are described in section 1.3.2.1 and 

the reader is referred here for background information. 

The input string is stored in array CHAR with the number 

of characters in the string stored in the variable N. 

Explanation of the operation of the major sections 

of subroutine EVAL is given in the comments associated with 

the routine. 



Subroutine NUMBER 

Compass Routine LOADIT 

Compass Routine PRISMS 

Explanations for the major sections of coding in 

these routines are given in the comments of the program. 
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Subroutine BUGOUT 

Note (1) 

If the STRAN pseudo operator (DUMP) is encountered 

during the rule reading mode, an automatic call to subroutine 

BUGOUT occurs. The purpose of this subroutine is to print 

out the entire contents of the hash table and symbol table 

used by the associative memory routines. 
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Subroutine Getnum 

Note (1) 

Both this subroutine and subroutine GETCHR contain 

programming stateffients used in CDC Fortran; in particular, 

ENCODE and DECODE statements. These are comparable to BCD 

write/read statements but with no peripheral equipment in-

vovled. Informat,ion is transferred from one area of stor-

age to another under FORMAT specification. 

Note (2) 

The purpose of this subroutine is to examine stor-

age locations (words) which contain the character codes of 

numbers originally read in under ItAIt formats (that is, left 

justified with blank fill), and output words containing the 

integer, real or octal representation of these numbers. 

For example the number 1, input in character code as 

34555555555555555555 

would be output in one of the following representations: 

integer: 

00000000000000000001 

real: 

17204000000000000000 



octal: 

00000000000000000034 

vii th the above forms I a number may be used in 

various arithmetic calculations (character code 55=blank, 

34=the number 1). 

Note (3) 

XHAT will contain the format specification needed 
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to transfer the unpacked characters stored in the array BUFF 

to the two ';-lord array TEMP where they will be stored in 

packed form. Thus, consider the following example: 

In function I?ATRN a dollar sign operator has just 

been encountered followed by two digits. That is, say, 

$12. Subroutine GETNUM is called with the following re­

sults -

BUFF(l)=l= 34555555555555555555 

BUFF(2)=2= 35555555555555555555 

MCHR= number of characters = 2 

KTYP= type required = say, integer 

MX= 20-2 

= 18 

XMAT= the string (18X,2Al) 

TEMP(l)~ 55555555555555555555 

TEMP(2)= 55555555555555553435 



XMAT= the string (120) 

B= 00000000000000000014 

(recall the number stored in B is an octal number, i.e. 

148 = 1210 ), Thus B is returned to function 1PATRN in its 

proper form for arithmetic use. 
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Subroutine GETCHR 

Note (1) 

The purpose of this subroutine is to examine storage 

locations (words) which contain the integer, octal or real 

representation of a number and change the contents of these 

words to the character code representation of that number. 

In other words this subroutine provides the opposite opera-

tion to subroutine GETNUM. 

Note (2) 

The real, integer or octal representation of the 

number stored in l~UMB is tra!1sferred in character code 

representation to the two words of array TEMP. For example 

if NUMB=8, i. e. 

NUMB= 00000000000000000010 

then the contents of TEMP(l) and TEMP(2) would be 

TEMP(l}= 55555555555555555555 

TEMP(2)= 55555555555555555543 

(43 is the character code for the number 8). 

The contents of TEMP(l) and TEMP(2) is then unpacked 

one character per word into the array BUFF. Thus, 

BUFF(l)= 55000000000000000000 
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BUFF(2)= 55000000000000000000 

BUPF(20)= 43000000000000000000 

(for details of the unpacking operation see the notes on 

subroutine UNPACK). 

Note (3) 

The DO LOOP variable I counts the number of blanks 

encountered as each word of the array BUFF is examined. 

Subtracting I from 21 gives the number of digits present. 

This is stored in the variable NCHAR. The digits are then 

transferred from BUFF to the array CHAR to be passed back 

to the calling routine. 
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Subroutine v1RCARD 

Note (1) 

If two arguments were used in the call to WRCARD, 

the second provides the means to determine exactly how many 

words of the array BUFF are to be printed. The integer 

divide (LENGTH+9)/lO gives the number of words. For example, 

in the function INDICES the following error message is set 

up in array MESAGE: 

DATA MESAGE/17HERROR IN INDICES/ 

The call to ~"lRCARD to print this is CALL WRCARD (MES1\GE, 17) • 

Thus LENGTH=17 and (LENGTH+9)/lO=2, so BUFF(l) and BUFF(2) 

are output. IL this way, unnecessary use of core (usually 

to hold blank characters) is prevented. 
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Function LOCATE 

Note (1) 

The purpose of this-~unction is to store and retrieve 

STRAN rule names using the array DICT. A maximum of 257 

names may be stored since four of the 261 available elements 

of DICT are used to hold special information which describes 

the current contents of the dictionary. An attempt to store 

more than 257 names results in the output of an error message 

to this effect, followed by complete program termination 

(via a STOP statement). 

The contents of DICT(l) is initialized in subroutine 

INITAL to 257. Also in this subroutine the elements DICT(2) 

through DICT(261) are initialized to zero. 

Note (2) 

The word containing the left justified character 

code of the rule name being stored or retrieved is left­

circularly shifted by 23 bits. The new word formed is 

added to the original word and the lower 48 bits are masked 

off. The resulting value is divided by LIMIT and the re­

mainder (which will always be between 0 and 256 inclusive) 

is placed in the variable LOC. This allows a hash calcu­

lation for one of the 257 available locations in the array 

DIeT. 
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Note (3) 

For storage of a rule name each location of DICT 

starting from LOC+5 is tested for availability. This is 

indicated by a zero value being present. When one is found 

the rule name is entered in that location, the dictionary 

contents (i.e. the first four elements of DICT) are updated, 

and the location where the rule name was stored is returned 

to the calling program. 

For retrieval of a rule name the location where the 

variable was previously stored (i.e. LOC+5) is checked for 

a zero value. If a non zero value is found it is tested 

for equality with the word containing the rule name. A 

match causes the location of the rule name in DICT to be 

passed to the calling program. A non-matching word causes 

the next location (i.e. LOC=LOC+I) to be examined and this 

process continues until either the rule name is found or a 

zero word is detected. A zero word during the retrieval 

process indicates the name cannot be found in the dictionary 

and the function returns a zero value to the calling program. 
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Function INDEX 

Not.e (1) 

This is a general purpose function used to search 

a string of characters (stored consecutively in an array) 

for the presence of either a particular character or 

group of characters. The position in the string being 

searched of the first occurrence of the desired character(s) 

is returned as the value of the function. For example if 

the string ABCDEF is being searched for the character D, a 

value of 4 will be returned. Searching for the group of 

consecutive characters BCD will return a value of 2. If 

the character(s) required cannot be found at all, a value 

of zero is returned. 

Note (2) 

For efficiency sake, to save time, a limit to the 

number of searches that need be done is calculated. For 

example if the string in array A is ABCDEFGHIJ (Nl=lO) and 

that in B is EFGH (N2=4), only the first seven characters 

of the string in A need be examined. 



Subroutine PAGE 

Note (1) 

Each time the program switches from the rule read-

ing mode to the interpreting mode a new page of output 

headed with a title is printed. There is a problem involved 

here in that some of the output in either of the above two 

modes may take more than one page of printing (i.e. 60 

lines), and thus when a new page is automatically begun by 

the line printer, no title will be given and the page nunilier 

will not be incremented. The result is that the title may 

not be printed at the top of each new page and this causes 

the page counter present in this routine to be incorrect. 

The problem could be solved by placing a line count-

ing statement such as LCOUNT=LCOUNT+l whereever the print-

ing of a line of information occurs. Thus when the line 
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counter reached sixty, the page counter could be incremented. 
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Subroutine PACK 

Note (1) 

Both subroutine PACK and UNPACK use non-ANSI 

Fortran coding to accomplish their tasks. The former uses 

the CDC ENCODE statement to pack up to a maximum of 80 

characters stored one per word into 8 words having 10 char-

acters each. The latter routine performs the reverse oper-

ation of unpacking 10 characters per word into a one char-

acter per word form by use of the CDC DECODE statement. In 

both cases an 80Al format statement is used. 

The above operations are needed when packed char a-

cters are to be examined singly and then repacked into 

their original form with any necessary changes made. 
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I=LOAnc>(xX) 
GOT ,') 0 GO, 141 l-.,-l-u,g-)~-I------------------------------­
f<CTU~N 

ENTE~ ~ULE I~fERP~~rIN:; 

Ct>LL PAGE 
W~{TE{~0~TAP,201) 
CALL INTi:,°P 

'A,OnE 

- ---- --- (.1) T ') 18 
201 FC~M~T{~ BE:;lN INT~~'~ErING RULES •• ') 

[N) 

h:j 
I 

,.r:,. 



--------------------------------------------------

FUNCTIO~ La~D(X) 

-LOAJ- IS CALLED F~OM SUB~OUTIN~ -ST~~N- ONLY 

C 
'1-'1- :;;--N J T l ( :2 ) 
C 

Ei),UIV,i)lt:NCi::: <COi1( U ,3EGIN) 
C - _.. . 
C T~IS 13 T~E MlIN LOO? fa ~OLLLCT RULES, STO~E TH~M IN rYE ARRAY 
c -STO~[- PACK:::_)} AiD TY::IR L~I~GTf-.:S IN -LsrOPE-
C 
c 
C 
1 

;x.EAO AfW JNP~:;i( AN IN?LJT CA?O {8G LHAf<ACTf:RS) INTJ 

rALL PU~AROf~U~F} 
CAL. L U r~ c:i A C i( l J J F F , C H A ~ ) 

- c ---------- ---- ._-- ----- -.----- ----------- ------. 
C JETE~rH~!E IF THE CHARl:;fE?- STRING 
C PARENTH::::SIS 
C 

c 
C 
c 

IF NOT CA~O IS IG:JOPEO 

- .--------1 F l I .. c>'1 .. u-}--~ -0----1 
I S:; :: I + 1 

c 

--_.--------._---------------------
IN -CYAR- CONTAINS ~ LEFT 



E GHEC~ ~OR SECOND l~FT ~ARENTHESI~ IN ryE RE~AINING CHAoACTEPS 

J = I~D~X'GHAR(IJG),3J-I,?4RENL) 
IF~J.CO.Q) GO T] 2 

C -B-- --0 fH- A-I N--1 H~ :-N-G l--+---B-F--:r~-q +Jt-c---I+A-~ 

C 
"q"'f~JTF (3) 
G 

NGd~:::J-l 
I F n; -; H P. G r , N A tv! U:;'1) ~J:; H·~:.:: ~J A d L '[ M 

c 
- C· -~ -;:) ~ C 1< ~ T >-1 E :;:: Ul E~-NA d-;;--I-N:r]--r.fi.f-~-\lA 1;C I-A 0b-t.-=---~"'-R-1'1-.4Nti:-"'-~~.J-S-U+-c"K-+-+---±-!+---+-hlF-_ -----------

C DICrrOiJA~Y 
C 

C H l L P Ii :; K ( Cd A R { I S G) , f"Z ~; l\ .'1 E , ~! C H. R ) 
c ,... 
..... - i.J E FIN::: - I SAN t: ," r "~ y P.) H H 1: NTH E FUN C T ION - L 0 C I~ T E -
C 

I = nEFINE(RNAM~,0ICr) - c- ----- -.- - ----------------------------.------ ----- -~-----~-----------

~ JS T

r, cI~ THE LE4GTrl OF TH~ ~E~T OF THE RULE AND DAC~ IT INfO THE A~RAY 
..... -50?E.,-
C 

LsrO~E CI-4) ::: ,'11 - Fli, - J 
C 
l'- ..... ~NJTE (Ld 
C 

-- ---~G AL l- -PAG KlG HAR-H].G-.;..J.}-,-S-l-~').;;'-~-.{-h-l·,-4/_,.-L:s;.r.QKE-{.i: ,..-4~)------------------~---------~--­
GO TO 1 

c 
B 
c 
c 

:ONT~OL COM~S YE~~ WH~N ~~LY 0NE k~FT n~~EN HA~ R~EN ~QUNO QN A CARD 
WHIL~ IN ~JL~ REAJING ~~J~. Trl~ ~~'~D ~0~r CONTAIN ~ ~uAM~N'1 DSEUOO 
OP£~ATO~ O~ G~-TJ (RUl~ NA~~) SU~POUNlEO BY PAP[~rH~S~S 

C TEST ~OR A i~ISHT p~:~E'\Ir;~:='3IS - IF 1\lJ~r FOliND THE GA~H') IS IGNOp~f) .. 
~ C---~J G:j A 1 r~ Trlc--L- [,'4 G ;_LL.'} F l,.J-{"'-;:: -~~vr::-~ --A-:\:,J--~;.,1rs:i{.-L~,'tG_ T H--L-I i1 

C 
2 J = IN Oc.:: X ( C H A R ( 1:3 r, ) ,8 ! - I , P.:\ ~ t: (~ P) 

"::! 
I 

C'\ 



c 

IF{J.EQ.Ol GO TO 1 
NCHR=.J-l 
IF[NCH~.GT.~~~LIM) N:HR=NAMLI~ 

C PACK rHE ~UL: NA<1E INf:) Tyr- v'ARIA~L':. -RNJ,~1E-
>--C----~- --- ~- --~-------------------. 

G 
C 
C 
10 a 
102 

CALL PACK(CH~R(I3G)t~~~ME,NCrlR) 

REI~ITIALIZ[ THE WHOLE P~OGRAM 

LoriO=l 
R~ HJ~r~ 
T t< '\ C t .= • T RUE. 
G') TCl 1 

103 T~ACi=.FALSE. 
-------G 0 ~;)-1 

104 LPt-,JCr1=.TpUE. 

105 

c 

GO T') 1 
l fi 'l C H .= • F A L 3::: • 
GO r a 1 

C -~DLEX- IS AN ENT~Y POINT IN THE SU~~i)UTINE -S~TDICT-
C 

-1Q9---PNL\I~,:.'::C'~[}--· 
Ci"'.LL PJLI=::X 
1 F ( R'~ Ar-l::: • i / E • r: N ;J t G 0 r ,j 1" 



GO TO l. 
c 
C STOP lYE ~0NNING )F THE PRnG~~M 
C 
107 LOAO=2 

~ ----- ---VE-1=Jj~i>i--
13B C~LL GUSOUT 

GO Tl 1 
c 
C 
r' 
v 

-~NAME- WAS NOT A PSEU~J OPE{ATO? r~OM~ANDt IT MUST gE a 50-10 
R U L E I'~ ~d-1 c: 

C 
10 '3 LOi'd=3 

h~ 0 u~ 1'4------------------------,.-------­
~ND 

-- ------------------, ---------------- ---,-------,--

~ 
I 

00 



C 
C 
C 
C 

SUBROUTINE INTERP 

THIS SJRRJUTINE IS CALLE0 F~a~ SUO~OUTIN: -STRAN- ONLY 

.... *>;-NOTE (u 
C 

101 
C 
G 
C 
C 
3 

c 
c 
C 
4 
C 
C 
C 

202 
C 
C 
C 
C 

c 
C 
C 

O~TAli~ TH:: NC:Xr ·Wl!.: N!P1E FRO'~ Tdr.5TAGK M~I)-·DtC:Qf;'ic:Nr-- rH;:::--NU;·P.C"~ .-----------­
~E:1 AI N I NG 

IFtITOP.EQ.O) 1,0 TO 101 
QNQ~E=PU~HON{ITOPl 
IfOP=IT'Jf-'-i 

GET T~E NEXT ~UlE TO BE INT~RP~~TEO ••• WHO~E N4MC is -oNAME-

IF(~NAME.EQ.ENO) GO TO 3 

IF If DOE3 NOT EXISt AN FRROR H~S O~CURPEO 

I=LOCATE(DNAME,8ICTl 
IF(I.EQ,.O~ ';0 TO 777 
I F ( r ~ M>:) i4 ~ 1 T :..:: { \1 U U T ~ 0 , 2 0 2 ) ~ N F\ 1'1;: 
FO~~ATI~ lNT~R~~ErIN~ RULF ••• ¥~lJl 

:)ICI< U:J !rlt: KULt:: l:::NGT'1 (I.E. THF: Ntji<l'lt..~ OF CHA~ACTC::~3) A~JtJ U1\)P~CK 
INTO Trl~ A~kAY -C~A~-

LCH~~ = LSJJ~E(I-41 
GALL UtPAC«ST J~~':'{ 1,1-4) ,CI-jAR.,i...CHr\~) 



c 
C 
H ~NOT E (2) 
C 

I f3RE A J.( = HJlJ E'( { GH A ~ ~ L C H A R., :.5:<. E A J.(. 2 )- ~ - ~--- ~ -- ----~ - - -~--~ - - ~--- -­
IF(I8REAK.~=.O) GO T1 5 

c 
C SEARCH !H~ RJLc FOR TH~ ~AI~ OF ~ONSEGUT!VE GHA~ACT~?S ~})t 
C IF ht:IrHt:.~ OF THt:.SE GY4~ACTE..:-( PA:U<S I-<t~C: FOU:~u TH c , ... At~ t::c-:~:CJP HI\S 
C :lC C U"(R:: 0 
c 

c 
I = IN~EX(CHAR,LCHAR,P~NR,2) 
IF{I.EQ.C) GJ f0 777 

C ~ULE IS A PUSH-Oo);rJ:-J RU ... E, GO,HI'.r:JP);" A '3~QUc..;~::;E OF f?U"-.F. NAivr::~. 
C ~ ... ACE THE ~UlES ON IH~ PUSHDO~N STACK 
C 

CALL PU~H(CHA~,I-i) 
GO TO 3 

BEGIN INT~RP~ErI~G THE ?U~E 

N~~G = IOR~AK + 2 

c 
c 
C 
? 
C 
C 
C 

FINO THE ~IGrlr PA~EN ~NJIN~ THE GO-TO S~GTION OF TH~ ~ULE 

N E \j [) = It W ::: X ( C Y A ~ ( N t:E: G I ,L C H ~ R - ~.! '3 E G + 1 , t.) APE t\! P ) 
IF~NC:NO.Eo.rj} SO TO 777 
NGNT = 'lEND - 1 

c 
c 
c 

FIND THE ~OMMA f.lriICH M~,( 3E IfJ Tli~ GO-TO SECTIOI.J 

C 
C 
C 
C 

NCDM = INDEX(CHA~(N8~G~,N~NT,CnM~Al 
IF{N:;OM.NE.O) GO TO? 

NO COM'1A FOUi~;), SO ONLY 0\1;:: GO-Tf) i'l/\"1[. 
THE SAMe: 

IF(N:;~H.GT.NAMLIX} N;NT = i~Ar1LIM 
C 
CPA C K T H [ FIR S T R l.JL E N 1l.1 [ I ~ T :) - T \ ~ A i<\ t -
C 

C Ai... L PAC K c:; H A R UlB t. G) , TN 1\ :1 E , l~ eN f ) 
FI·~A;'l~ = TNA,-lE 
GO TJ 10 

SET -FNAME- ANO -rNA~f-

t-z:j 
I 
~ 
o 



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

c 
C TWO NA~ES PRESC:NT. SEr -TNAME- TO TH: FIRST AN!) -1=",H'<'1':- TO THl 
G SECO\lD 
C 
6 

c 
c 
C 
10 
C 

NC01T = \lCOM - 1 
I F { N:; iH • G T • J~ AtL I r1) N:; i'J T -= N A M LIM 
CALL PACK(CrlA~(N8~~},TNAME,~cNrl 
N2~G = \'~REr; + ,j~OM 
NC'H = N[NJ - N~u!1 - 1 J; I!="(I~CNT.GT.N.l,f'1LH1) j~r:;i\jT=NA,1L1:1 

3EGIN O,-<.r~AKING OJrll~ TH:: ROUY ::>;::CT1:)11 O~ Tf-iE PUL: 

I = IRonV(I8REAK) 

~l'-~NJTE (3t 
C 
C 
r-
'-' 
C 
" v 
C 
C 
G 
C 
601 

C 
G 
C 
775 
776 
777 
778 

- - - -- - - --- - - --- -
THE FOLLOtnNG CO'J~ 8EFPE;;; TrE. \!i-I,UOUS /I(\YS lH~T If~rr=t~Y~r:.:TArIOJ~ OF [\ 
R U L E r~ 00 y \·1 ~\ y C 0 11 C lon,~ E hl 0 

CO IH '<.0 L CJ ~lE SHE r<. -::: ~J HE 'i A!~ E K \. O,:~ ocr~ U f') -:;- ---'- ------ - ----.---- -- . - -' ----- -'---'-.-.--.. - . 

h:j 
I 

1-' 
\-' 



FUN~TION 180DY(I8?EA<) 
c 
c THE FUNCTION -I8JJY- Ii CALLEJ F~OM SUG~CUrINE -INTCRP- ONLY 
C 
G 
'>;'~'I'\lJrE(U 

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

C 

G 
G 
C 
G 
G 
C 
C 
C 
r, 
C 
C 
C 
C 
C 
10 
C 
C 
C 
C 
11 
C 
C 
C 
C 

c 

C a ',11'10 N /::; N T :( 0 L / c: C H 0 , T ~ A :; :::: , J U : ,11< ( 11l , HH 1\ P , W) U H, r ,J .J j ~! < (I.. ) 
:.; 0:1 '1 G ~~ I ':; W T :; h S / I V A L (6.3 j ,L F ~~ -: f1 , 1 r:: 'J il L • IOU T , 1ST C ~ , I ~~ t: ~ D , I SIr, c • N ,,' 1\ P '1 
C 0 ~ll'i:}r-l / >{ i:. S ,.z v J / 8 r:: GIN, :: C H , :. C :1 0 F F , ,~r.l R: i , tJ IJ ~1 G , P r:: N r J ; .• , ') r\ 'n G t-' ~ • f' : ,1 ~ q , 

1 iJ? N·~H, ;([A DL- 11 E ~lJ, E UUJ~ L, Qu0 T~:. :' ~)L'.)S,;J' D. ~I-,';L , 3 ~L ;.~,< ~ r-) I'-~'!~~" .)" ':'::!J'1?~'; :jl'1::A , 
2 t.T S I G i'l FC C( I J [) , ;::l c: ;( eN r , i-\ :"1 ~;:: R") , L1 ,) L L t: ,< ! ~ ~) T [{ S ~< , ') l, ::. -< p , ,~ (. '>:' i :; ( i ; 

CON i'! J N / T () :~" / [J Ie r { 2 G t i , !..; r,~ -< { r)!) , -;l I , S r n ,< i:' ( ,,), ,:,>:j :- 1 ,e! j ,; rn .'~ ~ 1. ~ (j i , r r C ;, --
1 , L ri () 1-( l< ( I, ~ S TO <"~ ( 2 ') n ~ r<. il A:'1 t. , T r j c\ 'I,':: , F ;,; A vi :: ~ If r'L~ ,'i r::. ,j I~ F F ( ~) 'v '.J f. r: ~ '3 J ) , 
2 L (. -L'\,..z ,T 11 P ( R, i)' ,L T L i~P , ' n J ~ { L.} ,N:) r , eXT Q, (,~):~ I ,~~ i, ,', L. 1:'-1, L I I~ L J ,1 
It JT l G E :~ R: ~ ~ 1 E , v:'J:'J, r~ F. , :: r ~ IJ , n r.: F I 1·1 C , ') r ,~ :! F , C' H: ,-" ~ l 8"= :) S 
I ~; r ! iJ C ,-?, C rl A < , C J 'I:W , F:) J.'-\ i... • Do .5 r·~::; K, S ,1/\"' !) , '\ ,1 D C" ~<:.; , Q i, J T::: 
L 0:; 1 ~ t\ l. I 0 J r , I c: v Ai-., ~ {::: A,) , T l< ,4 C;::: ,l. P :'1 r; H 

INITrALIZ~ T~~ RJLE GOJY S~A~CH 
-tc.l8?S- PW1·."AT'::'S TH,:;: P~;:S:::NT ,JJ~>lTlf)N I;~ 114:: r;>UL':: Rr)DY . 
-N~NJ- INDICnTES Trii p)3ITION OF TH':' ~NJ OF Tn~ "'JLc ln~v 
ISIIJ::: =u INJICin:::S THE LEfT SrUE OF THE fIjIJI\LS .:)I(,~i /\,~;') lSrnE-=l 
I N in CAT E S r H l: K I ~> fH S I'] C J F r rl C' r :1.1 J :J. L S :; I G i~ 
-1'JV,il,~J- KEEPS TR~( ... i« OF T~t: PS:::UjO R:~C,T:)T:::,,< !JIJ:18t>< lin,) NdIeri \'J[ 
P~ES:::01TL.Y HJVIN"; CrlUt~i<:) Jf 1,1c.rCHc;:J JT[)1.~i;S 
- I u '" - I N iJ I CAT t S .'J rl A T ~ I r-c; 0 () F ~ S S ') i: I A T I V:~ C;,) E i< A. T !) '~ ~I 1: 4 Il v:: r:- Q U r'~ J 
10P=0 ••• I\lO ASSJCIATIVi. OrER.A1Qo FGu~!U 
I::lP=l ~ ~. ~TJ~~ Ji~t ~ATJ? 
IOP=2 ••• FI,~J O':>:::~ATO~~ 
lOP = 3 ••• A G .:; i: S SuP E :~ A T 0 -{ 

Nf3::G=l i NE~D=LPEAKtl 1; 1S1D:::=[1 I NV4r~tl=O!' rop:::,,) 

ll. ~~' 

::; aNT R a l.. R. t: T U~ i~ S rl E R. c: fH L. N ~" EAR F: ~ E i-\ J Y r 0 f~ T H f: (~ ExT S::. C rIO N 0 F HF 
80DY 

H(NJ!:.G.GE.NOlf)} GO f0 601 

CHEC,< Fn~ IH::: EQ:JAL::) SIG"J I."JDIGA1INC THe. flESINIH:.JG OF rrl':: RISriT 
SIJt: UF THE GJLlY 

I Ft G rl A R ( i'n.:: G) • ;~ -:: • E Q un U r; a T 0 11 0 
ISIDF :: 1 i 1~3~G = N::3CG + 1 

~ 
I 

r-' 
tv 



.... 
v 
C 
11 a 

C~EC< FOR I ~NOING THE NEXT VARIABLE N~ME OR ASSOCI~JIJE JPER~r~? 

I = I NO E X ( :;-1 A R ( N 3 E G) , N E :~ lJ - hi J t. l; , ') R c: A K ) ; IF! I • E. Q. J) G n T r; 7 77 
NCNT = I - 1 
N::.T=G L IQUT=.FALS£.. S rt:VAL=eFAl,.S:':-.. - ;-N\3r;=-W~CG--;--IKt::L\·)-::.FALS~~- ----------­

C 
C CHECK FOR Tilt: '1- (THE 1-0 JPE~~TO:::~) rl~ Fr.::JNT Of=" TrlC" \ll'.;ZIAGL..E N~\i:::: 
C 

12 
C 
G 
C 
13 

c 
c 
C 
14-
15 
C 
C 
C 

16 
C 
C 
C 
C 

C 
C 
C 
C 

17 
C 
C 
C 

IF{CriA~(Nf1G) .N::.ASTRS'O G0 TC 1:) 
I "~E A 0 = • T rW ~ • I; r F ( I:::; 1 iJ t:: • c. Q. U IOU f ::: • BW:::. 
!~ G:; ::: N ~ G + 1 ,; N C m = ;'4 eN T - 1 

CHEC< FC'<. , CElIALUA.fIC''i 'J~;:::C;:ATCJ;UI!'4 F:..?()!''lT- :JF- NJ:'xr--,jAr.;:.k1l.HL..[-i'JD,:-1;:"--- ------

I F ( C ri A R ( N i3 ~, • N E • S H A:::- P' ) GOT ,J 1 I~ 
IEVAL = .T~JE. b GO TO 12 

CHEC~ FOR + INJICATING ASSOCIATIJE JP~~A10R 

IF(CHAR'NB~;).~Q.~MP~~S) SO TO 10 
IF(NCNT.GT.~A~~I~) N~NT = NAMLIM 

~A('K THE VARIA3L:: I-lA!'lE TlH:) -\II~nHE­

CALL PACK(CrlAR(NBG),VNA~[,NCNT) 

IFtISIDE.EQ.l.0~.lRE4U} GO iO 19 --------- -~-----------------------------~-­
LO:; = LOr::AE(V;~AM[,OI;;Tl 1> IFtUJC.EQ.(lI GO TO 77S f, ::;0 TO 20 
00 17 ICJP=1,3 

-:o~~o- IS AN AR~~Y WHICH IS INITIALIZED IN SU~~00TINE -S_TOI~T­
GOMND(l)=lHS, (2J=lHF, (3)=lHA 

I F { C rl A R ( N F3 E G + 1 ) • N 1:: • C J M ,\4 D { I J P }) GO T .') 1 7 
--

O~TAIN Tti:: PSC:UDl) REGISTl:( N~16~:~ qrHGH fOLLlHS THE Fll~n OP 
ACCr~SS AS:;OGIATlv'C:: :~[MJt(Y J?EPATO~ Ai!! r'Uf IT I:~ -NTRAGI'(-

IF{IOP.GT.1) CALL Gni''';U.I(NT{A~K,CHA;Ul\JtJcG+2) ,1,1) 'j; G1 TO 31') 
CON11NU~ 

INCORR~CT FOR,'1 OF AN ASSjCI.C,.T 1 1/[ i1Ei1JRY CALL 



203 
C 

WRITElNOUTAP,203) ~ GO TO 6"2 
FORMAT«· INCOP.~ECT OP COO~ IN ASSOC. MEMORY CALL.·) 

C LOCATE THE VARIABLE NAMF. IN THE DICTIONARY 
-£--ff--f-Hf-V-AR-IA~t-E-CA#No-f--8F--F{H)N1)-I--f-H-A--5-~BO-HU'5Si::L-¥-Y-HNf}O+-T-fl-eEFEE-~N-I/--cSs-Tf--iOFt-lP~EF-10Ft----, 
C YET IMPLYING AN ERROR CON~ITION 
C 
C 
C 
C 
C 

ENTER THE VA~IA~LE NAME TN THE OICTTONAny 
-OEFINE- IS AN ~NTPY POINT IN TH~ FUNr.TION -LOCATE-

1q lOC = OfFINE«VNAMF.,OICT) 
----{; TE~p-~-n------------­

20 
C 

IFfISIOE.EQ.U GO Tn 30 
IFl.NOT.IPEAO) GO TO 23 

.. ··NOTECH 
C 
C 
C REAO INFORMATION (I.E. 60 COLUMNS) OFF N~XT INPUT CARO AND STOR~ TN 

-C --A R RAY- - -S r OqF;----------
C THIS INFnPMATION I~ AS~nCIATfn WITH A VARIAALE NAMF THROUGH THE 
C SECOND INDEX OF THE A~RA' -STOQE-
C 

CALL RDCARD{STORE(1,LO~-4» 
LSTORE(lOC-4t = RO 

2~ LTEMP = LSTnRE(LOC-4) 
C 

--G----UNPACl(CONTE Nl~-9F--A~RA·¥-----S-T~R~---!-Nl-O--THE-AR-RA ¥----THE;-IM"HPOLo-------------
C -LTEMP- CONTAINS THE NUMB~R OF ~HARACTEPS TO ~E UNPACKED 
C 

CALL UNPACK(~TOPE(1,LOC-4.,TEMP,LTF~P) 
IFrTRACf) WPITE(NOUTAP,?04l VNAME, CTEMP(J)'J=t,LT-:MP) 

204 FORMAT'· VARtABlE .,A10,. = ·,~OA1) 
C 
C -ISTART- IS THE CHARACTER STRING PO~!TION OF THE START O~ THE 
~-----SECT-!ON-OF--B!)!)V---r-O--3€-SEN-r-l+l-FUNGT-IO-N-~AT,-lo'P~Nf---'-------------­
c 
30 1ST ART = NB~G + T 
C 
C LOOK FOR THE / AT THE END o~ THE PATT~~~ 
C TT IS FR~M THI~ / TO THE NEXT / THAT IS TERMED A SE~TTON n~ THE 
C BODY. THIS SECTION WILL ~E S~NT Tn FUNCTION -IPATQN- FOR FURTHEQ 
C fVALUATrnt' 

-C-----IF THI=: I IS NOf-FOUNI) ANf'RROR--HAS eCGUP~f."G--



c 
c 
c -~- IS THE L~NGT~ OF f~E SECTTON 
C 

C 
¥"'¥-NOTE(!t) 
C 
C 
C C rl t. C K r a SEE 1FT ;-j E / W L H A v' E F 0 UN tJ ISS J R R 0 Ij N .J [ 1 3 Y 'W ~ T E S 

31 

c 
C S::ND T:iE ::;Ut:(~::~JT :;ECTIJN OF 8JuY TO FurJCIIO~'J -I?ATf>ti-
C 
32 
C 

N UE G:: IS r ART + LSI:: I P D. T ~ N ( 1. 0 P ,IS! t\;< T , L) .t; G (1 T r) (? 9 9 , ~ ~ 2 , 7 7 S , 777) ,I 

C PAT ERN 
C 
C 
HJ1.NJTE(5} 
C 
5'3 g 
60 0 
C 
C 
C 
C 

C 
C 

JO.:J = I)P + 1 S GO T:) (SOQ,010,Gl1,61Z) ,JO~ 
IF{ISIOE.E~.O) GO TO 11 

:; ALL THE E V A L U A T '.J:~ S E ~JO IN G ITT H ~ ::; T Q IN"; 0 F C rl A ~ t\ C f :: i.( s C u iH p :: N::: f) T N 
ARR~,( -H:'-fP-. TrlE NUi~'1L~ OF CHAt-<AGTi::RS ro Q;::' -S~:Nl AR~VJ-l Tf"lP--- ------------

IFfIEVAL) C~LL EVAL(rEM~,LT~MP) 

IS PUNCHI~G OF TiE SAM~ R~JUI~EG 



~T at 

LLL 
SLL 
? rg 
1" 09 
fT9 
219 
11:9 
019 



F U ~,l ..;: rIC: '~ I ~ ~ T R N {I 0 P ,r s T ~ K T , l ) 
~ 

~ THE FUNCTION -IP~TRN- I3 CALLED FROM SUq~OUTINE -INTE~P- ONLY 
c 
c 
>J.¥-"'"t'-WT E (1) 
C 

c 
" v 
C 

C 

c 
c 
c 
c 
c 
c 
c 
C 
G 
C 
C 
C 
C 
C 
C 
C 
32 

c 
c 
c 
c 
C 
C 

c 0 ~1 M 0 N I S "H :; H S / I V A L (6 3) ,L ,-' N :.; >1 , I E V /J, l , I r; J r ,IS T 0 ~ p, t:: A [j , I .:; In E , i'N f\ ,~ :j 
C 0;1 ~~ 0 : V ,~ E S ~ V [J I 1 [S IN, ::r:: H , t::. C rl 0 F F , 2 r: i R. f, , CJ v:'1I-) , P ~;d 0, J , '; R N 1 0 F F , " \j:::: ti , 

1 N P N:; H , K t. A J L • t:'J J , E QU:,\ L , ') :J () p: , p '- US, Pi. ? :::,~ L , :j r::::: D. ~ , :J i( 7\: ~ , :) .1 ,? c: J.~, , := J 1 'It ~ , 
2 AT S I G'l, P F: ~ I 00 1 D E r~ eN l ,A:-I p r .. ~ S , 0 !)L L A Q , D. :' T ,( S ,< , ::; 'i ~ :' D , r: :J '1 i, C ,; ,~ ) 

C C1 .. E} i 11:; r 0 ~ G ! U I C r ( 261) ,\·1:'"' '<. -< ( S C' : j) ,S T C :: t:. { (~ , .: 5 7; • ~ J':; d .J ': ( 1 i :' I , r T J r> 
1 , un ~ I<: ( '::l) , L ,,) TO ,< t: ( t!. 5 n 1 r~: J z., : ic.. , T N ,~:"1 t: , PU\ : 1 :~ , V \ c, ';;:_ 7 ::-;u ~ r { ')} ,i. f~ C,;. f ') 0-) , -" 
2 l C>-j ,1\ R , E i1 iJ ( 3 J 1 ,l r E r·~;J , I iT u f) ( '+) ,I'J ': T , ;:: x r r~ A (f\ 'i) ) i ~ A ,,1 :...I ,'1 ~ 1_ I: J L T :'i 

I tH E ~ E ~ Q E 1:":; Yi'1 , T E t1 P, II 0 ~ K , (j 0 L LAc(, K ,'j (, f~ t , C:W , ',->HH. l) U Cl r E 

-ISrJP- IS A FLA" T£LlING Wl-ic:~ Tf-iE eATTc:)N JI .. <::>;~TlO:,S i-\;-:;,:=- Trli-<'OUr;H 

LOGICAL TSTOP 

IPAT~~=l 

INITIALIZ~ FO~ DATTERN lOOP 

-IENlJ- INfJICATcS fHE PJSrTrON IN THC CH I1,t.(AL,;H:y STKli~G LUCnJ:'r) HJ 
A '< RAY - C H i-\ R - J F T H r:: E I D I r ~ G S l A ~:, FOR T H F: P K l S U H SEC T I \) N I) I:" 
JrERATO:<S 8L.I:'H; PROCESS;::fJ 8Y -IP,".ri-{~!-

-IDRIJE- INOIC~rC~ TH~ FIRST POSITION Of A PATTERN OPI:"~nTU~ IN 
TrlE ~~AKACTE~ Sr~ING S~NT TO -IrATRN-
-Nf3l';- INDICATES Trl~ p)3rfION P.J -CH~!~- AFTEr< j'HE [I~JING SLASH 
F 0 j{ r H:: PRE S::: N r ;:> AT J E R:\I 0 r> ~ rz A T I J ~I.) 

-NV3- INDICAf>::S TriE NU;nc.ro( OF THL. CUi~t<t.:\lr PSEUDO OF.:GrSTEK TrJ U~c: 

IENJ=ISTA?T.L-l ~ ID{IVE=ISrA~r 3 ~~E~=ISTQ~T+L 
1ST J t) = • f A L :;::. ~ I \~ 0 R < = 1 ':' N v i3 = : N !~ '":: 'l + 1 

THIS I::> THE ;)~TTt:~N LOOP. [.jEt<Y rIH~ I~E A;<~ l~fAJY fO'-< ANOTHt:R CHUN~ 
J~ THE PArTER~ W~ ~~TU~N H[R~ 

LOOK ;=-JR Trl~ FIR:>T PLUS SIGN IN THL OI)F:,-Uno',: ST",HJ(; 

I-7j 
I 

1-' 
-J 



34 IPLUS = INJEX{SHA~!IJ~IVE),IENu-IORrVE,PLU~l 
C 
-\'-'1-'1-\J:n[ (2) 

c 
IF{IDLU':>.NE.J} GO TO 35 

IP~US = IENO - TORI;: + i 
C 
G seT END OF PATrE~N INDI:QTOR 
c 

c 
c 
C 
35 
C 
C 
r, 

C 

ISTOP = .1RLlE. 

1Ft I~lUS.E.1.. U GO TO .33 
GO TO 3n 

:~~CK FOR QUOTE AT BEGINNING OF ST~ING 

IFICrlAR(IDRIVE).NE.~JOT~) GO TO ~6 

LOOK FOR S~CO\JO ~UOTE 
- --- -"---------- - -- - - ----------- - ---------- - --- ----------- - ------- - - -- ---

IQUOfE = INDEX(GHAR(IDRIVE+l),llNJ-rU~lVl-~,QUOrC)+~ 
G TEST IF PI...US SIG,~ IS T'--I~tTW[Ei~ Ti-1E T\~O QU0TE:::,tt:.G. ItA+flt+J;/) 
C 

c 
c 
c 
c 
c 
c 
c 
C 
36 

IF(I~LUS.GE.IQLlOTE) ~O TO 36 
IPLUS = IQUJTE 

::dECK f:'"I)R NO FOLI...Of'lIt~G PLUS SIGNS ~r:rf:'"RTHE--Dr4r:-FJUNO-INRr.:.Ti4~EN 
QUOT:::S (E.G. I;!A+3,t1} 

- J S T ~ T - I I~ 0 I CAT E -> THE :> 0 SIT 1 8 I'l 0 F T H ::: F I ;;. S T ? A r r t:: R ;'1 8'" ERA T 0 K. I "l 
r H t: ~ Ll ~ R c. 'H SEC T ION 0 F ;:J 14 T T E. t{;--I S '": H 1 G r: x t; ,') Pl E 0 

JSf·H :: IO~I J[ 



c 
C -JSTOP- I~OICATE~ THE ~OSITIJN OF THE LAST PArTE~N aPE~AT~R c 

JSTOP = IPLUS + 11RIV~ - 1 
c 
C -IDRIVE- HJDCATES TW: c'Q,;ITIJI~ OF !Ht.:: ~~':XT PArTr:.~I~ OP~r(ATOr< IN rY~ 
c C~R~ENr S::CTI0N OF PArr~~~ 
c 

IDRIV[ = IO~IVc + IP_US 
c 
c 
c 
c· 

-JCHAP- CJNr~Ii~S FIRST ~ATTERN 02~RATO~ 0R FIRSl CH~KA~~EP OF FI~~T 
?ATTERN U~ERATOP 

JCrlA~ = CrlA~(JsrRT) 
C 
>.qq<'N J r E (4) 
C 

ICHAR. = LCS(JCd,u.t~,6).ANO.773 t L = IV;':"L{I~;rl4~) 
C 
l.<-\<-\<,'lJTE (5) 

C 

333 
C 
C 
C 
.561 
G 
C 
C 
362 
C 
C 
C 
363 
C 
C 
C 
..s6Lt 
C 
" v 
C 
365 
C 

K = LLS(ISI~E,2) ~ IJP + 1 
GO TJ (3bl,IT7,362,3~3,3b4,365,777,777),K 
IU~IVE = I~~IVc + 1 ~ GJ Tj 36 

LEFT SlOt PATTE~N M~TCrlIN~ O~~RArION 

GO TJ !81,777,67,J33,66,777,75,71,777),L 

LEFT SLUE, ASSOCIATlifE FI~J OPERATION 

GO TO (777,S3,ul,333,177,777,62,777,777t ,l 

~EFT SIDE, ASSOCIATIV~ ACCESS OPeRATION 

GO fO (777,EO,777,333,777,177, 777,7'77, 777) ,l 

RIGrlT SID~, CJMP)SITIO~ ODE2ATTO~ 

GOT 0 ( l 77 , 5 1 , 7 77 , S 3 3 , 7 7 7 1 !+ .L , ,~ 7 , 3 i~ , l 7 7 l ,L 

RIGHT SIO~, ASSO~IArIVE ST~~E OP~RA;IQN 

GO TJ (777,?u,777,333,777,777,,3u9,777,777),L 

------------ ~---------~- "--- -----------

":tj 
I 

r-' 
\0 



G P~OCESS RIGHT SIO~ COK~OSITI8N SfR1NGS 
C 
C 
H"'";'-JOTE(SJ 
C 
C 
C 
C 
C 
C ,.., 
v 

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

:lR.OCC:SS QUOTED Sr~INGS FO~ ~SSOCT~TIVc ~TORE OPE~~TI~~ 

-NST- '(EEPS T~AC'< OF T-Jt: PARTICU .... A-< ~LE\\jdn OF fHi=.: SU'\Rt:iH 
3r:ll'~G COf~SIDE~t:U (T JAT IS. -NST- CMJ C)JJ"~ 1, 2, j or,~ 1,.) 

i~-T UfJ L r:: 

C J E FIN E THE S r ~ I N G 4 S p ~,: TOr:: i-\ N ~ J - TJ cJ L ( I ~~ THE ~ S SO;; i!H I \1 ?:. t1 E ~1 D Q Y 
C 
36g 
C 

- " -- - .. - ------ -_._---------- ---- --.- - ------ ~- -- ,- ---- ------------------

N S T ::: N S T + 1 ; r JT U t=' { N S T) ::: D E F ') '( >1 ( C ,11~ r< { J S T in + U ,I P L US - .3) ~ G n T () ,) 3 

C :;)POC::SS QUOT::rJ STRING ; 1,'1F> 0::; I r lO,~ O?ERArO~ 
C 
u -NCrlK- CONTAI~~S TH:: LE\lGlrl OF TH_: QU01EJ STP11~G 
G 
C CAL. C U L A T r ,) N u F - ,'I D I r:: F - i:>'J S U '< E S 1.'J !Vi nr·~ r:: 1 1-11\ ~'I 8 n C H ~\ -.(.:.\ erE '\ S A r.-: E 1, () '1 PO::: !=" f) 
C INTO 00JE 5TRI.~G. -,-U~~I:1- I,) Ij~ITI";t..TL::::n Ii4 ~UiiQJ,JTI,\jc.- -::;E~-DT.CT--------
C 
37 NC~R=IPLUS-1 S ~WIFF=lI!~Lli'1-Ln~t~p 

IHNGrl~.GT.\jnlFF) NC-H = NJi:FF 
c 
c 
c 
C 
G 

M 0 V E r rl [ ~ c: 0 U IRE J C H A'~ ~ C T ::: '- S F ~ 01 T ~ i:: 0 Pc.: 1< 1\ r 0 ~ :.; T r<I N G TOT W: S T? l ~J G 
acING ';OiPOS,:J AI~i) ~':S.:: r -Ll :..I:f-'- TO INUICrHf THF r.U'U:~dn )\lU>'l[3r::-~ Ll,=­
CYAR,l\CT::~S IN THIS SfF~riH; 

C 

CALL :<10VE (CrlA:\ (J.3 fRHl), TEi1P (L T[I1.-'+l) ,i'!CHR) 
LTEM?=Lr[MP.NCrl~ i GJ T~ 33 

G ?ROCESS.j. FOLL-OWC:') n,y I'd INTCGC:P 
C 
C THE I N T t: G:: K F J l UHH N G ;r d E ,~ J P [: RAT 0 1< I S f=" 0 U HUt, l·lJ 
C 
35 C~LL Gt:T:W~"nI,CHA'.;{JiT:;I ~.U ,JSI0P-JSf;;:r:-l,1) 
C 
~~'1-\jJTt(7) ,.. 
IJ 

c I = I - 1 

C IF -J- EX:;EEOS -LINLIM- IT IS Rf.:~~t:r TIJ -LJr~LI~-
C 

IFLi..f;T.LINLIM) I = ... n~LI'1 

~L.AS:::D IN -T-

I-zj 
I 

N 
o 



c c 
c 
c 

DETERMINE IF THE COMPOSITION POINTER IS Tn BE POSITIONED BEFOR~, 
AFTE~ OR AT THE CUR~ENT COMPOSITION POSITTO~ 

----~~~€~-It ~~~G----------------------------------------------------c c 
c 
C 
C 

COMPOSITION IS TO CONTINUE AT A COLUMN BEYONO TH~ CURR~NT ~OMpOSITtON 
POSITION 
-LIM- INorr.ATES THE NUMBE~ OF COLUMNS paST THE r.UPRENT PO~ITtO~ 

39 LIM = I - lTEMP 
C 

-C--PA{}-T+iE: --I-NBE-l'WEE-N--G-OlUMN-s-wHH---Bl-AN-K-S-------------------------------­
C 

391 
C 
C 
C 

on 3 q 1 J:: 1 , LIM 
TEHP(J+lTE~P) = 1H 

RESFT THE COMPOSITION POINTER TO -t-
40 LTEMP=r $ Gn TO 33 

- G --------------------------------------------------------------------
C WORK ON THE TW~ EaUIVALENr,~ OPERATORS :LN,M _NO ;qN,M 
C 
C LOOK FO~ TH'= Cf)MMA SEPARATING THE PSEIJDO qEGISTER NUI·t13E~ FPOM THE 
C NUMBEJ:! OF CHARACTERS TO qE' CONCATENATE!) TO THE ~t='StJLT 
C 
41 L=INOEX(CHAR(JSTRT+2'tJSTOP-JSTRT-2,COHMAl $ !f(L.Ea.O) GO TO 777 

CALL G~TNU~(r,CHARfJS RT+2),L-111) 
--------CAlb-Gg,l"NUM (M~-G-H AR t--JS+RT--+l-+-2-}~-J'5l-OP--.J&r-R+--b--~'--, -1-1-1--) -------------
E -L- IS SET TO THE NUMBER nF eHA~AcTFRS TN PSEUDO REGISTER -I-
e 

L :: LWORK(t) 
C 
C IF THE NU~~ER OF CHARACTERS ALRFAOY IN THF COMPOSED STRtNr, PLUS T~~ 
e NUMBER TO BE CONCATENATEn I~ GRFATFR THAN -LINLTM-, RFSET -1'1- TO 

--C---HAKE--1HE-lOT Ab---€-QUAl-- TO----l I~l-+-M---
C 

IF(M+LTEMP.GT.LINLIM) M=L!NLIM-LT~MP 
C 
C TEST FOR AN -R- OR AN -L- TO S~E IF THE LEFTMOST OR RIGHTMO~T -M-
e CHARAeTF~S APE TO RE US~O 
C 

IF(CHAQ(JSTRT+1).NE.1HR) (;0 TO 31\"3 
----C---- --- - --- - ----- - ------------------------------- ----



e 
c 
e 
e 
e 

IF{LeGE.i1} GO TO 382 
lI:-1 :: 1'1 - L 
00 .381 J=l,I_IM 

381 T['1?LJ+LTE'1P):: lH 
C 
C :ONeAri~ATE TrlF STRING IN PSEUnO REGIST~~ -I- TO TYAT IN -TEMP-
e 
3d 2 
C 
e 
C 
3BJ 

c 
c 
C 
334 

3d5 
e 
e 
e 
3d6 
C 

C ilL L NOV E (I~J Rt< {l, I 1 ,f >:';-'\0 n .. I '1+L Tr:::;W +1 ~ ,u --;,.-- uV -fO -~ 3? ------------- --- -- ---------­
CAL.L t10vEHIJR:.(L-IHl,l) ,TEI-1PCLTLiW"'U ,"J .; GJ ~Cl ~"h 

Ai~ =Ul,i1 Ot>EKATO~ WAS ENCOUiHcRED 

IF(L.GE.M) ~o TO 385 
LI:1 = M - L 
C f.,. L L H 0 V E ( W;) R I( ( 1, I ) , r E:1 j:» ( L T;:: t1 P l- 1) ,L) 
00 ,3·34 J=l,LIM - - ...... --- -----

3 LAN K S ARt: A (J D t: 0 TOT H :: r~ I G H T SID E 0 F T H t: CUr< Q [ r H C J 1-1 PO S E [) S T ~ n~ G 

TE'1P (l TEi'-'lI-'+L+Jl :: lH 
GO TO 3')f) 
CAL L 1-1') V E ( tI J R K (i , I ) ,if U4 ~ ( L T:: 11 P + 1) ,: D 

~ESET TH>: NU'13ER OF CHA!~ACTLR:::> Ir~ Tt-lE..f.<GSU-l.+-ING--GO.WOSEJ--STf?I:JG--.. ------------

l1EMP :: lTE~P + M ~ GO TO 3~ 

..... ~>.<NJTE(8) 
C 
C 
C 
C 
c 
e 
c 
50 
C 
C 
C 
C 

PKOCESS A RIGrlT SIDE A~SJCIArIVE STOkE. 

ORTAI~ THE PS~UOJ REGISTE~ NUMJ[~ ~EFlPEN~ED ANJ SrOke IT IN -T-

CAL L G ;:: HJU:1( I , C H A:< (J:) T ~ r ) ,J os r 0 r - J S T F: T , 1} 

INC R t. M E NT THE N T U iJ L [ P J) I T ION 1 N VI I-f I C H T H Lee H T .::: • H S U F ;:> S t: ~ ;) 0 
~ t. GIS T :. R - I - In L L 8 E S T.H f~ J, ANt) S T 0 2. C IT I NTH I S P f) :.> ITT J N 



C 
C 
9. 
v 
51 
C 
C 
C 
(' 
v 

C 

c 
c 
C 
G 
G 
C 
G 
C 
60 

C 
G 
C 
61 
G 
C 
C 
C ,.. 
v 
C 
62 
C 
C 
C 
C 
63 
C 
C 
C 

64 

t'lST::N~T+l t NTJ?{NSTl=LlEFSYI1(WDRK(1,I),LWOh(k(tI)) 5 S:l TO 33 

?ROCESS THE "!IGHT SIDE CO;POSITI')N OI")r:r~ATOR r.ONSISTl:'-lG 0" c. PS[IJJJ 
~C:G.i3T::R NUMB::? 

CALL G~TNU~(I,CHAP(J~r~r),JSTO~-JSTRT,1) 

IF t10Q:: C,Ar<.A';TE;;:'S !l,<c Te) CH:. PLAr;[J Hl TI1::: C()MPUSr:::D STrUNG TrlA"~ ;~RE 
AL.Lm~EO {I.E. THe STRI>JG tJOLJUJ EX...;t:LJ -Ln~LIi4- CHA,{4crC.~::» Pl c 
NJi1GER IS R:::S:: r so ThIS :~t.lx.r:"l~);'1 "IILl t~JI 8E tXCt.~~)~J 

~'~:HR=L\40'"':'<tT) £ NDIF::':::LI\JLlr;-L Ttiv:P .; LF{N::;ff<*::;r.I~:ll~F} N',-:~;~:::~JlIFC 
CA~l ~O\i[ (¥lOKI( (1, I) ,rCF (L rc:;p+11 ,NGH:?)--------------------- - --'-'---'­
L TE,j=>=t.fEM")+Nl:rlR 1; GJ ro 33 

WORK Oj~ PArTEI.zr~ MMCHI~G FO~ L::Fr Sl.;)c or:- 0UL~ snoY 

BEGIN ?\~O~ESSll'iG OPERATORS FJI'~ FH.D A~JO ,.\cr,[::->s 

~ROC~S~ ASSOCIATIVE AC~~SS 

NST ::: NST + 1 
CALL GETNUM{NTLJP(NST) ,Crll\~{JSTr~T} ,JSTOP-J'STRT,l) i> GO Tf') 3~~ 

PROCESS ASSOCIATIVE FI~a ~EQUE::->T DE~LINS WlfH A 00LLA~ ~IGN 

NST=~ST+l £ NTLJP{NSTJ=J £ GO TO 33 

~ROCES~ AS~OCIATIJE FINn ~rQU~~T JEALING WITH A llTE~AL 

IF'LUS-J CJNT AINS THe NJ~·n=f,( OF CdAKI~CTf:.-<S IN THt. L ITE;ZAI_ STRINr; 

N S T = N S T + 1 i> N I J P (f~ ::-> J) ;: L 0 ~ S t;1 ( C H A r( ( J S H~ T + 1) ,I P L U S -.3) :; " J TO" 5 

~~OCESS ASSOCIATIVE FI~~ REQUeST C~ALIN~ WITrlA-PSLUDJ~£~ISTE~-­
N~Mi3EI:( 

CALL GETNUt'HI,CrlAR(JST2.:) ,JSTOf'>-JSrrH,1) 

CHECK IF THf: :lSEU00 Rt..:;rSTER co~nAI ... s A n'1LlAR SIGN 

IFOJ:Jr<K(1,I) .E~~$JOLlA~) GO TO 61 
N S T = ,\j S r ~ 1. ~ N 1 ,jp ( N S 1) ::: LOG:; '{:1 HJ JPK ( 1 , 1) ,l WORK·' ~n )------.------.~-------- -- ---------- --~--- ----

hj 
I 

N 
tAl 



65 IF{NIUPCNSf) .1:.J..0) GJ TO 6:,)2 ~ GO TO 33 
C 

c 
c 
c 
c 
c 
C 
6"1 
C 
C 
C 
C 

C 

WORK ON • OP~RATO~ 

o 3 T A I NTH:: N U i1 a f ,< F 0 L L 0 yJI ; ~ :; r H E LJ 0 T fd ~ iJ S TOR E I T I'~ 

CALL GErNU'1{I,GHAf{(JSr~r+1l ,JSTOi-'-JST?T-l,l} 
NCHR = f1HHH80-uJORK{I) ,JSTOP-J,:-;Thlr+1j 

-T-

J = Li;J~~K~ 1) -+- 1-----------------------------------------------------­
CAL. L M 0 V E \ G-i A K (JS T R r -1 ) , ~J ');{~ ( J , I ) , t J r H~ ) 
CA L l M 0 J [ (l4 0 C( K ( 1, I ) , :; ~ A ;~ { J 3 T P T -1) ,L:"H 1 :n~ ( n + W: Ii R. ) 
J::;TO?=JSTO~+LviO,~r<! I) ;; I~ENO=NEND+L~H)F_',i.«IJ ~ K;\lAME=':Nl.J <; GO TO 3-:; 

INCRt.ME~r THe: PSEUDO k~GI.3T;::,~ NU;,1t\::~­

NVQRB = NVA~B + 1 

TEST IF T~E 8PE~~rOR IS SIM?LY A DOLLA~ SIGN QY ITS~lF 8~ ONE ~F TH~ 
OTHE~ OPERATORS fHAT O~GI~ WITH A 00~LAq SIGN 

IF(JSTOP-JST~T.NE.l) GO TO 69 

~~"':\)OTE (10) 
C 
C 
C 
C 
C 

c 
C 
C 
C 

IF -ISTOP- IS TRUE rHE~ THE~E A~[ NO ~ORE O?E~ATORS IN THE CU~D~NT 
,0 P E RA TOR :s T j·n ~ G 

IFI.NUT.IsrOp) GO TO 65 
~ _.- - - -~-~---- --~- - -~--~- - - -- ---- - - - -- -- ---- ---- ------. 

K::CAlL rH~T STKII'il;S l3dNG OP:::RATEO u;~ A~E ~Tl)REJ I~.' T...j::' A':<..?AY -r~'1!D­
WITH THEI~ Li~Gr~5 IN -lTE~P-

LWJRKINV!\RG) = LTEMP - rwo o ,< + 1 
CAL L i1 a v E:.< T c. M P { I W a Q K, , W 0 ~ ,« 1 , N J A,,:;3) ,L vi 0 R K t N V A R ']) ) 



GO TJ 33 
c 
"'~"NaTE (12) 
C 
68 WORK ( 1 ,~ VA ~ 'H-= JGH AR b l WORK {N V AR~}--=l--£- GO-f a ~-)------- ---~--- -----------~--
c 
C THE JOLt..4R SIGN - LITERAL JPf:>\AT~)R (E.G. j;;t~OCt) A~JJ frl;:- J'JLU4~ sr:::rJ 
C - ItJTEGEK UP::RATO,{ (E.::;. £5) ~Rc. ,jIHI1JeO HEo;: 
C 
69 IF(CHAR(J~TRT+l).NE.)UOTE) GO TO 71 
C 
c START WUR( ON i FOLLOW~~ dY QUOf~O ST?ING 
c 
C 
*.y.>'<NOTE(13) 
C 
C 
C 
C 
C 
C 
C 
C 
C 

C 
C 
G 
C 
70 
c 

-IST- IS A rE~PO~ARY paINfEQ TO THE CUR~~~T POSITION I~ TH~ INPUT 
SfRI.'J:; 

-I- IS THt NUMUER OF O-iA~A~rER:::; IN 111[ L.llU.;;.AL. FuLl'JWI',j(, fH(" j, 
J;>ERATJP 

Isr=~ $ LW8~K(~VA~B~=O E I=IPLUS-4 

TESJ IF P~[SE;'JT POSITION IN L'JPUT srt<Ij~G IS GREATE? TrlA~1 THe NUM8::~ 
OF CHA~AGTE~S IN INPUT STRING 

IF(IV'lORK+ISTi-I-l.GT.i.. TE'1~' GO Tn 7~ 

G C 0 H PAR:: - I - ::: rl ARC. ~ T E R SST ~ K. T I :~ G F R l)r1 T H ::- C U ~ KEN r I f J PuT s r Q I Ii G 
C POSITION WITrl TH~ -1- ;rlA~ACTERS OF TrlE llT[~AL TO 8E ~ATSH[O 
C 

G 
("' 
v 

C 
C 
C 

IF{HJOEXHE'1P(1WOr<K+ISH ,l,GHAR{J)Tt<T+2~ ,I).N:::.U GO T0 11; 

J = L Vi 0 R K ! N V A Kg) ... 1 $ CAL L ~1 0 V t. t C H A R { J Sir. T ... 2) ,Ii 0 1 '{ { J, ~ J \f 4 R 8} , I} 

I~CRU1;::Nr NU>1:3ER OF CHI.\<ACT'==~S I,J CUR:<Ulf P~[UD!) 1·(l='SIC;T~::> .".:JiJ 
INCReMENT rH~ POSITION IN TH~ IN~UT 3r01~b, THEN ~c~~~r TH~ WHaLE 
?~OCi:SS 

lWORK (NIIARBl =L¥'40t{K (NvA,~3) +1 $ IST:IST+I.t-G0--H)·4!L - -.---~-------- ------.--.-~-

I"!j 
I 

N 
U1 



c 
C START WUR~ ON rH~ JOLLQR SIGN FOLLO~ED 3Y AN rNTEGE~ 
C 
G 03TAIN THE NU~GER FOLLOWING THE DOLLAR SIGN AN] STO~E IT IN -I-e -~~ - ~--------~-----~~--------~-----~----~----~--~------------ --~---~---

71 GALL GErNU,'1(l,(>1A~!JSTRT .. U ,JSTOr'-JST~T-1,1) 
c 
C IF TrlE CU~RENT PJSJTIO'J (':;TOrzEO IN -ItlOI"K-) IN THe: IIH-'UT STI.(PJG PLlJ~ 
C T Ii i N U '1 lJ E ~ 0 F io( E ,'1 A I t~ I t J:; C H /l ~ A v T '? ~: 3 r I) q ..:: ~1 Ale I j c: 0 {T HIS t'~ lJ '·1 '1 L R S TO? ;.= [) 
C I,\J -1-) IS GRC:AT:::r< THi4'1 r..,E TuTAL LU1GTrl G1:' THi:. D~P'JT SHUNS (SfO-:r::rJ 
C IN -LT::~~-' 4'1 E~~Or< I3 SI;,·JI\LLFJ 
C 

C 
C 
C 
C 
C 
C 
73 
G 
C 
C 
C 

C 

IF (1+ J wJ RK-i. Gr. L rEM» GO TO 6 '.12. ~ -- -- -~- ~~ ---- -------~ -- -- -~-- -- ----~- -------~ 

WO~K U'I ~ FOLLO~~J BY AN INrEG~~ 

J '3 T A I NTH E N U i1 3 f'~ AFT E 0{ THE '" ~ N fl t'> L f'.. eEl T I ~J - I -

~~A~8=NVAR8.1 & CALL GETNUM(I,CHAR(JSrRT+l"J3rOP-JST~T-1,1) 

DETE:ztHNE Ir THE CURRC:'H PJSITION itJ THE INPUT STfUNG (STO,<\::"D IN 
-IWO,=<k(-J IS PASSi:J :rHl LlC::SIR~O COlUi'1N N:).'-lGC:R ·(ST()i~LD ~I~--I-~~~--------~~--~------~-

IF(DIOr<.r{oGE.I> GJ TO 74 

C IF TrlE rH:.Slt~::O CJLU t1N 'JU"11ER IS Gi,n:IlTER rHAI~ fHE TOT.\L LE\IGTrl or:: THF 
G INPUT SrRl!~G ~N C:,<~Of< L) SIr;'~ll.LL[O 
C 

c 
c 
C 
C 

C 
C 
C 

IF(LTlM~.LT.I-1) GO fO ~02 

I-I~J~K GIVES Trl~ NUMG~~ 0F ~rlA~ALTEKS TO BE MOVEJ FROM TY? I~PUT 
~TRING TO TH~ C0~~ENT ~S~JGO R~GISrE~ 

CALL MOVt.{fEi1;:J UIt;ORk() ,f'lOf<'«l,NVA<.til ,I-IWO'?K) 

L W 0 R t< (N V A ~W ) = I - I w J ~ K '~ :; 0 Tn 7 ~ 



c 
c 
c 
c 
C 
74 
G 
C 
r, 
C 
G 
C 
7'-3 
G 
C 
C 

C 

:ONT~OL CJH~S HE~E IF TH~ CJ~RENT POSITION IN TrlE INPJT ST~IN~ IS 
" A :; T T H L. R. ElU IRE J COL U '01 N N U M 8 E R - 1; l T HIS CAS t.. T rl ::: r 0 :) I T IJ :,J POI;! T :: ~ 
-IWOR~- 15 RESET ANG r~~ ~ULL Sr~ING IS INJICAT~D Gt LWG~~[NVA?3)=3 

IWJRK = I ~ LWO~K(NVaRR)=O ; GO TO 76 

WJRK ON LITER~lS 

THE NUMGE~ OF GHARACTE~S INSETW~t..N TH~ 0UOTiS IS GIV~N SY IPLUS-1 

N JAR B = N v' A R a + 1· ; L WOP:( { N .J A i~ ii ) == I P UJ S - ;3 -..- ---. --

MOVE L-H:. '1AT:rlEJ CHARA:T[~S INTO Trl[ C'J~RENT ~SEU'JO R:::GIsrc::t? 

CALL MOVEtGHAr<'(JSTRhU ,WO~I{(1,t4VA~G) ,UW:-<i.«~~JAj~B» S SO 10 7; 

C THE FOLlO~IN~ COJE WIL~ F1NO TH[ lEFT-MOSl STRING WHI~~ ~ILL MATC~ 
C A Llr£~~l FRJ~ T~€ caL~~~rION OF LIT~PALS S10.<EJ U~Ji~ ~ VAPI~l~~ 
G N ,~ i'~ C • p", E f 0 " r1 :) F I 11 E ;:) L LEe TI uNO ;7' LIT ;~ .~ 11 L J ;::::, t L II 1.' L r r 2 ;: LIT '7 t.; ) 
c 
C I~CR~MENT THE ps~uno k~GIST~~ NUM3EP 
C 
C ?ACK AND LOOK UP TH~ V4~IAgL~ NA~E 
C 
81 NVA~d=NVARO.l ~ CALL PAC~(CHAR(JSTRTI ,I,JSTJD_JSTDT) 
C 
C IF TrlE Ni-\;1E CANNOT RE =-lJUNJ IN THEDIr,rICNAR(.-AN·EK!<.o~·-·4AS----· c OCCU~R::O 
c 
C 
t..: 
C 
C 

C 
C 
C 

C 
C 
C 
C 

LOC = LOCAfE(I,OICT) E IF(LOC.~Q.O) GJ TO 77~ 

JRTAIN TH~ NU~BE~ OF G1A~4~TE~S IN THE STRlrlG ~cFE~ENC~D ANn DL4CF 
IN -JC~AR-

JCHA~ = LSTORE(LOC-~l 
UNPACK THE GO~TENTS INr~ rH~ SO WO~O A~RAY -EXT~A-

CALL UN~ACK(STJRE'1,LOC-4St~XTRA,JCHA~) 

~INf) THe PAI-'( OF ;UGHT PAI(E:--.lS AT THE l!~lJ OF THE G:)l...L~ST10i~ OF 
LITf~:\LS 
If H~G :::I;HT :>Ai~t.~THES::S A2E NOT F0UNO, A;~ E·~P0t:t·-H-AS--9cr,U~;?'F:n- --_ .. - .-.----.- ... --. 

t:rj 
I 

N 
-....,J 



c 
c 
c 
c 
c 
C 

-PRN~ IS IN THE C0M~ON RLO:~ -RESDVil- ONJ IS IM~CJrATELY ~OLlJW~O 
BY -~AREN~-. 8JTH rH[S~ VA~IA3L~S ARE INITIALIZEJ I~ SJ1 D OUTIN[ 
-SETJI~T-

JEND = INDEX(EXTRA,J;HAR,PPNR.,2) 'b IF{JEND.C:Q.Cll GO TJ 777 

H'*NOTE (15) 
C 
C 
C 
C 
C ,.. 
v 

C 
G 
C 
C 
C 
C 
82 

c 

-IST- IS A G~Q~ACTER P2SITION POIMTE~ IN rHE Llrt~4L CJLL~~TIO~ 
;)ATrr::~\; STf<!I'JG A~J AUi~rS INLJrGAr~.:) THE F'Ir<::)T CH.C\~I\CTE::: P0STTI~,\! Of:" 
IHE I..ITERAL N::J1'i JCING J:)[L) FJ~ t14TCHn~G----------- -------

1ST = '2 i NFIW = L TE'11' - IWORK + 2 

FINO TrlE ~uaTE AT THE E~D OF THE NEXT lITFPAL 

IF NO MORE QUOTES CAN 1E FUUND THE LITE~ALS r~ THE GOl~FCTION 
PATTERN HAVE ALL BEEN TESTED 

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

N Q = I NOt X ( t:: X T ~ A { 1ST> , J ~ N 0 - 1ST ,G u 0 T E , ~ IF ("tJ.. EO. G ) GO TO 8 3 
JGHA~ ::: NO - 1 

C SEl IF THE LITERAL CAN BE FOU·~J IN THE ~TR.IN:; !"kli~G M;;Ti.HEf) 
C 

c 
c 
c 
c 
c 
C 
G 
C 
C 
C 
C 
C 
C 

C 

IQ::: IN~EX(rE~~(IWO~~},LT~~D - lWO~K + 1ttXrR~(Isr),JCrlA~) 

-ILT- :;ONfAI\JS THi. LIEf<.Al STKIN~ P\)SITIO!"i-DF Ttic-lr-H:~~~L JUSL------------
3ATTE~N~O FO~ A ~ATCH 

SET TH~ POINrE~ TO THE FIRST POSITION OF THE NiXT LIT~PAL II~ THE 
COLLEcrIO~ PATTERN 

I F A '1 ATe '-! I S NOT F 0 UN CJ n l~ ::: u) 0 q T H [ i? ::: ISS r L .. :'" A - P D S S 1 3 I l I :r '( :) F. 4- -- -- -­
MATC~ FUKTHER fU rrl~ L~FT THAN THE C0r<RENf O~E, THE SC~RC~ IS gF~U~ 
A~AIN AT ~TAI~MF~T 82 

ILl = 1ST i 1ST::: Isr + N~ t IF(I~<EQ.n.O~.I1.Gt.NFNU) G0 TO 8? 

G LITERAL FCUN) TO fHE L~Fr UF ALL p~EJIrUSlY F:)U~J ~TT~~ALS 
C 
G STORE THE l'1AT:;HiJ LITF:~AL IN THF. PRc3ENT DSt:UOO--REbISrSR.-r-EF':::QCNf::E'1-y ---

I-Ij 
I 

!v 
co 



C WITH THE NUMBER 'JF CHARA:rERS If HA:) IN -Lt-lOf~K-
C 

C 
C 
C 
C 
83 
C 
C 
C 
C 
C 
C 
C 
C ,.. 
v 
C 
C 
C 
16 
C 

C !~ L L t-1 Q \I E ( EXT R .'4 ( I L f) , \1 J R. K ( 1 , N V 1\:-;:' 8) ,J C HAP ) 
LWORK(NVAR8J = JCHAR ~ N~~D = IG ~ GO T0 R? 

Ii=" -NFND- HAS NOT CHAN~C:J SI\lCi: INITIALIlA1I001, TriC:,'~ NONE WFQ:: 
FOUNJ 

IF(NFND.EQ.L1E.'1P-IWO~K+2) GO If) 61]2 .b. GO TO 71) 

THE FO~LOWINS COJE fAKES CAR~ OF CLeAN UD AF1ER. ANY OF THE 
OP(PATOPS C,IVU-: '1::LOW t\q:: FXF.GUI EO! 

~ FOlLOHt:J 13Y A)UOfED SFdflG 
:b FOLLOW;'::') '3Y M! INTF:G::~ 
LIT[PAL 
lITE~AL CJLLE:TIJN PATTERN 

DETE~MINE IF THt~~ AR~ OPERATO~S TO FO~LO~ 

IF(.NOT.Isrop~ GO TO 77 

"'·""N::JTE (16) 
C 

C 
G 
C 
C 
77 
C 
C 
C 

1ST = LT01r' - lWOr<KINVAQ[1) + 1 
NFND = 1ST - I~O~K + 1 
I F ( I N 0 EX n:: 1'1 P i L S T > ,UI 0 R K ( N V A R lj ) ,W 0 \:( '< Ll. , N V A P f3) , L W 0 t~ K ( N V A Q g) , • N E • 1 , 

1 GO r 0 602 ~---~-----~~-~- -- ~--------~----- ---- - --------- --- - -- ~-~---~-- --- - -- ~--
GO TO 73 

THE POSI1ION IN fHE IN~UT STRING WhERE T~E ~UR~ENT ~4T~~ WAS ~AJC IS 
PLACED IN -UFNO-

N F NO = I ~W E;( { :r E 11 i' ( I W J R'<) ,L i C i'~ P - I W J ~ I( + 1. , VI 0 R K { 1 , N V A ~ B) ,L.'I 0 R \.( {N v A 0 l • ) 

IF(lWO~K (N'JAPij) .::.t).G) NFND = 1 
78 IF{NFNtJ.tQ.Q.U~.(j~113.EQ.NJARO.,1;~tJ.NFNO.NE.1) GO TO Sf')2 
C 
C TEST Trlf NUr-:REP uF MAT:rlFS ~1AOE INJICATUl BY lHt: NUi-1GEo UF P~:=:U:Jr) 
C REGISTERS USEJ 
C 

I F ( N V A .~ 9 • L c.. 1) GO TO 13 a 



c 
C 
L 
C 

I f( v~ 0 R K { 1 t I'N At{ 3 - U .;~ E • DOL L A ~ } GOT 0 7 9 

Oi3TAIN fH:: I'h):18E,< OF G-iARAC1TK.S "'~{\Tc:~t:J ~3Y T~t: n.~EVIOll.J ~ 1,..)Er~l.l,f8~ 
AND ,'10VE THES:: CI~AR.ACr::RS INP) T~t.. SPC:CtFTED PSC:UDO f.~cGrST~o 

UJ J R K { N V t.\ P. G - 1) = N F N) - 1 
CAL l 110 V E { r t: r-1 p CI w 0 R K I ,~~ 0 KI( ( 1 , N V A R. ~> 1 ) , U~ I,) 0 I( ( N V A r( 1- 1 ) ) 
GO TO 80 

C 
-\<~""'NOTE(18) 
G 
79 IFlNFNO.Nl.U GO TO &02 
C 
c 
c 
C 
80 
C 
C 
C 
33 

602 
775 
777 

THl PReSENT POSITrON PJINrE~ FO~ THE INPUT ST~ING IS qCSET 
ACCORDING fa fHE MATCH::S JJsr MAlE 

rwakr< = IWO,<K ... NFNJ ~ UIO~K{Nv'AR>J) - t 

THIS IS Trlt END JF TH~ pl.l,rT~~N LOOP 

IF( .NOT. IST:)P) GO TO 34 
Rtf U~N 
IPAT~N:-:~ .J, RETtnN 
IPAT~~=~ £ ~:TU~N 
IPATKN=4 $ ~~fU~N 
END 

~ 
I 

W 
o 



SUSRJUTINt: SET,JICrnl 
c 
C THt. SU!3~QUrI~[ -SETDICI- IS NEvE{ r.ALLF(l F,~Oi1 L\:~OTrl:::.R ~.0Urn!:-
C Cf'-lIS OF COU~SE IS !JUt: TO T--lE FAGT iH(-If NO EXt..G'JTIOi~ STAT[11E.N r S 
C Q C C lJ ~). 0 ,\I L 'y' T Ii E t: N T R ( POI N T - R 0 LEX - I S - t: ALL E. 0 . F k!. 0 :4 T rl c: FU w: n: G N -
C -LOAJ-. 
C 
C 
G T HIS I S A i'l A C rl INC: k NOS Y S Tc .. ~~ ) t. P L 1--; 0 ( N r )~ u U T "[ 1'~ c:. T 0 SET U r 
C JICTIONARIES AND INITI~LIlE :ONSTANfS 
C 

C 

C 0 i'1'1 0 NI .;; \oJ T C rl S / I V A L (b ~ ) ,L P d ~ H , I c. 'v (\ L , T 0 'j r , I S fr" P , I ~ ::. ~ Ll , 1:-, IDE , ~J J ,~ ~'\ 1 
COil ;'1 J iU ~ l ~ R J J / 3i::.i.;, 1 N ,E C rl , E C'1 0 F F , r<,;: T !~ i~ , r) UI'-i? ~ p,< :H0 ~~ , p r,:J r 8 F F 1'.1-' ~ S H ,.----- -.-

1 NPN:H,READL,E~D,EQU~L,)U0TE,PLU~,PA~(~~?07CA~,p~~~,nA~rN~,CJ1MA, 
2 II T ~ I G N , P [ RIO 0 ,r> Ef:~ eN r , A 1'1 P eY:) , !.J 0 L l A ~ , ~\ S T P S'< , S H 1\ I,?Y • ~ 0 >.\ d 'J ( <: ) 

C U t'1,'1 0 t,} 1ST 0 R.:; I 0 leT ( 2 G 1) ,:4;) () K ( g u ,g) ,s TO:) L ( '3 , 2 ? 7) ,I') J::i H J:~ { 11) n) • F :J? 
1 ~ L f'I 0·( i« -3 ) , L::; T 0 ~ t: ( ::' ::> n ,R I J :::. ;-1 c: , T I\) i.\ ,,~ ~~ , F ~ll\ 1'1 '- s V 'L'l, "1(':: , u 'J ~ f- n i ,Co:-1 A r<. ( P; n) , 
2 L C rl ;4 ,~ , T c: 1'1 0 ( 8 0) ,L r E r-1 r, N T U f') ( 4) ,N ST. t: x: r D ), ( b G J ,~J:\ 1'1!...1 M. L T.: L .. I ,I 
lO::;I:;A~ LP:.J::rl 

C -NAI'lLI"1- IS THF:: l'::NGTH lIllII (IN NJ~1i3EK OF r,HJ4RAvr;::f~.:)}.·OF" r:>Ult. NA:E:.;---·--·-
C A ~ [J V A R I A '1 L E. S .J S ::: J I N ~ U l !:: :.:, 
'"' IJ 

C -LINLIM- IS TY£ I~PUT-JUTDUT CHA~A~r~~ srpI~G LI~TT 
C 

C 

UAfA NA~LIM,LINLIM/lQ,8a/ 
lJ A T A F: Q J A l • ew 0 T c: , ? L U 3 , P ~ KEN L , P ~ R UJ R , CO'·, ~11V 1 H :: , 1 H f. , 1.-1+ , 1 H ( , 1 rl) , 1 H , / 
DATA AT3rG~,p[~IOD,O~?:~T,A~P~~S,00LLnD/lH~,1Y.,lH;,lY+,1H~ I 
U A T A A::; TF: S K, S HARP, i3 t<;: A ,<, PI": N t'C 111 i >;- , 1 H , , 1 HI , 1l-f J 1-. ' ... - .. - -.---- .. - --.-- . - ---.-- ---. 

C -S-, -F- ANO -A- REFER. TO THr:: ASSOCLHrVF i'lt:MuRY SOt'1i1·~JlDS -::;rOp[-, 
C -FIND- AN8 -A:CES3- RC:SP~GTIVELr 
C 

c 
C 
C 

DATA COMW/HiS, lHF ,1'-iAI 
OAT A lJ E GIN, .:: q [J , .:: ~~ H ,E::: rl:J::- F /7 t11-~ EST APT, 3 rj '- NO, 4H E v .., J , 6 H r~ J ": C 11 J I 
o f.\ r A PrC\J T 0 :"J • P r<. 'J r [) F F , J U ',F) , PET R N 15 H T r:: A r:: r::: , 7 H~! U T RAG f: , 4 H J U 11 P , fj H ~ r. r u :::; u 
OAT A P :'J ~ H , II;:> N C H , U r NC., , ~ r=:: [\ cJ L I 5 H :J U q r: H ~ 7 H"~ \) PUN C i-J, • F A L St:. ,6 H t:;' r: A l) L X I - . 
DArn IV~~/iG·l,lJ*2,S·g,~,~,4.q,5,~,~~9,7,4·~,~,S~91 
i'l A '"Ii::... 1ST lOA T A I :: C H 0 ,P ,'\ I'~ ::: ~~ l , ;> A K [ I ~ R , t r:. t-i , ..:. C H 0 F F , !.E G I t ~ , G J ;= F ,C HAP, D '\1 i\ ~::: , 

1 I N TAP , N 0 UTA P , h?.!.\ C E f '\j(\ '1 L I 1-1 
RE:TU~N 
E ,\1 TRY ~ J L F X 

P ~ R F J i( M A F 0 rU K A,~ - N A ''It.: LIS T - q E /\ L) 
-- --~~ ----- - ----------

l-:r.j 
I 

w 
I--' 



0.. 
<t: 
f-
Z 
>-IZ 
.... 0: 
0::::> 
c:H- C'l 
Wu..Z 
~CY-W 

F-32 



SU3~JUTINE tNlrAL 
c 
C SU8~OUrIN~ -INITrAL- IS CALLED FROl1 SUS~OUrINE -SToAN- ONLY 
C 

C 

CO~M1~ LISf(4JJ1J 
C 0 ,1 ,-1 0 ~ I rr~ F 0 I 1 F~::: E , L u::; (1i , I R'l. :; r: 
c u ~1.'1O N / ASS J:; / L ~;~ S H ,rl '1. S H ( 5 G G ) ,'1 X T F 2. c:: , S Y.-1[\ :) L (S~) r ) 
C 0 W'j J ; ~ /::: ~H ~ J L / t. C 1'10 , n A .; E , J U ,~ :< ( .: U , I 'n ~ ..., , N () iJ T A :1 

1,J.JJ"1>«(-+i 
C 'J ~';::J :' d 3 T :) =<.; ILH C T { 2c) 1: 7 'A ) ,< ( ~ Cd) , :, T 0 ~ C ( 3 • 2 S 7) ,") U.:-> WJ I'! ( 1 u 0) ,I T lW 

1 , L ~, :J :;. 1<.. ( J ) , LSI 0 -<:::: ( 2 S 7 ) 
LJGI:::AL ~C~O,T-<A~t 
IiHLG:.:( JICT,l(~JCF,H~Srl,SY~nUL ',,-,- -"'-" ''---'' 
OAT A t. G -1 0 , T -.? A C ::. , I N fA::J , ~~ J u 1 A P / • T,< U E. , • F ll.1.. S ~ • , ? ~ » / 

C -ITO~- IS USE~ AS TriE INDEX TJ A~~AY -P0SriD~- IN SU3~JUfrNE -~U~H-
C 

c 
c 
C 
C 

1 

2 

C 
G 
C 
C 

3 

IT:)P = 0 

THE JARIA1L[~ -IF~EE-, -I3QS~-5 -LHASH-, NXFR~-, ANC TH~ ~~~Af 
- L 1 S r - A ~ ': U ::i :. 0 I ,'l ASS J C I A T I V t. I-j -:- M U ~ Y p ,) .) fIN [ S ,- -,- , " , 

IF~EE = XLO~F(LISr) 
LJO 1 I=1,3T3g 
LISf(J) = IF:~t.c + I 
ILA~:: = XLO(:F(LOC) - 1 
LISTC40'JJ):::O 
LHASH = 500 
no 2 1=1 ,LI-i~SH 
HAS H (1) = J 
NXTF~~ = X~OCF(SYM80_) 

----~--~ 

THE AR~AY -OICT- IS US~O I~ FUNCTION -LJCATE- FO~ PU~[ ~n~~ 
SrO~AGC: 

DIGT(l) = 2:;;7 
1)0 J I=2,2bl 
neTtI) = 0 
F<ET U~ r~ 
Et-JD 

M:j 
I 

W 
v) 



SUB~JUTINE PUSH(CHAR,IM1) 
C 
C SUBROUlINE -?USH- l~ C~LL~J F~OM SU1~OUTrNi -INTE~P- J~LY 
c 
C 
H-""NOT E (1) 
I" 
V 

C 
C 
C 
C 

c 

COl,; i'l 0 N 1ST 0 ~ u If) T C; T ! 2 S 1 ) ,A 0 ~:< { ;) IJ ,9} ,S I (H. t: ( 8 , 2:; n ,P US W) \1 ( 10 (1) , ITO f-' 
1 ,l WJ K K (9 ) , I- S T 0 ~E ( 2 !.) 7) 
IinEGt=:~ CCl~l~A, :;rl~R {2: 
D A T A CO '1 ;1 A 11 rl , I 

-:::tl1- ::l:JINTS TO THE l:"'ST CHARACTi~~ JtFO,~~--THL-F-!~3T D::::TfF-TW)--­
TERilINATI\JG 0~AGK::TS 

I = I~l + 1 
lLSr = TMt 

C THE 1)0 lOOP :;OUNTS our fH::: Tor~L NU,"'13[R OF C!1.0,r;L\GTt>~S P! TrlF STe>n;c; 
C STARTINb WITY TH~ LAST GrlA~ACTrR .4NLl !'W~KING [3ACKliA,<DS :1N": il.f .~ T;'\il-
C 

DO 5 J=l,IMl 
c 
C -:JXT- IS USEJ TO I-'OINT TO :ACH [';HI·U-(AGTf:>~ OF TH:: ST~liJG, STA~dI'JG 
C W1 TH T·-iE LAST CHAR.ACTE~ ANC tiORKiNG 8HCK,~ARDS ();~t AT f\ Tli~' 
C 

NXT = I - J 
C 
G SEARCH FOR A COM.1A SEPE,<ATII~G Twr) f)R ilO~f· PUL.c NA:1CSIN TH:::-ST'.,zlN;:; -. 
C crHlr<.~ IS ALSO THE POS313ILlfY OF O(;LY u,~E ~LJLE NAMe- FI THc ST"l.'J'";) 
C 

I F ( C -1 II ~ ( N X f) • N c:: • .; 0 ~11-1IU :; :) r 0 S 
C 
.v.~~NOTE(2) 

C 

c 
c 
C 
C 
C 

C 
C 
C 

IF(ILST.~Q.NXT) GO T1 4 
~ - --- ---- --

IF - ITt-> - I S E :) U 4 L T 0 1 8 0, I f I S 1-1 UTI 1\) '"; '~L 1'1::: I') T E f) A NUt: ~ C H .~~ U L. '- t\! A '-! E 
::i'lCOUN t3::CJ F~Ji1 THc.N Oi'l IS ?l!\Cr:U li~ PUSHt),'H1JO) rHUS Hlt---rNG OUT 
THE ?~ VIJUS ~0L~ NAME ST~~ED THEo~ 

IF{ITOP.NE.luU) ITOP = !TO~ • 1 

-NCNT- IS seT TO THE NJ~3E~ OF CHA~ACTE~S IN TrlE ~ULE NA~:. If T4JS 
I S G I~ EAr E .;z r HAN 1 u, 0 N _ Y T HE FIR s r 1 0 . A;;> '- t; () r'L~ 1 a L Q r-" f) -----. 

I-:tj 
I 

w ..,. 



c 
NCNf = IlST - ~XT 
I F { N :; NT. G T • 1. a ) ~'l C N T = 1. 0 

c 
C THe RULl ;~Atk STJ~E!) Ui'PAGf<'.E!J IN -CHD,~- IS-P!1.\;;<~n--IdT') PiE- ~:r~XT· 
C LOCATiON OF -~USrlON-
C 

CAL L P A::; K ( C '1 ~ R P-i X T f- it ,? U 3 H D i~ { ITO P) , 1'-1 C ~ l T) 
G 
C 
C 
C 
4 
5 
C 

-ILST- IS S:::l TO P0INT TJ Ttl:: LAST 
tJEII~G :::XA,lIN:::O 

v H A 1< .'\ C T f -( 0 F THe:: N~XT ?ULt: ;~A M::: 

ILSf = 'lXT - 1 
CJNTI~IU:: 

>;.~ J;<N J T [ (3) 
C 

C 
C 
(; 
C 

IF{ILST.EQ.!J) r(ET U ON 

T~E S~~F )PERATla~s AS AROVE APE o:::PEAT~J FO~ Trl~ L~sr 
ENCOJNi [RED -- -- ---

IF(ITOP.NE.l00~ ITOP = rTOP + 1 
IFlILST.GT.10) ILST = 10 
CALL P!l.GK(CrlAR,PU~HD'HITOrl) ,IlSI) 
Ri:.fURN 
ENJ 

?Ui..t 

--------"--- ---------

i ~ fl \,~:: 

I-Ij 
I 

tv 
Ul 



3 

c 

INTEG?R FUi'CTIO;~ FIN) (N,NTUr"L, IFOLO\~) 
COM M J N I ASS J C / L i !.\ S H , HAS ~H '5 0 ai, N X T F r<. t:: , S nl hj 0 L (S (} I) } 
1 L 0 C = I i"! u r:: x ( Cd A ~ , N, I :H E S r~, '3 ) 
IFCILCC.t:Cl.'l1 GO TO 1t. 
WSIT ::;: .FALSC:. 
lCrlA:;; :=. ILOC + 7 
GO T:1 2 

C T EST F J!( i1. S U g :~ 0 U Tl N E :;~ L L S T 4 Tel-I OJT 
c 
4 ICII,Ll =: INJEX(CrliI,R,n,CALL,'5) 

c 
c 
c 
c 

? 

c 

IF{ICALL.EQef') GO TO ;) 

IF rHi.:~::: ARE NO ~~GUM::':\jfS IN THE SU3.~ourINr:: C~~'- 3TII,TCI1t-.tH, THe 
SUGRJUfINE -~X~CJrE- Ii CALL~O fO LOAl {~E SUq~OUTIN~ 

IF[I~OEX(SH~R(rCALl+5) ,N-4-1CAlL.PA~~NL).~~.n) 
CALL EXECur~ 
~FTU?N 
ICrlAr<. = IeAll + 4 
GO TJ 7 

'; 'J T') r:; 

C -ICHAK- IS SET TO THE ~aSITIO~ OF TH~ ~QUAl3 SI~N AND -M- £0 frl: 
C rOTA~ STKING L~NGTH 
C 
b ICHAR = IEQ 
7 H :: t-.J 

C 
G 
C 
C 
C 
G 
C 
C 
e 

c 
c 
c 
c 
c 

ASSIGN = 0 
--- --_.-- --- ." .. - ---. -~---- --- - ---- ---. - - - --

r rl E F 0 :... L 0 vi I N G S E ~ TI 0 N J F C J 0 I t\l G \U P TO::, T ~ l E ,,} c: t-.J T uF3 r: L 1 5 I ~ X II :H 'E:' c:' 
THE INr'UT STUNG FO~ S:JE:;IAL CH!-It::Ai,;TiPS lNCLUDHIG ~3LI~i~<, C3LlJ..:> 
:-lINUS, flSTfR1S'<, SLASH, OPt..NI:ll, P'\'<':IHrLSIS, SLOSl\[G ,"llh<.r::-.'HHC5IS 
MH) :::uM1A. EA"':rl ;)F TH':S:::: CHH:-(11,CT:..'z'S Hr..') IL(.>·: C)·-"<i-~VIOUSLY .;ro'<=') PI 
frlt: ;::L:JIENTS :JI=" ,4~,:;zt, y -SY[1J- (Or'l!~ CHAr;U1u fc:r; t)~':'> ELE,IE'H I pY J '..1f 
U~E OF A JATA STAI~ME\[r 

N [} G = 0 
FL :.; ::;: • FALS~. 
L ~ 
:1 t1 = 0 

-LEVtL- IS US~O fa INDICATE TrlE LEV~~ o~ NESTIN~ OF R~~G~~TS. ~nCrl 
r I "1 E ALE F T :> A ~ E N r H [ SIS I S r:::'l G IJ U ,~ T E ~) t: i), - LEV f ~ - I :J DU:;:? ~ ,'-; t. 'n € J '3 Y 
1 A;n :::I\Crl T1:1£ A RlGHT PAR~N1HE3IS IS ENCOUI!TE:~:::J IT T<; 
[)'::CP:::;'1:=:~H:::n [31' 1 ... -.~.- ... - ... ~ .. - ----.. - - -- .. _ .... --~-.--~~ 

I-Ij 
I 

LV 
m 



c 
9 

C 
C 
C 
10 
C 
C 
C 

C 
C 
C 
C. 

c· 

LEvEL = 0 
L = L + 1 
IFtL.GT.lwJ) Go TO 777 

II~CREM::.r~r THr:: ST~IN(; PJSITION POINTl:>( 

lCHA~ = ICHA~ + 1 

fEST Ie'" T-iE :>nIRE INPUT STRI;~G HAS F1[ErJ EXAriT~Jf:'U 

IF<ICHAR*GT.,'1) GO TO LdJ 

STOP~ THE CU~~~NT CHAR~CIER POINfED TO ~y -IGHA~- IIJ THE VA?L~JL~ 
-r~ST-

TEST = ~HA~(ICrlAR~ 
C,. DETc~>iINE IF TH[ CUt~Rt~\jT CHr-\~A";F':;\ 1,::) tHY OF TH~SL ST'JiU::J I~ LI.-<'R'IY 
C -SYi:P'- IhU IF S~, GO IJ TdE S~~fION OF ;)r<or;f.?A'1I1IW; ]::-:ALltJ'; HITH il-\/I,T 
C :;HAr<ACTER 
C 

o 0 11 I = 1 , 11. 
IF(r:::'~T.Ea,.SYMJ<I» :;J rJ(13,l6,20,2~,2S,27,28,2g),r 

11 CON T nJu:. 
C 
C IF Trlt:: CUR~::\lT CrlA~ACER :i:S NOT n;n: OF fHOSr.:: ST,);.(.r::n li~ -SVV, f3-
C T H t. NAT t: .:; TIS MAO E F 0 -{ Apr ~~ IOu 0 ~ l\ ;J 1 G I T fRO '1 l f~ "~ 0 T \,) ~J T ~.1 i:. • 
C THIS TEST I~ ONl Y I"lAOE O~~SE SINC: 1;:: A--;~r:AL--OR-INl E-G::'~-< QJW1Fk IS 
C '\JJT FOUNi) A t:'LAG IS SET TO INJICATE THIS Arm TH:: TE'_>T r'l~Efl r'i0T 'lC 
C MAlJE AGAIN 
C 

c 
C 
C 
C 

C 

IF(FLAG) (;0 TO 10 
N U ~1 B J W = • F A L S ::: • 

IF l'J. PERl)[) (l.t.. r)ECF1:~L POINT) oR A DIl.>IT F'?:J~l 7ERO I,) i'JPI~ IS 
ENGOlPH[i<EU, THe: FLAG -NUMGS~'j- IS SFT- -----

IFtTeST. EQ.,JC:RlJD.OR. (TEST .Gt:.1Ho.Arw. TfST .LE. FlO» \jUw~sw=. T:-;:U::. 

C - F l A:; - ISS L r TO. T '2. dE. I N [) I C A TI ,J r, T H ~ T t: ~; T F LJ P f\ N u M V~ r:; HAS L3 ~ ::- N 
C ~1J.\ 0 E:. O"J C E A i ~ J N E !:: 0 NOT 3 E i1 A f) E L\ \" A Ii~ 
C 

FLAG = • TPU~. 
c 

hj 
! 

w 
--.J 



G -NBE~- IS SET TO THE C~A~~CTER POSITI0N W~ED~ TY~ NU~3~~ STQ~TS 
C 

c 
c 
c 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
~ 

v 
C 
C 
C 
C 
G 
C 
C 
C 
C 
t.: 
C; 
C 
C 
C 
C 
C 
C ,.... 
v 
C 
C 
C 
C 
C 
C 
C 
G 
C 

NBEG :: ICHQ~ 

THE NEXT GHA~AGTE~ IS ~J~ EXAMINEJ 

GO TO 10 

IN HE Rt:.ST J= T'"iE COUI'~G OF THI...> 2>J'3t~OL;rT;k ~'::Fc:r:,CNCE i/ILL qC 
MA~E T1 TrlE A~RAiS -SOJ~C~-, -SHIC~-t -U~IC~-, -FL0T-, A~O 
-O?STC<-. lH~SL lqE Nor J~EO IN JUIT~ T~~ SA~: WAf AS w~s GESG~rl:n 
I ~J S t:: C T I 0 \I 1 ~ "3 • 2 • 1 0 F r rl I S r~ :: PO:::' T w U T T rl t. C'>;:: A ,-: C c:;::: I 11 L '\ ;~ I T 'f. :::: S • 
-SOU~'";'::- IS JSt:J TJ RE:)~:'St:fiT lHC lJ'~~'-;>y (WFf'tdI,HS tl~n liL ":;U~L:r- ~- ... _.-_. 
I ~J F U ;~ ..; T lor i S ,'\ N J TO :::, r 0 -(;: U .) r 0 F 1 Ii ~ S U j J C 1-<' I P T ~ J V;'\ i, I ,.\ '3 L ;:: ~~ t, :1 r c;; ~ d 
THE FO~LO~INS ~Ai: 

SJUPCF=l • UN~~V + 
S 8 Ij ,.;'::: ::.. :: 2 ... U ~J.:\ '~ v 
S C)IJ ,~ ~ .... :: 3 .. F l ') IH 
S!) : ,l,.; : ; :: II • F T I 
S'1Ur::Cr=S .. Ai'~S 
':;OUi\:;E=f,,,, SIN 
SJURCc=7 .. co:; 
SOU:~::;E.::g .. TAN 
SOUf~':;F=9 • ATA\) 
SOu o :C=10 ,.. :::XP 
s r) U f.:::; F :: i i r+ A l tJ G 
SJIJ<>.::1~ r+ ALOG1a 
SOU :~:::;:~.:: 1.5 r+ SXH .. ' .. -~ ... - ~.-
SClUc<'::l::=14 ... FI'~sr SURS:;KIPTiD VA'?IA'3L>:: :~11~~t:: 
SOUu:L=15 .. ~rCO~D SUJ3CRIPTED VA~I~JLL NA~E 
') J u f~ = E :: 1 S r+ f " I I( J S U US:; :~ V) T t fJ V 4 iH A ~ L::: ~ j !\ ,\~ E 
S D U R ::; [' :: j 7 r+ C" J U R T f1 ~ U S 3 C :;J. r P T :: 0 v Il,,~; I !U;" f d r, q l=" 
SOUf<.C:::=1d r+ FIFTrl SUnS;~I~Tt.D VIl.PUdL[ fJi\i1E 

-SHIER- IS US~J TO DISTINGUISrl ]H~ F0LLOWINGt 

SHI~~::-3 • E~OJP 
~HIE~::-2 .. AGJRE3S 
SHI~~::-1 .. REAL 
S~I~~=8 r+ INTcGE~ 
SHI~~=l r+ OPE~INJ 3~AC<ET 
S~IE~=2 ... CL0SIN~ q~AL<CT 
SrllfK=3 r+ RIN~~Y + AND -
SrlIE~=4 r+ • ANJ / --------~-----~ -~-~--~- -------- ---- -- -------- -- ----.---

h:j 
I 

(.,) 

00 



c 
c 
c 
c 
C 
G 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
15 

C 
C 
C 
16 
C 
C 
C 

C 
C 
G 
C 
C 

17 
C 
C 
C 
C 
C 
C 
C 
18 
C 
C 
C 
C 

SHIEK=5 ~ ~~ ~ND V,OD 
SrHF::~=~ r+ UNA~Y J:.)CRATO<S, FUNCTTON::'; MliJ SUQSCRIPf!::D VA:)lABLES 
SHI[f~=7 r+ CO:;I1A 
\'J:iEN S>1Ii::.~=0, -SOIJ~CE-' f)~T::~i-1HI:::S \H~ICH UNi'.,.;>Y JP~C{ArO~~S, FU"I~TT0\jS 
J;.{ SIJ'JSCRIPTLJ VAQII-\8L::S I'.\RE INVX .. V:::'O---
-OPSr:K- IS US~Q TO STJ~E THE OP=~Ai0q~ U~E1 
-OHrE~- IS US~J rJ sro~~ THE JPE~41U~ HI~~A~CHY AN0 HAS J~LUES 
ASSIGrL:.O {FRJ~1 -3 TO +7) IN EXACTLY THE C;AI'-ff 1'1£\I\!>':~:>~ /1..> IS DC'!:: 
IHTH -SHlc.::P-
- ~ L 'J T - 1St. f) J I V A L cJH-: cor J - S J U Q L,. .:. - !\ T T >1 ::: r ["" G i wn : 'J G 0 f L-F": P ':'! J r; :> Il, \1 
fJ :)cr~L wITH A~~Y ,~F.AL JJ~'n~TI~:::' fH:,T 1;'\'Y is!:'' J~r.:) lj >\t..C;Jl,:T:')'I) 
,'~ U I l r r1 .i, T - S J J 1< G :,: - I S ~ i\~ I "4 r ~ l, t.. .,( i\ t,: :;> ., Y 

:>ROCESS A RLA'JI< 

IF(FL~G) CALL ~UM3ER{~HAR,N8EG,ICHAO) 
GU TO 10 

:lROC=':S.3 14 PLJ::> 

IF(.NUT.FLAG~ GO TO 17 

TESl FO~ A PLUS EXPON~~T (E.G. 10.E+S) 

rF(GHAR{ICrlAl{-1}.EQ.1Ht..ANO.NUI~JS',n GO TO 10 

OGATIN THE NU~RER FULLJWINS THE PLU~ SIGN A~O ST0~E IT TN T~E 
AKl\,4Y -S8uRCE- • ...;.ACH rplE A !Wt-F~l.:K I':> KL~Ulr~EjTHC:SU1~OlH-It~[---------------­
-NUI1'3~I<- IS JS::::O TO vsrc.IN IT 

CALL NU~8lR(CHAR,NR~~,rCHA~) 
SOJ~CEtL) = 1 

r~sr FOR JNA~Y O?~~ATIJ~ 

I F L = 1 (\ l'~ L YON c ,>-1 A R A crt: R HAS 9 E :: i~ ENe JUt HER i ... 0 SOW ~ A ~~ t.. n ~ -'l, L I [oJ S 
WITH A 1):~4RY PLUS UK ,'1I,'~US 

IF(L.~Q.1) ~o ra 22 

IF EITHFR OF rH~ FOlLO~ING CONDITIONS A~( TQUE WE ARE DC~LING ~T1Y 
A Uh4RY PLUS OR ,1INUS 

I'lj 
J 

w 
\0 



IF(SHIE~(L-1).GT.2.0R.SHIE~{L-1).lQ.1) GO T0 22 
19 Srllt:~{U = j 

GU TO 9 
c 
c 
c 
" l.J 

P~OGESS MINUS ~~----~ -----~-. 

C 
C 
20 
C 
C 
G 

IF -FLAG- IS "JuT TRU[ \4!=.: ARE DEALING wITH A VL\RI.o.JLt:. i~/\'~~ 

IF(.NOT-FLAG) GO TO 21 

r~ST FJR A N::';ATI'Jt. EXJO\l(:\lf E:.l;. 1J.E.-S) 

IF { C H i1. R ( Ie H A I~ ,-1) • t. Q. i Hr::. n In. i'W;1, 2S til GO TO 1 (I 
CALL NU~3E~(CHA~,N8EG,I~HD~) 

21 SOUKCE.{L) = 2 
GO Tn 13 

22 SHIC·(U = 6 
GO TO 9 

C 
G 
C 
2-5 
G 

P~OC~SS ASTE~ISK OR OnJRLE ASTED1SK 

I~!FLAG) CALL NJM3ERrCHA~,N3t~,IGHA~) 

r 
v 
(; 

o E T t.. ~ i1 I NEW H :: T H !:.,~ i1 U L TI P LIe A T 1\)1" ( aNt: A S T t.. R I $'< ! 0 Q E X P D N ~ \l T I lH I J N 
( r l~ n A S T f ~ 1 S < s ) 

C 

C 

IF(l;H!\R( ICHA~+1> .N£.ld'f) 
IC~AR = IG~A~ • 1 
SO:Ji':>':;~(Ll = 5 
SHIE::( (U = 5 
G'J TO 9 

C PROCESS SINGLE ASTERIS< 
G 
24 SOU;~~F(L) = 3 
25 ShIE:~(U = '+ 

GO TO 9 
C 
C p~oc~ss SLAS~ 
C 

GO TO 24 

26 IF(FLA~) CALL NUMdER{CHAR,NqE0,ICrlA~) 
SQLJ~:E(Ll = 4-
C10 TJ 2S 

c 

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

hj , 
.t:>­
o 



c 
C 
27 

c 

PROCESS LEFT PAR~NrHESIS 

IF{FL.}\G) SA ... l 
S ri rt.:-!. (LJ :: 1 
Ltyr.1 :: Lf1rr=L 
GO'TJ 9 -"-

~0MUE~(CY~~,N9EG,ICHAR) 

+ 1 --.----- -------~---~---~----~-+--~-~-- ----.-.- ------------------ - ---

C ~R0CESS RIGHT PA~ENJHr:~IS 
C 
28 

C 
C 
C 
2g 
C 
C 
C 
C 
C 

c 
c 
c 
c 
C 
40 
C 

IF ( F Ui G j CAL LWt1 3 ER ( C H i\ ~ , .\j q F G , led ~}{ ) 
SHIL:;> (U :: 2 
LEVEL :: LEVeL - 1 
GO TJ 9 ~ --- -- ----~------- ---- --,-- -~- - -------

;> ROC:: sse 0 i1 M A 

IF (FLAG) GALL ,Wt1GEfHGHA~,;n[I.>,ICHAK) 

~ACH TIME A ;OMMA IS ~NCOUNTE~[D :T I~ ~~PL~C~U GY THi CrlA~~CT=~ 
S r ~ 1,\1 G ), { A N 0 I i\j T HIS ,~A Y t: \l ;\ l U A T I () N 0 F [X P "< r S S I G I'J S I ::; F 0 K ~ E 0 r~ y 
PA R E\I T H FS r s - - - ---------- --- .. -. ----.- ._- . ----- -.-----... 

SHlt:~ (U :: 2 
SHI:::~ {l+-1) :: 7 
SHIl:"«L+2) :: 1 
SOU><CEfL+l) :: 1 
L : L +- 2 
GO TO 9 

DONE WITH FI~sr PASS 

AT THIS POINT TriE SECO~D PASS AS D~SCRIg~Q IN SECTI0N 1.3.2.1 8~GTNS 

IFlFLAGJ CALL NJMBER{CHAR,N3~G,lCHAR) 

C AN E~~JR EXISTS If UNLY ~N~ JPC~ATO~ HAS BiEN prC~ED J? O~ IF THEc~ 
C IS It'1PKGP~R N::STING OF JRA:KETS -.-.---- --------.--~--
C 

c 
c 
c 
c 
c 
C 

IF(L.EQ.1.0~.L~VfL.N::.O) GD TO 777 

-1-, -J-, AN] -K- CJR~::::;:>JNi) TO THE Slli~;: VAKIAGLES GI\h,'~ IrJ FIGUP;: 
1.6 JF SE:TION 1.3.2.1 

THE COOING F~J~ TrlIS PJINT TO Trl~ ENJ OF THE Su3ROUTIN[ A~~ANGfS 
Tf1E IN':>UT ST,UNG IN P~::FIX POlI:>H FOQ~1 TO- FSTA3LISH-fJx.E-C.EDE:NGE 

hj 
I 

.t::. 
t-' 



C OF O~E~ATJRS AND EVALUATE~ THC RESULT 
C 

c 

I :: 1 
J :: 2 
K :: 1 
SHIE~ ell :: 0 

C I~ITIALIZ~ FI~Sf £L~MENT OF OPER~10R HIERARCHY A~~~Y 
C 

c 
c 
c 
C 
41 
C 

OHI:::? (1) :: -.1.0 

r!:: S T F J;.z t1, ~j ::: ~ r( O~ 0 R A NU ;13 t. '< 
OR AN ItH[GF~ 

IF ( S Y I ':: ~ (I I • L T .1) GO TO 42 

WHICH IS ~ITH=R A~ ACJR~SS, A ~~AL 

G TEST FOR 4 CLOSING BR~;~~T 
C 

c 
c c 
c 

c 
c 
c 
c 
c 
c 
C 
c 
C 

c 

IF(SHIE~{I}.t.Q.2) GU TJ 45 

?LACE fhC Or'~~ATOR OR SUJS~RIPTlJ VA:?lA~kE NA;{S""IN --TW::--()PE~AI!JIL ______ - ----- ---
srAC~ Arm ITS rlI:::~_ARCrlf HJ TtF AI~~!AY -'lHIE[~-

OP3T~K{J) :: SOUt~r::E (I) 
OHI[~(J) :: SHIE~(I) 

-JOf-'- ~lEPS TKAI;t-.: OF T-1C NUi'18t:K (FR0'1 1-::» OF Tri~ SURS::;[UDT>:.::D 
VAKIAB~E REI~G EX~~IN~) 

JOf :: O~SlC<CJ) - 1~ 

TEST F0R THE OCCU~qENGE OF A SU8SCRIPT~J VARIA8LE AND SlORe TTS 
STACI( :.lOSITION (FJfz PR::FIX PJLISH R~:Jl<.E:::,cl'ni-\T':Q"l) I(.J TrE ARP.!1Y 
-A RGLOC-

IF(OrlIE<{J).EQ.6.AND.O?STCKeJ) .GT.131 
I :: I + 1 
J :: J + 1 
GO TO 41 

C T~ST FOR A PEAL NUMBf~ 
C 
42 IFCSdIE"':(I).EQ.-U GJ TO 43 

SOJo.:::E«j :: ;)OU:~SE(1) 
GO T~ 4!t 

h:j 
I 

,l::. 
N 



4.3 
44 

45 
46 
C 
C 
C 
G 
C 
47 

c 

FUJI (Kl = FlUr tI) 
SHIEK{K) = SrlIEK{I) 
K = K + 1 
GO TO 46 
J = J - 1 
I = I + 1 

TEST IF T~E D~~RATOR Qi THE TOP JF THE STAC~ (I.E. THE 0N[ 
,:) ~ ::. ::: (-.. [ J I fi ::; T rE: C :).-{ ~ i:. NT!) P r-: !-~ AT J ~ ) H A::> A HI G H t:!\ ~ l: ~ ~ E [, t: ~~ ~ [ r HAN 
T H L::: ::; U L;( ,~t: \j T :):-' ::. ~, L\ r o? 0 -{ fit' F :.:: L\ 'J 0 

IF:O-ilf:::"<'{J-1}oGE.SHE,<.<Iil GO TO 51 
IF(I.L1~Ll GO T'J 41 
IF(SdIC:~(K-i).c.,).-l) :;0 TO 41'3 

C 08rA N THE CH~I~L\CTt:::z CJ'J ... ::(.Lo°t::St:IHATI();'J OF Trl(. HTtbr::l~ tlU',1SCf") 
C STO:~ f) TN suu~,~r:: (I(-i) J? TH,:= ~cAL IwinE;,~ STf),:'::l I~ FLI!T ('<-i) ~W) 
CST 0 PIT INC cj ,'.\ ~ ( : r.; I~ V + u. 0 l:: .:.: ALL - j ~ s ,j V - !'1 a 2 K S T ! 1 ;:: ? 0 .:) T T'[ (J ,', n C" T ri E 
C c.:0UA S SL,dJ l'i TH=: UPJT Sl'~ING (IF NO t.:QuAlS SIGN ::X"LSTS. \,r;:,v='J) 
C 

48 
C 
C 
C 
C 
49 

c 

CAL ,_ r; r red « eM L\ r~ ( i~ S ~ v .. 1) ,W: H i~ , SO U 1< C f: ( >< -1 ) , 1 ) -
GO Ta 49 
C i4L L G!:. r C H K ( C H Ai.(. ( N SA 1/ + U ,t'C H R, FLO TC K - 1 J , -J) 

THE NU~OE~ OF CHA~A~rE~S IN THE iNPUT ST~IN~ IS NJW IN~~EAsrJ AY 
-t~c rP-

N:: NSAv + NCH~ 
IF! El).t:Q.O) R:::rURN 
N :: N + 1 

C IF AN EQUALS SISN IS p~ESENr IN THE INPUT SToII~G, TrlE J0LLA~ SIG~ 
C CHARASTL~ IS ADU~D JO fHE ENU OF THE STRING. FOR EXQ~~Lr, T::1 
C 8EGOMtS 1=1£ 
C 

C 
C 
C 
C 
C 

C 
G 

CHA,~ (N) = 1-1 b 
- - --- - - - - - -- ----- -- - ~---- -~- - - - - --~ --~- ------- -----

- S T 0 K N L - I ~ A ~~ E 1\j T.~ V ? J I N r I NTH t: s U r~ :< U ,.iT HH: - G L T ; ~ L - • r H I C; 
SUBfOUI liE IS US::J FO~ TH>:: STUC?,4:"t:. AiW ~LTtnt:V,4L IJF ~JiJHLr-IS :JATA ;:-;;::n 
TO O~ ?~OJUC::O GY THE ~V~~UAr~R 

l..ALl ST,)KNLfGH!.\f~,N,SJUq:;C:(;(-ll ,FLOT{rZ-ll ,C:;rllf n ll<-1» 
KETU~N 

T E S r F 0 K A 8 I N A f< Y 0 R U'l A K Y IJ? r=: f-<. Ii rr 0 r-4- ,----- -- -
I':tj 
! 

,;:,. 
w 



C 
S1 
C 
C 
C 
C 

1 

2 

3 

IF(OHIE~(J-1J.Gr.5) ~O TO 5~ 

PROCESS A 8I~A~Y OP~RAr'R. THE 
IS ~TO~tD IN -ITRAN-

ITR~~ = OPSrCK{J-l} 

P~RTICULA~ OP~Kdl0R fO QE DQa~iS~~~ 

GOM1JN/S10:;:G/X:AXX~2SU ,WJRI({ RG ,9) .STr)~~{3,257) ,I-'U.)HJI\~{l(JOJ ,IT0P 
i > U~ () \ .:..' ( ~) ,L S r 0 '-( c: { 2 '3 7) 

r:G,!'iYU I i~FJi I~\r::::::, LlL (1) ,I13ASE 
01 '<):: ,\j S IJ ['J [~1 S!« (it) , MAS K ( 4 ) 
LO~~r:HL CL03'.:O 
I:\T'::GER H~'3HC(4) 
INf~(,~"( Ht\SH 
U:TF::: G ["'~ C (PH 
IN1 ;::G~Y XLO~F 
OI'1t:NsrON Pi:T{'3) ,NO?EN{9),lWHILH{9,~d ,nTlJPL(2) 
DATn HASHC/137)~43,410~,7~1427,40jd79S; 
U!\T1\ tlH,SK,/l,3,1,15/ 
d i~ T A i'j ASK 11, 2 , 4, ,13 / 
FINn =: :] 
Nf::H~'" =: G 
I ,( E r t T F J l 0 '~J) = :J 
IST:~ =: 1734:5 + N 
CLOSC:O =: • TRUE. 
J ::; 0 
00 2 I-=l,N 
IF(;JTUPL(Il.t.~.u) GO T~ :1 
NF()Rd ::: l~rO<~1 i- 1-1ASKCI) - --- --- ----------~------------------------ ------
IST~ =: ISTR + NTUPLIII·rlAS~C(I) 
GO TJ 2 
CLJS:;:U '" .FALSt:. 
J = J + 1 
I v; HI"; H ( I f 0 L. O,~ , J) :: I 
CUN T I /·Wr: 
i\j OP E ~~ (I F 0 L J vi) :: J 
JAiJi<::S::>'ion (CLC3 (lSn~, 23) ,f-I::)TR~ .ANn .. 7777777777771-7a,LrlA~H)-*"1 
l =: r1 A S '1 (J A f) r-< E S ) 
IF(L.EQ.GJ -<[lU~N 
~; 't = 0 
I F ( C l\) C; :: u) .'1 4 :;: 8 
IO::>OGf =: N4H~ 
IF!IIJSO:;T.H::.IJ(L)) :;0 TO 6 
UJ:; :;: l'JKLCU 
1= CUIHlLO::;) 

I-Ij 
I 

,I:::> 
~ 



7 

c c 
c 

8 

21 

22 

23 

IFt:;' ... OS::O) ::;0 TO I..t 
I F n 0 (1) • N E • N t:" J'~ 11 ) G::l r 0 6 
I:: :::O'HCUJKLCI») 
DC S M==l,N 
I F { \JT u 0l Hll • c: G • 'J) GO TO') 
I F ( :'H li P L 01 ) • Nt. ,hI ART ( I , 111) GOT 0 S 
CON T I r,1 U c: 
F I (J ') :: 1 
IF{.~~r.Cl~~~O) I~~T{IFOlO~) :: LOS 
K [" T u~ r~ 
LC: :: Li~v.0L) 
IFLOC.i:O.J) RF.TURN 
L :: ~UNT{LO~) 
GO 1 J ~ 
un ~ Y A:; C!::. S S 
L :: u"c::r iIFOLO'tJ) 
IF(L.fJE.O) ~o TO 7 
FI\lQ :: 0 
R~TU~f\! 
L :: :: 0 I~ T (L ) 
J ;:: ~UI'JT(u.ji<L(Ln 
OG I) [:::1,1') 

~JVE OJT N SYMBOLS TO 'ARIA8L~ ~TORE 

K :: NPA~T(J,IWYICH(IFOLOW,I~) 
KC~NT = CONTCK) 
lSYM~ :: LNKL(KCONT) - 18AS~ 
N Grl A \~ .:: 10 l 0< C u 'n } 
IF(N:rlA~.Lr.40~Jd' GJ TO R 
NCrl~~ = NC~A~.ANO.17(7A 
t-'I :: ;'JT tP L (l ) 
Uia:~,<(i1) = NCHC\'~ 
CALL UI~?ACK(LLL{L::'Y.'13~ ,WORK(1,,1} ,NGHAr() 
CONTINUE 
IRET{IFQLOW) :: LNKR(~) 
FINO :: 1 
RLT'J?~J 
ENP·''( sror'F 
IF { I~ • L;::. 4- ) GOT 0 2 2 
FH~'l :: G 
~fTU~N 
D'.; 2.5 I=l,\J 
1:= \ i'~ T Url L (I) • ~ Q • 0) GO r ~ 21 
C LlrH I NUC: 



24 

25 

26 

27 

28 

2':3 

30 

31 

32 

HF:)~M = t'P1SK HI) 
CLOSt:L) = .T~'JE. 
I OS 0-':' 1" = 8 .. N 
ISTR = 173,+3 + 'J 
DO 25 I=1,N 
KK~ = N~O~~.AN1.~ASK(I' 
IF'~KK.NE.J) r3TR :: IST~ + NTUPL(IJ·H~3HC(T] 
CO"lT:i:NUE 
J I~ S c:::: S :: :i u n ( { L G ') ( 1ST K, 2' 3) +- I ;) TfO • A f\; l) • 7 7 I 7 7 7 7 7 7 7 7 7 7 7 g , L Ii ASH } + 1_ 
L :: XLO:;F(Ii~SH(.Jt\.Jrt:::";» 
LCO~JT = HA..>rl (J,VnLS) 
IF(L:;uNT.NE.Q) GO TO 20 
I~CflL = L 
GO TO 3:: 
IF<I'lSO;T.'J::.IJ(LCONT» GO TO 31) 
I = l..f'.jKl(L:>J~Tl 
leo i'H = C 0 iH ( I , 
J 0 J fH :: I r, :) '-J T 
I F ( C L US::' :) l :; a T I) 2 7 
IF ( I U ( Ie lHH) • N -: • N F O~ M) GOT 0 "3 n 
JeONT :: COI\-JT{L~KL(ICJNTJ} 
00 2'3 M=l,!4 
KKK :: NFO~~.A~J.MASK(MJ 
IHKKK~cQ.o) GJ TO 2q 
IHIHUPL(1).NE.,~f-\AR.HJCONT,MH GO TO ::0 
C (IN r r :~ LJ i=: 
IF{':~O..)EO) GO fO 21 
NC::LL = tHJCELL (X) 
CAL L S r ~ 1 1m (NF J ~~M , LC) p y, \.. N K r( , H~UN T} ,Ni";L:lL)- --.----­
GALL STRINO(-l,-l,NCt:LL,I) 
NFJRM = NF~~M - 1 
IOSOGT = N 
CL:):,::LJ = .FALSe. 
IFtNF02,'1.NE.O) .,0 TO 24 
I='p.J:.J = 1 
RErl)~N 
LNXT = LNK~(LGO~r) 
IF{\..NXLfQ.Q) GO TO 31 
L = LNxr 
LGJ,n = GONTCL) 
GO TO 26 
NC~Ll :: NUSELL(X) 
CALL ST~JNJ(-1,-1,NG~LL,Ll 
IF(~lOSED) so T0 ..53 
NX:~LL = NU~ELL'X) 

I'Yj 
I 
~ 
0\ 



..J-
..J-' ...J 

L.: J ...J 
UW lL 
:::0 U 

... x Z 
C::Z ... ... _c...'"J 
..JO >- ... 
..J ... 'L >-
LJJ >0- 0O. 
Un. 00 
'}o«(} f(~ 

ZU .' ...J ... ..J Z .. 
r- .. ... 1-

L')--: -. ..Jet) 
OO-~ XO 0 
(1)0 "-" .... .:>'j', 
alL -,~··o 
HZ .J ;':H 

ld""",,"-
0, C' CV~l c:l 
ZZ :::>2.-:::: 
H,-j Z-lH 
tV /'r"O' _T 'V G> 
f-f.~N 11 f-f-N 
(/l'/) /) J) 

c;~ 0 
..J -' ..... (1. -' _If­
-'--1 0_1_.1 0. 
<t<!OU<:.J:<:t:o Z 
ou .!> -,UU(!>LiI 
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1 

2 

21 

3 

It 

5 

o 

7 

9 

10 

FUNCTION LO:SY~'CHA~,N~HAO) 
C Ll ,'1 M 0 IV I N F 0 I I F r<: E E , L 0:; { 1) ,I c3 ll. S E 
COM,.lO iU ASS 0'; I L H A;:, H , H'~ S H ( SuD) ,N XT F R E , S Y d q ()L ( 5 L n ) 
INrE:.~LR CHl'l~P) ,rlASH 
luGIC~L FLAG 
HJIEGt:R. CO'lf 
IfHEr,~R XL,)CF 
FLi~G ::: • F:'LSE:. 
NIl'1~ ::: a 
IOSOGT = NCHA~ .Op. 40~Q~ 
00 i I=l,NCH~r::: 
N A "l L = L C S ( i4 ,:.\ :1 E. , 1 j + L ~ S { G rl A !(, ( I) ,5 /+) 
I L J :; ::: I: 01 ( ( L ,~s ( ~,4 ;·1::: , 2:)) + I~ C. 1'1 c) e M 1O. 7777 (' 7 7 I' 7 7 7-77 T 3 -t U-14 S H H· 1-- ---- -- - - ---- -- ---- -
L = XLC";F(Hu.SH!ILOC1> 
L C r):H ::: rl P. S H , I L 0:; ) 
IHLSUiH.Nt.OJ GO T8 5 
IFO'-LLX';) G'J TO :) 
L 0::;<; r I-I :.: (; 
Pt:.TU-<I'l 
CALL 'ST~INj( TO;;,)Gl ,NXTF~::,n,u 
CALL P4CK(C:HI-d\,LJC(NXrF~E-r8ASr) ,NCHA:{)- ---- --­
NxTF...(t. ::: t .. XTFC?::: + (N;HA~+9) 110 
LOCSYl-i = L 
~EIU~~ • 
IF(IJ(L:;ONT) .Nt..loso:;n GO fO 9 
IG4i-l.~ ::: l'iC;Hl\~ 
ILJG ::: LNKL(LCONTJ 
J ::. J 
v - 1 

" - .t. 
IF(1::;HA~.lr.1D} GO TJ 7 
CJ.,\lL PACK (C;iAi< (K) ,NA"1E, 10) 
ICHA~ = l~~A~ - 10 
IF(NAt1E.NE.LJC (ILOC-IGA';)::+J) GO TO g 
K = K + 10 
J = J + 1 
GO TJ b 
IF{ I;;HA~.EQ.I) GO TO 4- ---~-- ------- --- -~--------~------ -"-----
CAI-L pg::K.(r:HA~ (:-0 ,NA'E,rCH~?.) 
IF!lJ4r~E.:'Q.LOC(ILOC-li3ASE+J)) GO TO 4 
L;~XT = ;"~K";'{LCJi-.Jn 
IF(L;~XT.lO.u) r;.) TO 10 
L ::: UJXT 
LCO~T ::: CONT(L} 
[,,0 TJ :5 
IF(.I\jOr.FL/~.G} GO ;fO 21 ---~--. -~--------- - -- -- ----- ---- - -- - - - -

hj 
I ..,. 

co 



_J 

~-
x 
"2 
..J 

T"I -, 
X .. 
~~ 

..J' 

..J~ Y'ltl 
U''::l >-:"'l 
02 VICr' 
::)-! LLr-
7rr~ '11. 

~X,..)'::J ...-I 
IIV:Z II 

__ 10'>- n 
r- ..J 1- II tD \-. 
X-111 r-<:( 0 
Z c:[ CJ :~ -J 0 ;.?: 
..JD..JL.':llulJ..0lJJ 
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C 
r­
'-' 
C 
C 

SUBRJUTINE EVAl{C~AR,N) 

SJ8ROUTINE -EVAl- IS Cl\lLED F'-{OM Fl.Jr~STIOi~ -I[3WH- O~'JL'( 

H->f.NOTE (1) 
C 

c 
c 
c 
c 
c 
C 
C 
C 

c 

CO~MJN/K[UE~/K1~GIN,< 
C 0 l'~ ~'I J I'U :; N T ~ J L. / E -..; 1-1 J , r ~ ACE , J U '~ t< (11) ,I' JT A") , N JUT A ;:, 

1 , JJ J '1 K ( 4 ) 
C 0 f~ ,1 u N / A L r,:: J 2 /,\J A i1l: S ( ? ) , S J U~ C 1: { U G} , .:.; Y 1 :. 0 \1 J [1) , 0 1'11":: r:: ( 1 J [n , 

lOP :::i H; l-( ( 10 a) !::) /W,:: ,( 80 j ,L, ,'I u ,'1 r~ S H , F l~" , T:':: :) T ,,1'~ 
o H1E ... S I J NFl.. () T { 1 J I] ) - - -- -------
E0JI1AL:NC~(FLJr(1),~0J~CE(1)' 
I iH E:; t: ~ SO J< C C , .; HIE ~. J PST ~ K , 0 rl Ie R , S~ V:" , A r::G LaC ( I) 
I N ft_ I~ ~>< L, H L\..z ( 1 J lJ) ,;:: 'J. J A L , A.3:; I G N 
I :~ T E G t: R .:: L i~ L { 5 I , I N T F: :;:~ ( P,) , C t\ L L ( S ) 
I rH f G t': ~ P 1-\ ::>.::: i ~ L , P A ~ E. N ~ , d REA K , P L U S 
Ihr~GL~ PE~IOU,JUOrE 
I IH t lJ E r.;> T c: S r , S '( "'1 '3 ( 8) 
L 0'; I C I~ L '''; i; IT ,F '- A G , N u '1 3 S ~~ 
DATA PEAL/1H~,lH~,lH~,1~L,1H / 
oAl.A INI FGF'/lrlI,lIiN,ldT,lH~,lHG,lrlE,lHt<,lH I 
DATA CALL/1HC,lriA,lH~,lrlL,lrl / 

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

DATA PAPEhL,,JAK.:"'N2,C}UI1.L,8'{EA;.(,PLUS/lH(,lH) ,1d=, lH~,lH+/ 
u4TA DE~lJJ,UUGrt/1H. ,1Ht/ 
DATA SV,1e;/lH ,ld+,1H-,lH~,lrl/,lH(,lrl),1H" 

TrlE FIRST S[:;TIO;'I/ OF C)IJING I~ -l.-V{',L- (!Ji)TJ,-~TAEi1ENT-LA8f"l-R) --~-­
O~TE~MrNES Wrl~rH~~ fH[ I~PUT ST~ING IS AN INTCS~R 0R 1~AL A~RAY 
)::CU'~<tlTI1N, AN ~S')IGI~'1r::,'H STC\Tl'::;-I;:'NT, A .:;U!3t';OUTlr.,-,: CAL~, OR i'. 
SUS S:; RIP T t: 0 J ~ J \I S U 8 S C <. I P T t:: J \/ A \.:J I f.\ r, U: ;~ ~ -, t:. 'J c: p ::: r J.) I,\J G 0 N ~'J rl T(~ H 
OF T~tSC IT IS, C~~rAI\I FlAG3 ~DE SLT T1 8L USEn LATE~ ON I~ THF 
SU8ROufI~J': 

NSAV = 0 
IGAlL = 0 
ILO('; = 0 

C T~ST FOR AN ~JUALS SIG~ IN Trl~ INPUT SIPING 
C 

c 
c 
c 

IEO = INOEX{CHA~,N,EJUAL) 
IF ONE IS NOT FOUNJ CO~TINUE 

I-lj 
I 

U1 
o 



C 
G 
C 
C 

C 
C 
C 

c 

lFt It:l.,(.EQ. (l) GO TO 1 

SrOf<E THE P03ITI IN OF THE [0Utl,LS SIGN FOUNt) IN TH~ ST\;::~\.> HJ 
-NSAV-

NSAv = lEQ 

TEST FDK AN D~ENING PA~ENTHESIS INDICATI~G l SUtlSGRIPTEJ VA~~AJl~ 
IFrI~JiX(CHA~,IEJ,PA~ENL).i1.n) GO TO 6 
ASSIGN = 1 

C -lCHAR- IS IjS:::~ .~S A P:)INTt:::R TO ,1HE CdK.'«Nr~-{,l1Ar<ttGr;::i;' ,::>O::;I:rrON r%\l-~----- -~-
C THE INJUT ST~I~G 
C 

ICHA~ = 0 
c 
C -M- POINTS TO THE LAST CHARACTER SlF()n~ THE ~~U~LS SI~N 
C 

C 
C 
C 
C 

C 
C 
C 
1 

C 
C 
C 
C 

2 

c 

M = IlO - 1 
'. -

SINCe. AN ASSIGNM~NT SHTEi1l:.'H WAS F.JUNu • N'O F0I'dHEI~ T::-SfING FO~ 
DECLARATIONS OR S08ROUTINE GALLS IS NEfDcO 

GO TO 8 

TEST FJR THE aLCLARATIJ~ ~EAL 

IlDC = IND:X(C.iAR,N,{E~l,S) 
IF{ILOC.lQ.u) GO TO :b 

-WGIT- IS SEf Tn .TRuE. FO~ A RtAL OECl4RATTON AND 
INTES£~ OECLA~ArrON 

W8IT = • TRUE. 
ICHA~ = IL:)G + 4 
ASSIGN;:. 1 
i'-1 = N 
GU TO ~ 

r 0 • FA l... S E. FOR ~ 1"-1 

C TEST FOR THE OEG~~RArI)N INT~GEo 
C 
C 
C T~ST IF TrlE TWO 0P~RAN)S TO a~ US~U IN T~E dINARY O?f?lTlnN ~~E snfH 
C INTcG.f:<.S. IF so, GO TO THE SECTIOI~ OF.r;OJING·THAT--uE--ALS-WITH- TH:::: 

'"lj 
I 

U1 
I-' 



C )?ERATOR ENCOJNri~EO 
C 

c 
c 
c 

c 

IFCSr;lL~(K-2}.EQ.a.~\)r;.SIiIEq{t<-1).EQ.a) G:J rl}{dl,32"j3,34,dS,~f), 
1 8 7 , d 8 , 13'-:3 , 9j , :11 ,9n ,IT ~ A N 

TEST FOK 4 R:AL N0M~ER ~AIS~O TO INI£GE~ PO~E~ 

IF ( 0 PST C K ( J - l.) • c:: i) • 5. i\ ~w • :3 >i 1 t ~ t '< - 2) • :: Q • -1 • t1. NO. S H I r::: Q ( :< -1 ) .. EO. '1 } 
1 GO TO 7 '-+ 

C IdE FOLLOlHi~G La)? f)EA_S ':lITH t~:;:XC:D :"lU'l:': OPi:P,-\j'FlS. :3r][rl O~l;~:)D.~:')'~ 
C A~L '1J..iJE <EAL (IF Ot-.jE 1S AN INTE';:::o AND THE ()THt.~ i='.c'1Ll /l;\JrJ 
C -ITRAU- IS .::>r.:r r'J DIP.EGf I HF ppnr:.~4~1 fa THC-()P[,~ll.:r:ION:}PFf(rJq~r'J-
C ON Rt:t>LS 
C 

DO 52 11=1,2 
I F ( S HIt: i< ( K - I I) • ~J E • 0 ) r; 0 T () 5 2 
SHlr~"(('<-III =-1 
FLOT('<-IIl = S,)U:"(CE{<:-II) 

52 C O'H UWc. 
ILU1,~ ;:. OPsrCi«J-1) + 2> 

C 
G TEST IF T-it hIOJPE:f~AN)S Tn dE U..)EO IN [Ht" 8IN/~~Y OPr=:,~QTr:JN !1.~r- 30TH 
C ~cAL. IF so, so TO THE ~C~TION OF ~ODING rH~T O~~lS WIfH THF 
C JPER~TJR ENCOUNT~~~J 
C 

c 
C 
G 
C 
C 
C 
777 
778 

C 

IF ( S HIE ~ ( K - 2 ) • :: Q. - 1 • n 'J J. S HIE R ( i{ -1) • t. Q. -1) GO r I) ( 31 , ~ ? , 83 ,d it , !~? , 13 6 , 
1 87, 88 , d 9 , Y ~ , 91 , Y 2) ,I r '<' 1\ N 

~--- .- - - - - -- -- --- - -- -------.-." --._-. - -

SINCE. A rC:ST FOk ALL 0;:>'::.<'1\ TIOilS HAS JEEN ~")C),Jt., ~") C:~QJ:;l. HAS 
JL.:CUKRFJ If- TH~ ~KJGRA'1 ~tAL..H;::S fHIS POT'H 
SINCE ALL OP~KAT I')NS HI\VC: P,r..::E;~I..:..STLO F~)t-(, AN E,r;2'~U? lIHS OCCl.P;.(.~d If 
Trlf.. P~OGR!l.i"l -<.EAC.,:::S THIS POI~H 

vi fU T r:: ( N JUT A P , 77 1 )( CH n. ~ ( I) , I::: 1 , t<-U 
FOR,1AT{-I<f)C:KK.Of<. IN E-JD.LUATION OF I\LG[G-~~Ir, ;:::Xn:-<ESSJo~,"'(8~AU 
RErU;:'~N .... --. -----

C P~OCES':) A UNAK,Y ,)rJERATJ~, A l3UIL T-IN FU,,,...;TI8N '1:< I~ SU,JS'"'~.i..JrE:J 
C VAP.If.l.3LE 
C 
53 IF(OPST:::K{J-iJ .jT .13) GO TG s~ 
C 
C IF rYE GPERiHION 3EING PEKFr)'~'1'rD IS U~lA?Y +, U~A".Y -, ;:-LO'lT, FIX, 
C O~ AS:;" Ox T'1E OPt:~ANO dt:P~G lJ.JC) IScJuJ- INr-c_GE~--TH':'N .Trl[ -.uP';:: ~H TJN-----

t-:Ij 
I 

U1 
N 



CIS C,~ q:~ 1 ~ J 0 U r. H 'J ~~ E If E ~ IFf:. r THE,~ 0 F T !-i ::: ~:3 0 If J=:: C 1\ S LSI S t\; cl T T C) J r 
C f'"iEN TYE OPE~~im IS AUr8~ATICAL!...Y CH~~JG:::-J TJ fY,)C: ~':"I\L SI'H~:::: C~E 'IF 
C THE JP~~ArIO~S BCING ?~~FnR~EJ O~ If (THESE ING~U~:::- SIN, :0S, T4N, 
CAT t:. N , c. X P , A UJ 01, A LOG 13, 'J ~ S J. R T) :-< >:: J. U 1 K c. 'S ~ c~ ":' ,:J. L il. ."' \.) tJ , j c: ;,!T 
C 

IF ( O? S T C K ( J -1l • Lt... 5. J ~ • .3:1 I E r.~ { K -1) • r~ I;: • Q) G J T r 51:l. 
C 
C ~IiANGE THt.: A'\GUi1::NT TO TYP':::~::AL MiD CH~:'~~;E ITS ~0~r~[SDO"1f)Ti"G 
C HIERARCHY 
C 

C 
G 
C 
531 

C 
C 
C 
C 
54 
C 
C 
C 

C 
C 
G 
C 
C 
S5 

c 
c 
C 

C 
C 
C 
C 
C 
C 
C 
C 

FlJT(K-l) = SOU~CE(~-1) 
SHlf9(K-1) = -1 

-ITRAN- ~[T[<~IN~S WHI~H OPERATION IS TO BE PE~Fa~~~o 

IT~~N = OPSTCK(J-l) 
GO TJ (51,62,63,64,63,66,~7,6d,~g,7D,71,72,73' ,LT~n~ 

THE FOLlO~INS STAT~MENJ IS USED IN COr~JU~CTION WITH ry~ UN~Py + 
JCER41JR (SEE Sr~TE~ENT 51) 

..J = J - 1 

THE N~XT OPE~ATJ~ ON T~E STACK IS NOW EXAMINED 

GO TO 47 

SLJf3SCRIPT:;:D VARIAl3LES '~NJ SU3t{OUrINE CAllS ARE H!\~u ... c.O HED[ 
------~ -- - - - - -- -. - - -- - -- - .--------. - ~--- - ----.---- - ---------

-Mi~- IS S::T TO THe SU8.i:;t<I?TELJ 1I,..\?IA3LE 9EU~G CYA,1TNf::l 

MM = OPSTCK(J-i) - 1J 
KBEGIN ~ A~GLOCfM~) 

DETERMINE IF A SU1RouriN:: GALL HAS BEEN ~ADE 

IF{I.NE.L.OR..ICA:"L,I~::.U GO TO So 

THE SU3r.;oJTI,~F. -C:XECUE- IS CALLrD TO lUAIl THE D.:::Sli<ED SUCJr.;UUTINE 
F~OM Trl[ :UMS LI]~4Dy 
THE SU3~UJTIN~ N~1i IS s,o~~o TN -NA~ES-
rYE POSITION IN friC: I~~UT ST~ING OF THE FIRST A~GUMENT 0~ TH~ 
~ALl IS srOR~U I~ -SOU~C~'K~EGI~)-
THt. HERA~CHV ASSIGNED TO THE Flt-<sr A~Gu:·rE.NT OF THe CALL TS ST(),~EI) 
IN -SrlI~q(K~EGIN)-

M:j 
I 

tl1 
W 



C K-K8EGIN GIVES THE NUM3E~ OF ARGUMtNTS IN THE CALL 
C 

Ct.LL [XECUTE(NAt'tESC1VJl ,SOU-{SE{",St.GIN) ,rL0T {1{~LGI0!) ,,)HIEK(KL1~r:,T!IJ), 
1 K-!(BEGINl 
RCrU~~J 

c c P~OC~SS SU8SC~IprED VAKIA9LES 
C 
56 ~E~D = K - 1 

c 
c 
c 

K = K8t::GIN + 1 

U~PA:K TH: FI~3r NAME INT~ T~E A~PAY -saVL-
CALL UNr>ACKC~Ar1ES (MM) ,Si\VE, 1f) 

c 
c 
c 
c 

ANY B~ANKS 8ErHE~N fHE SUJS~~IPTcJ vARIA~LE NAME ANO THE G?~~TNG 
L~FT ~4P~NTHESIS ARE O~IrTEn 

57 
58 

C 

01 57 15=2,10 
IF(S~VE'lS).EQ.1H ) ~O TO 58 
CONTI~U~ 
SAvE(lSI=PuR~NL 
NPOS = IS t 1 
00 59 IS=K8EGI~,KENO 

C ANY INT[G~R S~8SCRIPTS A~E CHANGfD TO TyoE R~AL 
C 

IF(SrlIF.~{IS) .N:::.OJ SJUKCE{IS}=FLOTtI~) 

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

C 
C 
C 
C 

THE CHARACTER CO)~ FOR TH~ SU3SC?I n r vA~0l IS O~T~IN~J A~D DLnc~o 
IN THE ST~ING Sr0~cD I~ -SAVL-

c 
CALL Gt.TCHRL:;AIfE(NPOS) ,"lCH .. ~,SOJ'<CE(Iq,1) 
i~PJS = NPOS + ~JC;f.jR + i 

C A COMMA IS INSE~T"::D U:::TWC:EN EACrl SlJ:JSC.U;Ji Ai~O 1\ CLOSI~J~ DIGrlT 
C ?ARDJTHESIS ;>LACED AT LE EN] OF TH':' STl? .. NG-----------------
C 
59 ::,AIlE(iPJS-1) = SY'18(S) 

S A V r:: ( Ii P J S -1) = ;:t A R Ern 
NPOS = ;'-lPOS - t 

c 
C DET[~MINE IF AN ASSIGN~ENT IS TO ~E ~AOE 
C 

I F ( I • N [. L • U ~ • .\ ~ S I G N • \j E • 1 ) :; 0 To 6 G --- ----------------------------
M:j 
I 

U1 
~ 



c 
C OETlREMIN~ IF AN ARRAY J~CLARATION IS TO DE PqOCESSEU (E.~. ~~~~ 
G XYZ(100}1 
G 

I F { I Lee 0 E f) • 0) GO TO:; 9lJ -
G 
G AN ~RqAY OECLA~ATION ~AS 3~EN FNCOUNTEREU AND T~US SPACE MU~T c= 
G ALLOC4f[O ro~ IT. 
e 
C -ALOCAT- IS Il.N E'IJTR~ PJINT I;~ THe. SLJ3'~(jIJTINE -r;[PJL-
" v 

591 

C 
C 
C 
C 
!::>'32 

G 
C 
C 
C 
595 

" IJ 

IF{'tJ8IT> GO TO 391 
CALL ~OV~(INTE~~,CHA~,~) 
NC'i~ = 9 
GO TJ :592 
CALL MOVE{~EAL,CHA~,~) 
NCI-iR = 0 

"1JVE THt-.. STRI~G IN -SAVt:.- INTO THe. ARr?AY -CHAP- I\~W RC:3I?T THE 
NUM8[~ OF CHA<A~rE~S l~ TrlE SfRINr; 

CAL L 11 0 V E ( S A V E , G H A R ( Ij C ri .~ J , N P 0 S ) 
N = NPOS + NCH~ - 1 
t<fTU;>N 

NJ TyPE STATE'1ENT WAS '1Ac)E - Wt A1{t: iJEIlLING ~IITH THE i~Ar1':: OF /1, 
SUBS:IUPTED VA~IA;)LE F:JLLO~JED 3Y AN A"~GUl'ir~H LIST 

CALL MOVE(SAVE,CYAR,NPOS) 
NSAV :: NPOS + 1 

G AN EQUALS SIGN IS PLAC~J IN TrlE ST~lNG 

c 
c 
c 
c 
c 
c 

CHA~'iJSQV) = [f~UAL 
THE V,a.LUt:. TO;Jt:. STORED IN THIS SlJGSCRIPTED VI1h~IL\lLt. IS NUl-l 
o c: T E t< ;'1 I N E Q 

Gu TO S 

RE T RI EV [ A V A L ut: Fk OM ::: VAL UA TOr{ S T0Q AGl ~-----~-~~ -----~----~-------~---------~ ----------- --- ~- -~-

t-rj 
I 

In 
U1 



C 
6~ 
C 
C 
C 

c 
c ,., 
u 

C 
C 
61 
C 
C 
C 
62 

621 

C 
C 
C 
63 

c 
c 
C 
64 

C 
G 
C 
65 

6S 1 
C 
C 
C 

CAL l G i:: T N L (Sl\ V ::: , N ? 0 S, SOU P C i ( I< [3 c: GIN) , F un (K G::. GIN) ,S HIE ~ ( '< R c: G PO ) 

TE S T F:) RAN ':~RO,{ C a Nor TION 

IF!S'-iIE=«K~EGINj.C;E.-2) GO ro 54 
GO TO 777 

UNARY JPFr(ATIONS 

UNARY ;)LUS 

Gu TJ 5,+ 

UNARY ~INJS FJ~ TYPE I~rE~E~ AND REAL 

IF{SYIL~(K-1J.EQ.O) ~o TO b~1 
FlOT(K-i) = -FLOT(K-i) 
GO TO 54 
SOURCC (K-1) = -SOURC:: (K-i) 
GO r 0 SI. 

FLO/IT :JPC:RATDN 

I F ( S HIE? (K -1 ) • !~ E • 0) :; 0 f 0 5 4 
FLJT(K-1> = SO'JRCt.{K-i> 
SHlt:r<.(K-ll = -1 
GO TO 54 

FIX J?'~h:ATION 

IF(SHI::R(K-1).,~~.-l' GJ fO 54 
SOUo.CF (<(-1) = FLOT (K-1.l 
SfH::,:Ut<-l) = 0 
GO TO 54 

D.8S OP::RAT IuN FO,~ T'fPE DHEGt:.R AND RC"Al----------------------------------- ----------------------

IF(SHrE~(K-i).iJ.U) so TO 6~1 
FlJT(K-l) = AJ";(Ft..OH'<-i}i 
(~O T J 54 
SOURCl!<-i) = IARS(SOU~~[{K-1» :j, GO T'; S4 



C 
66 
61' 
613 
69 
70 
71 
72 
7:~ 
74 
81 
82 
8.5 
84 
8S 
8G 
'd7 
8"3 
89 
90 
91 
92 
93 

FLOr(~-1) = 
FlOTIK-l) = 
FlJT{K-U ::: 
FL,)T('<-i} :: 
FLJT{J.(-l) ::: 
FL01(K-l) = 
FLJT (K-i> = 
fL:HtK.-ll = 
I=LJT p(-Z) ::: 
SClU,eCC (,(-2) 
~!)U,:::::[ «-2) 
SOU'~~ t_ C( -() 
SDlP';[ (>(-2) 
SOU:;Sf:{<-Z) 
SOUt:>':;[~<-2) 
FLJl {K-?) :: 
FLClTCK-2) ::: 
FLOT{K-(') ::: 
FLJT (1\-2) :: 
FLJ1{K-2} ::: 
FlJTO~-2) = 
K. = K - 1 1: 
END 

SIN(FLOT{K-l») $ GO TO ~4 
CO:)(FLOT{r(-U) ':j; GO T") ')4 
TA:-J(FLOT(,<-1») S GiJ f'l 54 
AT ~i"'(FL(lf P(-j l) ; r,'J T·') 54---~------

EX D (I=LOT«-1») S GO 7J 54 
ALJG(FLOr'~-l» £ ~a Tn ~4 
A L ,) :; 10 (F LOT { K - U ) 1. GO r!J S 4 
SQ~T(FLJTl~-l)} ~ ~~ T1 5~ 
FLJT'<-2}·~~OU~';E(~-1) i G0 
:: SJU~CEr~-?) + S0U~CE(~-1) ~ G~ 
:: ::>'JU,-<Cr={!<-Z) ~"Jr.:C:'::(K-1) '~r-;c 
.:;. '50v,~~'~C~ <-~; '{. suU,:'r-:C:{K-U ------; ~') 
:: ::>JU~CEIK-2) I saU~C~(~-j) ~ GO 

TOg, 
i?) ():3 

::-') i) lP-( c:::- ~ K - 2 \ 'f. >;- ':: 0 I J co ( .• -- (i( - j ) ~ \-. J 
:: '1u'J(S,:lJQ::::/«-2):~ljU~~C(;<":lJ); G~} Tf) C)"': 

r () g 3 
T 0- <:J'­
Tn ::;3 
Ti'") CJ3 

FLDT(K-Z) • ~~uT«-l) ~ ~~ Tn ~~ 
FLJT(K-2) - FLCT(;«-i) ~ GO TO 93 
FLJr(K-2~ ~ FLnrl<-l) ~ GO TO ~? 
F L J r ( t, -2 , I FLu T \ -: - 1 ) .~ i; C1 T no"" 
FLJT(K-C:) '1-~ r-L()T(,<-l}-~-------; GO Tf) q-L ______ _ 
A :-1 J J ( FLO f {K - 2) , FLO I (t< - 1 ) , 
J = J - 1. 1; G n r () '+ 7 

lTj 
I 

Ul 
-..J 



SUGKOUTINE NUMJER t (;HAR,NGt:G, ICHAt",() 
c 
C SUBROUTINE -NUMBER- IS CALLE) FRO~ SU8POUTINi -iJAL- D~LY 
C 
C THE PU~POSt. ')j:" T<11S SU3rWUTINET~ lO: - - --------------------------
C (1) UlnAU~ I'HEGEr:( OR I<F.~L ~lU'1'~i>~ O[PR[ S[~lT ~T 10i(; ;0" 
C GHA;.zACr::·( GO:EfJ t~U,lt>~I\: ',':'T!', 
C ( 2) '1 [ T :: ..( [11 . ~ E iN HI:; rl 0 F r H :: l5 U ILl - p~ F LH! C T I ) N S L S 3:':: I \j r; CAL LEi] 
C (IF ~~y) 
C ( .3) ~ ,: T ~ 1 c: J c: T H c: 'Ii,~ L LJ ~ S J r= S U 2. ::.' 0 i<i 'T ~~ 0 iH'; C In s U '; .:; C :U '" T [ .) 
C VARIA0L~S FRG~ [VALUATO~ ~iO~A~~ 
C 

C 0 1'1 M J N / C N T ~ ') l / c: C rl 0 , T {. A ;;;:: , ,J U N K ( 1il , H. T .-\ rJ , I'! CJ U T Co 
1 ,JJJ,\I~(4-) 

C 0'1 ~ J I U A L G t. :3 ~ / : ~ A ''1 E S ( ? I , S J LJ R ::; ~ { If' tJ} ,S HI': '\ ! J. :l 0) , 0 d I F ~ ( 1 u 0) , 
1 I) f> S T G ~ ( 1 0 I) ,S·(\ J E ( P, 0) ,L, i~ U d >j S i~ • F LAG ) T cST , 1''1 \,1 

o I ',1 :: N S I .} N i= LOT ( 1 0 a ) 
EQUIVAL;::UC'-:.( FLOT (U ,SOLJDer: (1)! 
INrt:.~t.R SHFr<,::>:)URCC,T;::Sr,-::'-iAP {2} ,C;/~VC 
LO~r~~L FL~G,N0~9SW 
I iH r :; F K F 1 J L:. ,., 
I t H t: :; l R F r it1 r-1 E ( 12) 
U A T A F N L\ f": c I J H ~10 J , 5 HF LOA r , .) Y F I x ,J H !l. 8 S , 3'1 SIN, -> H l.t 0:; , 3 H T 1\ I~ ,4 HAT.A N. 

13HEXP,3HLuG,5HLJG10,~HSQKT/ 
C 
C JnTAIN TH~: i~J;1SE:~ OF C-fARA~Tct(S PAS~ED TO THIS SU'3,<OUTI"-)': 
C 

c 
c 
c 
c 
c 
c 

1 

2 

NC~A~ = ICHA~ - N3EG 

JETER~INE IF THE VALUE OF A NUMB~R 1S ~~QUI~EO 

IF(.NOr.NU~GSW) GO TJ ~ 

D~TE~MINE IF TH[ JALUE REJUIR~O IS INTEGER OR R~AL 

IF ( IN D EX {~ rl A ~ ( Id t:: G ) , 'I C'1 A R , 1 H • ) • r it::: • J • C!,{ • r N ~ E X ( C rl" ~ ( N] E G) , N C ri :1. "\ , 1:1 E ) 
1 • N E. 0) r,O T () 1 - - - -----:--.-- ---- ------ --

CAL L GET N U '1 { S 0 J K C E (U ,C rl A ~ { I'J ;J F G l , ,i C H A I'~ , 1 ) 
SHE>«U =- a 
GO T'J 2 
CALL GETNUM{ FL8T<U ,:;rlA~{N~t:G) ,NCrllH~,3) 
SHIC:~ (U = -i 
L = L + 1 
FLAS = • FALSt::. 
RETURN 

hj 
I 

Ul 
00 



c 
c 
c 
C 
3 
C 
C 
C 

c 
c 
c 

4 

5 
C 
C 
C 
C 
C 

c 
c 
c 
C 

8 

c 
c 
C 
6 

C 
C 
C 

PACK THE VARIABLE O~ 3JILT-IN FUhCTIO!\l i-lAME IiaQ THe: 1l~~IAllLE 
-FNAM-

CALL PACK(CHAR(N8EGJ,FNAM,NCHA~1 

DET;:~j1INE .I.F A (3UILT-I-~ FUNCTION N_l\~1F riA::; sr'=N CALL:::::'! 

00 S NF=1,t2 
I F ( F-~ i~ M. i~ t.: • rNA ;~1 c { N F )) GUT 0 S 

IF N~=l, THE -MJJ- FUN:T!QN IS RCQUI~~n 

IF(NF.N::.l) GO TO 4 
SHI::!~ (L) = 5 
SOUr.:;;::(I..) :: 6 
GO fa 2 
S!...JIF~{Ll :: 6 
SOJ;<..~f_{U = NF + 1 
Gu T J 2 
COt~ruw:: 

NOW TREAl ~U8SCRI~TED ANU UNSUGSCRIPT~D 

T~EAr SUG3CRl2TEO VARAr~LES 

IF(T~ST.N[.lH() GO TJ S 
1-11-1 = M~l + 1 

I/AR1,l\Bl...ES 

- - ,----- - - - ---<-----" - - .. -- ----- - ~-. -- - ---- - .. _- --. 

IF ~'10R:: T-iAN FIV':' SU8S;:U D T[;) VAUAEkt: i'lt1tvlES l-i;\Vt. B>:r:::,~ US>=:J ll~ AN 
EXPRESSION, AN ERROR IS SIGNALLFD 

IF(M;"I.G1.5) GO TO 777 
N A M E S (t~ ~'l) :: FI'~ A'1 
~OJ~S~(L) :: 13 + MM 
SHIE:R(U :: 0 
GO fO 2 

fRlAT U~SJBSC~IprEJ VA~IASLES 

CALL G[Tt~L(t,;rll\~(;~i3EG) ,NCHI~R,SOu~CE{U ,fLOT (L) ,SHIEK{L)) 
IF(SHIE~{L).Gt.-~) GJ TO 2 

T rl t. V A L U E 0 F T.., t: V A R I A ~ L c: G U U L iJ i\j U T SF.: Fill J ~ 11 I i'~ c: IJ A L U r, T n ~ 
STORAGE A'~U HU-> A IIALJE: OF ZERO I':> AUT')-'1ATIG~LL'(- ASSIGNi::D-lO-IT-· 



C 

7 

777 
778 

WRlr:;::(NOLJTAP,7) FNAM 
FO~MAT{~ TrlC VARIABL~ ¥A10* HAS 8[E~ ~SSIGN~J A VALU~ OF ?ED0.~) 
SOUR::;F. CL) :: I) 
SHI~::(U :: 0 
Gu TO 2 
WRllE(~JUTA~,77~) 
FO~~AT(~OE~~DR, AlGf3RAIC EXp~E5~In~ CONTAINS ~J~E TYAN ~ ~JSSC~~p 

1TEO VA~IAGLE N~M~S.·) 
f'H-l :; ? 
GO TJ 8 
E fJO 

I-xj 
I 

01 
o 



F0NC IO~ INDICES(ST~I~G,L~NGTy,nOPE) 
INTi::: ER Sl~IN::;(1),DO;Pt-.(l),'1ESAGF(21 
lUGI AL [NJSW 
DATA MESAG~/17rl~R~OR IN INDICES.! 
lCQ;1"~,~=J ], ::rW:;~~=.FA~SE. ; HJ~JIX:::O '1:j1~JlT=1 ;-I;JT=i.- '';;V;TGO'-\(I=l --- --------

1 I F { E ~i LJ S II ) S J T 0 4 
I P T = I lJ T ~ 1 h L S r C () i1 A.:: L S T::; 0 I;' 14 f. LCG;'1 i'I!~ 
Leo '1 ;v J, ::: I :'J[':; ;: X ( S r n N G L S r C :J d l\) ,L c.. N r., T H - L S Teo M A + 1 , 111 , } 
IF(LC8MMA.~~.OI GU T1 ? 
l v J 1-1 ;-l r, ::: I N LJ ::: x { S f U U G CoO J T C; J M A) ,L L N" r H - i.. S rCa '4 A + 1 , 1 H ) , 
IF ( L C (': :'1,1 J~ • FJ) • 0 I GOT J ,~ 
ENDS\~ = .TPJ:.:. 

2 N;'lULT:::;~ULT b i'1ULT=COPC:!IPT) ~ If{MUlT.GT....;1 -G0-.rn~----- ------- ---------- -
I F- ( • NOT. t-_ i'l [) J vi' r, () T () p, 
Mu~T = -MULf i GO TO 31 

3 I F ( E '~ [) S !,-J ) G ') T) ,q 
31 CALL G[rNU~'I,Sr~ING'LSTCJMA},LCDMMA-l,lJ 

ItJLJIX:::INDIX+:~t1~,kT;;'!I-1) .P GO Tf) t 
4 I F ( I ,\4 D 1 X • G ;: • 1'1 U LT. U 1-< • I ".l J I X • LT. 0 ) GO T nq 

INOI:;E:.S=IiWIX 5 RETtJ~:~ 
8 CAI-l vj:':CAQu(,·1[~)~G:-.,1n b I:~i)IC::.S=-UO?r:: ~ '<~~U~~ ---------------­

Ern 

t-:rj 
I 
~ 
I-' 



Lt..1 
N ..., 
(llLL 
~(~ 

.. 0 lJ.! 
'V _J l!J 
nx (,' 
n .. LL 
<:!...... H 

HC; "'" 
"""'0 >rl!J 
'_"0 <::'"N 
C" -l 'Y' f-l 

-.J..... rLVl 
-.J>-'-.<l.'--! 
<:! <:r <rl"" ... 

,y'tL!1l 
lLl:1~! t..1 ,-' .J 
'Zo::!L!..JC")(Y 
...... fl.' --ILL 
I-CY'lJ... Xri 
:::)ldHIIII Z 
r')1') !',:'!II (I' 

rY '.!J <:! C;! J::J 
C'!"'I--"-O[, ..... ':) 
::;, Z<t <1 I.e l.LJ Z 
Vl,--lOH ...... n:W 

F-62 



X 
H 

~ 
IU 
f-
<f 
o 
..J 
lL.X 

H 
711 
OY 
H!..:j7' 
I-f-IY 
O<:J:::J 
20l-n 
::J .Jl~Z 
to... tL Q:' LLl 

F-63 



X 
lJ... 

z 
o 
H 
f­

t) 

Z 
:::J 
lJ... 

X 
CY-'u_ 
LuIlZ 
L') O-'cY 
WW:::J 
~Xl-O 
ZHlllZ 
HlJ...Q::'W 

F-64 



1 

11 
2 

3 

4 

c 
c c 
c 
c 
C 
41 
:> 

51 

52 

53 
6 

S0~RJUTINE GEr~l(STRING,L~NGTH,FIXO,FLOT,SHI~~J 
COY,MOij/INFJ/IFRt=:~ t lUe: (1), 1 "3,IlS:: 
I NT E G :: '\ S T -U N S (U , Fl 1, ~J , r un , S H 1 C ~ , S TOO ~ C T ( 1i! S J ,I 1-. r:- ') { 1 J U ,J 'J T< ( Li ;1 ) 

1,A~~SlZ,FLJAr~~,FIX~<~F~AbS,STJSIZ,VA1~I~,XL0CF,J~~I~: 
DFiEt-,!SIJ~ '1:::='SAG1C41 ,'1f::S/\GZ(4)- -------­
LOG I C '~L F I ,,\ S T if, , A L 0 C S ~ , S T :J c: S \~ , [ ,\j I) S ,~ 
UAT~ JF~E[,J~IZ~,STJ~IZ,VA~Ll~/l,10J,lGl,1"/ 
DATA M~SAG1/S8H~~~OR l~ NU~~RIC STa~~Jt o~ ~~T~ILVAL./ 
[) .4 T A I'i L S A r; ?. I ~ 1 I U U f~ E ~ I G S TO;:;: .:\ r; E Y A ..; 0 V'» FLO H ::. r • / 
jJATf\ FI<5r'11.T~'Jt:.1 o {I T;:" i'i A;) K /1 H S / 
S TJ -? S ~< = • F A _ :; t • ; A L 0 ~ J W = • FA L Sf:.. j, 1ST ~-) T = 1 t UJ G T :1::: L::: ~J G T H 
I F ( • :W T • F T ~.; H1) L, () T) 2 -- - -~- --- --- --- -
Fl·~S;';F·.FALSt.. ~ ISIl=STOSIZ+4 ';' STui")Il~T(U=STO.3I? 
00 11 1=2,1,)IZ 
SIO'JICT(U = G . 
L P I'H::: r:n r. x I, S r? UJG , ur; r H , 1 H () .J> IF { L:> A -~ • N E. ,1 l l' ~:; T H::: L ~~ P-1 
I F ~ ') Tf( l:'J G ( 1ST P l' ) • Nt. 1 n ~ \-( ) G () T () :) 
IST.-n:::T'~T~H-l & UJGT-1=L"-JGTri-1 
If(LNr;TH.Gf.VA<LIM) _N~TH=V~KLIM 
U~LL ;-'P\l~f<(')TPLJ.j( ISL<T) ,NI~i!=.L:4~THJ 
LO::;=LOC~T:::(N;.;,rlr:,srO[Jlcn}, IF{LO';.t:Q.Jt (;0 TO g 
IF' A '- 0 :: ::; w ) ~ ;:- LJ~ N 
F LAG::; ::: U< S ( IN t= rJ ( L at.: - Lt-) , :; (')) • t'~ N '1. 3 [\ 
IF(.~or.STJ~SW) G0 TJ 5 
IF{SHIE~.NE.O} ~0 TO 41 

WE ARE D~AlING wITH A FIXED POINT GONSfANT 
- ----.- - ----.- -

IS~VE=FIX[) b IF(r:-LA~S.A~D.F3) ISAv[=FI..OAT::R(FIXOi l' GO fn 5 

WE A~~ UEALING WITH A FLO~TING POINT CO~~TANT 

ISAII::=FIXrR(FLJTJ $. r~!FLAGS.A'~D.ll) ISAVE=FLOT 
IN)X=INFO(~DC-4).AN~.717/778 
If(FLAGS.Gr.U GO TO £) 
1Ft L) ,.\ Q • r~ :-: • 3) GO r 0 'l 
1 F { • ~ 0 T • S T J ~ S ~~) GOT') 5 1 
,j UN I< ( T U 0 x ) = I S A \I E J) ;.(::: r u =( N 
IF{STDI~G{ISTqT-1'.N:::.MAOK) GU TO 5~ 
fIXO=XLJCF(JUN~{lNQX}l ~ SrlIER=-2 S R~TU~~ 
IF{FLAG3.NL.Jl G·J f0 '53 
FIXU:::JU~~«II'JOX) .; Sl-HF~=O S R~TURN 
FLJT=JU~K(I~nX) £ SrlI~~=-1 £ R~TUQN 
IF{L,JA~.LQ.O) GO TO 7 ----.-

hj 
! 

0"1 
Vl 



61 

62 

63 
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8 
81 
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91 
92 
100 

101 

102 

103 

104 

777 



SUdRJUTINE BJGOUT 
c 
C SJBROUTINE -3UGOJf­
C 

IS CALLED FROM FUNCTION -LJ~D- JNLY 

C 
........ NJTE(U 
C 

goa 
901 

902 

906 
907 

COMMON LIST(40QJ} 
C0'1'1i)/JlINFO/lFt<EE,LO:;{:1.l,I8ASE 
:; 01'11",0 N 11\ S SO.; I L H 4 '3 H ,H ASH ( SaD) ,r J )( T F R F.: , S y .", SOL (5 Q n ) 
I~l~~~K XLO~F,HASH,Sf~80L 
PrdNT 9Ql, {HASH(U ,r=l,LHI~S~) 
FCr:'iAT ('\-1 H/\SH Tt.8LE L.Oj\jTgI,E.o;r./{S02?-~->--------- --- --------------~---------- --­
?;-<Pll 902 
F U i<-,'1 A T (,< 1 LIS r c r) i~ f A I \J:) .. , 
IPLACc = X:"'OCF (LIST) - 1 
LAST = IFREc - IPLAC~ 
00 904 I=1,LASr,5 
J = IDLL\c.;::- + I 
ISTOf) = I + 4 
PRINT 903,J,'LIST(~),~=I,ISTOP)­
FO?MAT(lX,06,5J221 
CONfINU=: 
Pf.)HH g] I) 
F02MAr(~lS¥~3UL DICTIONARY CONTAINS·) 
IPLACE = XLOCF(SYM80_) - 1 
LAST = NXTF~E - IPLA:E - 1 
00 907 I=1,LAST,10 
J :: IPLAGE .. I 
ISTOfl> = I + 9 
PRINT 90b,J, (SVH80UK') ,K=I,ISTOP) 
FO~MAT{lX,OotlH"lQ(~10,lH,») 
CONTINUE 
RETURN 
END 



c 
C 
C 
C 
C 

SUBROUTINE GETNUM(B,6UFF,MGHR,KTYP) 

THIS SUBRJUrrNE IS CALLED F~OM FUNCTION -1800Y-, FUNCTION -IPATRN-, 
SUBROUTIN~ -NUMBER-, FJNCfrON -INOICES- AND SUBROUTINE -GETNl-

ljL". -¥-NOr E (1) 
H'~NJTE (2~ 
C 

1 
C 
C 
C 
C 

C 
C 
C 
C 

DI~E"JSION FMAT(3) ,TE"!P(2),BUFF(2) 
DATA FMAT/3fHI20) ,5HCI)20) ,8H(E2u.12'1 
FORMATtlH{,I2,2HX, ,I2,3HAU} 

THE NU''i8ER OF CHARAGH::~S TO BE ENCODED IS-STOQEO IN --~C!1R----- --- ---- -.----. 
THE NUMBER OF CHARACTE~S NEEDED FOR A FUll HORD (I.E. 20 OCTAL 
CHARACTERS) IS STORED IN -MX-

MX = 20 - '1CHR 

EN;; 0 0 f ( 1 0 , 1 , X MAT> M X, M::; H R - - - --- ---. - . 
ENCOOE{2Q,XMAT,TEMP)'BUFF(M),M=1,MCHR) 

-KTYP- DETERMINES WHIC~ TYPE OF OUTPUT r-ORMAT IS 
REAL, INTEGER O~ OCTAL 

XMAT = FMATtKTVP) 
OECOJE'2u,XMAT,TEMP) 8 
RETUR.N 
END 

TO BE USED; 

h:j 
I 

0'1 
00 



SUBRJUTINE GETCHR(CH~R,NCHA~,NUMB,KTYP) 
c 
C THIS SUBROUTINE IS CAL~ED FROM THE SUBROUrINE -EVAL- ONLY 
C 
C 
n~N::>TE(l) 
C 

c 
c 
c 
c c 
,... 
\J 

INTEGER XMAr,CHAR.(NC~AR' ,FMAT(3),TEMPiZj ,BUFF(ZO) 
OATA FMAT/SHCI20},5H(020),8H(E20.12)/ 

DETERMINE WHISH TYPE OF FORMAT IS Te BE USED FOR ENCODING. THIS IS 
DEPENDENT ON WHETHER f~E ~EP~ESENTArION OF THE NUMBER IS INTEGc~ 
(t<TY!>=U ,OCTAL (KTYP=2) OR REAl{KT¥P=3) ..... 

XMAf = FMAT(KTYP) 

"""""'NOTElZ) 
C 

ENCODE{20!X:1AT,TENP~ NJMB 
CALL UNPA~«TEMP,BUF=,20) 
DO 1 1=1,20 

IFtBUFFtI).NE.1H) GJ TO 2 
1 CONTINUE 

I :: 20 
2 NCHAR = 21 - I 

CALL MOV t ( au FF (I) ~ CHAR, NCHA R ) .. -.. -- ---.----.--.--.-- - ---... --.-.--.---.... -.-- ..... -... - ............. -. 
Ri.TURN 
ENO 



C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

SU9RJUTINE EXECUTE 

fHIS SUBROUTINE IS CAL_ED FROM SUBROUTINE -EVAL- ONLY 

THE ~UR?OSE OF -EXEGUr~- IS TO GALL THECO~PASS ROUTINSLOAOIT 
OIHICH IS USEJ TO uYNAiIGALLY LOAD FORfRAN Pk8GRAi1S F.'OM THE COMS 
LIORARY DURIN~ THE EXE:UTION OF COMS) AND PROVIDE IT WITH THE 
PROPER INFOR~~TION tSfJRED I~ THE COMMON BLOG~S -KEBEG- AND 
-ALGEBR-J FOR THE GENE~ArION OF CALLING SEQUENCES TO fHE REQUIRED 
LIOf-<.14RY P~OGRAMS 

COMMON/~EDEG/K8EGIN,K 
co;': i1 ° N I A L G E 3 R I N A t1 E S { 5 i ,S 0 Ll R C E ( 1 0 O) ,S HIE R. U DO) ,0 HIE R { 1 DO} , _._- -- - - -- .. --- --. --. -- -

1 o.:>srCK(10D) ,SAVE!BO) ,L,NU~t3SW,FLAG,TEST,MM 
DI:1E\lSIJN FLOT (100) 
INT~GER SHIEK,SOURCE,OPSTCK,OHIER 
EOJIVAlENCEtFlOT(1),SOURCE(1') 
CALL LOADIT 
Rt.iUr<N 
END 



C 
G 
C 
C 
C 
C 

c 
C 
C 

C 
C 
C 
C 
1 

C 
C 
C 
2 

10 a 
101 
102 

SUBROUTINE ~DCARD(COJE' 

T~IS SUBRJUTINE IS CAL~EO FROM FUNCTION -LOAO- ANa FUNCTION -I BODY-

-ROCARD- IS 0SEJ TO RE~O IN 80 COLU~NS UF INFORMATION FRO~ AN 
I~PUT GARJ. TrlIS I~CLU)ES THE R~AOING OF BOTH STRAN qULES AND DATA 

COMMON/GNTROL/ECHO,T~A:E,JUNKt11~,INTAP,NOUTAP 
1,JJJNK(4) 

LOGICAL ECHO 
INiEGER CO)E{U 
REAL){INTAP,100) tCODE(H ,1=1,8) 

END OF FILE TEST 

IF(EOF,INTAP) 2,1 

IF r~E (ECHO) IS TURNED ON, THE INFORMATION READ IN IS IMMEDIATELY 
Wr<.ITTEN OJT 

Iff E C H 0) W R r T E ( NO U T A~ , 1 U 1) (C 0 D E (l) ~ 1=1 ~ 8)-----------­
RETURN 

-NOUTAP- ~ND -INTAP- A~E INITIALIZED IN SUBROUTINE -INITIAL­
WRlfE(NOUTAfD,102) INTAJ) 
SiDP 
FORMAT(BA10) 
F 0 Rill. r (3 H I N PUT • • • ,A A 1 0 ) 
FORMAT{¥1END OF FILE READ 
END 

ON INPUT TAP£~I2) 



c 
C 
C 
C 
C ,.. 
v 
C 
C 

c 
c 
c 
C 

SUBROUTINE WRCARD{BU~F,LENGTHt 

THIS SUBROUTINE IS CALLED FROM FUNCTION -!BODY-,FUNCTION -INDIC~S­
AND SUBROUTINE -GETNL-

THE MAIN PURPOSE OF -WRCARD- IS TO PROVIDE A ROUTINE FOR OUTPUTTING 
~RRO~ MESS~GES WITHOUr HAVIN~ TO USE -WRITE- AND -FORMAT- STATEMENTS 
EACH TIME AN E~ROR IN A PA~TICUlAR ROUTINE OCCURS 

COM~ON/CNTRJL/~CHO,r~~:E,JUNKll1),INTAP,NOUThP 
1,JJJ~K(4~ 

INTEGER BUFFt8) 

STORE THE NUMBER OF AR;UMENTS IN THE CALL TO -~RCARO- (I.E. ONE 
OR hi C ) I N - N A ~ G S -

NA~GS:N~MP(~ARGS) 
LN:;r, = B 

IFtNARGS.GT.l) LNGTH = (LENGTH+9)/10 
WRIT~ (NOUTAP,1) {BUFF(;I) ,I=1,LNGTH) 

1 FORMAT(1X,8Al0) 
RErU~N 
END 



FUNCTro~ LJCATE(NAME,DICT) 
C 
C THE FUNCTION -LOCATE- IS GALLED FROM SUBROUTINE -INTERP-, FUNCTION 
C -IBOOY-, FUNCTION -IPArR~-, AND SUBROUTINE -GETNL-
C 
f' 

¥"''''NOTE (1) 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

C 
C 
C 
1 

-DICT- IS AN ARRAY TO ro GE LOOKED UP 
::ONENTS OF DICf(ll = 
CONTENTS JF OICT (Z) = 
:; aNTE rH S J F Dr G r (3) = 

3E USED AS A DICTIONARY. -NAME- IS THE SYM80l 

LENGTH OF ~DIcr- MINUS 4 
TOTAL NUMBER OF ENTRIES PRESENTLY IN -DICT­
SUM OF THE DEPThS .4T WHIGIi ENTRIES HAVE 

BEEN SrO?ED 
~ONTENTS JF JICf(4J = 1AXIMUM DEPTH AT WHICH ANY ~NTRt HAS BEEN 

STJ~ED 
INITIAL CONTENTS OF 

INTEGER DICT(21 
LOGICAL FLAG 
FLAG:;; .. FALSE. 

DIr::H5) IHROUGH OICTWICT(1)+4) = ZC:::RO 

SET -LIMIT- TO THE MAXIMUM DICTIONARY LENGTH 

LIMIT = DIGT (t) 
C 
"'1<~NOTE'(2) 
C 

L OC =:1 00 { (L;:;5 {N AHE, 23. f- N A ME) • AN 0.17 771177 77~17 77 77S,·LI MI T>-·-~--·--·-. --~--- ~.~- -----
C 
~·.>;LNOTE(3) 

C 

c 
c 
C 
C 

C 
C 
C 
C 

DO 5 I=l,LIMIT 
I 

SINCE THE MINIMUM VALUE OF -LOC- IS ZERO, THE FIRST AvAILABLE 
LOCATION FOR EITHER ST)RAGE OR RETRIEVAL IS LOC+5 

IF(DICTlLOCf-5) .NE.O) GO TO 4 

A .TRUE. FLAG INDICATES STORAGE AND A .FALSE. FLAG INDICATES 
RETRIEVAL 

IF{FLAG) GO TO 2 
L OCA TE = 0 
REfU~N 

~<j , 
-...J 
W 



c 
c 
C 
2 
C 
C 
C 

C 
C 
C 
C 

3 

4 

C 
C 
C 
C 
C 

5 

100 

C 
C 
C 
C 

STORE THE RULE NAME 

OICTH.OC+5) == NAME 

INCREMENT THE TOTAL NU~BEK OF ENTRIES 

DICT(2) = OICT(2) + 1 
DICT!31 :: DIC; (3) + I 

IF CURRENT D~?rH IS GREATE~ THAN ANY PR~VIOUS DEPTH, THE VALUE OF 
-OrCT(~J- IS ~~SET 

IFtI.GT.DrC:T(lt» OICT(It.} :: I 
LC'CATE ;: LJ:; + 5 
RETU~N 
IF~DICTlLOCf-5) .£Q.NA"1EJ GO TO 3 
L OC = lOC + 1 

IF -lO:- EQUALS 251, EITHER fHE WHOLE DICTIONARY HAS BEEN SEA~C~ED 
FJR TH~ RETRI~VAl OF A RULE NAME, OR THE WHOLE OIGTIONAR~ IS FUll 
OF RJLE NAMES AND NO MJRE CAN 8E STORED 

IF(LJC.EQ.LIMln LaC = 0 
CONTINU;:: 
PRINT 100 
FO~MAT(·1DI:;TIONARY =ULL, EXECUTION TE~MINArEO.·) 
STC)~ 

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

FOR STDRAGE OF RULE NA~ES A CALL TO THE ENTRY POINT -OEFINE- IS MADE 
AND THE FLAG IS SET TO .TRUE. 

ENrRY DEFINE 
FLAG = • TRU=:. 
GO TO 1 
END 



c 
c 
C 
C 
C 
C 

FUNCTION INDEX(A,Nl,3,NM2) 

THE FUNCTION -INOEX- IS CALLED FROM FUNCTION -lOAD-, SU3ROUTINE 
-INTE~P-, FU~:TION -IP~TRN-, suaROUTINE -EVAL-, SUBROUTINE 
-NUM3E~-, FUN;TION -INJICES- AND SUBROUTINE -GETNL-

C 
.t.t';<'-'l-NOTEC1} 
C 
r 
'"' G 
C 
C 
C 
C 
G 

C 

I~DEX IS A Fu~crION WHICrl FIN8S THE FIRST POSITION IN THE CHA~Q~TER 
STRIN; A WHERE THE GhA~ACTER STR1NG a CAN BE FOUNO 
Nt IS THE LENGTH OF GHAQ~CTER ST~ING A 
~2 IS THE LEt!GTH OF CH.\RA("TER STIHNG 8 
IF ~o VALUE IS GIVEN FJR N2, If IS ASSJMED To BE 1 
IF TriE ST~ING IN -8- D)ES NOT OGCUK IN THE STRING IN -A-, INDEX=O 

INTEGER A(2) ,8(2) 
N2 = 1 

C IF THE NU~8E~ OF ARGUMENTS IN THE CALL TO -INUEX- IS GREATER THAN 
C 3, -N2- IS RESET TO TH~ VALUE OF THE FQUqTH A~GUMENT 
C 

IF(NUMP{XJ.GT.Jl NZ = NM2 
C 
C TEST IF r~E LENGTH OF fHE CHA~ACTER STRING BEING SEARCHED FOR IS 
C GREATER THAN THE LENGTi OF TrlE CHARACTER STRING BEING SEARCHED 
C 

C 
C 
C 
1 
C 
G 
C 

c 
C 
C 

IFlNZ.GT.N1) GO TO 11 

LIMIT = Nl - N2 + 1 
DO 10 1=1, LIMI T 

COMPARE EACH ELE~ENT OF -A- WITH THE FIRST ELEMENT OF -8-
. ----- ----

IF{A{I}.NE.B~l)} GO TO 10 

IF ONLY O~E CHARACTER IS INVOLVED THE SEARCH IS TERMINATED 

IF(N2.EQ.U GO TO 6 

-IMi- IS JSED FOK PROG~AMMING THE FOLLOWING DO LOOP S~ARCY 



C 

I M1 = I - 1 
DO 5 J=2,N2 

C ONCE THE FIRST CYARACT~RS ~AVE BEEN MATCHED, SUCC~EJING CHA~AGTE~S 
C IN -14- AND -B- A.RE COM'>ARED SINGE EAGH GrlA.RACrE~·IN -1- ,"1U::-;T 'lATG:-i 
C EXACTLY THOSE IN -A-
C 

IF{!UIM1 i- J} .. NE.B(J~) GO TO 10 
5 CC'HINUE 
f" 
v 
C A SU~C~SSFUL SEA~CH I 

C 
6 I NJE X = I 

RETU~N 
10 CONTINUE 
C 
G AN UNSUCCESSFUL SEARCH 
C 
11 INDEX = 0 

pnll~N 
END 

------- --- ---- - --"- - "---

t"lj 
I 

-...J 
G'I 



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

SUBROUTINE PAGE 
C 
C SU9RQUrIN~ -PAGE- IS G~LLED FROM SUBROUTINE -STRAN- ONLY 
C 
C 
:-,~J;.NorE{U 

C 

c 

COMMON/:NTROL/ECHO,T~ACE,JUNK(11J,INTAP,NOUTAP 
1,JJJNKt4) 
LO~ICAL FI~STM 
DATA FIRSTM,AGPELI .!RUE., 0.0/ 

C fEST IF FOR TrlIS PARTI;UU,R RUNt SUBROUTINE --?AGE- HAS SEEN CALLE{)- - --------
C BEFORE 
C 

c 
C 
C 
G 
C 
1 
C 
C 
C 
C 

c 

IF(.Nor.Fl~STM) GO TJ 1 
CAL LOA T E ( 0 A Y) 
IPAGE ::; 0 
FI~STM ::; .FALSE. 

-SECON)- IS A SYSTEM RJUiINE RETURNING AS ITS-VALUE, IN -$-, fH€ 
AMOUNT OF rI~E (IN SECJNOSi WHICH HAS PASSED SINCE EXECUTION OF THE 
:>~OGRA~ BEGAN 

CALL SEGOND(S) 

CALCULATE rH~ OIFFEREN;E IN TIME BETWEEN THIS CALL TO THE SUD~OUTINE 
-SECOND- AND THE LAST ;ALL 

CFEL=S-ACPEL 

C SET -ACPEL- TO THE CUR~ENT VALUE OF -S- TO Sf USEO NEXT TIME AROUNJ 
C 

AC;)El=S 
IPAG~ = IPAGE + 1 

C 
C WRITE JUT THE TITLE WITH THE ELAPSED CP TIME AND THE PAGE- NUMBER 
C 

WRrr::<NOUTA?,100) DAY,::;PEL,IPAGE 
100 FO~MATC·1Sr~AN INrER~RErER ON·,A1U,14X,·ELAPSED CP TIME::;·,F6.3, 

1 15X,~PAGE·,I3/1HO) 
RETU~N 
END 



c 
c 
c 
c 
c 
C 

SUBROUTINE ?ACK{A,B,'WM!3) 

THE SU3ROUTINE -PACK- IS CALLED FROM FUNCTION -LOAD-, SUQ~OUTINE 
-I~TE~D-, FUNCTION -I8JOY-, FUNCTION -IPATRN-, SUBROUTINE 
-PUSH-, FUNCTION -lOCSf0-, SUBROUTINE -NUM8ER- AND SU8R0UTINE 
-GE1:'iL-

C 
",,-;<'1-NOfEf1) 
C 

C 
C 
C 

C 
C 
C 
C 

1 

DIMENSION A(2),8f2) 
N = 80 

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

JETERMINE TH~ NUMdER 0= ARGUMENTS THIS ~OUTINE WAS CALLED WITH 

IFCNUMP(XJ.GT.2) N = NU~8 
THE FOLLOWING TEST IS ~ECESSARY SINCE THE ENCODING OF ZERO OR LESS 
CHARACTERS GAUSlS AN EXECUTION ERRO~ 

IF{N.lf:. 0) =<ETIJ~N 
ENC)'}t~N,1,J} (AU) ,I=l,N) 
FORMi.\T(30AU 
RETUKN 
END 



C 
C 
G 

C 
C 
C 
C 

1 

---- ------- --------------

SUBROUTINE UNPAGK{A,J,NUMB) 

SUB~OUfINE -UNPACK- IS CALLED FROM FUNCTION -LOAD-, SUBROUTINE 
-INT£RP-, FUN~TI0N -I8)DY-, FUNCTION -IPATRN-, FU~CTiON -FINO-, 
SUBRJUTINE -~VAL- AND SUBROUTINE -GETCH~-

OF SJ3ROUTINE -PACK-
DIMENSIJN A(2) ,8(2) 
N = 80 

JETERMINE THE NUMaER OF ARGUMENTS IN THE CALL TO THIS ROUTI~f 
IF[NJMP(X).ST.2) N = NU~B 

fKE FOLLOWING TEST IS ~E~ESSA~Y SINCE THE DECODING OF ZERO UR LESS 
CHf'.RACTERS CAUSES AN EXECUTION ERROR 

IF(N.LE.O)R::rURN 
Ot:.:OrJ~(:'-J,1,A} (3(IJ tI=1,N) 
FORt'lA i U3 QA U 
RETURN 
END 



c 
c 
c 
c 
c 

SUBROUTINE MOVE(A~B,~) 

SUBROUTINE -MOVE- IS C~LLED FROM FUNCTION -IPATRN-, SUBROUTINE 
-EVAL- AN) SU3ROJTINE -GETCH~-

o Hl E ~~ S I () N A ( 2) ~ 8 ( 2 } 

C MOVE THE ELEMENTS OF A~RAY -A- INTO AR~AY -B­e 
1 

DO 1 I=l,N 
B(I} :: AU) 
i<ErU~N 
END 

f"Ij 
I 

00 
o 



------------------------------------- -

INTEGER FUN~TrON CONT{Nl 
COMMON/INFJ!IF~EE,LO;(1)t!BASE 
CONT = LOC(N-I3ASE) 
RETU'<N 
END 

- - ~ ~-. ---- - -- ----- -~---------.- ---- ---~- ------ --- --~---~-- --- -- - --", ---- ---- --
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SU3~OUTINE STRIND(I1J~K,N) 
COM~ON/INFO/IFREE~LO;{l.,IBASE 
INTEGER CONT 
I I :: I 
IF<II .. E:l .. -1> II :: IOICONT eN» 
JJ :: J 
IF(JJ.E)'.-1> JJ:: LNKLtCONTtN) 
KK :: K 
IF{KK.E:l.-1} KK :: LN,<RCCONT(N» 
JJ :: JJ.ANOo7777778 

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

LOC{~-IaASc) :: LLS{II,~8).OR~LLS{JJ,30).O~.~KK.AND.771777B} 
RO U::':~J 
END 

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

!"!j 
I 

CD 
Ul 



1 

SUB~OUTINE ST4IND{NTJPL,N,NOEST) 
CO~~ON/INFD/IF~EE,LO:(1~,I8ASE 
DIMENSION NTUPL(2J 
I~AT = 0 
DO 1 I=l,N 
NEXi = NiU~L{I).ANO.777778 
IPAT = IPAT .OR. LLS(NEXT,lS·(4-I» 
lCCCNOEST-IBASEl = I3Af 
REf URN 
EN) 

--~--.----

'"'j 
I 

OJ 
0'\ 



INTEJER FUN~rION NPA~T{N,I) 
NPART = LRS(N,lS~(4-I».AND.77777B 
RETUR.N 
END 



10 
11 

INTEGER FUN~rION NUC~LL«X) 
COMMJN/INFO/IFREE,LO;tl),I9ASE 
IF{IFREE.EQ.O) GO TO 10 
NU~~LL = IF~~E 
IFRE~ = LO~(IFREE-I8QSE) 
RFTU~N 
PRINT 11 
FO~~Ar{· FREE LISI EXHAUSTED.·) 
STJ? 
ENJ 

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

hj 
I 

00 
co 



41 
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.JLUI-I 
-'0/ 
WlJ..1I 
01-1 
(}' ...... -

Old 
WlJ..U1 
ZZ<l:Z 
~-< 1-1 CD 
1-- ..... 1-111 
:::>ZI Z 
nOZlLJrY 
0';:'": ~l~J:::J 
m-:=0 o:t--n 
:::lDOLLLt_'Z 
(/) (.)...J H'L:W 

F-89 



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

IDENT PRIMS 
LIST F 

·PRIMS IS A SET JF BASTe SUBROUTINES USED BY THE PRECEEOING FORTRAN 
¥ROUTINES 
~ fHESE ROUTINES CA~ BE USED WITH ElrHE~ THE R~N O~ F7N C~MFILE~S. 
~ A swITC~ S~LECTS THE PRJ~ER SECTION OF CODING FOR THE PARTICUL~~ 
~ COMPILE~ B~ING USED 

ENTRY Nur'l?, LG:i, LLS, L~S 

NG~P IS A ROUTINE THAT :AN BE USED BY ANY FOqTRAN SU~ROUTINE nR 
FJI~GTIJN TJ UETER.-1P1E T-jE NUMBER OF ARGLlr'1Ei'.!TS IN THE C!\LL TO THAT 
SU3~O~TIN~ OR FUNCTION 

THE Nu~a~R OF ARGUMENTS ~AN BE RCTRIEVED IN T~O WAYS. 
(11 NA~GS = ~UMP(DJH~Y) 

Jf. 

• IN BOTrl CASES 
lOOllD2 VFO 
NUM>J DAfA 

IFEQ, 
... F TN CJM? IlER: 

lOOP1 
~ 

SA2 
MXO 
Bi2 
A X2 
S A2 
MX3 
8X2 
SA2 

BX2 
AX2 
SA2 

S81 
MX3 
L X3 
SXlt 
lX4 
MX5 
L X5 
S81 

l X3 

(2) GA~L NUM~(NA~GSJ 
THE I~Ui'F3:::~ OF A~GUf1=:,'{rS WILL 8E CONTAINED IN NARGS. 

42/0HNU"lP,18/1 
o 
"'F,,2,37 

NUMP 
o 
-XO"'X2 
30 
)(2-1 
't2 
-X3"'X2 
X2+2 

-X04-X2 
30 
X2-2 

-15 
18 
3 
511GB 
3 
12 
15 
131+·15 

15 

S~LtCT FTN O~ RUN GOMPILE~ 

GET A~ORESS OF CALL TO NU~P 
CREATE MASK IN xn 
MASK LcwER 42 SITS 
SHIFf T0 400~ESS POSITION 
GET ~;Oi~TEN1S OF TRACEGr~C:K WOR) 
C~EATE MASK IN X3 
MASK LO~ER 6 8ITS 
AOJ~~SS OF E~T~Y POINT WORD OF SURROUTINE 
CONTAINING CALL TO NUMP 
MASK LOWE~ 42 3ITS 
SHIFT TO ADQ~ESS PO~IrION 
GET ADDRESS OF ARGUM~NT AOORESS TABLE 
USED BY THE ROUT!N~ THAT GALLED rH~ 
R 0 U T Hk C 0 IH 1\ IN:!: I~ G r rl E CAL L TON U M P 
SET 81 TO THE ~nNSfANT -15 
CR~ArE MASK IN X3 
PLA:E MASK IN LUWE~ 3 BITS OF X3 
GPEATE SAl 30+K INSTRUCTION IN X4 
LEFT SHIFT X4 3 BITS 
CREATE MASK IN XS 
PLACE MASK TN LOWER [NJ OF X5 
lOOP TO DErE~MIN~ WHICH ?A~T OF fHF. wo~o 
C~~TAIN~ Trl~ SAl INSI~UCTION 
RESP~GTIVE MASKS IN X3, X4 ANJX5 ARS 

I-'.J 
I 

1.0 
o 



FI NO 

Jf. 

BACK 

~, 

ZWORO 

". RUN 

". L:;S 
lCS 

". FTN 

lX4 
lX5 
3X6 
I X6 

lR 
EO 
C)X2 
A >:'2 
531 
SA2 

SA2 
ZR 

SB1 
EO 
SX6 
SA6 
SKI:> 

CO'1PIL::P.: 

15 
15 
XS"X2 
X6~X4 

X6,FIND 
LOOPl 
X 2,'''' XS 
51 
au 
x 2-1 

A2+1 
X2,ZWORD 

81-<-1 
BACt< 
!Jl 
Xi 
10 

SA 1 N UMP 
AX1 31) 
SAl Xl-1 
SAl X 1+1 
AX1 31) 
SAl Xl-1 
AX1 11 
MX6 54-
Bx6 -X6,\<Xl 
SMJ 81 

EQ NUNP 
DOES URDINA~Y LEFT 

DATA 0 
IFEJ, "'F f 2,6 

cor'lPILERI 
SA3 
SAl 
SA2 
S82 
LX6 
S :<1:> 

CO;1P IL E RI 

Xi 
A 1+ 1 
Xi 
X2 
82, X3 
It 

SHIFTED IN PREPARATION FOR EXTRACTION OF 
fHE ADQ~ESS OF THE ARGUMENT ~DUR~3S TAGL~ 

M~SK our BrTS 3 TO 14 J~ xs 
SJBTRA~T TO SEE IF NEEDED INSTRUCTION 
PRESEt~T 
IF ZERO rNST~UCTION HAS 3~EN FOUND 
Sr.:::\;:;;CH FO~ INSTKUCTIO,'i :::o:nrWES 
11ASO< OUT );-:;'JRC:-SS CF A,<GLL~E'<T ng'_E 
iU~ri r SHIFT SONTtNfS OF 31. I!~TO X2 
SET 31 TO ZE~H~ 
pqE~ARE AQCR=~S IN A2 FOR THE FOLLOWING 
lCOr-l 
onTAIN NEXT AnD~ESS TN A~SU~~~T T~GlE 
A~G!J!'l~ilir TA3LC: SEM~CY::C: F(JK ZERO fJORO 
WHr~H I~~IG~rES ITS TERMINATrnN 
I~C~Ei1t:Ni CCUNlr::R 
R t: P E,~ T ::; t: .D, :-< C H 
NUM3~R OF A~~~MENTS PLnC~J IN X~ 
t'-i;nf]~ Q 01=' r.P;:.U;t::'r-iTS PI Iii';:'') IN Xi 
SK~?-~Ext i6-JN~iRUC~fo~~L 

GET ADDRESS OF CALL TO NU~P 
SHIFT TO ADD~~SS rO~ITrON 
GET CONTE~TS OF CALL TO NUMP 
G~T ADO~ESS OF CALL TO CALLING SUBROUTINE 
SHIFT TO ~DD~ESS POSITION 
GET GONTE~TS OF CALL TO CALLING SUBROUTINE 
SHIFT TO GET Ar\GUi,~r;:iH CllJNT 
C~EATE MA3K FO~ ARG COUNT 
USE AND OPERA1ION TO GET THE ARGUMENT COUNT 
sraRE COUNT IN NUMPS ARGUMENT 

CIRCULAR SHIFT. 



SA2 82 
SA1 81 
582 X2 
LXb 92,Xl 
EQ L GS .. LLS OO~S LEFT END- OFF SHIFT 

lLS OATA (l 
IFEQ f.F,2,li 

llI- FTN CJM,GILERt 
SA3 Xi 
SAl A 1+ 1 
S A2 Xl 
S22 X2 
LX6 82, X3 
SA4 59 
S 132 A4- 32 
~xo i 
AXO 82,XD 
oXu XO-ll-X6 
SKP 9 ... ~UN COMPILER: 

SA2 B2 
SAl Bl 
SB2 X2 
LX6 B2 ,X 1 
S,~ 0 ;) '3 
Sl32 AO-B2 
MXO 1 
AXO B 2 ,x 0 
RX6 X U"'X 6 
EO LLS 

.>J. LRS DOES RI:;Hf END-OFF Si!F;r. 
LRS DATA 0 

IFEQ "'F,2,10 • FIN COMPILER: 
SA3 Xi 
SAl Al+1 
SA2 Xi 
S 82 X2 
AX6 132,X3 
SG2 32-1 
'1XO 1 
A XO 92,XO 
9Xb -XO"'X6 
SKIP 8 



If ~UN C:)MPIl~R: 
SA2 
StU 
S32 
AX!) 
S32 
MXO 
AXO 
t1X6 
EO 

END 

B2 
B1 
X2 
B2.,X1 
Bi-l 
1 
B2.XCl 
-XO"'XS 
LRS 



IDENl "OADIT 

-~OADIT- IS A ~O~~~SS SJR~OUrINc CALLED FROM SUB~OUTIN~ -t:XECUTE­
THAT G=~ER~TES A ;ALL TJ A JS~~ D~FIN[D SUBROUTINE WHI~H IS LOCATc~ 
~N A ~~~E SEP~~~r~ FROM r~~ ~JMS PRJG~AM 
LPJ<.~GE OF ARG,;'1t:::'lTS IS 41..5-': ,.]:::~Fu~McO - ALL ARGUMENfS AoE PI1SSc.) ::1'( 
~J0~ESS (I.~. TrlE ~jDREi~ JF 4 TEMPORARY LOCATION CONTAININS T~E 
)~ESE·'H VALUE JF THE AR:;UM~~H) 
~OTE (1) THE FILE ON W~r:rl THE US~R DEFINED SU9ROUTINE IS TO 3i 

LOCATED IS CALLED -~0MSLla-
(2) A WSEK ~EQUESr fJ T~E LOADER IS PERFO~~EQ ~y -LO~OIT­

THROJGH -LDREl- MAC~OS UNG~R SCOPE 3~4 REVISION G. ANY 
~~ANG~ IN THE ~XPANSION OF THESE MACROS MAY CAUSE -LOAJrT- TO FAIL 

. 
" ~uA'JIT 

LO ADIT 

LIST 
ENTRY 
VFD 
JAU 

42/0HLOADIT,18/0 
o • 

.. IALGE9~/ CONTAINS THE ARRAfS 

.. - :' -iI E ~ (1 0 o. -.. 
BL 1 

USE 
ass 
USE 

IALG::B~I 
205 .. 

- - -

-NAMES(S)-, -SOURCE(luO)- AND 

• IKEBtGI CONTAINS THE VA~rA8LES -KREGIN--ANO"'K-.. 
USE IKE ~EGI 

aL2 3SS 2 
USE • 

.. T;E MACKO WRITE r; PtOVIDED FOi< A CONVENIENCE TO THE J~ER F.;~ :::R~Oo 
• rRACE8A~K IF JESIQEO 

rlR IT E "lACRO 
:::XT 
S81 
~J 

J, ~ . 
~IGrlT 
J 

+ 
\J F fJ 
[I\JI) '1 

~ I G rlT 
12/17;)19.':''',/~O-i 

T rl:: i'1 I~ C :> '] ~ - .1 3 ::: ': A "I ~ I L.. :3 E A : '-i 0 F T ~. ::: !=" I ~ S T S ~ <l ~ G U .'1 :: ';J T - .:: " 
J~TE~MI~[S An~rrlE~ EA~rl IS 3EiNG PAS~E0 dW DIRECT OR INJI~iCT 



ADDRESS. IF 8Y INDIRECT AOORES$, THE DIRECT ADOR~SS IS OBTAINED AND 
TRANSFERREJ TO THE P~OPER LOCAfrON EXPECTEO BY THE SU8~OUTINE. If QY 
DI~ECr ADD~ESS, THE ~OD~ESS IS PASSED AS IS TO THE PRO~cR LOCATION 
EXPECTED 8Y TH~ SUSROUT[NE 

SETAB MACRO j 
IRP J 
sxo 2 

~ ?ICK U~ tHe VALUE IN -S~IE~1JJ- AND PUT IT IN X4 
>I-

SA4 SHIER+J 

~ AuD 2 TO THIS VALU€ 
¥-

IXO XO+X4 

D~TERMINE WHETHER T~E VALUE IN -SHIER(JJ- IS -2 OR NOT. IF IT IS -2 
TrlEN TH~ A~GUMENr IS BErN~ PASSED BY INDIRECT ADDRESS. IF NOT, IT IS 
BEING ?4SSED 81 DIRECT ~GO~E~S 

NZ XO,S3~J 

SEf X2 TO THE CONTENTS JF -SOURCE(J}- WHICH IS Trli ADDRESS OF THE 
TC::f1PURA~Y CONTAINING THE P'~ESENT VALUE OF THE ARGU,'1EtH BEING 
CONSIDE~ED 

SA2 SOU~CE+J 
~- - - -. ----- ~- -~- - -_."--

SET THE CO~RES?ONDING B REGISTER TO THIS ADDRESS 

SO,.J X2 
EQ l A BLr+J 

SET THE CORRESPONOING B REGISTER TO THE CONTENTS OF -SOU~CE'J)-

S Br+J SOlJRGE+J 

~ X3 CONTAINS THE NUMBER JF A~GUMENTS BEYOND THE SIXTH IN THE USE~ 
~ DEFINED SU3ROUTINE 

LA BL,+J 
Jf 

SX3 X1-J 

~ TEST IF ALL OF THi ARGU1E~TS IN THE CALL HAVE BEEN CONSIDERED 

I'lj 
I 
~ 
lJl 



ZR X3.FIN 
I~P 
ENDM .. 

------f+fE---A{ffiRE-S-5----Bt::1,~EFERS TO - N~ MES (1' -, Rli.; REFE~S TO -SOURO':« 1 ) -
.. AND BL1+105 REF~RS TO -SHIER(1)-• 
SOURCE S~T BLt+4 
SHIER SET 8L1+104 .. 

.. 

Xi CONTAINS THE MAME OF THE USER DEFINED SUBROU~INE BEING CALL~O 
(LEFT JUSTIFIED WITH BLANK FTLL) 
---- ----~-----

SAt RL1 
BX5 Xi 

.. A LOCATION -SNAME- 1S CREATED TO REFERENr.E THE USER OEFTNE~ 

.. SUBROUTINE NAME .. 
SA5 =SSNAME 

_Jf _______ ,,_,,_ _ ______ ~ __ 

.. THE FOLLOWING SFCTION OF PROGPAMMING UP TO lABEL DONE ~EPL~C~S THE 

.. BLANK FILL IN Xl BY Z~RO FTLL .. 
SA3 ?4 
S~H 55A .. 

.. PLACE NAME WITH BLANK FILL INTO X2 -1____ _ ____ ~_~ _____ . ____________________________ _ 

SA? SNAME .. 
.. CREATE A MASK IN XO TO PULL our CHARACTERS .. 
LOOP1 MXO 6 .. 
.. LEFT CIRCULAR SHIFT MASK Bf B3 BITS AND PLACE IT TN XO 

__ !L ___ ~_~ _______ ~ __ 

LXO fn,XO .. 
.. MASK OUT THE FIRST CHARACTER INTO X3 .. 
.. 

-~---RIGHl---END-{}FF--SHIFl---G-HAQACT€-R--t-N----X~V---a4 RIrS-HAVING IT THE' LOWE'D ~ 



• BITS OF )(3 • 
A)(3 Bft 
SB2 )(3 

• 
• TEST IF CHARACTER IS A RlANK • 

N~ B1,B2.DONE .. 
• IF A BLANK THEN REPlACF IT WITH G BITS OF ZEROS AND P~PEAT THE 
.. PROCEOURE UNTIL A BLANK IS NOT FOUND • 

-------SB~---R~fr 
BX2 -XO"X2 
EQ LOOPt • .. .. .. X6 WILL CONTATN THE USER DEFINED SUBROUTINr. NAME WITH ZERO FtLL 

(E)(CLUQING THE LOWFR 18 qrTs OF THE HOPO ~tNCE THESE ARE NOT NEEOEO 
ANYHAYSJ . • 

-OO-N.£------ BX6-----X?--- -­.. 
.. TRANSFER THIS NAME TO THE NECESSARY WORDS USED BY THE .. 

SAG E~TR+1 
SAG ENTRA+::> .. 

.. USER REQUEST TO THE LOADER IS INITtAT~D 

LDREQ MACROS 

-*--------------- --------- ----------------------
LOADER PAOOR .. 

.. X1=CONTENTS OF VARIABLE -K-
• X2=CONTENTS OF V~RIA8l~ -K8E~lN-.. 

SA1 Al2+1 
C; l\ 2 BL 2 _J __________________________________________________________________ _ 

• K-KBEGIN GIVES THE NUMBER OF SUBRnUTINE ARGUH~NTS WITH WHICH THE 
.. USER CALL WAS ISSUED • 

IX1 X1-X2 
SETAB (1,2,3,4,5,6) .. 

.. X2 IS SET THE ENTRY POINT ADDRESS OF THE NOW LOADED USFR DEFINEO 
-lJ'---SURROUT T NE-------



... 
SA2 ENT~+l 

:>J. 

• X~ IS SET TO THE AODRESS OF rYE VFD ER~O~ TRQCEBAGK WORO OF THE A8n~E 
Jf. SUBROUT I NE -- - -- ---- ---
Jf. 

SXI.t X2-1 
~ 

• x2 IS SET TO THE AJJRESS WHERE THE SEiENTH A~GUXENT HILL SF PLACED 
Jf 

IX2 X4-X3 
Jf. 

;:. THE SECT IO>l OF COGING U"> fa -FIN- PLACES THE AO;)=~fSS OF TH::: SEvr:"NTrl --------------
J(. A ::<. ;;> U i"i E NT, E I G H T H A F: G tl"i E \j TAN J sao N vn a C Q N SEC UTI VEL 8 C A TI a N S 
". B~FORE THE ENr~Y POINT JF THE SUBROUTINE BEING CALLED 'ACCJ~OING 
;'1- TJ RUN-CO,~lPASS FO HRAN I..INKII.G::. 
Jf. 

LO OP' 2 
>f 

SX3 
S X3 

o 
X3+1 

~. 

'" • 
T,E: FOLlOI-lING SIX STATE~ENrs A~E ALMOST IDENTICAL -TO THE MACRO­
-~ETAB- COJING AND PERFORM THE SAME JOB 

,y. 

sxo 
SA5 
IXO 
NZ 
SAl 
aX6 

2 
X3+SHIER 
XOt-X5 
XO.,S:"lX 
X3+:::.QURCE 
Xl 

". T~E CONTENTS OF X6 ARE DLACEO AT THE PROPER ADDRESS THAT THE CALLED 
~ SuBROUTINE WILL REFEREN~E 
'f. 

SBX 

'f. 

SA6 
EO 
SX6 
SA6 

X2 
Si(IP 
X3+S0URCE 
X2 

~ T~E NEXT CJNSECUTIVE ADJRfSS IS 09TAINED 
~ 

SKIP 

~ 

SX2 
IXS 

X2+1 
X2-X~ 

~ r~ST IF ALL THE ARGUMENTS OF THE CALL HAVE BEEN TAKEN CARE OF 
JJ. 

n:l 
I 

\0 
OJ 



.,. 
FIN 
"I-

.y. 

... 

... 

NZ X5tLOOP2 

Xi CONTAINS THE CJJING FOR A RETURN JUMP INSTRUCTION IN THE UPPE~ 30 
BIfS OF THE WO~!} 

SAl =(J 

X2 CONTAINS THE NAME OF THE USER DEFINED SU3ROUTINE TO BE CALLED 

SA2 E~r~{-l 
SX6 X2 

.y. L~Fr CI~CULAR SHIFT XO ~y 30 BITS 

Lxo 30 

.y. XS CONTAINS A RETU~N JUMP INSTRUCTION TO THE NAME OF THE USER DEFINED 

... SUBR.OUTINE 

t3X6 X6+X1 
- -

~ PLACE THE A80~E FO~MED INSr~UCTION INfO LOCATION -GAlL-
... TIMING MAKES IT NEGESSA~r FOR TWO INSTRUCfIONS fa 8E THE SAME 

SA6 CALL 
SA6 CALL 

AT THIS POINT A RETURN JUMP IS CARRIED OUT AND THE USER DfFtNED 
SJG~OUTINE WILL G~ EXECJTED. UPON RETURN TO -LOAOIT- fHE PROGRAM~ 
I M t-'J E 0 I ArE L Y R E r U R I~ S if 0 SUB ~ 0 urI N E - t: X E cur E 

CALL 

RJ 

DATA 
EQ 
RJ 

o 
LOADIT .,::;. 

~ 

... THE FOLLOWING ARE LOAD ~ACROS USED IN USER INITIATED LOADING DUPING 

.. EXECUTIJN 
>I-

PADD~ LO~EQ BEGIN 
". 

". MAP,X GIVES A COMPLETE MAP OF ALL THE ENTRY POINTS 

LOREQ MAP,X 

". SLOAD LOA)S THE ~OUTINE ImOSE NAME IS STORED IN-SNAME--FR{)l'-l rHE--------~----



~ FILE -COMSLIB-
\< 

ENTRA LOR~Q SLOAO,COM~LI8,tSNAME) 
JI. 

JI. SATISFY IS US:7:0 TO SATIn' UNSi\jIFIED EXTERNALS DUR.ING-THE USE~ LOAQ --

LOREQ SATISFYt{~U~2P3) 

• ENTRY RETU~NS THE ENT~' POINT OF THE USeR LOADED ROUTINE 

ENTR LD~EQ ENTRY, !SNAKE' 
LO~i:Q END 
END 

HADB070 1111 END OF LIST 111/ 

I"xj 
I 

f-' 
o 
o 



APPENDIX G 

CONTROL CARDS FOR RUNNING A COMS JOB 

DECK(l) 

JOB CARD 
ATTACH (COMSLIB,COMSLIB, ID=COMSPROG,PW=A) 
RUN{S) 
COMPASS (S=LDRTEXT) 
REvJIND , OUrrpUT . 
LGO. 
END OF RECOHD 

r ·COII,1S FORTRAN PROGRAlvI 
I 

END OF RECORD 

[_~..JOADIT COMPASS PROGRAM 

END OF RECORD 

[··~TRAN PROGRAM STATEMENTS 

END OF FILE 

Note (1) with the RUN-FORTRAN compiler a COMPASS program 

which requires the loading of a system library 

(in this case the LDRTEXT library which contains 

loader macros), must be assembled with a separate 

control card. 

Note (2) The above method of running a COMS job is simple 

but is dependent on the reading of almost 3000 

cards. The experienced CDC 6400 user should set 

up a permanent file to hold the object code in 

the following way: 

G-1 



DECK (2) 

JOB CAlW 
REQUEST,LGO,*PF. 
RUN (8) 
CATALOG (LGO,COMS,ID=COMSPROG,RP=999,XR=B) 
END OF RECORD 

[~OMS FORTRAN PROGRAM 

END OF FILE 

With the above deck, running a job entails: 

DECK(3) 

JOB CARD 
ATTl\CH (COMSLIB, COMSLIB, ID=COMSPROG, PW=A) 
ATTACH (Y,COMS, ID=COMSPROG,PW=B) 
COMPASS (S=LDRTEXT) 
LOAD (X) 
LGO. 
END OF RECORD 

[~~OADIT COMPASS PROGRF..M 

END OF RECORD 

[~~TRAN PROGRAM S'fATEMENTS 

END OF FILE 

Note (3) If any namelist reads are done from COMS library 

G-2 

programs, the namelist data is placed amongst the 

STRAN program statements. 

Not~ __ (~ Decks (1) and (2) assume the program library has 

been previously read in and cataloged according 

to the deck set-ups shown in Figure 1.6. 

Note (5) If and when COHS is adapted to run under the FTN-

FORTRAN compiler, the system library LDRTEXT can 



DECK(4) 

be lOaded without a sepa::::ate CO]\1PASS control card 

as shown below: 

JOB CARD 
ATTACH (COMSLIB,COHSLIB,ID=COHSPROG,PW=A) 
FTN(S=LDRTEXT) 
REWIND, OUTPUT'. 
LGO. 
END OF RECORD 

reOMS FORTRAN PROGRMl 

~OADI'r COMPASS PROGRAN 

END OF RECORD 

[~TRAN PROGRk"1 STATEHENTS 

END OF FILE 

G-3 



APPEl'JDIX H 

A Silluple Coroutine Program 

The program shown below is based on the floVlcharts 

given in Figures 2.2 and 2.3. It is written in Fortran 

vlith an accompanying assembly language routine COR used to 

handle the bilateral coroutine linkage. The data used is 

shown following the program. As can be seen, implicit 

switching is accomplished by the position of calls made 

from one coroutine to another. The reader is not to be 

mislead by the use of "subroutine" header cards, as these 

exist only for the benefit of the For1:ran compiler Clnd do 

not imply subroutine type linkage at all. The program is 

almost self explanatory through its COIT@ents but particu-

lar sections of COR needing more detailed discussion have 

note references to the material below. 

Details of the Comp~ss Subrouti~~ CO~ 

Note (1) 

The compass subroutine COR can presently handle 

linkage for two Fortran coroutines. This number is 

easily extended by making changes to two cards of the 

program. The first is the ENTRY card which specifies the 

H-l 



H-2 

number of entry points for coroutines in COR. To increase 

this number to say eight from the present two, one would 

replace the blank between COR2 and COR3 in the current 

EN'l'RY card with a comma, and replace the COrrL.ll.a between 

COR8 and COR9 with a blank. The second card to change is 

the call to the macro BUILD which presently looks like 

BUILD CORTN, (1,2) ,3,4,5,6,7 , 8 ,9 ,10 

For eight coroutines this would be changed to 

BUILD CORTN, (1,2,3,4,5,6,7,8),9,10 

The only limit on the number of coroutines one could use 

is the available core of the machine. 

Note (2) 

The macro BUILD is used when a call to another 

coroutine is made from inside the coroutine currently 

being executed. Its job is to obtain the name of the 

calling coroutine and the address in this coroutine 

following the call. This address is then stored in the 

block SAVE where it will be picked up by any succeeding 

calls made from other coroutines to the current coroutine. 

Note (3) 

The coding in the next few statements has the fol-

lowing effect. SA2 Xl-l will place the address of the 

actual call to this coroutine in A2, and the word contain-



ing the call in X2. It is important to note that a CALL 

statement (i.e. the 60 bit word) generated by the Fortran-

RUN compiler contai.ns the following code: 

1) a return jump (01) to the called routine in the 

upper 30 bits of the word 

2) a jump instruction (which is never executed) to 

the header address of the routine the call was 

made from (i.e. the address of the VFD word 

containing the routine's name) in the lower 30 

bits of the word. 

Thus the instruction SA2 X2 will place the lower 

18 bits (because it is a IIsetll instruction) of the CALL 

word in A2 (these bits contain the address of the VFD 

word) and the contents of the VFD word in X2. In parti-

cular, if say coroutine 2 was called from coroutine 1, the 

octal contents of X2 will be 

X2 = 03172224163400000000 
CORTNI 

At this point a mask is formed in the lower six 

bits of XO and the contents of register X2 is right 

shifted 24 bits resulting in 

X2 = 00000000031722241634 
COR T N 1 

H-3 



The l2st six bits containing the coroutine number are 

masked in XO for the purpose of setting up a word in the 

block SAVE vlhich w"ill hold the return address to the call­

ing coroutine if a call is made to it by any other corou­

tine. 

The point here is that the program, because it is 

leaving one coroutine to enter another, must remember 

where to re-enter this coroutine and have this information 

available in a cemmon location for all other coroutines to 

reference. Using the particular example above, the re­

entry address, currently in Xl, is placed into X6 by 

SX6 Xl and thence placed in the first word of the block 

SAVE by SA6 REF-"28+XO (where XO = 34 8 = 28 10 ). 

H-4 



DtJ.ta cards used for the coroutine program: 

DECLR'l'lJ. •• * *DIMEKSION A (5) , B (100) * * 
DECLR'!'N ••• **IN'rEGER A,B****COHHON A** 
ASSIGN •.. **IZ=5096****Y=3.2****Q=1.763****B(1)=(Y+Q)** 
CALLSUB •.. **CAJ...II XYZ (A,B, Y) ** 
CALC ... **SUM=B(5)+SQRT(Y*IZ)-A(1)** 
INPUT .•• * * READ (5,2) C, D, QTHm ** 
FORMP,T •.• **2FORVillT(3F20.6)** 
DATA ••. **5.6,18.7,20.92****ENDDATA** 
CALLFUNC ••• **CALI F(C)** 
END ••• **ENDOFPROGR~J~** 

H-5 



c 
C 

-------C 
C 

000003 
C 

PRO~RAM ~ORTN(INPUTtOUTPUT,TAP~5:INPUTtTAPF6=OUTPUT) 

THIS ~ROGRAM SHOWS A POSSIBLE !MOlEMENTATION OF C~ROUTI~~ LINKAGE 
USI NG A N A-~M-Rb-¥ PRO G RA-M------G-MoH-9---~ --------

COMMON CA~n{RO)tT 

O~0003 WDIT~(6.1nJ 
000007 10 FORMAT(iHt) 

C -1- IS USFO AS AN INPUT POINTEP TO EACH CHARACTEQ RFAO FQOM A CAPO 
C 

-O~~&01-------+T-~!------------------------------------------------------------­
C 

000010 

C -INTT- IS AN ENTRY POINT IN THr ROUTINE -COR- USED FOR ~ETTING UP 
C THF INITIAL RETURN ADORES~ OF EACH COROUTINE 
C 

CALL INrT 
C 
C BEGIN COROUTINE F.XrrUTION 

-----toC.---- ----------------------------
000011 
000012 
OOO{l11t 

CALL COQTNl 
~TOP 
pJO 

UNUSEn COMPILER SPACF 
010500 

-----------------------------------------------------------

::x: 
I 

0"1 



SUAROUTINE CORTNi 
C 
C -CORNT1- RFFERS TO r.OROUTIN~ -SQUISH- WHERE EACH PAIR OF ADJACENT 
C ASTERISKS FOUND IN THE IN?UT STRING A~E REPLACED ~Y AN UPW~RD ~RROW 
-6--
CALL CHARACTFRS ENCOUNTERFfl ARE SENT TO THE WRITING COROIJTINE 
C (-CORTN?-) ~UT ONLY THOSE gETWE~~ TWO CONSECUTIVE UPWARD ARoOWS 
C ARE OUTPUT 
r. 
C 

000002 COMMON CAQD(~O),I,C1tC' 
000002 INTEG~R r.ARD,C1,C?,STAR,EQUIVt~RPOW 

-404tf-0-2--~------O A fA --5 T A ~-, E~U I-V-,ARoOW I!H~.,-!-H-:: .. 4H ..... -F/~~---~-~------~----­
C 
C CALL ~OR THE NEXT r.HARACTF.o o~ TH~ INPUT ST~ING STORED IN -CAPO-

0001'02 
oonno~ 

r. 
10 CALL ROCARD 

C1=CARO(!) 
C 
C AN EnUTVALENCE rHARACTER = SIGNALS THE END O~ THE INPUT SToING 

-------- -bG--~ 
ooeons 
000007 

000010 

C 
C 
C 

C 

IF(C1.EQ.EQUIVt r.o TO ~o 
1= 1+1 

TEST FOR AN ASTERISK 

IF(C1.EO.STAR) GO TO 20 

--- ----G--~-'-bC-O-R 2--I-S--A t.f---EN-T-R-¥-P-O-!NT T. N 
r. (AS IS -COR1-l. BECAUSE O~ 
C COROUTINFS MUST At MAO~ VIA 
C 

000012 ~O CALL COR? 
000013 GO TO 1n 
oo~n14 20 r.ALL P~CAPD 
000015 C?=CARQ(I) 

THE ASSEMBl¥ L--A-#GUAGE ROUTINE -COQ-
THF lINKAGf INVOLVED, CALLS TO OTH~P 
-COR-. THUS -COR2- REALLY MEaNS -r.O~TN2-

---0000 17---------- -r = r +1-- -- - --- ------------------------
::t: 
I 

" 



-- - - -- - --- ------- - ("'--- ---------- ----------------- --- .------"- ---
" C !F mE <'\ST;:RISK IS FOUW', A s::cnND IS T:=:STr-O FI"l!-( IN -'::2-
(' 
v 

elF T H r::: c '1 A 7. ,0 C T ;: ;~ IN - r; 2 - I S N~' T A ~! A S ~ t PIS '( • I TIS T ~ e.;~ S F f: p. ? ~ n 
C TO -C 1-
f' 
v 

000".:'21 Ir"::?~~'i.ST.~?' GO Tn 30 
0QJ~23 rALL ~0? 

--0 J IF! 2 :..-- ---------C t::':,~ ;---
OJJO?G CQLL ~J?2 
OQ'J('I27 GO Tn 10 

r 
~ TWO AST~~ISKS HAifE 3~FN F0J~D SO -C2- IS S=T T'i ~N unw~~a A~PO~ 
" lJ 

() n O() 30 
nJ nn 31 

:3 (1 C 1 ::: A ') -;> 'J I~ 
>---: I:, v _ _ __ _ 

u,lu:'1jJ 

OQOC34 
OU0035 

G 
C' 
C 
'" v ,-. 
'J 
511 

C L, 't.: 'I { I - 1} ::: A? q 0 I.~ - r, C - T '"\ !f Ii ------~----~----~- --- ------------~-- --

SP!~;: v;r: i~9 E n'':::Al T'I': ~~ITH COr.;;,OU'I\::;:S H:::D? ~ A t{;:::rU'~N \HLL DCi J'l<·:r 
L I '<::- :'\ ::;; T U P - I i\l F ,~ C r I F A ~ [r J n N ISH IT I r i ::: IT !-li~ reo ,~ 0 U T P.I C' '\ ~4 
I\UrC:1AT1:~ STO? TAI(ES DLACF.. THIS IS TA,,(C'N C:".':'[ OF '1Y -C0~-

R;:"r 'JR,\l 
f: N;) 

UNUSFD CO~~ILER s~~v~ 01 j 413 i -------------- -- --- -- -~-

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

tr: 
I 

co 



su~~o;rJ~E CJ~rN2 
o t! :) 8 n 2 CO "1;i C'~ C I'. rn ; '\ ': j , J ~ C 1 , C 2 
OOOQr2 INTES~~ =P1J,~1,S2,AP80W,~Q~IV,gA~ 
0S0,}OZ I".;Tf>-;"::) rJUT{1.2'1j 

__ G'J GO G 2 ___________ r; J T j; _~_)_:>J I." l.~lH 'oj ~ lbo./1.H!_,_.Lli::-, 
------------~---------------- ----- -- -------

C 
r-
'" 

C 
G 

Tyr- R::-TIJ-·~f\l STH!:"iH::~!: (T.r. !J. STOD CO"UML~i 1..j!\S~l~f W::EO:=-J H! THTS 
r;O?r):..iTT i:-~ ;:ur T'-4: C'C)LV)"!H!G fJu,'ll~Y STnT::,~:'J1 '-l'lJ TO ~;:- pur PI I'] 
SAT IS F Y T Y ::: r~ I) ') C:) f j P I L E ' • - 1- WI l L i'i E If E? [l E Z r:: D 1 ,.. 

v 
0080(12 IF[I.[1.0) GO T~ 70 

c 
C -J- IS A POSrrrON rOINT[p FOO rH~ -. -.- .. ------C·----- -. -.. .. - . - - .. -" - -. -- --- ........ -- o UJ?U L LI N r. ._ __ ___ _ 

000003 GQ J=l 
r 
c: THF: 'Jl.)TOUr LHI:- -our- I'S nun ALIZEO TU r'lLr\~:,<s 
C 

(1 0 11"1 I') '+ 

DOOOUE. 1n 
CG0012 3D 

- 0 fI iJ 0 13-- -~-
C 
C 
C 
C 
C 

[)O 10 l=1,12n 
OUT (U = lH 
CI\LL "::)P1 
IF: Gfl ,~,) { r,;,;;~ J:EQ-;Jr~!;n:n~JFO '-T'1-20--

TEST FO? TH~ FT~ST OF TWO Aq~JW CHARACTEPS. IF ON~ EXISTS, All ~aLlS 
TO -r:C.F~T\)l- A~::: :1:'1n:: F~Dl':v'JliHn~ A L::YW ~'H!~rl OUTolJTS TH~ r.HA~t\CT~q,; 
R[i ur~ll[l 

OC0016 IFCG1.EO. t'\R~nW) GO Tf) 20 
OG0C17 ~O TO ~n -00 DT'21'J --7U--" --C A [[ -:; 'J Pf·-----------------.-

OC:'1G21 

C 
G 
C 

"­
I, 

T EST F f) ~ THE S ~ CON D 4? =< !);-.; ~ H A ,\1 ACT E R 

t Fie 1 • c: (].. I'. P :: 0 :.Jj GOT ~1 4 ~ 

C f:LACE -::;t- I~ Tf.JC' O:H?IJT LIN!? 
r; 

"-IT DJD -2 ;r-------0 lJT < J r ::-r; r---------

t::! 
I 

'-0 



Doac2S 
O'J0026 

r. 
c 
c 
C 

J=.1+1 
GO T0 20 

A Sr-CON) AR~(H \·:4<::; 
I N T I-j ::: ')' JT [) IJ T L n~ :: 

OOC~27 41 rUT(JI=~0UIV 
---- - - -----------~----------- ------ - ------------------------------------------------ ------------ ------------------------- -----,--------- -------

0000 H 
000037 
OU 0(137 

C P~HJr T-ic OUT;'):n LIN:: 
c 
SO 

r. 

yi Q ITt: ( r:, , 5 G) '") U T 
F ():? H l'l T ( 1;< , 12 J .1.1 ) 
CARO(I-i) ::::~3i10 

>- _ __ ____ _g __ ~ r A ~I __ T:-1.:: _J?50 r. E5 ~ O_Y _f!: ___________________________________________________________________ _ 

Or. 0041 
O'ln(142 78 
000045 

GQ Tf) C-')r1 

RI:'TI)P~ 

E ~~D 

'--------- -------------" -- - -------- -----------

--------------------------------- ----

::r:: 
I 

r-' 
o 



SUq~OUTIN~ ~lCARn 
c 
C -~OCARO- IS USED ~S A SUG~JUTI~c IN THIS P~O~~Q~ T0 RE~O rH~ t~aUT 
C STRI'JGS 

_________ ~ ___ C~_____ ____ _ __ _ __ __ _ ______ ~ _________________ _ 
lJl1!)Ll02 CO'~.10~~ C/'~WJf8") ,I 
OonQ~2 INT~G~~ GAO] , ... . ~ 

C IF THE INPUT P~I~TER ~0UALS 81 A N~W CA~a IS ~EAU INTO TH~ A~~~Y 
C - SA '~Q-
C 

OQCi)1'2 IF{t.~:J).1H GO Tn 10 
n0QQn4 R~lUD~ . 
00 IJ 0 05---1-0 ---- -h: r: A jj , 0;4 J )--- [ C f\ ~ n c:n---;-:}~=l.--;-ifi'-'- ------~--- -----~~- ~- -----
O.J .J'J 17 40 F O?'J II T ( R J A 1 ) 
OJ O'i 17 \'1 ~ r T r- f !j , ') n) ( :: I' :) ,J ( K) , 1(= 1 ,!3 0) 
o f'\ I} f) 3 1 S I} F f") -( 'Vl :\ r , 1 H n , :l' I N PlI, J T r: A 0 :, ~ -"/-, 13 U A 1 ) 
GOO~3i T=l 
oo~n32 PFrUR~ o a I] 1:) 3 E Nr) 

fJi-HJStO-Cb;{p-rctp - SPAC!:: 
01 ill) Cl t1 

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

:::r:: 
I 

I-' 
!-,.J 



H--12 

, 
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I 
• I - tLl Di L 

<0 0" cr 
..-{ ~ O~ CY 

c::r' 0 
IV: lU e- LI 0 
..:t 2' ..-< I ...J 0. 

1-. 0:' i:r: u..! ...J 0 
..-l \- ~) l- II 21-1 

'-l :::> 0 17 ~I H3: ~ 
C c::: ..... 
(V 0' '......, 

~f :c~- cr 
1'-: 0 1)/ ! :£ Z 

'" C 0 Vl <(' lL I;J 

"'- (.) tn I IZ liJ 
0' U '" !W I' ~'.;J I 
:::. :r C() ,0. 1--' 1-. I--

"- I- t"}! b HI 7c::r 
If'. 0 C ...,.' 1-1-- :z 
c. C) U ;d: ~I (/l H 

\- I (I) I 
t- 'r 

lI.,1 
(1)2 Z 

(~ 11" Y '1 Lt:C 0 
Z C 1-- 21 0:'::::> ..... 
J tJ ,..,.. 

01-- I--.~-

~I rL~ ~d 0'-1.1 0 
C· v .... ..::-J cC' 1', :::>: c::rlX' ::::> 
jV) LJ Cr :1.: I~.:J 0 0 
C ~/ l~; (') ,Oe Q'I tLl c::r l-
N) (yO D Lui :r:: (/') 

l 
t-- C [t :WJ I-- t.!) z 
• eQ If\ :::t: "I' z H 

IV' 0' ~- 1-1 ~" .... , 
'/)7 0 I , 2~- lJ' 

-fJ ""'<:1: (.) \uJ I! 1-1::::> :r: , 
VI Z(): ;:yC' 1--, ::::0 I-
c::r HI-- ..:t ,,:) LL' 0' 1-'11. 
C 00' 0.' '1--1-- C"i c:' <rX C' 
~ no c' ,v,:::> I "'- I--lL i- t 0 I.L C 

, 
L' )..1 ~ Cf' 

c: >- low csl .-l OlU -l- f'" fYllf f"" i~x 
01 

:z ~ ... ~ 
b-1-. I 'Y , W I- (\1-1 C·2 

2 ..... C :..-") LI.q H 01- .....H t lLl c..' c ;'.0C: (I), z LL.:::> 
Z ""- If /} :-:~ :::>' H 0 0.. 

~H N «' ;- ..... (/)1 :r:: lJ.:tY :"':0 f>< 
I 

Z 0:1- '""" 
!-t;,: CJ .,JO :::>1-- l- i-He 01- " :(/l eL, ... _1 

" CDL' -, H 
llJ: -:;;;lL' 02(Y H I N I-' . .J -r LL. 

1\ "'-., C...J "'~,0 I '..J...' c* .j' (/1)- c:> <r ...J H ~ 
:r ! ...J...J ~-I C I,~ Cl:', 27--1 c::r ;r 

(I --: _ J..:r C".- :r. ,II,! t-1 ~!J f CY 0<"'0 7:U Vi 
C ~I Ot..' 0 J ':>r- l! ho, u: 0. a H 

t u rl I.L C ....... '<! ::J :> ci ;.- if lJ '1-- «lU 
L" ('J (110 <1 ...J' c:t u.: '):' ;.'?' .... :r: 

l- I lL' ::-- >- >-.j' I , 0/ v- Ii ...J ~UIC> 71-- ~ 
~ 1--' :::H ~/-.,/ ;0 I IL' c:r (:) i ,- .... _L.._ 

L V'); \-'dJ I-f..-C 'Y:: ( ) l'..l V' l. ' ~. '..!.c (1):;:-: I- \...~<.~ ..... r 
c 1--1: (" ZZLL C' VJ{/)(/; 0' (l)LL I-< IY <:: ~ <:J' Z L-

1-1,.... ...J U. WLJ ":::.> ':)~. =:-C::J 01 ::::» ~t.:.: L .J~-I (fl ~. 
~I 0- i--';':: ...JO I<LL.: ...J :;.~ I ...... ;:: ,C"~ O"i-! I-- Q/(/l' 1-<8 r-
lLl II-- i I'Y H H~~~ 3.:...J 

~ .... " Ur.c :L.:n: Lt..;!:J ZCc!, ...J 
0 «0 II:::) -ra, HY£Y! ...... 0 r-' , we' II-- t: I-- i I 10 .... : xlL. p: I :I. 

I I i 
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I >l- ll.. H 
lI- I ld I Z 
>I- * *' * + * I"c * >l- ey * *~* + ,~ * >} *' Fl- H* ~. *' * * ~* 
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i i> 
iIT' I '" ~ I 

tr.I-<:: W ie.) 
\.n<:)'o J :tJ 
~J!-:::H 1- (,)0 
(:, I- 2i2 l!' r::, lJ 'C: l' 1-1"" zi 
F-I:::> C :",Il' 1-', 
i<'!;- 0/ (,)'C' :z: ..J: 

b2~ 
(I)..J H .,.)! 
(I) -.I el) t- er; 

HZ L C"t- """' 0; 1= 1-.' (' u::.: b I i IJ Cl ~{l1 0./ 41 1117 I D>(I)O ::C1 ,~ HO_ <f ... I"". c.- 1-' ~' 
1 ~-"'O ,,'0 71 ~!::-,'- lli ..-,Cll\l 
i-J C (: ::r..-.{:o L H' 
I- r,' s ~- ... -fcO l- i 
~() • :J; z! 
~. t'.)LI Lull (1)0 ci 

I 2: -:--.41- H' 

Pf-f- H:"-:::C ....... ~ 

f-H/l f- HI-U' L " 
f.~ r.:t, :;:', ..J :::l 
HrlO CC' "_J (}i 
PI;... () XI <r 1-'1 
r> (/) COrYU (il .... 
c::r 1.Jj'}) L 3".1-- 2~,;:-
I TLU IU')L' I-H..1 , 
l, I .... ft' >-U~I I Z ,">'" ,-
tr 'J ZI, 1-4 l! 4' f-o ,~ ......., l-:~~[:-- I',I-
I t--<:J: :H'.d I-;c:r 1 
~.,.. e':, ul -~ ~~ ..JL,: if 1-!..i';CC --lV, if 
fY..JI I- .,u.:O 1-1 t-
!.L<! 1-- H ..JH,"):::l I...J H 
I (') ... CD _J~<r [I) _I,J IT' 
L" tJI <S !...J ..:t-:<:J: 
i? l! [/) C oc:o.....J c,L) Cl 

,,4 h:rCl f") Ld ..J ~i IV) r-t- Cl f- 1-:(/)c1: ....... td 
f- ..J 1..0 U);::)'H + Ct.1:r: ~ 
::; :::-)0(/1 X cr:c~ n-:: c. :z..~ X 
c:r 0:ZH HliJ-C t. :), 
I- 'l~-'I ... l ... X'lJ.14. c- J't' l-

e:, :1) fr :!;:I- lL c:. l,~Z :::> '7 lL 
"0 Z i C 1-< f'~ QQ W :1-1 , if c:r ,1-4 '-i 

0 lrJ2 ::r ... ::r:: IJ!..JCC t. i-:<: 
'-' l-><~'H ..-I (/) (Y" ~- r')i _I X 7p Cl (/1 

I ':l X LJ :I-H 1/ t-"J t. 
w.' ~tJ • + CY (/) -. Q C"I-:) "- <:J:'_J 0' I;... 
:r ~ -ltJ \.(' ..-r <.: CI-X0' :::> CJ ~-'o <..) LL c' 
f- ..-I I ,~ . X ..J * 0 if LL 4' I ,D* ZU_ C' C /'0 I . 

tyrZ:H :) (1.' ... '"j "- <l: c, 
~ 0 \r l, C: -..."". ,..D 0 l:JW (~~ '-.1 >-C ;.- C' OIL'1- C:LLI ~ ~ ..-I 
X .... X ~., ::;: X 0:: Xv1 <0 (/1 -48~~ 0 LLfj"J <I Z <I Z >' 
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V"l ~OO_ ..J 7C"' HlL,1-1- C. C'" XU 0:' 

i. ..J I , t 1 

I Yo. 1-, I 0' Q 

* !* * :::> I ..... 0 
Y.- }!, * * r * * 

,~ >I- >I- *. * 
...., 

* >I- *[* Ii >'< (/) ~..)r * ** >I-.~ 

I 1 
I 



'HPfl(- ~WT ~ (""':! 
-- -- - - -- - - S!4 2 XT-~-r--------------------

SA! '<2 
~II X n t) 
L :(r' f, 
!I..<? 24 
nXt: Xn'~X2 
SXG Xi 
~~i\') ~::F-2i)+Xf'J 

-~---------- -- ~--- ------- ----------------- -------- ------------
>I-

'I­

"I­
!< 
.j,'t 

~ 

---"!f:----

TH~ WOD~ CO~TnI~ING THE °E-~NT?y Q.)C~~S~ IN THE C~lL~O ~O~OUTI~r 
IS ~lAC~l IN Xi. T~E C8~T~NTS OF THI~ WORO WQS PL~C~O r4~~~ ny THE 
PRECc:ri~Ii!G TEN INSF'UCTI0NS AS OES~?rf1r::Q IN rlOTEU1 ~ THAT IS,STR1, 
S T f) ,? , S T '< -;; 1 • • •• ~ C FeR r :l T H ~ ~ IHl E y/ :] ~ "S OF r H C" q l ') C~: - S A V r: - 1\ S 
RfF-~R.XQ NHEDE xa=1,2,3, •••• 

SIl1 STf?r--C) 

~ THF Cn~r~NrS ~F Xi IS PLAG~O IN 81 ~Nl A JUM~ MAJ~ TO TrlIS 4nORESS 
"I- <THE i10<:::T (£SENT ENTt-<Y PJINT OF THe': ;-:lIlLE.) SlJ8"ClUfTNt:') 
'I-

1f 

S81 Yl 
JP q1 

"I- THE Ann~~ss CALCULATED ~y THE DourINE -INIT- (I.i. THF cnNT~~TS O~ 
->:~--Xt) )-1 S ')T :;r:.:E 0 iN -TH::--E~T R'i'" IEXIT!.,)") D ~ -0 F tV F:KY- ::l5:;·CH] TP'E'---°ft\j -US E';------~---------------------

• THIS IS N~~~SSn~Y SIN~~ TH= p~nGRA~ ~OcS ~OT ~N'W WHlrH Ca~OUTINE 
• WILL ~XECUTE A ~cTU~~ STAT~M~NT FroST-THUS ALL OF THEM NEED e( 
'I- PRE Pt't PC: IJ 
¥ 

STR+l 

uc;r.:: LAT~~ 
'.)1'.16 =X,.')lJ8r. n 
US::: ¥-

I 
>:Wl!'-1 
f\UI'_J rO~TN,(1,2) ,3,4,5,b,7,~,g,1n) 
r:-:>Cl 1,? 
USc: SAVF 
VFO 6~/=X+CORTN"1+1 

qU T L r) 
PUILn 
nUILn 

• t 
.1 
• 1 

::r: 
I 

f-' 
.;:,. 



, 
IJ S;:" >t­

US,': S wr: 
STR~2 VFJ ~n/=X~cnnTN~2+1 
STD? VFO SO/=XCOoTN2+1 --- -------- lIS C" -'f - -- -- ------- - ---

cnR"-2 DilTA n 
CS~2 D.n A i') 

S~,l r,O'?~2 
S/\1 ~r)'\2 
~ y 1 :;; 0 
S!\? '(1-1 
S t, '? X2 

----.~ X I) --I; 

LX r') ~ 
AX'? "4 
8XU XJ-\<Y2 

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



<::;xr, Xi 
SA6 r:>FF-2~+xn 
SQ.1 STR~2 
Sl4i ~r02 
S Trr-Xl--~ -------
"j" a1 
J';F: L ATF~ 
S~~ =X~GO~TN~2 
SAG =X~ooTN2 

ust:: 'I-
I':)::) 

--------~ ~J 0 "{--- ------~--­
lJSC L Inr::-:) 
;::-0 INIT 
USc: 'l1-

B~JTL ~1 • i 
nl;TL." .1 
~'UILn .1 
'"'\: j T L r; • 1. 

-------~-----------~------------ ---- -,-. n L~~ --.1 
[~lJILr"l .,1 
'\0 I L 'l • 1 
:-;;JTLD .1 
qqTLr) .1 
r~ tj I L f""\ • 1 
t<\JILn .~_ 
0

1.1 T L 'I • 1 -- --r U I en -- -~ 1 -

_QE::L~_V_l,._L~_yM~OLS PJ;IIJ:t~D_tl'L-QgM:1 ~S. ______________ _ 

COI?TNl 
CO~T~l? 

END 

STn~QG~ us~~ 171 S~ATE~ENT<::; ~ SY:1:30LS 
_i':! n ~~.: !"~_A.C:;_S::_ M I] L,-'Y ____ --""-O _~7_~!± __ 5~~0 ~JD_$ ____ _ 2_1._Rt:f C:_Cl_~JtCf$~ _________________ ~ ________ _ 

---------------- --------------------------



r N Pu T C ~ R D::: DE CL R T \I ••• 'PC<~) PI:: N S tON 4 ( S) , Q ( 1, .J Q ) 4 + 
Dr Xi- NS I O~ A ( 5) ,>I {1 0 fi } .: 

_ p.: ~ u T __ CAR f1_::: ____ 0 [C'- :Zl~t._ •• _. >;': !.1: Ui;._G !="3~_A_, __ 'l~...':- ';t ~_r::.o _~lJ'& 1-.: _A~_~ ___________________________________ , __ 
INT:::S':R. fJ.,rs:: 
COM:10N A;:' 

PJPUT CARD::: 
I Z =s '1 0 6:: 

ASSIGN ••• ··IZ=5G9~··~·Y:::~.2····0=1.7G3···¥n(1)=tY+Q)·· 

Y=3.?::: 
Q=1.7G~:::: 

~_P ( 1)::: ( Y __ ~_Q2.:; _______ _ 

PIGIJT eARn::: CAlLSU3 .... "''I'C·'\ll XY7.tA,G,Y)H 
CAL~ XYZCA,~,y):::: 

INPUT Cl\~[l::: CALS •••• ~-SUtvl=R(S)+SQR.T{Y~TZ}-I\(1);-".. 
O;:;u~:::G{S>+SQRT(Y:·'Il)-:l.(U :::: 

rN~UT CA~1::: TNPUT •••• ~~EnQ'5J?JC,D,nTl~~~. 
RE AJ (5,2) C ; I)", Q-" J tA~ =--- - -- -, ,- - - -- ------------
INPUT CA~O::: FOR.~AT ••• ·.2~O~~AT(3~2n.6 ••• 
2FOR.~AT(3F20.S)= 

I~PUT CAQD= DATA ••• ··5.5,18.7,20.9?~~ •• ~~ODATn •• 
5.6,1~.7,2(1.q?= 

, FNr::1ATA:: 
.-- - -----

INPUT CARn= 
CALL FtC):: 

CAL L F J i'l C. ... 4< .Ji'. CAL L F (C ) ~ ,1-

: I!\j(")UT CAPf")= EN1) ••• >:-.;-.q~D OF p::>or,RAM-\l-\<== 
I ENfl OF Pr.:OGoAM::: 

l---- -- -----­
I 

--- --- ------YA-O-;:n:i4-:X--, // '--E'l'ffY-1) fl:.l::;T-TI'/7--

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