
SLAC-134 
STAN-CS-71-227 
UC-32 
(MISC) 

* 
GEMS - A GRAPHICAL EXPERIMENTAL META SYSTEM 

JAMES EDWARD GEORGE 
STANFORDLINEARACCELERATORCENTER 

STANFORD UNIVERSITY 
Stanford, California 94305 

PREPARED FOR THE U. S. ATOMIC ENERGY 
COMMISSION UNDER CONTRACT NO. AT(O4-3)-515 

August 197 1 

Reproduced in the USA. Available from the Clearinghouse for Federal 
Scientific and Technical Information, Springfield, Virginia 22 151. 
Price : Full size copy $3.00; microfiche copy $ 0.95. 

* 
Work supported in part by National Science Foundation Contract No. 2SFGJ687. 



ABSTRACT 

The implementation of graphical languages and graphical systems has be- 

come too complex to permit economical experimentation with many new lan- 

guages or systems. Further, many applications function only as an interactive 

stand alone system or as a slave system; some are further restricted to par- 

ticular input or output devices. 

A model for graphical systems with a linguistic base is presented; the 

model provides symmetry between recognition and generation of pictures, al- 

though emphasizing generation. This model facilitates a more economical 

experimentation with graphical systems with a linguistic base and provides 

device independence. A graphical system defined utilizing GEMS can function 

interactively or as a slave system. 

The model is implemented by defining its components utilizing a simple 

precedence translator writing’system. This implemented graphical model is 

illustrated by two applications. First, a two dimensional mathematical expres- 

sion display system is defined and implemented using GEMS. And second, a 

drawing system for synthesizing digital pictures for pattern recognition experi- 

ments is also defined and implemented using the model. The use of both imple- 

mentations is illustrated in both the interactive and slave modes; device indepen- 

dence is also illustrated for both applications, 

. . . 
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CHAPTER 1 

INTRODUCTION 

This thesis is concerned with the development, implementation and appli- 

cation of a model for graphical systems which generate pictures by computer. 

The model emphasizes generation, but allows a restricted class of recognition 

problems to be considered. 

1.1 History of Project 

After Shaw had developed his Picture Description Language (PDL) for 

pattern recognition (Shaw 1968a and b; Miller and Shaw 1967), I became interested 

in applying these techniques to the generation problem (i. e., pit ture generation). 

An interactive generation version of PDL was implemented (George 1967~) 

1968; George and Miller 1968) on the IBM 360 system using the IBM 2250 

Display. This implementation was more difficult than first anticipated; most of 

the difficulty was directly attributable to processing the I/O for the 2250 Display. 

The problem is due to the low level detailed programming necessary to utilize 

this device. Further, this programming is usually not applicable to other 

devices, thereby resulting in an interactive application being constrained to a 

particular device. 

Jn addition, the interactive PDL generation version is inconvenient for many 

applications; for example, those areas with a high degree of connectivity in the 

anticipated pit tures. This inconvenience results from PDL being restricted to 

precisely one tail and one head as possible points to concatenate pictures. Many 

real elements have more than two connection points (for example, transistors 
7 

have three; transformers can have four or more) and PDL is quite cumbersome 

to use for these types of applications. 
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At this point, I became interested in experimenting with languages with a 

linguistic base of which PDL is an example. I could not afford the investment 

in system development for each experiment that was required for the inter- 

active PDL, hence I needed to develope a model of these systems which would 

indicate how to define a meta system, within which they could be defined. A 

typical interactive graphic sys tern is illustrated in Fig, 1.1. This example 

can be partitioned into a control component, a data strut ture , a language to 

manipulate the data structure, a communication interface and a graphic display 

interface; deriving a graphic display from the data structure generally involves 

a low level graphics language as illustrated in the figure. 

These partitions can be abstractly defined for a class of graphical systems; 

the partitioning is illustrated in Fig. 1.2 where each component represents the 

definition of a template. For the class of systems under consideration, the 

control component determines the actions to perform upon receipt of the proper 

input; the communication is accomplished through the use of an interface 

template. The definition of the data structure also defines a program for inter- 

actively specifying an instance of the data structure. The linear string graphic 

language is defined by a syntactic and semantic component. 

1.2 Goals 

This initial trial implementation and partitioning led to the design of GEMS 

(George 1969a and b). The goals for this design were: 

1. Facilitate an economical experimentation (programming time 

necessary to implement an application) with graphical systems 

with a formal linguistic base; 

2. Provide a symmetrical model for generation and recognition, 

although emphasizing generation; 

-2- 
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3. Provide device independence and ease of device usage; 

4. A system implemented using this model should be able to 

function interactively and in a slave mode; 

5. Illustrate the power which can be gamed by including a 

translator writing system within a high-level language. 

1.3 Contributions 

The main contribution is the development and demonstration of a model 

for graphical systems with a formal linguistic base which provides for 

economical experimentation with these languages in a non-timesharing envi- 

ronment; the model encourages the user to define his system so that it is 

device independent. Also, during the course of this research, a simple pre- 

cedence translator writing system was implemented with an error recovery 

mechanism and techniques were developed for removal of precedence conflicts 

(George 1971b); the translator writing system was used to define the model 

presented in this report as well as other systems. 

-5- 



CHAPTER 2 

A BRIEF SURVEY t 

There have been several surveys of linguistic methods in computer 

graphics (Feder 1966a; Miller and Shaw 1968; Rosenfeld 196913) and one 

article which has a discussion on meta systems and graphic meta systems 

(Miller 1969). Only those articles which bear directly on models for graphical 

systems will be discussed. 

Picturelab-An Interactive Facility for Experimentation in Picture 

Processing (Arthurs, et. al. 1970) 

The Picturelab system is interactive, command driven, permits symbolic 

variable referencing, permits the creation and execution of symbolic command 

files, permits storing of partially processed pictures and is usable inter- 

actively as well as a batch program. It is intended for research in processing 

digitized pictures utilizing visual interaction to analyze the digitized data. 

Interactive Graphics and Computer Aided Design Techniques (Baskin 1970) 

Baskin argues that “the cost of applications programs for a new graphic 

application has become the prohibitive factor in limiting the growth of the 

practical use of computer graphics in industry and education”. He then 

proposes (and is currently implementing and experimenting with) a design 

facility to define computer aided design problems. He further divides a graph- 

ical problem into five phases; defining primitives, modeling of the problem, 

analysis of the problem, defining new analysis procedures and output of the 

results. His goal is to provide a general system with which a user can solve 

7 The bibliography contains as accurate a compilation as possible of those 
articles which I have reviewed during the course of this research. 
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his entire design problem independent of the particular field or special lan- 

guages used in the design process. 

I agree that the cost of a graphic application should be reduced, but 

believe that trying to solve the user’s entire problem is not the answer; we 

should first try something more modest, like determining the desirable fea- 

tures of graphical languages. 

A System for Implementing Interactive Applications (Chen and Dougherty 1968) 

Chen and Dougherty suggest that graphics programming would be easier if: 

1. Basic display images could be specified in a high-level 

language; 

2. Interactive controls could be specified in a high-level 

language; 

3. The resultant system was device independent. 

Then, they report on their system which is intended for application to general 

graphical problems in computer aided design, however the reported system is 

not device independent. Their main point of including a graphical capability 

and adequate control mechanisms within a high-level language is well taken 

(see Dahl 1968 and Fisher 1970 for further discussions of control mechanisms 

within high-level languages). 

SAP: A Model for the Syntactic Analysis of Pictures (Inselberg 1968) 

Inselberg presents a model for both recognition and generation. In his 

model, pictorial data is restricted to scenes which are composed of figures 

which are built from primitives combined by relations. The primitives are a 

circle, an ellipse, a rectangle, an isosceles triangle and four different13 

oriented right triangles. The relations are: is on top of, is under, is to the 

right of, is to the left of, is contained within and contains. 

-7- 



The model is composed of a syntactic component and a semantic compo- 

nent. The syntactic component determines the structural description (i. e. a 

string description of the picture in terms of primitives and relations) of the 

input pit ture. The semantic component then classifies this structural descrip- 

tion, according to the user’s specified grammar, as a particular scene if it 

is a legal construct. A pit ture may also be generated directly from a struc- 

tural description. 

Also, he claims “the possibility of merging generation and recognition 

into one totally integrated system provides for further learning capabilities 

plus a high degree of man/machine interaction” and that “the use of the struc- 

tural description (i.e. a linear string) is an efficient way to store pictorial 

data”. 

The primitives of a system should not be so restricted, further some 

efficiency can be obtained by a closer coupling of the classification and the 

syntactic component (Shaw 1968a). 

A General Purpose Graphic Language (Kulsrud 1968) 

Kulsrud proposes that a general purpose graphical language be developed 

which is device independent and can handle both generation and recognition. 

Further, it is suggested that a meta compiler be used to construct a compiler 

for the general purpose language so that it be available on various machines. 

The meta compiler system is illustrated for a generative type graphical lan- 

wage. The main problem will be in the definition of the general purpose 

graphical language with these characteristics and not in the specific imple- 

mentation method. 

-8- 



Problems of Defining and Compiling Graphic Languages (Morpurgo and 

Sami 1970) 

Morpurgo and Sami point out that the main problems relating to graphics 

in a batch-processing environment are : defining a language to describe the 

manipulations desired; choosing a data structure; and, once the language has 

been “accepted”, implementing an “efficient” compiler for it. Further, one of 

the main problems in interactive graphics is the subdivision of work between a 

remote terminal and the main processor. They suggest that graphic languages 

may be defined by extending a general purpose language (for example see 

Hurwitz, Citron and Yeaton 1967) or creating new languages by writing a 

complete compiler or a meta compiler for a class of languages. 

A System for Interactive Graphical Programming (Newman 1968) 

Newman presents a model for interactive programs which separates each 

application into a procedure component and a control component. He then 

presents a graphical system for defining the control component utilizing state 

diagrams; a node represents a state and 

in response to data input or interrupts. 

to compile the control component. The 

and is highly device oriented. 

the branches represent action taken 

A compiler for state diagrams is used 

sys tern is only available interactively 

GULP - A Compiler-Compiler for Verbal and Graphic Languages 

(Pankhurst 1968) 

In Pankhurst’s system, a language is defined by production rules with 

imbedded semantics; the semantics are those defined in GULP or external sub- 

routine calls. Thus, a user is not restricted in what he can do, but he must do 

it in an asse.mbly language. The system is good for specifying interrupt 

processing but is inconvenient for specifying program computation. He does 
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remain essentially device independent, by generalizing the notion of a character 

to a linear string of characters and including interrupts within this general- 

ization. 

On the Interactive Generation and Interpretation of Artificial Pictures 

(Shaw 1969b) 

Shaw presents a model for graphics which is quite close to the one 

presented in this thesis (my work had its beginnings in Shaw’s early work and 

there have been many discussions between us since). Pictures are specified 

in a virtual space by symbolic descriptions; display generation occurs by 

executing these descriptions and mapping the resulting picture into the real 

space of the display device; computations over pictures are also defined. 

SKETCHPAD: A Man-Machine Graphical Communication System (Sutherland, 

I.E. 1963) 

SKETCHPAD was one of the first graphical systems which received a wide 

reception and generated wide interest in computer graphics. It focused a wel- 

come and timely attention on computer graphics and probably is primarily 

responsible for computer graphics today. The system allowed constraints and 

was used for varied applications. His point that it is not worth the effort unless 

something more than just a picture is obtained is related to Baskin’s cost of an 

application. 

- 10 - 



CHAPTER 3 

A MODEL FOR GRAPHICAL SYSTEMS 

The GEMS model is primarily aimed at interactive graphical systems with 

a formal linguistic base (i. e. those systems with a linear string graphical 

description facility such as PDL, (Shaw 1968a and b; Miller and Shaw 1967 ) ) . 

However, it does allow non-interactive systems to be defined and tested inter- 

actively; the defined system can then be used non-interactively without program- 

ming changes. 

A typical graphical system would consist of a control description C, a 

definition description D (or a primitive definition description) and a graphical 

description G, D and G are optional but are normally expected. 

The class K of graphical systems which can be described using GEMS is 

formally defined by 

K = U (C, {Dt , (Gf ) f 

G C LG 

Where 

LC is the language for control descriptions 

LD is the language for definition descriptions 

LG is the language for graphic descriptions 

LC’ LD and LG will be defined for a particular implementation in Chapter 4. 

tit d in icates that the item may appear zero or more times. 
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3.1 The Control Description 

C, the control description, describes in Lc what sequence of instructions 

is to be performed upon the recognition of a particular input; several appli- 

cations call this a menu function (Chen and Dougherty 1968) however, control 

description is closer to its function of recognizing menu items and, then, 

performing all the processing before recognizing further menu items. Many 

of the input messages are processed by the program generated from C; it is 

also the responsibility of this program (hence, of C also) to maintain the desired 

display. C, the control description, is defined by 

’ = (‘,Y [‘CT, t 
Where 

CF is the functional part of C 

CC is the constructional part of C 

There is no fundamental difference between CF and Cc; CF is intended 

for menu-like items and Cc is intended for those items related to the graphical 

description. The division does allow these to be functionally separate and to 

be displayed separately. 

3.2 The Definition Description 

D, the definition description, provides the facility for defining primitive 

graphical elements interactively within the general primitive representation. 

A primitive is defined by ?? 

PRIMITIVE = (NAME, [ TS ] , TV) 

T [ Iindicates an optional item. 
‘r? The primitive representation is a slightly modified version of Shaw 

(Shaw 1968a and b, 1969b; Miller and Shaw 1967). 
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Where 

NAME is a unique name 

TS is the terminal syntactic string (For a basic primitive, TS 

would be null; if the primitive were composed from other 

primitives then TS would be a string describing this composition. ) 

TV is the terminal semantic string 

TV has two components; an attribute list and a BDF (Basic Display 

File). “f The attribute list consists of name value pairs; the BDF consists 

of constructional items such as lines or arcs and the proper parameters. 

Example 

For a primitive straight line in Shaw’s PDL (Shaw 1968a), from (0,l) to 

(2,3) with tail and head at the end points, the values could be: 

NAME = A 

TS = null 

ATTRIBUTE LIST = TAILX=O TAILY=l HEADXZ HEADY3 

BDF = LINE0123 

TV 
= ATTRIBUTE LIST ; BDF 

PRIMITIVE = NAME ; TS ; TV 

A picture, P, will consist of two of the components of a primitive, 

P = (Ts, TV) 

Thus, functionally there is no difference between a picture and a primitive. 

Given a description, D, of those elements of a primitive to be defined, the 

translator for LD constructs a program which requests the elements in order, 

checks each element for proper type, builds the primitive and saves it in an 

t The BDF is in many cases a virtual display which must be translated to 
a particular display device; this provides the desired device independence. 

- 13 - 



area reserved for primitives; it also can function in a slave mode. In the 

slave mode, the input string is assumed to be the primitive and is saved with 

no data checking. 

3.3 The Graphic Description 

G, the graphic description, is defined by 

G = Gs 3 <Gv> ) -f 

Where, 

GS is the syntax description of the desired graphic language; and 

GV is the associated semantic description for the syntax GS. 

GS describes in LG how to parse the terminal string T; for each parsing step, 

GV specifies the semantics to be performed. The result of applying the 

descriptions of G to T is to determine the missing component of T (i.e. either 

TS or TV ). Thus, generation is characterized in Fig. 3.1; recognition is 

characterized in Fig. 3.2. From the analogy to arithmetic expressions, 

evaluation of TS to obtain T v is generation and the evaluation of TV to obtain 

TS is recognition. 

This model of generation and recognition is different from many con- 

ventional models, however, it results in a symmetry between the two and 

provides assistance in the areas which can be formalized without a significant 

loss of generality. This symmetry allows generation and recognition to co- 

exist within the same application. Kulsrud and Shaw (Kulsrud 1968; Shaw 1968a 

and b) have proposed that this symmetry would be useful; the author also shares 

this opinion. 

Fig. 3.3 illustrates the display of a graphic element (a triangle) on a par- 

ticular display device. The graphic device driver translates TV into the 

t<> indicates that the item may occur one or more times. 

- 14 - 



FIG. 3. l--Generation. 

FIG. 3.2--Recognition. 

GRAPHIC DISPLAY 
DEVICE 

T+--t-TV-f=\--+(~) 

FIG. 3.3--Generation example. 

INPUT 
PATTERN -@%i-~-- TV ‘--f+* “,, 

FIG. 3.4--Recognition example. 
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commands necessary to control the display device. This driver must recognize 

the construction elements in the BDF (e. g. ) lines, arcs, surfaces); in some 

cases, it will have to simulate an element if the particular device does not have 

a particular construe tional element. To change graphic display devices, only 

the graphic device driver needs to be changed. 

Fig. 3.4 illustrates recognition in a more complete form. The primitive 

recognizer analyzes the input pattern or picture and generates a string de- 

cription (TV) of it. Then, G translates this TV into a T S’ which specifies 

how the primitives are associated to form the input pattern. If properly de- 

signed, this TS could then be used to generate a T v and the internal represen- 

tation for the picture or pattern. 

3.4 The Display Template 

One of the more tedious problems with interactive systems is setting up 

and maintaining the communication device; it is even more tedious for a regen- 

erating type display such as many of today’s graphical displays. Further, many 

interactive systems are only available in the interactive mode and can easily 

become restricted to particular communication devices. This provided an 

early interest in providing device independence and ease of communication 

device usage within GEMS. 

The interactive control program produced by GEMS from a user’s control 

description assumes that two devices exist; an input communication device and 

an output communication device. Device independence is obtained by executing 

standard calls to user supplied routines to perform the communication input/ 

output. The user supplies routines to initialize the input and output device 

(e45 , opening, attaching or assigning buffer storage to the device), to perform 

- 16 - 



input from the input device and to perform output to the output device; more 

detailed requirements for these routines are given in Section 4.1. 

The output communication device is assumed to be a regenerating type 

display driven from a continguous buffer area; if this is not the case, the 

system still functions, but some unnecessary operations are performed. It 

is assumed that device instructions and/or data is written into this buffer area 

and that the display is continuously generated from this buffer. Thus, informa- 

tion continues being displayed until the corresponding data or instructions in 

the buffer area are replaced, modified or removed. 

GEMS assumes that a pointer (BUFADD) to the last area of the display 

area used (or equivalently, the next open area) is maintained and used by the 

user’s output communication routines to enter information into the display 

buffer and that this pointer is updated by this output routine. Further, GEMS 

divides the display buffer into eight logical areas (numbered 1 thru 8) and keeps 

a pointer to each of these areas; some or all may actually exist at any given 

time. 

To replace or create an area, a procedure is called with an area number 

as a parameter (See Section 4.4 ---INITIALIZE procedure); this resets the 

last buffer area pointer (BUFADD) to this different area and resets all area 

pointers with a greater area number to zero (i. e. , erases these areas). Thus, 

there is a message structure to the communication output device and the use of 

this structure by GEMS applications is designed to reduce the buffer overflow 

problem by providing these logical areas and the erasures implied by them. 

The control description displays function and construction information in 

area 1, primitive names may be displayed in area 2, the top of the result stack 

may be displayed in area 3, the main action request in area 7 (i. e. , the main 
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loop of the control procedure which is selecting a function or construction) and 

data for functions or constructions in area 8. Areas 4, 5 and 6 may be used 

by user programs and will not be erased by action requests. Several example 

templates are given in Chapter 5. 
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CHAPTER 4 

IMPLEMENTATION OF THE MODEL 

The model for graphical systems of Chapter 3 is implemented in PL/I and 

is presently used on an IBM 360/91. The model is implemented as three lan- 

guage pre-processors using SIMPLE (George 19’71b)t and a common procedure 

library for accessing the data structure. The three language pre-processors 

are the control language (LC) , the definition language (LD) and the graphic 

description language (LG). 

A typical application will consist of a control description (C), a definition 

description (D) and a graphic description (G). The control description (C) is 

translated into a control procedure by the control language processor (LC); 

this control procedure is the executive program of an application and is the 

highest level program for an interactive application. The definition description 

(D) is translated into a definition procedure by the definition language processor 

(LD). The graphic description language (LG) translates the graphic description 

(G) into a parser and an associated semantic procedure. 

For the typical application, these procedures are combined into the struc- 

ture shown in Fig. 4.1 to form the desired system. Some example applications 

are given in Chapter 5. 

4.1 The Control Language LC 

The control language (LC) provides the mechanisms for describing the 

control executive for an application. Menu items and the sequence of opera- 

tions to perform when the item is selected can be specified; additional support 

for specifying arguments for a menu item is provided. Procedures for updating 

the display are also provided. 

“f A brief explanation of SIMPLE is given in Appendix H. 
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The control language processor translates descriptions written in the 

control language (LC) and PL/I into a PL/I procedure. This control procedure 

is the executive for an interactive application; an alternate entry point can be 

used for the slave mode. 

In the interactive mode, the control procedure requests a keyword; the 

interpretation of the keyword is to request the specified operands or arguments 

and then to execute the semantics which are specified in PL/I . After the se- 

mantics have been executed, another keyword is requested. 

In the slave mode, a string is passed containing all the keywords and data 

needed for the required action. For the initialization of variables, the keyword 

*INIT* is used. 

The grammar for the control language is: “r 

Prod. No. 

1 CON-LANG 

Production 

. .= . . CONTROLA *CODE* <PL/I> *END* 
DESCRIPTION *END-CONTROL* 

2 CONTROLA : := *CONTROL* PROMPT DATA UNARY 

3 PROMPT : := STRING (SIMPLE terminal class) 

4 UNARY : := GROUP 

5 GROUP : := WORD (SIMPLE terminal class) 

6 : := GROUP WORD 

7 DATA : := DATUM 

8 DATUM : := ITEM 

9 : := DATUM ITEM 

10 ITEM ::= SEP ** STRING 

t The entire input to SIMPLE, which defines L 
The grammar given here is a simple precede ii’ 

is given in Appendix A. 
ce grammar and contains 

some artificial productions (i. e. , productions with no semantics). 
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11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 DESCRIPTION 

22 

23 FUNCTION-PART 

24 FUNA 

: := QUOTES *SS STRING 

: := CONNECTOR ** STRING 

* *= CSEP *=* . . STRING 

: := LEFT-PAREN ** STRING 

: := RIGHT-PAREN *r*: STRING 

: := TERMINATOR *3c STRING 

: := MARKER *=?r STRING 

: := ASEP *=* STRING 

: := MAX-PRIM *=?I; INTEGER (SIMPLE 
terminal class) 

: := LENGTH-PRIM *++ INTEGER 

. .= FUNCTION-PART . . 

: := FUNCTION-PART CONSTRUCTION-PART 

::= FUNA OP-COMMANDS *END* 

: := * FUNCTION* STRING (STRING is function 
class name) 

25 CONSTRUCTION -PART : := CONA OP-COMMANDS *END* 

26 CONA : := *CONSTRUCTION* STRING (STRING is 
construe tion class name) 

27 OP-COMMANDS 

28 OPCOM 

29 

30 OP-COMMAND 

31 OPCON 

32 OPERANDS 

33 OPERA 

34 

: := OPCOM 

: := OP-COMMAND 

: := OPCOM OP-COMMAND 

a*= OPCON OPERANDS *CODE* <PL/I> *END* . . 

: := *NAME* ** WORD (WORD represents the 
menu item or keyword) 

: := OPERA 

. .= *NONE* . . 

* *= OPERAND . . 
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35 ::= OPERA OPERAND 

36 OPERAND : := STRING TYPE-OP (STRING is the prompt 
when asking for the operand) 

::= STRING TYPE-OP */* TYPE-OP 37 

38 TYPE-OP 

39 CONTROL 

40 

41 CLASS 

42 

43 TYPE 

44 

45 

46 

47 

48 

49 

::= CONTROL CLASS TYPE 

: := INTEGER 

. .= . . * #* 

. .= PRIMITIVE . . 

: := RESULT 

: := TYPE-A 

: := TYPE B - 

* .= TYPE C . . - 

: := TYPE-D 

**= TYPE-E . . 

: := TYPE-F 

: := TYPE-G 

The associated semantics in a functional form are (See Appendix A for the 

actual semantics): 

Production 

1 

Semantics 

Issue slave return or interactive loop transfer; issue the 

entry points and code for SAVE-PRIMITIVE , INPUTT, 

OUTPUTT, DISPLAY-PRIMITIVES, DISPLAY-RESULT and 

FIND-PRIMITIVE: issue control procedure termination. 

Issue control procedure declaration (named INTERACTIVE), 

variable declarations, procedure entry declarations, 
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Production 

8 

9 

10 -20 

21 

22 

23 

24 

25 

26 

Semantics 

variable initialization procedure (VAR-INIT), operand 

fetching procedure (OPERAND); issue call to connect com- 

munication devices (CALL SETUPI, CALL SETUPO) and 

to initialize variables (CALL VAR-INIT); issue slave entry 

point (names SLAVES). 

Initialize MAX PRIM and LENGTH PRIM to 1. - 

Build assignment statement for first unary operator. 

Update assignment statement and counter for current unary 

operator. 

Initialize variables to null or zero and insert current 

variable value. 

Insert current variable value. 

Save value stack in proper form. 

Issue dummy CONST procedure and CALL FUNCTION. 

Issue CALL FUNCTION and CALL CONSTRUCTION. 

Issue end of FUNCTION procedure; issue FUNCT procedure 

whit h displays the functions defined. 

Save function class name for FUNCT; issue beginning of 

FUNCTION procedure (FUNCTION processes all function 

requests). 

Issue end of CONSTRUCTION procedure; issue CONST 

procedure which displays the constructions defined. 

Save construction class name for CONST; issue beginning 

of CONSTRUCTION procedure (CONSTRUCTION processes 

all construction requests). 

- 24 - 



28 

29 

31 

36 

37 

38 

Issue end for this OP-COMMAND. 

Issue end for this OP-COMMAND; -Save operation name for 

FUNCT or CONST. 

Build if test for this option. 

Issue operand call. 

Issue operand call. 

Save value stack. 

The grammar for the control language can be divided into three parts; the 

data initializations, the function descriptions and the construction descriptions. 

The data section is used to initialize variables related to the primitive 

representation (Section 4.2), the primitive storage allocation, the input recog- 

nizer (principally for the slave mode) and the construction of strings in the 

graphic description. In addition, all the unary operators are listed in this data 

section and are saved for use in constructing operands. The variables to be 

initialized are : 

NAME TYPE 

ASEP CHAR (20) VARYING 

CONNECTOR CHAR (20) VARYING 

CSEP CHAR (20)VARYING 

LEFT-PAREN CHAR (20)VARYING 

EXPLANATION 

Attribute separator for the primitive 

representation (Section 4.2). 

Attribute value pair connector for the 

primitive representation (Section 4.2). 

Construction separator in the basic 

display file of the primitive repre- 

sentation (Section 4.2). 

That string which functions as a left 

parenthesis in the graphic descrip- 

tion (Section 4.3). 
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LENGTH-PRIM 

MARKER 

MAX-PRIM 

QUOTES 

RIGHT PAREN - 

SEP 

TERMINATOR 

--------------- 

CHAR(20) VARYING 

FIXED BINARY 

CHAR(20) VARYING 

CHAR(20) VARYING 

CHAR(2O)VARYING 

CHAR(2O)VARYING 

Maximum character length of any 

primitive; used to directly initialize 

primitive array and is not an external 

variable. 

Used in building operands for functions 

and constructions; usually space or 

null (see Table 4. 1). 

Maximum number of primitives. 

Used by INPUTT procedure (Usually 

in slave mode) to fetch an input string 

including blanks. 

That string which functions as a right 

parenthesis in the graphic description 

(Section 4.3). 

Separator for the name, TS and TV 

fields of the primitive representation 

(Section 4.2); also separates the at- 

tribute list from the basic display file 

within a T V’ 
Termination control for the indefinite 

control in the definition description 

(Section 4.2). 

All of these variables, except LENGTH-PRIM, are declared as external 

variables in the control program and may be referenced by the function and/or 

cons true tion descriptions , as well as external procedures. 
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The function and construction descriptions define a sequence of operations 

which are to be performed when a keyword is selected; the keyword is specified 

by the word class (Production 31). For the interactive mode, a keyword is 

requested by displaying the prompt (Production 3). Then a number of operands 

(A 5) may be requested with the prompt specified by the string class 

(Production 36 or 37); these operands are left as a string of characters in 

ARG(l). . . ARG(5) in the order they are received. 

Each operand or argument may be either a primitive name or the contents 

of the top element of the result stack (RES-STACK), possibly modified by 

parentheses, unary operators and MARKER symbols. Table 4.1 illustrates 

the form of the operand as defined by Production 36 thru 47; where 

LEFT-PAREN is “(“, RIGHT-PAREN is “)“, MARKER is “A”, # represents 

any unary operator and X represents any primitive name or the contents of the 

top element of the result stack. 

The semantics for a function or construction are specified in PL/I; the 

form is *CODE* followed by any string which is interpreted as PL/I code and 

terminated by *END*. 

In addition to the previous variables, the following variables are declared 

in the control procedure: 

NAME TYPE EXPLANATION 

ARG(5) EXT CHAR (2000) VARYING Operands are left here, in 

order by the OPERAND 

procedure. 

ATEMP CHAR(2 000) VARYING Input string buffer when 

requesting input. 
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NAME TYPE 

I FIXED BINARY 

FIXED BINARY J 

NUM-UNARY 

PRIMITIVES 
(MAX-PRIM) 

RES-STACK( 10) 

SLAVE 

TEMP 

EXPLANATION 

Used in alternate entry 

points. 

Used in alternate entry 

points. 

EXT FIXED BINARY Number of unary operators. 

EXT CHAR (LENGTH-PRIM) Used for saving primitives. 
VARYING 

EXT CHAR(200) VARYING Used as a push down stack to 

save expressions of the 

graphic description; manipu- 

lated by the procedures POP 

and UPDATE. 

True if program is in slave 

mode; false if in interactive 

mode. 

EXT BIT(l) 

EXT CHAR(2000)VARYING Input buffer when used in 

slave mode. 

The control procedure is recursive and performs various functions; the 

entry parameters for the control procedure are IN, A, and B (all CHAR( * ) 

VARYING). These entry points and there functions are: 

NAME(PARAMETERS) 

DISPLAY-PRIMITIVES(B) 

EXPLANATION 

Displays the primitive names in 

PRIMITIVES (*) with title B using procedures 

FETCH-NAME (Section 4.4) and OUTPUTT. 
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NAME(PARAMETERS) EXPLANATION 

DISPLAY-RESULT(B) Displays the top of the result stack 

(RES-STACK(lO)) using OUTPUTT. 

Returns in B the primitive whose name is 

in A; null if no primitive by that name. 

If slave mode then returns next element of 

TEMP in B; if interactive then calls external 

user supplied procedure INPUT to return an 

input in B. 

FIND-PRIMITIVE(A) B) 

INPUTT 

INTERACTIVE 

OUTPUTT 

SAVE-PRIMITIVE(A) 

SLAVES (IN) 

Main entry point (interactive mode) 

If slave mode then dummy procedure; if inter- 

active mode then call external user supplied 

procedure OUTPUTT to output B. 

Replaces or creates the primitive in A. 

Slave mode entry point; decodes and performs 

actions specified in IN. 

The following are internal procedures to the control procedure INTER- 

ACTIVE; the execution of these procedures is inherent in the control procedure. 

EXPLANATION 

CONST 

CONSTRUCTION 

Displays the construction class name and the 

keywords defined in the construction descrip- 

tion. 

Compares the input request to the construction 

keywords; if a match occurs, then the associ - 

ated semantics are executed. 
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NAME EXPLANATION 

FUNCT Displays the function class name and the 

function keywords defined. 

FUNCTION Compares the input request to the function 

keywords; if a match occurs, then the as- 

sociated semantics are executed. 

OPERAND (I, MSG, A, B) Requests an operand using message MSG, 

requires it to be of type A or B and leaves 

the operand in ARG(1). 

VAR-INIT Variable initialization procedure. 

Labels LO and EXIT1 are always used; the labels Ll, L2,. . . are used for 

constructions and functions defined. 

The control program expects the 

supplied by a user: 

NAME (PARAMETER TYPE) 

following external procedures to be 

EXPLANATION 

INPUT(CHAR ( * ) VARYING) Obtain an input string from a device. 

OUTPUT(CHAR( * ) VARYING) Output a string on a device. Update BUFADD. 

SETUP1 Perform the initialization needed to connect 

SETUP0 

the input device. 

Perform the initialization needed to connect 

the output device; initialize BUFPTRS array. 

SETUP0 should declare BUFADD and BUFPTRS (*) (an array of 8 elements) 

as external fixed binary variables and initialize these to zero; the procedure 

INITIALIZE manipulates these variables (Section 3.4 and 4.4). BUFADD is 

used by OUTPUT as the last location in the buffer which has been used. 
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All of the library routines (See Section 4.4) are available from the 

control procedure. 

Example 4.1 illustrates the use of the control language; together with 

Examples 4.2 and 4.3, these illustrate the use of GEMS. 

EXAMPLE 4.1 

For an example control description, consider a system with the 

following: 

FUNCTIONS 

EVAL (call an external procedure) 

DEFINE (call the define procedure, update primitive 

display, redo result display) 

CONSTRUCTIONS 

+ (e.g. , A+B) 

# (null meaning) 

UNARY 

# (e.g. , #A) 

Some legal expressions are: 

A+A 

# A + A etc. 

(See Example 4.3 for the definition of the syntax and semantics for 

these expressions. ) 

The control description is: 

*CONTROL* ‘SELECT FUNCTION OR CONSTRUCTION’ 

MAX PRIM *d 20 CSEP *++ ‘:’ CONNECTOR *+ I=? SEP *g 1.’ , - 

ASEP cr=* ‘1 LENGTH-PRIM *_J 100 

# (unary operator) 
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*CODE* 

DCL (EVAL, DEFINE) EXTERNAL ENTRY; 
c- 

“END” 

*FUNCTION* ‘FUNCTIONS’ 

*NAME* *s EVAL *NONE* 

*CODE* 

CALL EVAL; 

*END* 

*NAME* *++ DEFINE *NONE 

“CODE” 

CALL DE FINE; 

CALL DISPLAY_PRIMITIVES (‘PRIMITIVES ’ ) ; 

CALL DISPLAY-RESULT (‘RESULT = ’ ); 

*END* 

*END* 

*CONSTRUCTION* ‘CONSTRUCTIONS’ 

*NAME* fd + ‘SELECT LEFT OPERAND’ 

1 PRIMITIVE TYPE-A */* 0 RESULT TYPE-A 

‘SELECT RIGHT OPERAND’ 

1 PRIMITIVE TYPE-A */* 0 RESULT TYPE-A 

*CODE* 

ARG(l) = ARG (1) 1 1 ‘+’ 1 ) ARG(2); 

CALL UPDATE (ARG (1)); 

CALL DISPLAY-RESULT (‘RESULT = ’ ) ; 

*END* 
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*NAME* +=* # *NONE* 

*CODE* *END* 

*END* 

*END-CONTROL* 

An example display generated by this control description is given in Fig. 4.2. 

Whenever EVAL or DEFINE is selected, then the appropriate action is taken. 

If + is selected, two operands are requested and then the top of the result stack 

is updated and displayed. 

4.2 The Definition Language LD and the Primitive Representation 

The definition language (LD) provides the mechanisms for describing how 

a specific primitive may be specified within the primitive representation. The 

goal of LD is to provide the facility for describing an interactive procedure with- 

out specifying a communication device and to provide a reasonable level of 

checking upon the data requested. 

In operation the definition procedure requests data using prompts defined 

by the user and checks the data for proper type. Using this data and keywords 

defined by the user, a primitive string is incrementally accumulated and 

finally saved in the primitive storage area. 

4.2.1 The Primitive Representation 

The data structure used for representing primitives and pictures is a 

modified version of the general form of Shaw (Shaw 1968a; Miller and Shaw 

1967). A primitive or picture is represented by a string of three components: 

a unique primitive or picture name, a terminal syntactic string Ts and a 

terminal semantic string TV. A basic primitive has a null Ts and a picture has 

a non-null T s. Formally, the primitive representation is defined by: 
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I 
I 

FUNCTIONS EVAL DEFINE I 

CONSTRUCTIONS + # I 
PRIMITIVES A B 

I 
RESULT = A+#B 

SELECT FUNCTION OR CONSTRUCTION 

I 
I 
L ---- 

1929A.3 

FIG. 4.2--Display for Example 4.1. 
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<PRIMITIVE) 

<NAME> 

<> ID 

@EP> 

<> TS 

w> 7 

+TTR-LIST> 

<ATTRIBUTES> 

(ATTRIBUTE) 

(AsEP) 

(CONNECTOR) 

(VALUE) 

+DF-FILE) 

: := <NAME> (SEP) <TS) (SEP) (TV) 

..= (ID> 1 (INTEGE+ . . 

::= (LETTER) 1 (D) (LETTER) J (D) <DIG@ 

* *= . . Any string not contained in any (NAME) , (Ts) 

or 0 TV except explicitly in the definition of 

<TV> - 

: := A terminal syntactic string of the desired graphic 

description; may be null. 

. .= . . (ATTR-LIST) <REP) @DF-FILE) 

::= @ULL) 1 <ATTRIBUTES> 

es= (ATTRIBUTE) 1 . . 

(ATTRIBUTES) (SEP> (ATTRIBUTE) 

::= (NAME) <CONNECTOR> (VALUE) 

. .= . . A string not contained in any (NAME) , 

<VALUE>, (CONNECTOR) or (sEP> . 

. .= * . Any string not contained in any (NAME > , 

(VALUE) , (EP) or (ASEP) . 

. .= . . NUMBER I TEXT I NAME 

-= (NULL) 1 (oNsTRU~TIONS) . . 

<CONSTRUCTION+::= (ONSTR~CTION) 1 

<CONSTRUCTIONS> (CSEP) <CONSTRUCTION> 

(ONSTRUCTI~$::= <NAME) I GAME> @ARM-LIST) 

@ARM-LIST) ::= (ALuE) 1 <PARM-LIST> @ALU+ 

(CSEP) ::= Any string except a leading string of any (NAME) 

or a trailing string of any (NAME) or @ALuE>. 

t <TV) is a terminal semantic string of the desired graphic description. 
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The <ATTR-LIST) contains the elements needed for associating 

primitives, such as the specification of tails and heads in the Picture Descrip- 

tion Language (Shaw 1968a; Miller and Shaw 1967) as name value pairs. This 

design 0f the (ATTB-LIST> was intended to provide for multiple tail/heads, 

a varying number of tail/heads and to give some help for relational operators. 

The basic display file ( <BDF-FILE) ) p rovides the graphic construction 

facilities (e. g. , lines, curves, etc. ) using a name and parameter list convention. 

With proper user design, several basic display files can be concatenated,using 

a separating string,to function as a composite string description of a picture; 

this string can then be decoded by a graphic driver program to generate a 

graphic display. 

Although the formal structure of the basic display file is specified, the 

actual capabilities are specified by the user in his definition description and in 

his graphic description (Section 4.3). For each device to be used for graphic 

display, a driver must be supplied; by changing the driver program, the user 

can display his basic display files on various devices. Some of the capabilities 

used in the definition description for the graphic description may not be avail- 

able on some devices, however the user has the option of ignoring or simulating 

these in each driver program. 

A flexible basic display file should provide capabilities for the creation 

and placement of graphical symbols, for intensity and for simple transforma- 

tions . The graphical symbols could include points, lines, curves and alpha- 

numerics . A sophisticated alphanumeric capability would provide for character 

size and vertical or horizontal writing. The intensity should provide for multi- 

level intensity information, blinking and possibly color. The simple trans- 

formation should include translation, rotation and scaling; for dynamic displays, 

a time parameter could be used. 
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4.2.2 The Definition Language LD 

The definition language processor translates descriptions written in the 

definition language (LD) into a PL/I procedure. This definition procedure has 

two modes of operation: interactive and slave. 

The interactive mode allows the specified fields to be defined by providing 

prompting for the data, checking the input for errors and constructing a 

proper form of the primitive using various connectors and separators of the 

primitive representation. 

The slave mode accepts a string as a valid primitive without prompting 

or checking. Both modes eventually save the primitive. 

For the prompting, the user specifies communication utilizing the same 

device or devices used in the control procedure. The user is not burdened by 

maintenance of these devices in his definition specification; he simply specifies 

the messages to be sent as strings. 

The grammar for the definition language is: t 

Prod. No. 

1 

2 PROG-NAME 

3 DL 

4 DLA 

5-6 SPECl 

7 -8 SPECB 

9 SPEC2A 

10 SPECA- 

DEF-LANG 

Production tt 

. .= *DEFINITION* PROG NAME DL . . 

*END-DEFINITION* 

: := WORD 

*a= DLA . . SPECl SPECB SPEC3 

: := *NAME* STRING 

. .= *‘I’S* 1 . . *TS* STRING 

: := “ATTR-LIST* 1 SPECSA SPECA- 

: := “ATTR-LIST* STRING 

. .= . . SPECA 

7 The entire input to SIMPLE, which defines LD is given in Appendix B. 

tt WORD, INTEGER and STRING are SIMPLE terminal symbols. 
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11 - 12 

13 . . 
14 

15 

16 - 17 

18 

19 

20 

21 

22 - 23 

24 

25 

26 

27 - 28 

29 

30 

31 

SPECA . .= . . SPEC 1 SPECA SPEC 

SPEC : := WORD = NAME 

*a= WORD . . = TEXT 

* *= WORD . . = NUMBER 

SPEC3 * *= * BDF-FILE” . . I SPEC3A SPECB- 

SPEC3A : := “BDF-FILE” STRING 

SPECB- : := SPECB 

SPECB : := CONSTRUCTION 

: := SPECB *END* CONSTRUCTION 

CONSTRUCTION : := CONST PARM-LIS 1 

CONSTA PARM-LIS 

CONST .*= WORD INTEGER . . 

CONSTA . .= . . WORD # 

PARM-LIS : := PARM-LIST 

PARM-LIST : := PARM-PAIR 1 

PARM-LIST PARM-PAIR 

PARM-PAIR ::= STRING NAME 

: := STRING TEXT 

: := STRING N-UMBER 

The associated semantics in a functional form are (See Appendix B for 

the actual semantic input to SIMPLE): 

Production 

1 

2 

Se mantic s 

Output end of definition procedure. 

Output name of procedure (PROG NAME), procedure - 

declaration, variable declarations, internal procedures for 
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checking name and number type, slave return and code for 

4 

9 

13 

14 

15 

17 

displaying procedure name upon interactive entry. 

Issue code for requesting primitive name (using STRING as 

prompt), obtaining, checking and initialize building of the 

primitive. 

Issue code to concatenate SEP to primitive since Ts field 

is to be null. 

Issue code to request Ts (using STRING as prompt) and 

concatenating it to primitive. 

Issue code to concatenate SEP to primitive since ATTR-LIST 

field is to be null. 

End of non-null ATTR LIST; issue code to concatenate SEP 

to primitive, thereby ending the ATTR-LIST field. 

Beginning of ATTR-LIST; issue code to display a message 

(using STRING) which will remain until end of ATTR-LIST. 

Issue code to request an attribute (using WORD), check for 

type NAME, keep requesting until type NAME and concatenate 

WORD, CONNECTOR, data and ASEP to primitive. 

Issue code to request an attribute (using WORD), accept any 

input as type TEXT and concatenate WORD, CONNECTOR, in- 

put data and ASEP to primitive. 

Issue code to request an attribute (using WORD), check for 

type NUMBER, keep requesting until type NUMBER and con- 

catenate WORD, CONNECTOR, input data and ASEP to 

primitive. 

End of BDF-FILE; issue code to loop on construction type; out- 

put OPTION procedure which displays the cons true tion options. 
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18 

21 

22 

23 

24 

25 

29 

30 

31 

Beginning of BDF-FILE; issue BDF FILE label and code to 

display a message (using STRING) which will remain until 

end of BDF-FILE. 

Save construction options for OPTION procedure. 

End of integer construction option; issue code to save primi- 

tive and exit definition procedure. 

End of indefinite repeating option; issue appropriate ends. 

Start of integer construction option type; WORD is type con- 

struction; issue code to check type and when successful to 

append type to primitive; issue loop on integer. 

Start of indefinite repeating construction option; WORD is type 

construction; issue code to check type and when successful to 

append type to primitive; issue indefinite loop until 

TERMINATOR is received in response to “CONTINUE”; 

save primitive when TERMINATOR is received and then exit 

definition procedure. 

Issue code to request (using STRING) name type parameter, 

check for type NAME, keep requesting until type NAME and 

when successful append a blank and the data to the primitive. 

Issue code to request (using STRING) TEXT type parameter, 

accept any input and append a blank and data to the primitive. 

Issue code to request (using STRING) NUMBER type para- 

meter, check for type NUMBER, keep requesting until type 

NUMBER and when successful append a blank and then the 

data to the primitive. 

To utilize the definition language to construct a definition procedure, the 

user must define five items; the program name, the prompt for the name field 
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of the primitive, the prompt for the Ts field if desired, the prompt and ele- 

ments of the attribute list and the prompt and the elements of the basic display 

file. 

The types TEXT, NUMBER and NAME are defined by: 

TEXT = any character string. 

NUMBER = any character string which does not raise the conversion, 

overflow or underflow condition in PL/I when assigned to 

a floating binary variable of default precision. 

NAME = IDENTIFIER I INTEGER 

IDENTIFIER = LETTER 1 IDENTIFIER LETTER 1 

IDENTIFIER DIGIT 

For communication, the definition procedure assumes the external 

procedures INPUT and OUTPUT discussed in Section 4.1. 

EXAMPLE 4.2 

We will define a primitive for examples 4.1 and 4.3. A primitive will be 

a line or two end points with two distinguished points (tail and head) and be 

limited to one dimension. The definition description is : 

*DEFINITION* DE FINE 

*NAME* ‘ENTER PRIMITIVE .NAME’ 

*TS* ‘ENTER TS’ 

*ATTR-LIST” ‘ENTER ATTRIBUTES’ 

TAIL = NUMBER 

HEAD = NUMBER 

*BDF-FILE” ‘SELECT CONSTRUCTION’ 

LINE 1 ‘POINTl’ NUMBER ‘POINTB’ NUMBER *END* 
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POINT 1 ‘POINTl’ NUMBER ‘POINT2 ’ NUMBER 

*END-DEFINITION* 

Using the specifications for the separators given in Example 4.1, an example 

primitive is 

A;;TAIL=O HEAD=l; LINE 0 1 

4.3 The Graphic Language LG 

The graphic description specifies in LG the linear string graphic ap- 

plication of interest. The graphic language processor translates the syntactic 

component of the description into a parser and the semantic component into a 

compatible semantic procedure. 

LG is designed, using the model of Chapter 3, assuming that the graphic 

description specifies how to determine the missing component of the terminal 

string T which represents a picture or a primitive (less the primitive name). 

Further, it is primarily designed to determine the semantic string TV from 

Ts (i.e. , the primary interest is generation), although it can be used to deter- 

mine a Ts for some TV’s. 

For a generation application, Gs specifies how a terminal syntactic string 

Ts is to be parsed for evaluation. t Gv specifies, for each parsing step, the 

operations to be executed. For most applications, these will involve manipu- 

lation of TV, * for example, the construction of transformations applied to the 

basic display file and related to information in the attribute list. It may also 

involve the manipulation of the attribute list. Thus, the model assumes that a 

composed picture can be constructed, step by step, by manipulating TV. 

t By evaluation is meant the determination of the unknown string (in this case 
TV) from the known string (in this case Ts). 
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The graphic language processor consists of a syntax processor and an 

associated semantic definition facility. Both the syntax component and the 

semantic component may be utilized separately, thereby permitting a variable 

number of parsers and semantic procedures to exist in an application. 

4.3.1 The Graphic Syntax Processor 

The syntax processor is the syntax analyzer of SIMPLE with the executive 

of SIMPLE (George 1971b). The input requirements are discussed in the 

report; 7 those items relating to the semantic constructor of SIMPLE are to 

be ignored since this semantic constructor is not used (in actual use, the 

semantic constructor is not available to the linkage editing operation; this 

results in termination when it is called by the executive). 

The skeleton parser It used by the syntax analyzer is a modified version 

of that used in SIMPLE. The modifications are: 

1. The parser is a callable procedure (not a main procedure) and thus 

has the following entry variables, in order; 

A. SINPUT CHAR(2000) VARYING 

The input string to be parsed. 

B. SOUTPUT CHAR(2000) VARYING 

The output string to be returned. 

C. SDIAG CHAR (2000) VARYING 

The diagnostic string to be returned. 

D. SEMANT ENTRY 

The name of the semantic procedure to be used. 

2. The parsing and value stack sizes are decreased to an upper limit of 

25 elements; the value stack reduced to CHAR(lO) VARYING. 

7 The input requirements are also given in Appendix H. 
tt The parser is given in Appendix C. 
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3. SCANZ, STACKOK and ERROR RECOVERY procedures are deleted; 

no alternate scan of the input string, error diagnostics or error 

recovery mechanisms. 

4. The modification discussed in SIMPLE (George 1971b, Sec. 5.2) is 

implemented. 

5. The three diagnostic messages returned by the parser in SDIAG are; 

A. STACK OVERFLOW (i.e. , more than 26 elements were used) 

B. PARSING ERROR (incorrect input string) 

C. INPUT OVERFLOW (desired stack manipulation by the semantic 

procedure would result in input string 

truncation) 

The parser produced by the syntax processor assumes that the entire 

string to be parsed is given in a parameter upon initial entry and that this string 

is a valid string of the syntax. The parser internally concatenates the symbol 

‘TERMINAL’ to the end of this input string. This resultant input string is then 

parsed until the TERMINAL symbol is encountered with the appropriate calls at 

each parsing step upon the indicated semantic procedure; the output and diag- 

nostic strings are then assigned and control is returned to the calling procedure. 

The parser produced also allows the parsing stack to be modified by the 

semantic procedure as discussed in the report (George 1971b, Sec. 5.2). As 

an illustration of the modification, consider the following grammar: 

EXPR : := VAR 

: := EXPR + VAR 

VAR : := WORD 
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Further, assume that the string A + B is to be parsed. For normal parsing, 

the parse tree would be 

EXPR 

/ 
EXPR 

I \\ 
VAR VAR 

Now assume the same input string, but that the semantics can determine that 

A is defined in terms of C and D. What is desired, is to replace A by C + D 

in the string A + B during parsing. The parse tree would be 

VAR VAR + 

I i I I VAR 

I 
C 

++ 
D i B 

1 
A 

Where the dotted line indicates that A was replaced by the string C +D, due to 

semantic action. 

This modified parsing is accomplished in the parser by checking a switch 

(DIDDLE for please diddle the parsing stack); if the switch is true then the 
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current reducible substring is replaced by the contents of the string variable 

DIAG. The effect is as though the string substitution were originally made in 

the input string. 

4.3.2 The Graphic Semantic Constructor 

The semantic constructor is defined in SIMPLE (See Appendix C) and has 

the same input syntax as the semantic constructor of SIMPLE. The procedure 

constructed is compatible with the parser produced by the graphic syntax 

processor. 

The procedure has the following parameters : 

NAME - TYPE 

N - FIXED BINARY 

VS - (0:25) CHAR(lO) VARYING 

LEFT - FIXED BINARY 

RIGHT - FIXED BINARY 

ANS - FIXED BINARY 

EXPLANATION 

The production number for which the 

semantic reduction is required. This 

variable is used in selecting the proper 

section of the procedure to execute by the 

code generated by the semantic constructor. 

The value stack; each element will initially 

contain a terminal symbol. 

Points to the first element in the value 

stack corresponding to the left handle of the 

reducible- subs tring. 

Points to the element of the value stack 

corresponding to the right handle (or end) 

of the reducible substring. 

For use in the semantics; initially set by 

the parser to zero. 
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NAME - TYPE 

ERROR - BIT (1) 

OUT - CHAR(2000) VARYING 

DIAG - CHAR(2000) VARYING 

EXPLANATION 

For use in the semantics; initially set by the 

parser to false. 

Output buffer; returned by the parser. 

Diagnostic buffer; returned by the parser. 

Also used for stack modifications. 

DIDDLE - BIT(l) Used in communicating a stack modification 

or substitution to the parser by the seman - 

tics. 

The semantic procedure also declares these internal variables: 

NAME - TYPE 

A - (20) CHAR(20) VARYING 

I - (20) FIXED BINARY 

PTR - FIXED BINARY 

R - (20) FLOAT BINARY 

EXPLANATION 

Used for saving attribute values in string 

form. 

Used for saving attribute values in integer 

form. 

Pointer to last used A,1 and R; set to zero 

upon each entry into the semantic procedure. 

Used for saving attribute values in real 

number form. 

The following internal procedures are defined in the semantic procedure: 

NAME(PARAMETERS) TYPE PROC. EXPLANATION 

DELETE(FIXED BINARY) CHAR(20) VARYING Converts its argu- 

ment to a character 

string with no blanks. 

-47 - 



NAME(PARAMETERS) 

FETCH(CHAR(2000) VARYING, 
CHAR(2000) VARYING) 

TYPE PROC. 

---a---- 

EXPLANATION 

Fetches the values 

corresponding to the 

attribute names in 

the second argument 

from the primitive 

in the first argument; 

leaves string form 

in A(*), integer form 

in I(*) and real 

number form inR(*). 

NEXT(CHAR(2 000) VARYING) CHAR(100)VARYING Returns the next 

name in the argu- 

SAVE(CHAR(2000) VARYING, 
CHAR(2 000) VARYING) 

ment after deleting 

it. 

CHAR(2000) VARYING Saves the values from 

A(*) with the names 

in the second argu- 

ment into the at- 

tribute list in the 

first argument; 

A(PTR) is asso- 

ciated with the first 

name, A(PTR+l) 

with the second name, 

etc. 
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In addition, the library routines FETCH-ATTR, FETCH-BDF, FETCH-TS, 

FETCH-NAME, FETCH-PRIMITIVE, FETCH-VALUE and all the SAVE-XXX 

procedures are available from the semantic procedure (See Section 4.4); the 

variables CSEP, ASEP, LEFT-PAREN, RIGHT-PAREN, MARKER and 

CONNECTOR are also available (See Sections 4.1 and 4.2). 

The graphic semantic procedure is organized to function utilizing the value 

stack to save pointers to partially modified data, For each production of the 

syntax for which semantic action is required, code written in PL/I must be 

provided. For every entry into the semantic procedure, the value stack and 

the left and right pointers are given; if temporary storage is needed to save 

partial results, then a pointer may be left in the value stack. Further, due to 

the parser action, all elements of the value stack to the right of the left pointer 

are effectively erased after return to the parser. 

A short example will be used to illustrate the graphic semantic procedure. 

EXAMPLE 4.3 

Let the graphic syntax be : 

PROD. NO. 

1 PICTURE 

2 SUB-PICTURE 

3 

4 PRIMITIVE 

5 

PRODUCTION 

* -= SUB-PICTURE . . 

- *= PRIMITIVE . * 

: := SUB-PICTURE + PRIMITIVE 

**= WORD . . 

. .= . . # PRIMITIVE 
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Further assume that all primitives have two distinguished points, namely a 

Tail and a Head, denoted by T and H. Also assume that the primitives are 

limited to one dimension. 

Define + and # by: 

Let A be T-H and B be T *H 

then, 

A+B= T *H (head to tail concatenation) 

# A= H-T 

The translation for the + operator will be accomplished by a TRANS feature 

assumed defined in the basic display file. 

The semantics needed for the productions are: 

PROD. NO. SEMANTICS 

1 Output the SUB-PICTURE 

2 No action 

Perform the concatenation 

Find the primitive; if its Ts field is blank then save 

a pointer to the primitive in the value stack; if the 

Ts field is not blank then substitute this for this 

occurrance of this primitive name in the input string. 

Reverse the tail and head; move pointer to primitive 

to left element of stack. 

The input to the graphic semantic constructor for a semantic procedure named 

EXAMPLE using an external array PIC for work area and ANS pointing to the 

last used PIC is : 

*SEMANTICS* EXAMPLE 

*CODE* 
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DCL PIC(5) EXT CHAR(2000) VAR; 

*END* 

*PRODUCTION* 1 

*CODE* 

OUT = PIC(VS(LEFT)); 

*END* 

*PRODUCTION* 3 

*CODE* 

CALL FETCH(PIC(VS(RIGHT) ), ‘TAIL HEAD’); 

CALL FETCH(PIC(VS(LEFT) ), ‘HEAD’); 

I(3) = I(3) - I(1); 

A(1) = I(2) + I(3); 

A(3) = DELETE(I(3)); 

PTR = 0; 

/* A(1) is the new head, A(3) is the translation */ 

CALL SAVE-ATTR(PIC(VS(LEFT)), 

SAVE(FETCH-ATTR(PIC(VS(LEFT))), ‘HEAD’)); 

/* PIC(VS(LEFT)) now has the proper tail head */ 

PIC(VS(RIGHT)) = FETCH-BDF(PIC(VS(LEFT))) 1 1 

CSEP 1 1 ‘TRANS’ 1 1 A(3) 1 I CSEP 11 

FETCH-BDF(PIC(VS(RIGHT))); 

/* PIC(VS(RIGHT)) now has the composite BDF file */ 

CALL SAVE-BDF(PIC(VS(LEFT)), PIC(VS(RIGHT))); 

ANS = VS(LEFT); /* reset pointer to last used PIC */ 

*END* 
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*PRODUCTION* 4 

*CODE* 

IF ANS < 5 THEN DO; 

ANS =ANS + 1; 

PIC(ANS) = FETCH-PRIMITIVE(VS(LE FT)); 

VS (LEFT) = ANS; 

DIAG = FETCH-TS(PIC(ANS)); 

IF DIAG = ’ ’ I DIAG= ’ ’ THEN RETURN; 

ELSE DO; 

DIDDLE = ‘1’ B; 

ANS =ANS - 1; 

RETURN; 

END; 

END; 

* END* 

*PRODUCTION* 5 

*CODE* 

CALL FETCH(PIC(VS(RIGHT)), ‘TAIL HEAD’); 

PTR = 0; 

CALL SAVE-ATTR(PIC(VS(RIGHT)), SAVE(FETCH-ATTR(PIC(VS 

(RIGHT))), ‘HEAD TAIL’)); 

VS(LE FT) = VS(RIGHT); 

*END* 

*END-SEMANTICS* 
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4.4 GEMS Procedure Library 

The procedures contained in the procedure library are: 

NAME-PARAMETERS TYPE EXPLANATION 

FETCH-ATTR - CHAR(2000) VARYING Returns the attribute list 

CHAR( * ) VARYING from the primitive in the 

argument. 

FETCH-BDF - CHAR(2000) VARYING Returns the basic display 

CHAR( * ) VARYING file from the primitive in 

the argument. 

FETCH NAME - CHAR(2000) VARYING Returns the name field - 

CHAR( * ) VARYING from the primitive in the 

argument. 

FETCH-PRIMITIVE - CHAR(2000) VARYING Returns the primitive whose 

CHAR{ * ) VARYING name is in the argument. 

FETCH-TS - CHAR(2000) VARYING Returns the Ts field from 

CHAR( * ) VARYING the primitive in the argu- 

ment . 

FETCH-VALUE - CHAR(2000) VARYING Returns the value cor- 

CHAR( * )VARYING, responding to the name in 

CHAR( * )VARYING the second argument from 

the attribute list in the 

first argument. 

INITIALIZE - _--__---- Declares BUFADD and 

FIXED BINARY BUFPTRS(8) FIXED 

BINARY. If BUFFADD is 

less than BUFPTRS 
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NAME-PARAMETERS TYPE 

POP 

EXPLANATION 

(argument) then sets 

BUFPTRS( arg) to BUFADD; 

if BUFPTRS(arg) is zero 

then sets BUFPTRS(arg) 

and BUFFADD to the 

minimum of BUFPTRS 

(arg+l to 8) and BUFFADD; 

else sets BUFADD to 

BUFPTRS(arg). In all 

cases BUFPTRS(arg+l to 

8) are set to zero. This 

is the maintenance of the 

buffer pointer and area 

organization discussed in 

Section 3.4. 

CHAR(2000)VARYING Pops up the result stack, 

sets first element to null 

and returns the top ele- 

ment. 

SAVE-ATTR - ---------- 

CHAR( * ) VARYING, 

CHAR( * ) VARYING 

Saves the attribute list in 

the second argument into 

the primitive in the first 

argument. 
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NAME-PARAMETERS TYPE 

SAVE-BDF - ----e--e 

CHAR( * ) VARYING, 

CHAR( * ) VARYING 

SAVE-TS - ---e-m-- 

CHAR( * ) VARYING 

CHAR( * ) VARYING 

SAVE-VALUE - --_----a 

CHAR( * ) VARYING, 

CHAR( * ) VARYING, 

CHAR( * ) VARYING 

UPDATE --_--mm-- 

CHAR( * ) VARYING 

EXPLANATION 

Saves the basic display 

file in the second argument 

into the primitive in the 

first argument. 

Saves the Ts field in the 

second argument into the 

primitive in the first argu- 

ment . 

Saves the value in the 

third argument with the 

name in the second argu- 

ment into the attribute 

list in the first argument. 

Pushes down the result 

stack and sets the top ele- 

ment to the argument. 

These procedures are given in Appendix D. 
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NUMBER OF 

UNARY 

OPERATORS 

ALLOWED 

0 

TABLE 4.1 

1 

2 

indefinite 

0 

1 

2 

indefinite 

where, 

TYPE-A 

X 

#AX 

#A#AX 

# A#A. . . #AX 

TYPE-E TYPE-F 

X X 

(A AXA) #A(AxA) 

(A A(A AXA)A) #A(A#A(AXA)A) 

(A A(A A.. .(A A(A AXA)A). . .A) #A(A#A(A.. . (A#A(AXA)A). . . A) (A#A(A#A.. 

TYPE-B TYPE-C 

(A=) (A-) 

#A(AxA) (A#AXA) 

#A#A(AXA) (A#A#AXA) 

#A#A.. . #A(AX~~) (#A#A.. . #AXA) 

TYPE-D 

(AXA) 

(A#A(AXA)A) 

(A#A(A #A(AXA)A)A) 

(A#A(A#A. . . (A#A(AXA)A). 

(A#A(A#A(AxA)A)A) 

LEFT-PAREN = ( RIGHT-PAREN = ) NIARKER = A 

and X represents a primitive or the top of the result stack 

UNARY = # 



CHAPTER 5 

GEMS APPLICATIONS 

5.1 Two-Dimensional Mathematical Expressions 

Early interest in the recognition and generation of two-dimentional mathe- 

matical expressions resulted from the disparity between normal mathematical 

notation and the linear notation required as input to most scientific compilers 

or produced by early symbolic systems. 

MADCAP (Wells 1961, 1963) was an early compiler which accepted two- 

dimensional expressions from typewriter devices; internally the expression was 

kept as a two-dimentional array --a replica of the expression as it appeared on 

a printed page. This was then analyzed and converted to a linear expression 

for use by the compiler. Klerer, May and Grossman (Klerer and May 1965; 

Klerer and Grossman 1967) also developed a two-dimensional programming 

system which was typewriter oriented. In this system, arbitrary size symbols 

could be constructed from elementary strokes; the two-dimensional input is 

analyzed and converted to a linear representation using a character array for 

all possible typewriter positions. Although originally designed to recognize 

mathematical expressions, the basic techniques were extended to manipulate 

and format mathematical text. More recently, several systems have been 

utilizing a RAND Tablet with projection for input and output (Anderson 1968; 

Bernstein and Williams 1968); both of these have the two-dimensional recogni- 

tion capability but are not necessarily tied to a compiler--the input is analyzed 

and converted to an internal linear form which may be used by various sub- 

s ys terns. This internal form is converted to a two-dimensional form for user 

inspection and feedback. 
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Along with the interest in scientific compilers with a two-dimensional 

capability came an interest in two-dimensional output from symbolic manipu- 

lation by computer. Martin’s Symbolic Mathematical Laboratory (Martin 1967). 

is implemented in LISP and utilizes a scope for user communication and a 

plotter for hard copy; the two-dimensional output is provided by a system im- 

plemented by Krakauer (Krakauer 1964). CHARYBDIS (Millen 1968) is a 

program to display the output from MATHLAB on typewriter like devices. In 

the previous symbolic manipulation sys terns, the input is linear and the output 

expressions have generally been given as two-dimensional expressions. A 

recent system (Blackwell and Anderson 1969) has two-dimensional input and 

output and manipulates the mathematical expressions by user supplied rules. 

The conversion of a linear expression to a two-dimensional expression is 

thus an important concept for symbolic manipulation and for giving a user an 

indication of how his input is being recognized. For GEMS, this is an inter- 

esting problem in light of the following questions : 

1. How will the syntax for parsing an expression to generate a 

two-dimensional display compare to one used for evaluation in 

an interpreter or for code generation in a compiler? 

2. Can other useful semantics be associated with this diaplay syntax? 

3. Does GEMS have the necessary flexibility and power for this appli- 

cation? 

4. If this application is developed interactively, will it be useful in 

some non-interactive mode? 

Consider the definition of a system to construct, display and evaluate 

simple linear mathematical expressions (i. e. , those expressions containing 

simple variables and the mathematical operators; addition, subtraction, 
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multiplication, division and exponentiation). Using GEMS this is accomplished 

by the components; the control description, the definition description and the 

graphic description. In addition, device drivers will be needed to generate a 

graphical display from the graphical description generated. 

5.1.1 The Control Description 

The control description determines the user interface in both the inter- 

active and slave modes. The functions to be defined are : 

PRINT 

OUTPUT 

PRINTER 

INIT 

INPUT 

NAME 

ASSIGN 

DEFINE 

DISPLAY 

EVAL 

EXPLANATION 

Assigns the current expression to the TS part 

of a primitive. 

Allows new primitives to be defined. 

Generates a two-dimensional representation of 

the current expression on the scope. 

Evaluates the current expression and displays the 

result on the scope. 

Generates a two-dimensional representation of the 

current expression on a printer. 

Generates an internal representation of the current 

expression. 

POP 

Outputs the internal representation to the printer. 

Allows initialization of parameters. 

Allows a character string to be entered as the 

current expression. 

Resets the current expression to the previous 

expression. 
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NAME 

TERM 

DBG 

EXPLANATION 

Terminate the system. 

Set debug mode. When in debug mode, more 

internal information is output in both the inter- 

active and slave modes. 

The constructions to be defined are : 

+ Addition; select two operands and update the 

current expression. 

Subtraction; similarily. 

/ Division; 

* Multiplication; 

** Exponentiation; 

NEG Negate the current expression. 

Each of the binary operators (+, - ,/, * and **) allow one minus sign to appear 

before any operand; further, the proper parenthesization is returned as part 

of the operand. 

With the display template, this specifies the interactive user interface 

(see Fig. 5.1 for example). The functions are listed as options and the con- 

structions as operators. Whenever an option or operator is selected, the 

operands (if any are required) are requested and only after the operands are 

obtained, is the specified action taken. In the interactive mode, the system 

will request operands until they are received; in the slave mode, exit results 

from exhausting the current input string. 

To construct the string At-B in the interactive mode (assuming A and B 

are defined primitives), the following steps would be required: 

1. Enter + (either keyboard entry or light pen selection) 
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2. Enter A (either keyboard entry or light pen selection) 

3. Enter B II 

A+B would now appear as the current expression. An alternate method would 

be: 

1. Enter INPUT 

2. Enter A+B 

For the slave mode, one would execute 

CALL SIAVES(‘+ A B’); or CALL SLAVES(‘INPUT A+B’); 

The actual control description is given in Appendix E. The external commu- 

nication procedures used by several applications are given in Appendix F. 

5. 1.2 The Definition Description 

For this application, a primitive is a mathematical variable or constant; 

a primitive will thus consist of a name and a numerical value. This definition 

description is given in Appendix E. 

5.1.3 The Graphic Description 

The graphic description specifies how to parse Ts and what semantics to 

apply to obtain the desired TV. It consists of a syntax description and two 

semantic descriptions; one for the two-dimensional display and one for normal 

arithmetic evaluation. 

5.1.3.1 The Syntax Description 

The strings to be parsed (Ts’s ) will consist of variable names, operators 

and parentheses. The binary operators are +, -, / , * and **. All are binary 

operators except ‘-I which may also be a unary operator. / and * have prece- 

dence over + and -; ** has precedence over /, *, + and - ; parentheses can 

override the normal precedence of the operators and can determine the scope of 

the operators. 
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The syntax description for parsing a mathematical expression composed 

of these operators and variables is given in Appendix E. This syntax is a 

simplified form of an arithmetic expression in EULER (Wirth and Weber 1966a 

and b). Thus, this is a syntax for arithmetic evaluation of an expression. Now 

the question is ‘What is the syntax to generate an equivalent two-dimensional 

display of the expression? ‘. 

The arithmetic syntax indicates whenever any operator or set of paren- 

theses occurs; this is precisely what is needed in order to generate a two- 

dimensional display of the expression. This is the origin of the term “evalu- 

ating a string description to obtain a picture” (George 1967c, 1968a and b, 1969 

a and b; Shaw 1969b); the term evaluating was chosen because of the realization 

of the similarity between evaluating an arithmetic expression to obtain a numeri- 

cal value and evaluating the same string to obtain a two-dimensional display of 

it. In this case, the only differences between the two are the semantic rules 

applied. 

5.1.3.2 The Arithmetic Semantic Description 

In addition to the normal mathematical operations, certain error condi- 

tions must be detected. These error conditions may be divided into three 

classes; mathematical, restrictions of the programming language in which the 

semantics are implemented and the design ‘of the evaluation implementation. 

Whenever any of these conditions occur, the evaluation is terminated and a 

diagnostic message is generated. 

The mathematical conditions are undefined variable, illegal or invalid 

expression and division by zero. 

The error conditions related to restrictions of the programming language 

are a negative number raised to a power, conversion error, overflow and 
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underflow. Overflow (too large a result) and undeflow (too small a result) 

result from the data attributes used in the semantics; in this case float binary 

of default precision in PL/I. A conversion error can occur when the value of 

a variable is retrieved in string form and converted to arithmetic type. The 

negative number raised to a power results from the definition of real exponen- 

tiation in PL/I and is detected by the error condition which also raises the same 

condition for an argument of zero and the exponent less than or equal to zero. 

The error conditions related to the design of the evaluation implemen- 

tation are evaluation stack overflow and parsing stack overflow. The parsing 

stack overflow is detected by the parser (created from the syntax description) 

when a new stack element is needed; this can only be changed by minor changes 

in the graphic language of GEMS. The evaluation is accomplished by keeping 

partial results during parsing in a stack of the semantic routine and a pointer 

to this stack in the value stack of the parser. The size of this stack is under 

control of the semantic description. 

For the semantics, partial results are stored in an array (REAL FLOAT 

BINARY) and the variable ANS(See Sec. 4.3) points to the last element used. 

Assignment to this array is made when a basic variable (one defined by value 

and not in terms of other variables) is recognized and a pointer to the value 

in the array is left in the value stack (VS, Sec. 4.3); upon recognition of a non- 

basic variable (i.e. , one defined by an expression), the semantics substitutes 

the expression for the variable and returns to the parser. All arithmetic 

operations are performed between adjacent elements of the array; elements are 

released after a binary arithmatic operation. The arithmetic semantic descrip- 

tion is given in Appendix E. 
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5.1.3.3 The Display Semantic Description 

For display, the problem is identical from a parsing viewpoint, but dif- 

ferent from the semantic viewpoint. First, it is not required that a variable 

be defined (i.e. , have a value and be in the list of defined primitives), since 

its occurrence is sufficient definition for display purposes. Second, rather than 

to evaluate the expression for a single numerical value, a description from 

which a two-dimensional display can be generated must be created. 

GEMS primitive representation will be used as the data representation 

for variables, intermediate expressions and for the target string description. 

The representation to be used is: 

@EP) (SEP) <TV) 

and, 

+v> = <ATTR-LIST) <SEP> (BDF-FILE> 

The attribute list will contain information useful in generating the target 

description which is the (BDF-FILE) . For recognizing two-dimensional 

mathematical expressions, six data points for symbols have been sufficient 

(Anderson 1968); although generation can be accomplished with less (Krakauer 

1964; Martin 1967), it is sometimes necessary to generate virtual points. 

Hence, six points will be used for elementary symbols and are illustrated by: 

TY --. l 

MY --• SYM l 

BY 
t 

--. 
I 

. 
I 

LX RX 
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where, 

LX = minimum x coordinate (for elementary symbols zero) 

RX = maximum x coordinate 

BY = minimum y coordinate 

TY = maximum y coordinate 

MY = value between BY and TY; for elementary symbols it will be 

(TY+BY)/B (i.e. , zero) 

For intermediate results, the type of the last operator and whether or not the 

expression is negated is needed to generate aesthetic displays with a minimum 

of parenthesization. This information is also contained in the attribute list by: 

TYPE = 0 variables or parenthesized expression 

= 1 addition last operator 

= 2 subtraction 

= 3 multiplication 

= 4 division 

ZZ 5 exponentiation 

and, 

UNARY = 0 No negation at highest level 

= 1 Expression negated 

The <BDF-FILE) is designed using a keyword and parameters and is 

adequate for elementary symbols and expressions; the constructions for the 

< BDF-FILE) are: 

ALPHA <NAME> for variables and operators 

LINE { <INTENSITY> <X> (Y> 1 division and brackets t 

t it 
means occurs zero or more times. 
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TRANS <X) <Y) for associating expressions 

UNTRAN <X> <Y> ?I 

Within the semantics, only binary or unary operations will involve 

graphical tasks. Hence, the semantics will be illustrated using 

<IJE> <@9 <RE> for binary operators 

and, 

<op> <RE> for unary operators 

where (LE) and <RE> represent the left and right expressions associated 

by operator (OP) . 

Further, references to attributes of an expression will be indicated by 

attribute name and expression 

e.g. TX<LE> 

the (BDF-FILE) will be indicated by 

BDF <LE> 

The subscript R will imply the resultant intermediate expression of a semantic 

interpretation rule. 

The semantics are: 

ADDITION --m-------w-- < > LE + <BE> 

. 0 . . . 

. LE 0-m -0 RE l 

. . . . 0 
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IF UNARY RE = 
< > 

1 THEN BRACKET <RE> j- 

TRANSLATE BDF, TO (RX 
<LE> ’ My<LE>) f-f 

TRANSLATE BDF RE 
< > To (RX<LE> + CHAR-SIZE-X, MY<LE> ) 

BDFR = BDF <LE> <CSEP> BDF, <CSEP> BDF<RE> 

RXR = 

TYR = 

BYR = 

MYR = 

LXR = 

TYPER 

RX<~E> 

MAXIMUM of TY 
< 1 

LE and TY RE 
< > 

MINIMUM of BY 
< > 

LE and BY 
< > 

RE 

My<LE) 

Lx LE < > 

= 1 

UNARYR 
= UNARY<L+ 

SUBTRACTION ---_--------- <LE> - <RE> 

i 

l . 

same as addition except l LE RE . 
b l 

IF TYPE <RE> = 1 or 2 or UNARY<RE> = 1 THEN BRACKET (RE) 

and, 

TYPER = 2 (and - symbol) 

t BRACKET (--) means to draw brackets about the expression and set its 
type and unary to zero and modify its attribute list accordingly. 

j’f TRANSLATE <--> to (X, Y) means to translate the BDF to (X, Y) and to 
modify the attribute list accordingly. 
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NEGATION -m--m -D-m- - (RE> 
. . . l 

0-e-e RE l 

l l . . 

IF TYPE RE 
< > 

= 1 or 2 or UNARY 
< > 

RE = ‘1 THEN BRACKET <RE> 

TRANSLATE BDF<RE> TO (RX-, MY_) 

BDFR = BDF- (CSEP) BDF<~~> 

L% = LX- 

R% = RX<~E> 

TYR = TY<~E> 

MYR =MY E 
%> 

BYR = “‘<RE> 
TYPER 

= TYPE<RE> 
UNARYR = 1 

MULTIPLICATION ----------- GE> * <RE> 

l l 0 

same as addition except . LE 0-e 
l l a l 

I 

0 . 

-. RE l 

l l 

IF TYPE RE 
< > 

= 1 or 2 or UNARYcRE> = i THEN BRACKET (RE) 

IF TYPE<LE>= 
1 or 2 THEN BRACKET <LE> 

and, TYPER = 3 (and * symbol) 
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DIVISION ---w-m----- LE / RE 

. l 

l LE l 

. . 
. or . 
. RE l 

. l 

a l 

b LE . 
l . 

. . 

. RE . 

l . 

IF TYPE LE 
< > 

= 4 THEN BRACKET (LE> 

IF TYPE RE = 4 
< > 

THEN BRACKET (RE) 

x1,X2 = 0 Calculate the x translations for numerator and 

denominator 

IF RE LE - LX LE 
< > < > ’ RX<~~> - =<e> 

THENXl = (RX 
0 RE - Lx<~E> - @X<LE> - LX<LE>) ) 

2 

ELSE X2 = (RX 
<LE> - *(LE> - iRX<~E> - Lx(~E> ) ) 

2 

TRANSLATE BDF<LE> TO (Xl, CHAR-SIZE-Y / DNS) t 

TRANSLATE BDF 
< > 

RE TO (X2, -CHAR-SIZE-Y / DIVS) 

CREATE BDF LINE a horizontal line from LUNDER to 

M.AX(RX<LE> ,RX<RE>) + RUNDER -I 

BDFR = BDF<LE> (CSEP> BDFLINE <CSEP> BDF<RE> 

t These are related to device characteristics and will be discussed in the 
next section. 
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LXR = 0 

R% = MAX(RX<LE> 3 RX<RE>J 

TYR = TY<LE> 

BYR = “‘<RE> 
MYR = 0 

TYPER = 4 

UNARYR = 0 

EXPONENTIATION --------w------m 
<LE) 

** (RE) 

b b 

l RE l 

l e-e l 

l LE l 

b l 

IF TYPE <LE> # 0 or UNARY <LE> = 1 THEN BRACKET <LE> 

TRANSLATE BDF<RE> TO (RX<LE>, TY<LE>) 

BDFR = BDF<LE>@SEP) BDF<RE> 

R% = RX<~~> 
=Lx L% <LE> 

TYR = TY RE 
< > 

MYR = MYLE 
< > 

BYR = BY<LE> 
TYPER = 5 

UNARYR = 0 

The actual display semantics are given in Appendix E. 
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5.1.4 Discussion of the Two-Dimensional Example 

Although GEMS is designed to provide systems which are device in- 

dependent, the two-dimensional mathematical display problem is highly depen- 

dent upon the characteristics of the display device used, as indicated by the 

appearance of various variables in the semantics. Although a (BDF-FILE> 

could have been created to handle any device, it is more convenient to arrange 

for the (BDF-FILE) being more related to the device. This simplifies the 

implementation of the driver for the device. The variables concerned are: 

NAME PRINTER SCOPE 

CHAR-SIZE-X 2 21 

CHAR-SIZE-Y 1 30 

CDIV 2 1 

NSPACE 

DIVS 

BWIDTH 1 10 

BHIGH 1 0 

LUNDER 0 -11 

RUNDER -2 -15 

1 

1 

0 

4 

EXPLANATION 

Character size in the x direction. 

Character size in the y direction. 

Division for CHAR-SIZE-X at basic 

symbol recognition time. 

Space in units to be left at end of symbol. 

Division for CHAR-SIZE-Y for 

cons true ting the division line. 

Width for brackets. 

Height for brackets. 

Units to right to begin division line. 

Units to right to end division line. 

A device driver is passed the string returned by the parser-semantics; 

it is the primitive representation used for intermediate expressions. The task 

of the device driver is the conversion of the (BDF-FILE) to whatever is 

necessary to create the desired output upon the device. Drivers for the printer 

and the scope (IBM 2250) are given in Appendix E. 
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Figures 5.1 and 5.2 illustrate the two-dimensional mathematics example 

in the interactive mode using an IBM 2250 Graphic Display. As illustrated, the 

system uses parentheses only where necessary; e. g. , 

A+B 

[[A+B] A+B] rA +B1 * B in Fig. 5. I 

and 

D 
C+D 

B in Fig. 5.2 

Both of these were choices taken in the definition of the display semantics. 

Figures 5.3 and 5.4 illustrate the printer output when used in the slave mode. 

Fig. 5.5 illustrates the use of the two-dimensional mathematical expression 

display generation system as a sub-task of a text printing program; Fig. 5.6 

illustrates the interactive system running utilizing a typewriter. 

There were no programming changes required in the two-dimensional 

math example in order to use the system, developed as an interactive applica- 

tion, as a slave program or as a procedure of the text printing program. 

Clearly, any system implemented via GEMS could be connected to this printing 

program; e. g. , a drawing program for constructing figures, a flowcharting 

system to prepare flowcharts, etc. 

5.2 A Drawing System 

A drawing system was needed to produce a wide range of test input for 

pattern recognition experiments. An interactive system was preferred with 

sample output being displayed on a scope, printer or saved as a digital image. 

Further, it was desired that the pictures created always remain within the 

picture area (i. e. , never go off screen). 
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A 

[tp,B]**'] 

LA*BIA+B 

‘8 

OVERFLOY 
SELECT OPTION OR OPERATOR 

FIG. 5.1--2-D math example--scope output. 

0pTl0~I ASSIGN DEFINE DISPLAY EVAA PRINT 
OUTPUT PRINTER INIT INPUT POP TEQ* DBC 
OPERATORS . - ’ ’ l ’ NEC 
DEFINED VARIABLES A B C D 
EXPRESS I ON = ((A*B)*8(A*C)),(D’(B~a(CtD))) 

b. 15091tEtOl 
SELECT OPTION OR OPERATOR 

1929AlO 

FIG. 5.2--2-D math example--scope output. 
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(tA+B)**(A+C))/(D/(B**(C+D))) 

A+C 

;-A -- +BI 
me -- 
--------------- -- 

D -i ------- 
C+DI 

I B I 
-- -- 1929~18 

FIG. 5.3--2-D math example--printer output. 
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A/((((A+B)**(A+B))**((A+B)**(A+B)))*B) 

A 
--------------------------------------- 

A+B 
mm -- 
IA+BI -- -- -- -- 

; A+B I -- -- 

I IA+BI 
I -- -- ! em em 

FIG. 5.4--2-D math example--printer output. 

* B 

1929A17 
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THIS IS A TEST OF THE VERSION WITH EQUATIONS 

This test illustrates the inclusion of equations 
in the input in linear form being converted to a two- 
dimensional form. 

For example the equation ((A+B)**(A+C))/(D/(B**(C+D)II 
appears as: 

A+ C 

;-A -- +BI -- -- 
--------------- 

-- -- 

I 
D I ----w-w I 

I C+D I 
I B I -- -- 

and the equation A/((((A+B)**(A+B>)**((A+B)**(A+B)II*B) 
appears as: 

A 
--------------------------------------- 

A+B 
we -- 
I A+B I -- -- -- -- 

I A+B I 
-- 

/ IA 
-- 

+BI I * B 
-- -- I -- -- 

This was accomplished by modifying only the input 
procedure of the printing program; the modification 
simply calls the two-dimensional system implemented via 
GEMS. The output of the two-dimensional system is then 
used as input to the printing program. Clearly, any 
system implemented via GEMS could be similarly 
connected to the printing program; e.g. a drawing 
program for constructing figures, a flowcharting system 
to prepare flowcharts, etc. 1929A16 

FIG. 5.5--Text printing with 2-D math. 

- 76 - 



show systems 
WYLBUR 
JEGCG527 
? jegcg527 
WHAT’S THE MAGIC WORD? gems 
OPTIONS ASSIGN DEFINE DISPLAY EVAL PRINT OUTPUT PRINTER 
INIT INPUT POP TERM DBG 
OPERATORS + - / * ** NEG 
SELECT OPTION OR OPERATOR 

define 
ANDDEF 
ENTER VARIABLE NAME 

ENTER VALUE OF VARIABLE 
ENTER VALUE 

2 
DEFINED VARIABLES A 
EXPRESS I ON = 
SELECT OPTION OR OPERATOR 

define 
ANDDEF 
ENTER VARIABLE NAME 

b 
ENTER VALUE OF VARIABLE 
ENTER VALUE 

3 
DEFINED VARIABLES A B 
EXPRESS I ON = 
SELECT OPTION OR OPERATOR 

SE;ECT LEFT OPERAND 

SEFECT RI GHT OPERAND 
b 

EXPRESSION = A+B 
SELECT OPTION OR OPERATOR 

eval 
5.000000E+00 

SELECT OPTION OR OPERATOR 

SE;;CT EXPRESS I ON 
expression 

SELECT EXPONENT 
expression 

EXPRESS ION = (A+B)**(A+B) 
SELECT OPTION OR OPERATOR 

print 
A+B 

-- -- 
lA+BI 
WV -- 
SELECT OPTION OR OPERATOR 1929Al5 

FIG. 5.6--2-D math example--typewriter output. 
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FIG. 5.6--(cont’d. ) 

SE;;CT EXPRESSION 
expression 

SELECT EXPONENT 
expression 

EXPRESSION = ((A+B)**(A+B))**((A+B)**(A+B)I 
SELECT OPTION OR OPERATOR 

print 
A+B 

-- -- 
I A+ B I VW -- -- -- 

f 
A+B( 

-- -- I 
IIA+BI I 
I -- we I we we 
SELECT OPTION OR OPERATOR 

eva 1 
OVERFLOW 

SELECT OPTION OR OPERATOR 
term 

JEGCG527 HAS DIED. YOU WILL BE RETURNED TO WYLBUR 
? 1929A14 
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The types of picture drawings of interest are illustrated excellently by 

Bongard (Bongard 1970). Further, a subset of PDL (Shaw 1968a,b; Miller and 

Shaw 1967; George 1968, 1969a; George and Miller 1968) was chosen as the 

language due to its known power of construction; its definition is given here for 

completeness. A picture is defined by: 

PICTURE . .= . . PICTURE + SUB-PICTURE 

. .= . . PICTURE - SUB-PICTURE 

* *= PICTURE & SUB-PICTURE . . 

. .= . . PICTURE * SUB -PICTURE 

. .= . . SUB-PICTURE 

SUB-PICTURE : := 7 ELEMENT 

. .= . . # ELEMENT 

. .= . . ELEMENT 

ELEMENT . .= . . PRIMITIVE 

. *= ( PICTURE ) . . 

where, a primitive is defined as any object with two distinguished points, 

a head and a tail (denoted by h and t respectively). 

In all cases 

Tail ( Sl {+, -,*,& 1 22 1 = Tail ( Sl ) 

Head ( Sl {+, -,*,& 1 s2 1 4 Head ( S2 ) 

The binary concatenation operators specify how pictures are composed from 

more basic elements and are defined by: h 

Let Sl be t-h and S2 be t 

then, 

(head to tail) 
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Sl& s2 = t L-L (tail to tail) 

Sl - s2 = t 

7 
h (head to head) 

Sl * s2 = t-h 

The unary operators are defined by: 

Let S be t 

then, 

#s = h t 

?I 

1s = t t 

(tail to tail and 

head to head) 

(tail/head reversal) 

(blanking operator) 

5.2.1 The Control Description 

The functions to be defined are : 

NAME EXPLANATION 

DISPLAY Displays the string representation of a primitive 

or picture. 

ASSIGN Assigns the current expression to the TS part of 

a primitive. 
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NAME 

POP 

DE FINE 

DRAW 

EXPLANATION 

Restores the current expression to the previous 

expression. 

Allows primitives to be defined. 

Displays the graphical form of the current 

expression on the scope. 

PRINT Generates a digital representation (i. e. , an array) 

of the graphical form of thecurrent expression 

and then prints this array. 

DBG Complements the debug switch. More output is 

available in the debug mode. 

TERM Terminate the program. 

The constructions to be defined are f, -, # , & , * and 7 and were 

illustrated in Section 5.2. The external communication procedures are given 

in Appendix F and the control description is given in Appendix G. 

5.2.2 The Definition Description 

A primitive is any line drawing, group of points, arc of a circle or 

character string with two distinguished concatenation points (tail and head) and 

contained in a rectangular box whose size is specified. Thus, the attribute list 

contains the coordinates of the tail and head and the minimum and maximum 

excursions which define the rectangular box; these minimum and maximum are 

used to scale a picture for a given display area. 

The construction features of the basic display file are line, point, alpha 

and arc. The definition description (Appendix G) specifies how a primitive is 

defined interactively and what the data types are required to be. 
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5.2.3 The Graphic Description 

The graphic description consists of a syntax and an associated semantic 

description; for this application, only one semantic description is needed since 

any device can be driven from the resulting TV. 

The syntax description for the drawing language is given in Appendix G. 

To perform the semantics for the concatenation operators, the transla- 

tion feature of Section 5.1.3.3 is used. Thus, a sub-picture is translated to a 

particular position, the basic display files are merged, a new tail and head are 

calculated and new minimum and maximum excursions are calculated for each. 

The output from the graphic evaluation (i.e. , the parser and semantics) 

is a string of the form: 

(SEP) <SEP> TV 

where TV = (ATTR-LIST) <SEP) (BDF-FILE) 

and (ATTR-LIST) contains the tail and head specifications and minimum 

and maximum x and y direction excursions. The constructions of the 

<BDF-FILE>are: 

LINE { (INTENSITY) <X> (y> t t 

ALPHA <NAME> 

POINT ( <INTENSITY> <x> <y> 1 

mc (INTENSITY) (CENTER-X) (CENTER-Y) <RADIUS) 

(INITIAL ANGLE) <FINAL-ANGLE) 

TRANS <x> <y> 

UNTRAN <X) <Y) 

t u means occurs zero or more times 
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c. 

FUNCllONS DlSPL+iY AS’SIGIJ POP DEFIIJE DRAW 
PRINT DBG 1ERn 
CONSTRUCTIONS . - &  a . . 
PRlRIlIvhS CIFf I.I V P L TR1 SQ D 
RESULT = (((((CIRI-R)~-R)+TRI)~-DJ.-DJ.S~ 

0 T  
n 

a 
SELECT OPERATOQ OR FUNCTION 

FIG. 5.7--Sample scope display from  the drawing system. 

FUNCTIONS DISPLAY ASSIGN POP DEFINE DRAY 
PRINT DBG TERR 
CONSYRUCTIONS + - a . - l 
PRtHlYlvES CIR M  V  R L TRI S4 D 
RESULT = 
(((~((CIR~~R~~~R~~YRI~~-D~~-D)+SO),((~((~CIR. 
-R)*-RB*TRI b*-D)*-DJ*SQ) 

SELECT OPERATOR OR FUNCTION 

1929A9 

FIG. 5.8--Sample scope display from  the drawing system. 
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(CIR+'R)+TRI 

X 
xx 
x x 

x x 
X 

xx x 
X X 

X X 
X X 

X X 
X X 
HXXXXXXXXXXX 

X 
xxxx xxxx 

xx xx 
X 

xx iX 
X X 
X X 

X X 
X X 
X X 
X X 

X T X 
X X 
X X 
X X 
X X 

X X 
X X 

xx xx 
X X 

xx xx 
xxxx xxxx 

X 1929A13 

FIG. 5. g--Sample printer output from the drawing program. 
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(((CIR+‘R)+TRI)+‘D)+SQ 

xz 
x x 

x x 
X 

xx x 
X X 

X X 
X 
xxxxxxxx~x 

X xxxxxxxxxx 
xxx xxx X X 

xx xx X X 
xx xx X 

xx xx ii 
X X X c 

X X X X 
X X X X 
X X X X 

X T X XXXXXXXXXH 
X X 
X X 
X X 

X X 
xx xx 

xx xx 
xx xx 

xxx xxx 
X 1929Al2 

FIG. 5.10-- Sample printer output from the drawing program. 
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X 
xx 
x x 

x x 
x x 
xxxxxx 

xxx 
xxx xxx 

xx xx 

X”x 
X 
xx 

X T X 
xx xx 

X X 
xx xx 

xxx xxx 
xxx 

X 
xx 
x x 

x x 
x x 
xxxxxx 

xxxxxxx 
x xxxxxxx 
xxx x xx 

;t t :X 
xxxxxx X 
xx xx 

X X 
xx xx 

xxx xxx 
xxx 

xxxxxx 
x x 
x x 

X 
ii x 
XXXXXH 

1929All 

FIG. 5.11--Sample printer output frdm the drawing program. 

- 86 - 



The device drivers must accept these data construction types and are given in 

Appendix G. 

5.2.4 Discussion of the Drawing System 

Driver programs for the IBM 2250 Graphic Display and for the printer 

were written for this graphic language. The graphic display output is illustrated 

in Figures 5.7 and 5.8; the comparison between these two figures shows the 

effect of automatic scaling to avoid part of the drawing being off screen. The 

scaling used in linear; the same scale factors for both the x and y directions. 

The printer driver forms a digital image of the entire picture before 

printing the array; the background and plotting characters are variable as is 

the digital image size. Sample displays on the printer are given in Figures 

5.9 thru 5.11. Because the printer intercharacter and interline spacing are 

not equal, the circles become elipses and the squares become rectangles. A 

non-linear scale transformation would correct this and is allowable in the 

drowiy ,@yst,em. Also notice the unnecessary points of the circle which il- 

lustrate computational problems with projection onto a coarse grid. 
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CHAPTER 6 

CONCLUDING REMARKS 

The GEMS model is a powerful and flexible tool for experimentation with 

graphical languages witha formal linguistic base. The control element is use- 

ful in many interactive applications. Further, the original goals of device 

independence and usability in an interactive and batch environment were illus- 

trated in the examples. The method of implementation of GEMS (via SIMPLE) 

is modular and easy to modify, thus allowing GEMS to be easily changed, 

modified or extended. 

6.1 Future Work 

A. Proposed Studies 

It has been suggested that a string description of a picture is an efficient 

way of storing or communicating the picture (Inselberg 1968; Shaw 1968a). This 

is also related to the subdivision of labor between a remote graphic terminal and 

the central computer (Morpurgo and Sami 1970). Another related question is 

how a microprogrammable graphic device can best be utilized; variable 

character sets for graphic devices have already been designed using a system 

which could be defined via GEMS (Rasmussen 1968). All of these questions 

could be phrased as a study of the transformation from a TS to a TV and from 

aT v to a display file for a particular device; both of these transformations are 

accessible and modifiable within the GEMS model. 

The model has always been illustrated with two-dimensional examples and 

it has been assumed to easily extend to three-dimensions (others have also 
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assumed this e.g. , Shaw 1968a, 1969b and Inselberg 1968). The question of 

whether or not it is easily extendible to other dimensional systems still needs 

to be answered. 

Baecker (1969a and b) has illustrated the use of motion in generation. A 

study to extend the model for motion in both generation and recognition is a 

challenging task; if motion can be included in any recognition model, significantly 

different kinds of pattern recognition problems can be attacked. 

The symmetry between recognition and generation in the GEMS model was 

originally intended to allow synthesis testing, which has been suggested as a 

desirable feature (Kirsch 1968; Kulsrud 1968; Shaw 1968a and 1969b). This 

symmetry has not been adequately studied or utilized for a practical application. 

B. Possible Applications 

Some of the applications of GEMS which appear interesting to me are 

conformal mapping, pole-zero to root-locus transformations, circuit analysis, 

constraint systems like next to. . . (Inselberg 1968; Ledley and Wilson 1964), 

drawing and plotting languages (Breeding 1965; Frank 1968; Moorer 1970; 

Notley 1970; Sargent 1970; Schwinn 1967; van Dam 1967) and movie languages 

(Baecker 1969a and b; Citron and Whitney 1968; Knowlton 1964; Weiner and 

Anderson 1968). 

In particular, I am initiating work to study the addition of graphics to 

APL. GEMS is particularly well suited for this, since it is designed to include 

operator languages easily and APL is such a language. 

Thus, the work reported herein has been useful in areas other than 

graphics and is currently in active use to study graphics in another program- 

ming language. 
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APPENOIX A -A CONTROL LANGUAGE SPECIFICATION 

SYNTAX 

//GO.SYNDATA DO * 
SYW(l~=‘CONTROLA’ SYM(Z)=’ FUNCTION-PART’ SYM(3~=‘CONSTRUCTION-PART’ 
ERRORSCAN=‘*END*’ SEQUENCE=‘CON,LANG’ PARSER,NAIJEO’CON,LANG’ 
OUDTES=“” 
SEHANT,NAHE=‘SEWANT’ TERMINAL=‘*END-CONTROL*’ MLIH=75 NLIM=75 MHLIM-75 

/* 
//GO.SYNTAX DO * 
*SYNTAX* 
CON-LANG * ::=* CONTROLA *CODE* DESCRIPTION *;t 
CONTROLA *::=* *CONTROL* STRINGA DATA UNARY *:* 
STRINGA +: :=* STRING *:* 
UNARY *: :=* GROUP *NO-SECIANT* *;* 
GROUP *::=* WORD *;* 
*::=* GROUP WORD *;* 
DATA *::=* DATUM *NO-SEMANT* *:* 
DATUM *::=* ITEM t:* 
*::=* DATUM ITEM *;* 
ITEM *::=* SEP *=* STRING *:* 

*::=a QUOTES *=* STRING *:* 
*::-* CONNECTOR *=* STRING l :* 
*::=a CSEP *=* STRING *;* 
*::=* LEFT PAREN *=* STRING *:* 
*::=* RICH? PAREN *=* STRING *;* 
*::=* ‘TERHIiATOR *=* STRING *:* 
*::=* MARKER +=* STRING *;* 
*::=* ASEP *=* STRING *;* 
*::=* RAX,PRI M *=* INTEGER *;* 
*::=* LENGTH,PRI ?4 +=* I NTEGER *:* 

DESCRIPTION *::=* FUNCTION-PART *:* 
*::=a FUNCTION-PART CONSTRUCTION-PART *:* 

FUNCTION-PART +::=* FUNA OP-COMMANDS *ENt# t;* 
FUNA *I :=* *FUNtTI ON* STRING *;* 
CONSTRUt TX ON-PART * ::-* CONA OP-COMMANDS +ENDs t;l 
CONA * ::=* *CONSTRUCTION+ STRING *;* 
OP-COMMANDS *::=* OPCOM *NO-SEMANl* *;* 
OPCOH *::=* OP-COHHAND *;* 

*: :=* OPCOH OP-COMMAND *:* 
OP-COMMAND l ::=* OPCON OPERANDS *CODE* *NO-SEMANT* *:* 
OPCON *::=* *NAME* *=* WORD *;* 
OPERANDS *::=* OPERA *NO-SEMANT* *;* 
OPERA *::=* *NONE* *NO-SEHANT* *:* 

*: :=* OPERAH) *NO-SEHANT* *;* 
*::=a OPERA OPERAND *NO-SEWANT* *:* 

OPERAND *::=* STRING TYPE-OP *:* 
*::=a STRING TYPE-OP */* TYPE-OP *;* 

TYPE-OP *::=* CONTROL CLASS TYPE *:* 
CONTROL a::=* INTEGER *NO-SEMANT* *;* 

*: :=* b#* *ND-SEHANT* *: * 
CLASS * ::=* PRIMITIVE *NO-SEMANT* *:* 

*::=* RESULT *NO-SEHANT* +:* 
TYPE a::** TYPE-A *NO-SEMANT* *;* 

*::=* TYPE-B *NO-SEMANT* l :* 
*::=* TYPE-C *NO-SEWANT+ *:* 
*::=a TYPE-D *NO-SEHANT* *;* 
*: :=+ TYPE E *NO-SEMANT+ *:* 
*::-• TYPE,F *NO-SEtiANT* *:* 
*: :=* TYPE-G *NO-SEMANT* 

*END- SYNTAX* 
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APPENDIX A -- CONTROL LANGUAGE SPECIFICATION 

SEMANTICS 

//GO.SEMANTIC DO * 
*SE HANTIC S* SEHANT *CODE* 

DCL ASSIGN EXT CHAR(20001 VAR, 
(ARGPTR,HAX,PRIH,LENGT~PRIM, EXT FIXED BIN: 

OCL LABEL INTERNAL ENTRYffIXED BINICHAR(~)J, 
INSERT INTERNAL ENTRY ICHAR14DOJ VAR 1; 

LABEL: PROC( J,A) : 
/*CREATES LABEL USING ANS l / 
DCL J FIXED BIN,/*COL TO PRINT IN*/ 

A CHAR(l) ,/*PRI NT IWHEOIATELY AFTER LABEL*/ 
II,K) FIXED BIN: 
I =li K=lO: 
DO WILE (ANS>=K); 

x=1+1: K=K*lO: 
END; 

PUT FILELOUT) EDIT(‘L’rANS,A)ICOLfJ),A,F~I),Ali 
END LABEL: 

INSERT: PROCIA) : 
/*INSERTS A AS AN ASSIGNMENT STATEMENT INTO ASSIGN*/ 
DCL (A,B,Cb CHAR(400) VAR,I FIXED BIN: 

IF A=” 1 A-’ ’ THEN RETURN: 
I=INDEXLA~‘=Oi 
IF I=0 THEN RETURN: 
B=SUBSTRtA,l,I-11; 
C=SUBSTR(AtI+11: 
I=INDEXTASSIGN,B)+LENGTHIB); 
ASSIGN=SUBSTR(ASSIGN,l~IIIICIISUBSTRLASSIGN,I+Bl; 
END INSERT: 
*END* 

*PRODUCTION* 1 *CODE* 
/*BUILD SLAVE RETURN OR INTERACT ION LOOP END PROGRAM*/ 
PUT FILEtOUT) EDIT( 

'EXITl: IF SLAVE THEN RETURN:‘, 
‘ELSE GO TO LO;‘, 
‘SAVE-PRIMITIVE: ENTRY (A):‘, 
‘/*REPLACES OR CREATES A NEW PRIMITIVE IF POSSIBLE*/‘, 
‘ATEMP=FETCH,NAME( A) i ’ , 
‘DO I=1 TO NU~PRIM: ‘, 
'IF ATEMP=FETCH,NAME~PRIHITIVESo) THEN DOi’r 
'PRIMITIVES(I)=A;'r 
‘RETURN: ’ p 
‘END:‘, 
‘END;‘, 
‘I F NUM-PRI H<HAX,PRI H THEN DO: ’ , 
'NW-PRI M-NlJM-PRI H+l:', 
'PRIMITIVEStNUM-PRIH)=A;'p 
‘RETURN: (, 
‘END;‘, 
‘RETURN; ’ b 
(COL(Zl,A,COL(lB) ,A,COL(2),A,COL(lO),A, 

2(COL~14~,A),COL~1B),A,3~COL(22~,A~,COL(lB~,A, 
COL~14~,A,4(COL(lB~,AI,COL~L*),A)i 

PUT FILEtOUT) EDIT t 
'I NPUTT : ENTRY(B);‘, 
‘/*IF SLAVE NODE THEN INPUT FROM TEMP YITH BLANK’, 
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‘OR QUOTES AS SEPARATOR’, 
‘ELSE CALL I NPUT*/ ’ , 
‘IF -m SLAVE THEN DO: ” 
‘CALL INPUT(B) ;‘, 
‘RETURN; ” 
‘END:‘, 
‘IF TEMP=“” 1 TEMP=” ” THEN 00:‘, 
‘B= ,*,*; RETURN; END; ’ , 
‘DO WHILE(SUBSTR(TEHP,l,l)l” ” I:‘, 
*TEMP=SUBSTR(TEMP,Z) ;‘, 
‘END:‘, 
‘I=INDEX(TEHP,” “l:‘, 
‘J=I NDEX(TEMP,QUOTES Ii’, 
‘IF I=0 & J=O THEN DO:‘, 
‘B=TEHP: ’ , 
‘TEMp=““;‘, 
‘RETURN: ’ I 
‘END; ’ , 
‘IF J=l THEN DO;‘, 
‘TEMP=SUBSTR(TEMP,LENGTH(OUOTESL+l):’, 
‘J=I NOEX(TEMP,QUOTES 1: * , 
‘IF J=O THEN DO:‘, 
‘B=SUBSTR(TEHP,l ,LENGTHLTEMP)-2):” 
‘TEMp=““;‘, 
‘RETURN; ’ , 
‘END;‘, 
‘B=SUBSTR(TEMP,l,J-l);‘, 
‘TEMP=SUBSTR(TEMP,J+LENGTH(QUOTES))il, 
‘RETURN: ’ , 
‘END; ’ , 
‘IF I-O THEN DO:‘, 
‘B=SUBSTR(TEMP,l,J-lI;‘, 
‘TEMP*SUBSTRtTEMP,J):” 
‘RETURN; ’ , 
‘END;‘, 
‘B=SUBSTR(TEHP,l,I-l)il, 
‘TEMP=SUBSTR(TEMP,I+l,:‘, 
‘RETURN: ’ 1 
(CoL(2) ,A,3(COL~lO~,A~,COL~14~,A,3(COL~lB~,A),, 
COLT141 ‘A’COLLlBI ‘A’ 

COLt14) ,A,2(COL(lB),A),3(COL114),A), 
4(COLLlB) ,A) ,CoL(14),A,3(COL~LB~,A),S(COL(22~,A), 
4(COL(lB),A~,COL(14~,A,4(COL~lB~,A),3~COL~14~,A~~: 

PUT FILEtOUT) EDITt 
‘OUTPUTT : ENTRY(B):‘, 
‘/*DELETES OUTPUT ON SLAVE MODE*/‘, 
‘IF -. SLAVE THEN CALL OUTPUT (Bti’, 
‘RETURN; ‘1 
(COL~~),A,COL~~~~,A,~(COL(~~‘),A~): 

PUT FI LE( OUT) EDITf 
‘DISPLAY,PRI MITIVES: ENTRY(B):’ , 
‘/*DISPLAYS THE PRIMITIVE NAMES WITH TITLE 8 LEVEL 2*/‘, 
‘ATEMP=BII” “:‘, 
‘DO I=1 TO NUN,PRIM; ‘I 
‘ATEMP=ATEHP~~FETC~NAME~PRIMITIVESo)(~” “;I, 
‘END;‘, 
‘CALL INITIALIZE(~);‘, 
‘CALL OUTPUTTIATEMP):‘, 
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PUT FILE(OUT) EDIT( 
‘DISPLAY-RESULT : ENTRY LB):‘, 
‘/#)ISPLAYS RES,STACK(lO) WITH TITLE B LEVEL 3*/‘, 
‘ATEHP=Bi * , 
‘IF ATEMP-=” ” & ATEHP- ‘0’ THEN’, 
‘DO WHILE~SUBSTR~ATEMP,1,l~=” ” I;‘, 
‘ATEMP=SUBSTR(ATEMP,21: *, 
‘END;‘, 
‘ATEWP=ATEMPII** **~IRES,STACK~~~~;‘, 
‘RESULT,NAME=SUBSTR(ATEMP,l, INDEX(ATEMP,” ” b-l):‘, 
‘CALL INITIALIZE(3);‘r 
‘CALL OUTPUTT(ATEMPI ;; , 
‘RETURN; ‘1 
~COL~2~,A,COL~10~,A,2~CO~~l4~,A~,COL~l8~,A,2~COL~22~,A~, 
5(COL(14) ,A) 1; 

PUT FILEtOUT) EDITf 
‘FIND,PRIHITIVE: ENTRY (A, 8);‘~ 
‘/*RETURNS IN B THE PRIMITIVE WHOSE NAME IS CONTAINED’, 
I IN A, NULL IF NO PRIMITIVE BY THAT NAME *I’, 
‘DO I=1 TO NUM,PRIM: ‘, 
‘I F AsFETCH-NAME( PRI MIT IVES ( I) I THEN DO; ’ , 
‘B=PRIMITIVES(I): RETURN; END;‘, 
‘END;‘, 
DB= 9.t.; RETURN: ’ , 
‘E XI T2 : END INTERACTIVE; ’ 1 
(COLI2~,A,21COL110~,A~,COL~l4~,A,C~L~lB~,A,COL~22~,A, 
COLTLB) ,A,COL(14),A,COL(2l,A)i 
*END* 

*PRODUCTION* 2 *CODE* 
/*OUTPUT PROCEDURE DECLS ,VARIABLE DECLS, SLAVE AND 

INTERACTIVE ENTRY, INITIALIZATION*/ 
PUT FILETOUT) EDITf 

‘I NTERACTIVE : PROC OPTIONSIMAIN) RECURSIVE;‘, 
‘DCL A CHAR(*) VAR, /* ENTRY PARAMETER *I’, 
‘ARG(5) EXT CHAR(2000) VAR, /* OPERAND AREA *I’, 
‘ASEP EXT CHAR(20) VAR, /* ATTRIBUTE SEPARATOR l /‘, 
‘ATEMP CHAR(2000, VAR, /* INPUT BUFFER */‘, 
‘B CHAR(*) VAR, /* ENTRY PARAMETER */I, 
‘CCNNECTOR EXT CHAR(20) VAR, /+ ATTR VALUE CONNECTOR l /‘, 
‘CSEP EXT CHARLZO) VAR, /* CONSTRUCTION SEPARATOR */‘, 
‘I FIXED BIN’ /* LOCAL VARIABLE */I, 
‘IN CHAR(*) VAR, /* ENTRY PARAMETER */‘, 
‘J FIXED BIN’ /* LOCAL VARIABLE */‘I 
‘LEFT,PAREN EXT CHAR(20) VAR, /* LEFT PARENTHESIS */‘, 
‘MARKER EXT CHAR(20) VAR, /* OPERAND SEPARATOR */‘, 
‘MAX-PRIM EXT FIXED BIN, /* MAX ND OF PRIMITIVES l /‘, 
‘NUM,PRIM EXT FIXED BIN , /* ACTUAL NO OF PRIMS */*, 
‘NW,,UNARY EXT FIXED BIN, /* NO OF UNARY OPS l /ID 
‘QUOTES EXT CHAR(20) VAR,. /* QUOTES */‘r 
‘RES,STACK(lOI EXT CHAR(200) VAR, /*RESULT STACK */‘, 
‘RESULT-NAME EXT CHAR(100) VAR,/*FIRST WORD OF RES TITLE*/‘, 
‘RIGHT,PAREN EXT CHAR(20) VAR, I* RIGHT PARENTHESIS */‘, 
‘SEP EXT CHAR(20) VAR, / * PRIMITIVE FIELD SEPARATOR */‘, 
‘SLAVE EXT BIT(l), /* SLAVE SNITCH */‘, 
‘TEMP EXT CHAR(2000) VAR, /* INPUT BUFFER */‘, 
‘TERMINATOR EXT CHAR(20) VAR; /C TERMINATION CONTROL*/‘) 
ICOLI2) ,A,COLl10),A,22(COL(l4b,AI)i 

PUT FILELOUT) EDIT ( 
‘DCL (FETCH-ATTR,FETCH,BDF,FETCH-TS, FETCH-NAME,‘, 
‘FETCH-PRIMITIVE) EXTERNAL ENTRY’, 
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‘(CHAR(*) VARJ RETURNS tCHAR(2OOOJ VARJ,’ 
‘OPERAMI INTERNAL ENTRY(FIXE0 fJIN’CHAR(2600J VAR,‘, 
‘CHAR(*) VAR,CHAR(*J VARJ,‘, _ 

- _ 

‘UPDATE EXTERNAL ENTRY (CHAR(*J VARJ,,, 
‘POP EXTERNAL ENTRY RETURNS(CHAR(200OJ VARJ,‘, 
‘INITIALIZE EXTERNAL ENTRY(FIXE0 BIN): J 
tCCIL(101 ,A,2~COL~18J,AJ,COL~l4J,A,COLo,A, 

3(COL(14J,AJ J: 
PUT FILE(OUTJ EOIT( 

‘OCL UNARY ( ’ , 
ANS, 
‘J EXT CHARIZOJ VAR,‘, 
‘PRIMITIVES 0, 
WA<PRI M, 
‘J EXT CHAR( ‘,LENGTH,PRIH,‘J VAR;’ J 
(COL(lOJ,A,F(4JrA,COL(l4J,A,F(4J,A,F(4J,AJ: 

PUT FILE(OUTJ EDXT( I 
’ VAR,I NI T : PROC:‘, 
‘DCL I FIXED BIN:‘, 
‘/*IN1 11 ALI ZES EXTERNAL VARIABLES+/’ , 
‘DO I-l TO 10; RES,STACK(IJ=““: END:‘, 
'00 i-1 TO 5; ARG(IJ=““: END: ’ , 
‘RESULT-NAME=’ ” ’ ; ‘I 
‘NUM,UNARY=’ ‘ANS,‘: ,‘!W~PRJH=D;’ J 
(COL~2~,A,2~COL~1DJ,AJ,4~COL~14~,AJ,F~4J,A,COL~l4J,A~: 

/*OUTPUT ASSIGN*/ 
DO NH1 LE (ASSIGN-s=” E  ASSIGW=’ ’ J: 

ANS~INDEX(ASSIGN,‘i’J: 
IF ANS<=LENGTH(ASSIGNJ-2 &  SUBSTR(ASSIGN,ANS+l,  1J=“” 

THEN ANS=ANS+t: 
PUT FILE(OUTJ EOIT(SUBSTR(ASSIGN, 1, ANSJ J(COL( liJ,AJ: 
IF ANS=LENGTH(ASSIGNJ THEN ASSIGN-“; 

ELSE ASSIGN=SUBSTR(ASSIGN,ANS*lJ:  
END; 
A  NS-0 i 

/*CALL DISPLAY OF FUNCTIONS AND CONSTRUCTIONS*/ 
PUT FI LE(OUTJ EDIT( 

‘CALL FUNCT; ’ , 
‘CALL CONST : ’ t 
(2(COL(14J,AJJ; 

PUT FILE(OUTJ EDITI’END VA5INIT:’ J(COL(14J’AJ: 
PUT FILE(OUTJ EDIT( 

‘OPERAND: PROC(I,WSG,A,BJ:‘, 
‘/#ETCHES OPERAND LEAVES IN ARG(1 J*/‘, 
‘OCL I FIXED BIN,‘, 
‘TYP CHAR(5DJ VAR,(A,B,HSGJ CHAR(*) VAR.‘, 
‘(C,OJ CHAR(200DJ VAR,‘, 
‘(AA(3J ‘W(3)) CHAR(2OJ VAR,‘, 
‘(K,LJ FIXED BIN:‘) 
(COL(2J,A,2(COL(10J,AJ,4(COL(l4J,AJJ; 

PUT FILEtOUT) EDIT( 
‘DCL TYPE INTERNAL ENTRY (CHAR(* J VAR J’ , 
‘RETURNS (CHAR(5OJ VARJ: ’ , 
‘TYPE : PROC ( AJ RETURNSfCHAR(5OJ VARJ;‘, 
‘DCL I FIXED BIN,6 CHAR(2000J VAR,‘, 
‘A  CHAR(*) VAR:’ , 
‘/*RETURNS TYPE OF A*/‘, 
‘IF A=RESULT,NAHE THEN DO: ’ , 
‘A-RES,STACK(lOJ i ’ , 
‘RETURN(“RESULT”J:‘, 
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‘END;’ I 
‘DO I=1 TO NUM,UNARY i ’ , 
‘IF A=UNARY(IJ THEN RETURN(“UNARY” J:‘, 
‘END;‘, 
‘B=FETCH,PRIMITIVE(A)i’, 
‘IF B=“” THEN RETURN(““J;‘, 
‘ELSE RETURN(“PRIMTTIVE” bi’, 
‘END TYPE:') 
(COL(1o~,A,COL~l4~,A,COL~2J,A,3~COL~10~,A~,COL~14J,A 
,3(COL(18J,AJ,COL(14J,A,2(COL(l8~’AJ’2(COL(l4J’A~‘COL(l~J’ 
A,COL(l*J ,AJ : 

PUT FILE(OUTJ EDIT ( 
‘CONSTRUCT: PROC(A,BJ:‘, 
‘/*LEAVES OPERAND IN ARG(1 J*/’ , 
‘DCL (A,BJ CHAR(2OJ YARD’, 
‘(J,K,LJ FIXED BIN:', 
‘HERGEL: PROC: ’ , 
‘/*MERGES UNARY FOR TYPE A,B,C*/‘, 
‘DCL 6 CHAR(2OJ VAR;‘, 
‘DO K=l TO L:‘, 
‘IF CI’“’ J C=” ” THEN RETURN:‘, 
‘J=INDEX(C,” “J;‘, 
‘8=SUBSTR(C,l,J-1J:‘r 
‘C=SUBSTR(C,J+lJi’, 
‘ARG(1 J=Bl(MARKERt tARG(IJi” 
‘END;‘, 
‘E NO MERGE1 i ’ J 
(COL(2J,A,3(COL(1DI,Al,COL(2J,A,2(~L(10J,AJ,COL(l4~tA, 
6(COL(lBJ ‘AJ ‘COL(l4J ,AJi 

PUT FILE(OUTJ EDIT( 
‘MERGE2 : PROC: ’ , 
‘/*MERGES UNARY OPERATORS FOR TYPE D AN0 E*l’ I 
‘DCL 8 CHARIZOJ VAR:‘, 
‘DO K=l TO Li’, 
‘IF C=“” J C=” ” THEN RETURN;‘, 
‘J=INDEX(C,” “J:” 
‘fJ=SUBSTR(C,l,J-lJ:‘, 
‘C=SUBSTR(C,J+lJi’, 
‘ARG(1 J =LEFT,PARENJ I MARKER1 I Bl JWARKERJ I ARG( I ,I IHARKER II’? 
‘RIGHT,PAREN:’ ’ 
‘ENDI’, 
‘END HERGEZ: ‘I 
(COL(2),A,2(COL(lOJ,AJ,COL(l4J,A,6(COL(l~~,A~,C,~L(22~ 
COL(14J ,AJ i 

PUT FILE(OUTJ EDIT( 
‘MERGE3 : PROC: ’ , 

,A, 

‘/*MERGES UNARY OPERATORS FOR TYPE F AND W/’ I 
‘DCL B CHAR(2OJ VAR; 0 
‘DO K-l TO Li’ , 
‘IF CI”” I C=” ” THEN RETURN:‘, 
‘J=INOEX(C,” “J:‘, 
‘B=SUBSTR(C,l ,J-1):’ ’ 
'C=SUBSTR(C,J+lJ;', 
‘A~(()=8IIMARKER~(LEFT,PAREN~IHARKERI~ARG(I)~IMARKER~~‘, 
‘RIGHT,PAREN;’ , 
‘END;‘, 
‘END HERGE3:‘J 
(COL(2J,A,2(COL(101,AJ’COL(l4J,A,6(COL(16~,AJ,COL(22J,A, 
COL(14J ,AJ i 

PUT FILE(OUTJ EDIT( 
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‘ARG(1 )=D:‘t 
‘IF A=“+#*’ ’ THEN L=32000: ELSE L=A:‘t 
‘ii B=“TYPE,A” THEN DO:‘, 
‘CALL ME RGEl i ’ I 
’ RETURN: ’ , 
‘END;’ I 
‘IF B=“TYPE,B” THEN DOi’, 
‘ARG(I)=LEFT,PARENllHARKERllARG(I)I(HARKERllRIGHT~PAREN:‘t 
‘CALL MERGE1 : ’ I 
‘RETURN:‘, 
‘END:‘, 
‘IF B=“TYPEWC” THEN DO:‘, 
‘iALL MERGEli’ I 
fARG(I )rLEFT,PARENI IiARKERl I ARG( IJI iMARKER ~RIGHT,PAREN~‘t 
‘RETURN;‘, 
‘END:‘, 
‘IF B=“TYPE,D” THEN DO:‘, 
‘ARG(IJ-LEFT,PAREN~~MARKER~IARG(IJI~MARKERIIRIGHT,PAREN~~~ 
‘CALL HE RGE2 i ’ , 
‘RETURN; ’ , 
‘END;’ I 
‘IF B=“TYPE,E” THEN DO:” 
‘CALL ME RGE2 : ’ , 
‘RETURN:‘, 
‘END:‘, 
‘IF B=“TYPE,F” THEN DO;‘, 
‘CALL MERGE3 : ’ I 
‘RETURN; ’ , 
‘END;’ I 
‘IF 8=“TYPE,G” THEN DOi’, 
‘CALL MERGE3 i ’ I 
‘IF INDEX(ARG(IJ ‘LEFT,PARENJ q= 0 THEN’, 
‘ARG (I J =LEFT,PARENl l MARKER1 l ARG( I) I I HARK ER I I ’ I 
‘RIGHT,PARENi’ ,‘RETURNi’ I 
‘END:‘, 
‘END CONSTRUCT:‘) 
(3(COL(l$J ,A) ,3(COL(18J,AJ,3(COL(~4J,A,4(WL(18Jr~J~t 
2(COL(l4J,A,3~COL~18J,AJ~,COL~l4JtAt 2~COL~l8~tAJt 
2(c0~(22) ,AJ ,31COL(18J,A)J: 

PUT FILE (OUT) EDIT( 
‘ARG(I)r@“‘~ Cr.“‘;‘, 
‘/*UNPACK A AND 0 */‘, 
‘DO K=l TO 2:‘) 
‘L=INDEX(A,” “J:‘, 
‘AA~KJ=SUBSTR~A,lvL-1J;‘t 
‘A=SUBSTR(A,L*lJi’ I 
‘ENDI’, 
‘AA(3) =A;‘, 
‘IF B=“” THEN DO K=l TO 3:‘~ 
‘BB~KJ=““:‘, 
‘END:’ I 
‘ELSE DO:’ I 
‘00 K=l TO 2:’ I 
‘L=INDEX(B,” “Ji’, 
‘BB(KJ =SUBSTR(B,I ‘L-I):‘, 
‘B=SUBSTR(B,L+IJ:‘, 
‘END:’ I 
‘BB(3JfBi’t 
‘ENO;‘) 
(3(CoL(liJ ,A~,4(COL~18J,AJ,2KOL~l4J,A),2(COL(18)tA~t 
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r .  

COL( l4J ,A ,COL(18J ,A ,4 (COLO,AJ ,2~COL(18J ,AJJ :  
P U T  F ILEtOUT)  EDIT(  

‘L O O P : C A L L  INITIALIZE~8J;‘r 
‘C A L L  O U T P U T T  ( M S G J  : ’ , 
‘C A L L  I N P U T T  (DJ : ’ , 
‘IF D = “” T H E N  RETURN:‘, 
‘T Y P = T Y P E IDJ i’ , 
‘IF T Y P = A A ( Z J  T H E N  D O :‘, 
‘/*O P T IO N  O N E  T E R M I N A T E D  *I’, 
‘C=CI  I ” *‘;I, 
‘C A L L  C O N S T R U C T ( A A ( L J r A A ( 3 ) ) ; ‘r  
‘RETURN:  ’ , 
‘E N O :’ , 
‘E L S E  IF T Y P = 8 8 ( 2 )  T H E N  D O :‘, 
‘/*O P T IO N  T W O  T E R H I N A T  E D  */’ , 
‘c=CII” I’;‘, 
‘C A L L  CONSTRUCT(88( l J ,B8(3JJ :‘, 
‘RETURN:  ’ , 
‘END;‘, 
‘E L S E  IF T Y P = “U N A R Y ” T H E N  C = D J  1 ” “I /Ci’, 
‘G O  T O  L O O P : ’ , 
‘E N D  O P E R A N D ;‘) 
(COL(2J ,A ,5~COL~14J ,AJ ,5~COL~18J ,AJ ,~L~14J ,A ,51COL~ l8J tA~ t  
3 tCOLL l4J  ,A )  J: 

P U T  F ILEfOUTJ EDIT{  
‘S L A V E =  “()‘t~ ;‘, 
‘C A L L  S E T U P 1  : ’ , 
‘C A L L  S E T U P O : ’ , 
‘C A L L  V A R ,INIT;‘, 
‘G O  T O  L O :‘, 
‘S L A V E S : ENTRYf IN) :‘, 
‘S L A V E = “l”B ;‘, 
‘TEHP=IN( I” “:‘, 
‘IF T E M P = “*INIT*” T H E N  D O : ‘, 
‘C A L L  V A R ,INIT:’ I . 
‘RETURN;  ’ , 
‘END;‘, 
‘Lo:  C A L L  INITIALIZE(7J;‘, 
‘C A L L  O U T P U T T ( “‘J ~ V S I J + 1 J ~ ~ “‘J:‘, 
‘C A L L  INPUTT ( A T E M P J ;  ’ J 
(5 (Co~(14J  ,A J  ,CDL(2)  ,A ,3(COLt14J,AJ,  3 (ML( l8J ,AJt  
C O L ( 2 J  ,Ap2(COL(14J ,AJJ :  
*END*  

*P R O D U C T I O N *  3  *CODE*  
/*INI TIALI  Z E  M A X ,PRI  M  */ 
M A X - P R IM = 1  i LENGTH-PRIH= l ;  
*END*  

*P R O D U C T 1  O N *  5  *CODE*  
/* INITIAL1 Z E  A N S  T O  C O U N T  U N A d Y  O P E R A T O R S  

P U T  A S S IG N M E N T  S T H T  INTO A S S IG N  */ 
A N S = l  : 
A S S IG N = A S S IG N ~ ~ ‘U N A R Y ( l J = “‘/~ V S ( J J ~  I”‘;‘; 
*END*  

*P R O D U C T I O N *  6  *CODE*  
/ *UPDATE A N S  P U T  A S S IG N M E N T  S T M T  INTO A S S IG N  */ 
ANS=AN* l ;  
A S S IG N = A S S IG N I I ,UNARY(‘I lANSI I’~ ~ “‘IIV S ~ K IIl”‘~ ‘~  
*END*  

*P R O D U C T I O N *  8  *CODE*  
/*INITIALIZE A S S IG N  A N D  W A X - P R IM , I N S E R T  I T E M  V A L U E * /  
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ASSIGN=gSEP=“g*iPUOTES=“@‘;C~~~~CToR~’**’;CSEP~‘~t’;~ I 
‘LEFT,PAREN=““;HAX,PRIM=D ;RIGHT,PAR@+““;‘I I 
‘TERMINATOR=““: MARKER=““;TEMPI”“;O I 
‘ASEp=““;‘: 

CALL INSERT(VStJIJ: 
*END* 

*PRODUCTION* 9 *tOOE* 
/*INSERT ITEM VALUE IN ASSIGN */ 
CALL INSERTtVSfKbJ; 
*END* 

*PRODUtTION* 10 -ODE* 
/*SAVE VS(J) VS( J+lJ AND VStKJ IN PROPER FORM */ 
VS~J~=VS(J~~~‘=‘~(““~~VS(K)II”“; 
*END* 

*PRODUCTION* 11 *CODE* 
/*SAVE VS(J) VS(J+ll AND VStKJ IN PROPER FORM */ 
VS~JI~VS~J~~~‘=‘~~““~~VS~K~~~““; 
*END* 

*PRODUtTION* 12 <ODE* 
/*SAVE VS( JJ VSI J+lB AND VS(K) IN PROPER FORN I(L/ 
VS~J~=VS~Jl~~‘=‘~~““~~VS~K~~~““: 
*END* 

*PRODUCTION* 13 *CODE* 
/*SAVE VS(Jb VS(J+l) AND VS(KJ IN PROPER FORM l / 
VSCJ,-VSCJ,~~*=‘~~““~~VScK,~~““: 
*END* 

*PRODlZTION* 14 *CODE* 
/*SAVE VStJJ VS( J+l) AND VS(KJ IN PROPER FORU */ 
VS~J~~VS~J~~~‘=‘~~““~~VS~KJ~~““: 
*END* 

*PRODUCTION* 15 *ODE* 
/*SAVE VS(J) VS(J+l) AND VStKT IN PROPER FORM 8/ 
VSCJJ~VSCJ,~~‘=‘i~““~~VScK,~~““: 
*END* 

*PRODUCTION* 16 *CODE* 
/*SAVE VS( J) VSfJ+l) AND VSTKJ IN PROPER FORM */ 
VS~JJ~VS~J~~~‘=‘~~““~~VS~K~~l”“; 
*END* 

*PRDDlZTION* 17 *CODE* 
/*SAVE VS( J) VSf J+lb AND VS(K3 IN PROPER FORM */ 
VS(JJ=VS(JJ~~‘=‘~~““~~VS~K~~~““; 
*END* 

*PRODUCTION* 18 *CODE* 
/*SAVE VS(J) VStJ+lJ AND VS(KJ IN PROPER FORM */ 
VS(J)-VS(JJ~~‘=‘~~““~~VS~KJ~~““: 
*END* 

*PRODUtTION* 19 *CODE* 
/*SAVE VStJ) VS(J+lb VStKJ IN PROPER FORM*/ 
/*SAVE VALUE FOR PRIMITIVE OECL *7 
VS( JJ=VS(J) I I’=‘IIVS(KJi 
MA X,PRI N=VS( IO : 
*END* 

*PRODUtTION* 20 *CODE* 
/* SAVE LENGTH OF PRIWIT IVE FOR DECLARATION*/ 
LE NGTH,PRI H=VS t K T i 
IF LENGTH,PRI ‘02000 THEN LENGTH,PRIR=2000: 
VS( JJ=“: 
*END* 

*PROOLKTION+ 21 *CODE* 
/*ISSUE DUMMV CONST PROCEWRE AND CALL FUNCTION*/ 
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PUT FILEtOUT) EDIT( 
‘C ONST : PROC; ’ p 
‘/*DUMMY PROCEDURE*/ ‘I 
‘END CONST;‘JtCOL(2J ,A,COL(lOJ,A,COL(14J,AJ; 

PUT FILEtOUT) EDITt’CALL FUNCTION:‘J(COL(14J,AJi 
*END* 

*PRODUtTION* 22 *CODE* 
/*ISSUE CALL FUNCTION AN0 CALL CONSTRUCTION*/ 
PUT FILEfOUTJ EDITf 

‘CALL FUNCTI ON; ‘I 
‘CALL CONSTRUCTION: ’ J 
(2(COL(14J,AJJ: 
*END* 

*PRODUCTION* 23 *cODEi 
/*END PROCEDURE, OUTPUT FUNCT PROCEDURE*/ 
PUT FILEtOUT) EDIT( 

‘END FUNCTION:‘, 
‘FUNCT: PROC; ’ p 
‘/*OUTPUTS FUNCTION NAMES+/‘, 
‘ARG(1 J =‘J 
(COL(14J ,A,COL(ZJ ,A,COL~LOJ,A,COL~l4J,AJ; 

VS(JJ=VS(JJJJ’ ‘IIVS(J+lJJJ’ ‘i 
DO WI LE(LENGTHtVS( JJ JXJ J: 

IF LENGTH(VS(JJJ>50 THEN DO; 
PUT FI LE(OUTJ EDIT ( 

““,SUBSTR~VS~JJ,i,5DJ,“‘J1’ J 
(COLt19J 13 AJ; 
VS(JJ=SUBSTRIVS(JJ,5lJ: 
END; 

ELSE DO; 
PUT FILEtOUT) EDIT(““,VS~JJ,“‘:’ J(COLt19Jv3 AJi 
VSI JJ =’ ’ i 
END: 

ENO: 
PUT FILEtOUTJ EDITt 

‘CALL INITIAl.IZE~l~i’, 
‘CALL OUTPUTTtARGtlJ J: ‘I 
‘EN0 FUNCTi’J 
(3tCOLt14J ,AJ J: 
l E FD* 

*PRODUtTION* 24 WOOE* 
/*SAVE FUNtTION CLASS NAME FOR FUNCT*/ 
/*ISSUE BEGINNING OF FUNCTION PROCEWRE*/ 
VS( JJ =VS( KJ : 
PUT FILEtOUT) EDITl 

‘FUNCTION: PROC: ’ p 
‘/*TESTS FOR FUNCTION TYPE PROCEDURES*/’ J 
(COL(2J ,A,COLtlOJ ,A); 
*END* 

*PRODUCTION* 25 *COOE* 
/*EN0 PROCEDURE, OUTPUT CONST PROCEOUREc/ 
PUT FILEtOUT) EDIT{ 

‘EN0 CONSTRUCTION;‘, 
‘C ONST : PROC: ’ p 
‘/*OUTPUTS CONSTRUCT ION NAMES*/’ I 
‘ARG(lJ=‘J 
tCOL(14J ,A,COL~2J,A,COL(10J,A,COL~l4JtAJ: 

VS(JJ-VSLJJIJ’ ‘IlVS(J+l~II’ ‘i 
DO WILE(LENGTH(VStJJJXJ: 

IF LENGTHtVSt JJJ>SO THEN DO; 
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PUT FILEtOUTJ EDITI 
““,SUBSTR~VS(JJ,1,5OJ,“‘IJ’J 
fCOL(19J ,3 AJ: 
VS,JJ=SUBSTR(VS(JJ,SlJ; 
END; 

ELSE DO: 
PUT FILEtOUT) EOIT~““,VS~JJ,“‘;’ J(CoL(l9),3 A); 
VS(JJ=“; 
END: 

END; 
PUT FILEtOUT) EDIT( 

‘CALL OUTPUTT(ARG(lJ J:‘, 
‘E hD CONST:’ J 
(2ICOL(14J,AJJ: 
*END* 

*PRODUCTION* 26 *CODE* 
/*SAVE CONSTRUCTION CLASS NAME FOR CONST+/ 
/*I SSUE BEGINNING OF CONSTRUCT ION PROCEDURE*/ 
VSI JJ -VS( KJ : 
PUT FILE(OUTJ EDIT( 

‘CONSTRUCT1 ON: PROC:‘, 
‘/*TESTS FOR CONSTRUCTION TYPE PROCEDURES*/’ J 
(COL(2J ,A,COL(lOJ,AJ; 
*END* 

*PRODUCTION* 28 *CODE* 
/*INSERT END FOR THIS OP-COWlAND*/ 
PUT FILE(OUTJ EDIT( 

‘END ‘J ICOL(14J ,A): 
CALL LABEL~18,‘:‘J: 
*END* 

*PRODUCTION* 29 *CODE* 
/*CONCATENATE OPERATION NAMES */ 
/*INSERT END FOR OP-COMMAND*/ 
PUT FILEtOUT) EDIT{ 

‘EH) ‘J(COL(14JpAJ; 
CALL LA8EL~10,‘;‘J; 
VS(JJ=VS(JJ I J’ ‘1 IVS(KJ: 
*E H)* 

*PRODU;TION* 31 *CODE* 
~~UILD IF TEST FOR OPERATION AND LABEL m 

UPDATE ANS LEAVE WORD IN VSIJJ RESET ARGPTR *l 
ARGPTRIO: 
PUT FILEtOUT) EDITI 

‘IF ATEHP=“‘IJVS(KJIJ”’ THEN’JICOL~l4J,AJ: 
ANS=ANS+l ; 
CALL LABEL{2 ,‘:‘J: 
PUT FILEtOUT) EOIT( 

‘DOi /*OPTION ‘IJVS~KJJJ’~/‘J~COL(l4J,AJi 
VS( JJ =VS( KJ : 
*END* 

*PRODUCTION* 36 *CODE* 
/*ISSUE OPERAND CALL*/ 
IF ARGPTR >= 5 THEN PUT FILE(DIAGJ EDIT 

(‘*****TOO MANY ARGS FOR THIS FUNCTION OR CONSTRUCTIoN’J 
(SKIPpAJ; 

ELSE ARGPTR=ARGPTR+l: 
PUT FILEtOUT) EDIT( 

‘CALL OPERANO~‘,ARGPfR, 
‘,“-“IJVS~JJ~J”‘,‘, 
““(JVS~KJIJ”‘,““J;‘J 

- 116 - 



(COL(18) ,A,Ft4),2(COL(22),AJ)i 
*EM)* 

*PRODlXTION* 37 *CODE* 
/*I SSUE OPERAND CALL*/ 
IF ARGPTR >= 5 THEN PUT FILEfDIAGJ EDIT 

( ******TOO MANY ARGS FOR THIS FUNCTION OR CONSTRUCTION’ B 
(SKIPpA) i 
ELSE ARGPTR=ARGPTR*li 

PUT FILEtOUT) EDIT{ 
‘CALL OPERANDt ’ , ARGPTR, 
‘,“‘~ IVStJ, ~~“‘,O 
““~~VS(J+11~~“‘,‘, 
““I JVSIKJ I ~“‘~:‘J 
(COL(l8) ,A,F(4) ,3fCOL(22T,Ai ): 
*END* 

+PRDDlZTION* 38 *CODE* 
/*SAVE VStJI VS(J+lJ AND VS(Kb*/ 
VS(J)=VS(JI I I’ ‘~lVS(J*111 I’ ‘iIVS(K)I 
*END* 

*END-SEMANTICS* 

- 117 - 



APPENDIX 6 -- DEFINITION LANGUAGE SPECIFICATION 

SYNTAX 

//GO.SYNDATA DD * 
SYM(1~=‘*DEFINITION*’ SYH(Zb= ‘PROG,NAME’ SYM(3,=‘DLA’ SYHt4b’SPECl’ 
SYM(5)=‘SPEC2 ’ SYM(6) =‘SPEC3’ ERRORSCAN=‘*ENW’ SEQUENCE=‘DEF-LANG’ 
PARSER,NAME=‘OEF,LANG’ SEHANT,NAME=‘SEMANT’ QUOTES=“” 
TERMINAL=‘*END-DEFI NIT1 ON*’ MLIM=5D NLIM=5D MMLIM=50; 

/* 
//GO.SYNTAX DD * 
* SYN TA X* 
DEF-LANG *::=* *DEFINITION* PROG,NAME DL l ;* 
PROG,NAUE *::a* WORD *;* 
DL *::I* DLA SPECl SPECZ, SPEC3 *NO-SEWANT* t;* 

DLA *::=* *NAME* STRING +:* 
!jPECl *::=a l TS* *;* 

*::=a *TS* STRING *;+ 
SPEC2 *::I* +ATTR-LIST* +:* 

l ::=* SPECZA SPECA- *:* 
SPECLA *: :=* +ATTR-LI ST* STRING *:* 
SPECA- *::=* SPECA *NO-SEMANT* *:* 
SPECA a::=* SPEC *NO-SEWANT* *;* 

*: :=* SPECA SPEC *NO-SEMAM* *;* 
SPEC *::=* WORD = NAME *:* 

*::=a WORD = TEXT *;* 
*::=z* WORD = NUMBER *;* 

SPEC3 *::=+ +BDF-FILE* *:* 
*: :a* SPEC3A SPECB- *;* 

SPEC3A *::-* +BDF-FI LE* STRING *:* 
SPECB- *: :=* SPECB *NO-SEMANT* *:* 
SPECB l ::-* CONSTRUCTION *NO-SEMAM* *;* 

*::=* SPECS *END* CONSTRUCTION *:* 
CONSTRUCTION a::=* CONST PARM-LIS +;* 

*::=* CONSTA PARH-LIS *;* 
CONST *::a+ WORD INTEGER *;* 

CONSTA *::I* kORD I *:* 
PAR+LX S *: :=* PAR+LI ST *NO-SEMAM* +;* 
PARH-LX ST +::=* PARM-PA1 R *NO-SEMAM* +;* 

*::=* PARM-LX ST PARM-PAIR *NO-SEMANT* *;+ 
PAR!+PAIR *::-a STRING NAME l ;* 

*::=* STRING TEXT *;‘B 
*::=* STRING NUMBER 

*END-SYNTAX* 
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APPENDIX B -- DEFINITION LANGUAGE SPECIFICATION 

SEMANTICS 

//GO.SEHANTIC DD * 
*SEMANTICS* SEMANT 

*CODE* *END* 
*PRODUtTION* 1 *CODE* 

/*OUTPUT END OF PROGRAHI/ 
PUT FILELOUT) EDITL 

‘EN) ‘IIVS~J+l~~i’:‘~(COL(l4~,A~: 
*END* 

*PRODUtTION* 2 *CODE* 
/*OUTPUT PROC OECL PLUS DECLARATIONS AND INTERNAL PROCEDaES 

FOR CHECKING NAME AND NUMBER -- LWTPUT NAME OF PROCEDURE 
AND CODE FOR SLAVE MODE */ 

PUT FILELOUT) EDITL 
VSf J) 1 I ‘: PROC:’ , 

‘DCL LA,B,CL CHARL2000) VAR,I FIXED BIN,‘, 
‘ASEP CHARLZO) EXT VAR,‘, 
‘CONNECTOR CHAR(20) EXT VAR,‘, 
‘TEMP. EXT CHAR(2000) VAR,‘, 
‘SLAVE EXT BIT(l) ,‘, 
‘TERMI NATOR CHARLZOL EXT VAR,’ , 
‘SEP CHARLZO) EXT VAR,’ ’ 
‘NAME INTERNAL ENTRY(CHAR(*) VARL RETURNSLBITLll),‘, 
‘NUMBER INTERNAL ENTRY (CHAR(*) VARl RETURNSLBITL lb), ” 
‘SAVE-PRIMITIVE EXTERNAL ENTRYLCHARL*L VAR),‘, 
‘OUTPUT EXTERNAL ENTRY (CHAR(*) VAR)“, 
‘INPUT EXTERNAL ENTRY(CHARt*) VAR),’ , 
‘INITIALIZE EXTERNAL ENTRY (FIXED BIN):’ ) 
LCOL(21,A,14(COLLlO),ALb: 

PUT FILEtOUT) EDITt 
‘NAME : PROCfA) RETURNS(BITL1)1:‘, 
‘/*TRUE IF A TYPE NAME*/‘, 
‘DCL A CHAR(*) VAR,I FIXED BIN:‘, 
‘IF A =‘I” THEN RETURNL”O”B);‘, 
'IF SUBSTRLA,l,l)>=“A” C SUBSTR(A,l,l)<="Z"', 
8 & INDEX (A,” “L=O THEN DO I=2 TO LENGTH(A):‘, 
‘IF SlJBSTRLA,I ,l)<“‘A” THEN RETURNL”O”B):‘, 
‘END;‘, 
‘ELSE IF SUBSTR(A,l,lL>“Z” & INDEXLA,” ” I=0 THEN’, 
‘DO I=2 TO LENGTH(A);‘, 
‘IF SUBSTR(A,I ,l)<="Z" THEN RETURNL”O”B);‘, 
‘END;‘, 
‘RETURN(“l”B):‘,‘END NAME,;‘) 
(COL~2),A,2(COLIlO),A~,2~COL(141,A),3(COL~lB~,A1, 
COL~l4~,A,COL(lB~,A,2(COL(22~,A~,2~COL(l4~,A!~: 

PUT FILEtOUT) EDITt 
‘NUMBER: PROC (AL RETURNS~BIT(11);', 
‘/*TRUE IF A IS OF TYPE NUMBER*/‘, 
‘DCL A CHAR(*) VAR,X FLOAT BIN:’ I 
‘GN CONVERSION GO TO FALSE;‘, 
‘ON OVERFLOW GO TO FALSE:‘, 
‘ON UNDERFLOW GO TO FALSE;‘, 
‘X=A;’ , 
‘RETURNt "1' ‘B) : ’ , 
‘FALSE : RETURNL”O”B);‘, 
‘END NUMBER; ‘1 

- 119 - 



(COL(2),A,2~COL~10~,A~,5~COL~14~,A~t~L~2~tAtCOL~~4~tA~: 
PUT FILELOUT) EDITt 

‘IF SLAVE THEN DO;‘, 
‘IF TEMP=“” I TEMP=” ” THEN RETURN:‘, 
‘00 NHILE(SUBSTR(TEMP,1,11=” ” I:‘, 
‘TEMP=SUBSTR(TEHP,2) i’ , 
‘END:‘, 
‘DO bdiILE(SUBSTR(TEMP,LENGTHLTEnP),1)3(( “pi’, 
‘TEMP=SUBSTR(TEMP,l,LENGTH(TEHP)-lb;’, 
‘END:‘, 
‘CALL SAVE,PRIMITIVE(TEMP):’ , 
‘RETURN: ’ , 
‘END;‘) 
LCOL114) ,A,2(COL11B~,A~,2(COL(22~,A~,COL(18~,A,2~COL~22~,A~, 
3LCOLLlB) ,A) )i 

PUT FILEtOUT) EDITt 
‘CALL INITIALIZEL4):‘t 
‘CALL OUTPUTL”‘IIVSLJ)~(‘“)i’) 
(2LCOLL14)tA)); 

*END* 
*PRODUtTION* 4 *ODE* 

/*OUTPUT CODE FOR REW EST I NG, OBT AINING AN 0 CHECK ING 
PRIMITIVE NAME AND BUILD PRIMITIVE */ 

PUT FILEtOUT) EDITt 
‘/*REQUEST PRIMITIVE NAME*/‘, 
8B~‘r’?;c, 
‘DO WHILE(-aNAME(B) 1; *, 
‘CALL INITIAL! ZE(5); ’ , 
‘CALL OUTPUT(“‘IIVSCK,i I”’ bi’, 
‘CALL INPUTLB):‘, 
‘END:‘, 
‘C=Bl ISEP;‘) 
~3~COL(l4~,A~,4tCOL~lB~,A),tOCo,A)i 
*END* 

*PRODUTION* 5 *ODE* 
/*NO TS--OUTPUT CODE TO CONCATENATE SEP TO PRIMITIVE*/ 
PUT FILELOUT) EDIT1 

‘C=Cl (SEP;‘) LCOLL14) ,A); 
*E W* 

*PRODUCTION* 6 *CODE* 
/*OUTPUT COOE FOR REQUESTING AND OBTAINING TS--BUILD 

PRI NIT1 VE */ 
PUT FILELOUT) EDITL 

‘/*REQUEST TS */‘, . 
‘CALL INITIALIZE(5):‘, 
‘CALL OUTPUT~“‘~~VS(K~~~‘“)i’, 
‘CALL INPUT(B):‘, 
‘C=CllBl ISEP:‘) 
(5LCOLL14),A))i 
*END* 

*PRODUCTION* 7 *CODE* 
/*NO ATTR-LIST -- OUTPUT CODE TO CONCATENATE SEP TO PRIMITIVE*/ 
PUT FI LEtOUT) EDITL 

‘c=CI (SEP;‘) (COLL141 ,A): 
*END* 

*PRODUTION* B *CODE* 
/*END OF ATTR-LI ST -- OUTPUT CODE TO CANCATENATE SEP TO 

PRI HITI VE */ 
PUT FILELOUT) EDIT{ 

‘C=Cl ISEP:‘) LCOLL14) ,A); 
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*END* 
*PRODUTION* 9 *ODE* 

/* BEGINNING OF ATTR-LIST -- OUTPUT CODE TO OUTPUT TITLE */ 
PUT FILELOUT) EDITL 

‘/*REQUEST ATTRIBUTES*/‘, 
‘CALL INITIALIZEL5);‘, 
‘CALL OUTPUT(“‘I IVSCK,I I”’ 1:‘) 
(3LCOLL14),AL): 
*END* 

*PRODUCTION* 13 *CODE* 
/*OUTPUT CODE TO REQUEST, OBTAIN AND CHECK ATTR VS(J L TYPE 

NAME. BUILD PRIMITIVE */ 
PUT FILEtOUT) EDIT{ 

‘B*“~l~‘, 
‘DO WILEL~NAMELB) Li ‘, 
‘CALL INITIALIZE(6); ‘, 
‘CALL OUTPUTL “ENTER ‘I IVS(JLIi’” Ii’, 
‘CALL INPUTL B) i’ , 
‘EH):‘, 

*PRODUTION* 14 *CODE* 
/* OUTPUT CODE TO REQUEST AND OBTAIN ATTR VSLJ) TYPE TEXT. 

BUI LO PRI HITIVE */ 
PUT FILEtOUT) EDIT1 

‘CALL INITIALIZE(6);‘, 
‘CALL OUTPUTt “ENTER ’ I IVSCJ,I I”’ Li’, 
‘CALL INPUT{ 81 ;’ , 
‘C=Cll”‘l~VS~J~ll”‘llCONNECTORllBltASEP;’~ 
(4LCOLIl4) ,A) L; 
*END* 

*PRODUTION* 15 *CODE* 
/*OUTFUT CODE TO REQUEST, OBTAIN AND CHECK ATTR VSLJ 1 

TYPE NUMBER. BUILD PRIMITIVE */ 
PUT FILELOUT) EDIT( 

‘B~“A”;‘, 
‘DO MiILEL~NUMBER(BI L;‘, 
‘CALL INITIALItEL6);‘, 
‘CALL OUTPUTL “ENTER ’ 1 IVSCJTI 1”’ I:‘, 
‘CALL INPUT{ B) ;’ , 
‘Em;‘, 
‘C=Cll”‘llVS(J~ll”‘l~CONNECTORllBllASEP:’~ 
(2LCOL(14~,A~,4LCOLLl8~,A~,COLO,A); 
*E ND* 

*PRODUTION* 16 *CODE* 
/* NO BDF-FILE--ISSUE CODE TO CONCATENATE SEP AND 

SAVE PRIMITIVE */ 
PUT FILEtOUT) EDIT ( 

‘C=C l ISEP:’ , 
‘CALL SAVE,PRINITIVE(CL:’ 1 
(2LCOLL14) ,A) 1; 
*END* 

*PRODUCTION* 17 *CODE* 
/*END OF BDF-FILE. OUTPUT CODE TO LOOP ON CONSTRUCTION TYPE. 

OUTPUT OPTION PROCEDURE WHICH CONTAINS ML THE CONSTRUCTION 
OPT1 ONS */ 

PUT FI LEtOUT) EDIT ( 
‘GO TO BDF,FILE;‘, 
‘OPT1 ON: PROC:‘, 
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‘/*SETS B=BDF OPTIONS */‘, 
‘BI’) 
(COLL14) ,A,COL(21,A,COL(10~,A,l~COLLl4~,A)li 
00 WILE LLENGTHLVS(K))>O): 

IF LENGTH(VSLKL)>50 THEN DO; 
PUT FILELOUT) EDIT(““,SUBSTR(VS~K~,l,5O~,“‘ll’~ 

LCOLL19) ,3 A): 
VS(K)=SUBSTRLVS(K),51); 
END; 

ELSE DO; 
PUT FILEfOUT) EDIT(““,VSLK),’ “i’)(COLL19),3 A): 
VSLKI-“: 
END: 

END: 
PUT FILELOUT) EDITL’END OPTION:’ )LCOLL14),A)i 
*END* 

*PRODU TI ON* 18 *CODE* 
/*OUTPUT CODE TO REWEST BDF-FILE, DISPLAY OPTIONS AND 

INPUT SELECTED OPTIOW/ 
PUT FILEtOUT) EDITI 

‘/* REQUEST BDF-FILE */‘I 
‘BDF,FILE: CALL INITIALIZE(5):‘, 
‘CALL OUTPUT(“‘IlVS(K)))‘“):‘, 
‘CALL OPT1 ON; ’ , 
‘CALL OUTPUT LB) i ’ , 
‘CALL INPUT(B) :‘L 
ICOL12) ,A,SLCOLtlC), A) 1; 
*END* 

*PRODUCTION* 21 *CODE* 
/*BUI LO CONSTRUCT1 ON OPT IONS*/ 
VSLJ)=VSLJ)II’ ‘ItVSIK): 
*END* 

*PRODUCTION* 22 *CODE* 
/*END OF I NTEGER TYPE OPTION. OUTPUT CODE TO SAVE,PR IMITIVE 

AND EXIT */ 
PUT FILEtOUT) EDITL 

‘CALL SAVE,PRIMITIVE(C):‘, 
‘RETURN: ’ , 
‘END;’ ,‘END:‘) 
(3(COL(22) ,A) ,COLtlB ),A); 
*END* 

*PRODUCTION* 23 *CODE* 
/*EN0 OF INDEFINITE REPEAT ING OPTION*/ 
PUT FILELOUT) EDITL 

‘END;‘,‘END;‘) LCOL(22),A,COLt18),A); 
*END* 

*PRODUTION* 24 *CODE* 
/*START OF INTEGER OPTION. OUTPUT CODE TO START THE OPTION*/ 
PUT FILEtOUT) EDIT( 

‘/* TYPE ‘IIVS(J)II’*/‘, 
‘IF B=“‘((VS(JL II”’ THEN DO:‘, 
‘CZII”‘IIVS(J)II”‘:‘, 
‘DO I=1 TO ‘IIVSLKLII’:‘) 
(~(COL(~~),A~,~(COL(~B~,AL~: 
*END* 

*PRODUTION* 25 *CODE* 
/*START OF INDEFINITE REPEATING OPTION. OUTPUT CODE TO 

START THIS OPTION*/ 
PUT FILELOUT) EDITL 

‘/*TYPE ‘IIVS(J)II’*/‘r 
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),A) 1; 

‘DO HtiILE(“l”B)i’, 
‘CALL INITIALIZEt6):‘, 
‘CALL OUTPUTL”CONTINUE”~i’, 
‘CALL INPUT ( B) : ’ , 
‘IF B=TERMINATOR THEN DO:‘, 
‘CALL SAVE-PRIMITIVE(C);‘, 
‘RETURN: ’ , 
‘END;‘) 
(2(COL(14~,A~,2(COLLlB~,A~,4(COLO,AI,3LCOL~26 
*END* 

*PRODUCTION* 29 *CODE* 
/*OUTPUT COOE TO RECKJEST, OBTAIN AND CHECK NAME TYPE 
PUT FILELOUT) EDIT( 

‘/*PARAMETER ‘IlVSCJTI I**/‘, 
‘BI’ I I I; I, 
‘00 WHILE(-NAME(B));‘, 
‘CALL INITIALIZElb);‘, 
‘CALL OUTPUTL”‘~~VS(JL~~‘“);‘, 
‘CALL INPUT(B) ;‘, 
‘END;‘, 
‘C=Cll ” ” IIB;‘) 
(3LCOLL22) ,A),~LCOLL~~~,A),COLL~~)IA)~ 
*END* 

PARAMETER*/ 

*PROD U TI ON* 30 *CODE* 
/*OUTPUT CODE TO REQUEST AND OBTAIN TEXT TYPE PARAMETER*/ 
PUT FI LELOUT) EDITL 

*/*PARAMETER ‘(IVS(J)II’*/‘, 
‘CALL INITIALIZE(6):‘r 
‘CALL OUTPUT~“‘)~VS(J~~~‘“~;‘, 
‘CALL INPUT(B);‘, 
‘C=cll ” ” IIB:‘) 
(5(COL(22T,AlIi 
*END* 

*PRODUCTION* 31 *CODE* 
/*OUTPUT CODE TO REQUESTgOBTAIN AND CHECK NUMBER TYPE 

OPT1 ON*/ 
PUT FILELOUT) EDIT( 

‘/*PARAMETER ‘IlVS(J)II’*/‘, 
‘B= “&“;‘, 
‘DO WHILE(*NUMBERLBI I;‘, 
‘CALL INITIAL1 ZE(6); 0 
‘CALL OUTPUT(“‘IIVS(J)II’“):‘, 
‘CALL I NPUT ( 8) ; ’ , 
‘END:‘, 
‘C=cll ” ” 1 IB;‘) 
(3LCOLL22) ,A),4(COLL26l,Al,COLo,A)i 
*END* 

*END-SEHANT,ICS* 
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APPENDIX C -- GRAPHIC LANGUAGE SPECIFICATION 

SKELETON GRAPHIC PARSER 

*PARSER* : PROC (SINPUT,SUJTPUT,SDIAG,SEMANT): 
/*PARSER USING THE TABLES INSERTED BY THE SYNTAX PROGRAM */ 

DCL SI NPUT CHAR(*) VAR, /*INPUT STRING TO BE PARSED */ 
SOUTPUT CHAR(*) VAR, /*OUTPUT STRINDr/ 
SDIAG CHAR(*) VAR, /*DIAGNOSTIC OUTPUT STRING */ 
SEMANT ENTRY: /*S EHANT IC PROCEUJRE */ 

DCL L I ,J,K,L,KK,I1,12,13) FIXEO BIN, 
S(O:25) FIXED BINARY, /*PARSING STACK*/ 
i/IO:251 CHARtlO) VAR, /* VALUE STACK */ 
QUOTE BIT{1 1 , /*BOOLEAN FOR QUOTING BASIC SYMBOLS */ 
SYM FIXEO BIN, /* NJMERICAL FORM OF ASSIGNED SYMBOL */ 
SYMS CHARL4001 VAR, /*STRING FORM OF ASSIGNED SYNBOL */ 
ERROR BIT(1 L INITIAL(‘O’B), /*PASSED TO SEMANT*/ 
DIDDLE BIT(l) INITIAL(‘O’BL, /@IF TRUE MOD INPUT STRING*/ 
ANS FIXED BIN INITIAL(O), /*PASSED TO SEMANT*/ 
INPUT CHARL20001 VAR, /*INPUT BUFFER*/ 
OUTPUT CHAR(2000) VAR, /*OUTPUT BUFFER*/ 
DIAG CHARL2000) VAR, /*DIAGNOSTIC BUFFER*/ 
MARKER EXT CHARLZO) VAR; /*USED IN BUILDING STRINGS*/ 

*INSERT* 

LOOK: 

NE XT: 

CON: 

SPEC : 

DCL LOOK INTERNAL ENTRYICHARL400) VAR,FIXED BIN,BIT(l),BIT(l)): 
PROCL S,I ,T,X) : 
/*FREE FIELD READ PROCEWRE T IS FALSE IF INTEGER ELSE TRUE*/ 
/*SEPARATOR IS ALWAYS BLANK IF NOT QUOTED STRING THEN A 

SEPARATOR IS ANY SINGLE CHARACTER IN THE SYNTAX 
IF X TRUE THEN BLANKS REMOVED ELSE BLANKS LEFT */ 

PROC RETURNS(CHAR(1)): 
/* GETS THE NEXT CHARACTER FROM INPUT*/ 

IF I>LENGTHLINPUTI THEN DO: 
DIAG=‘INPUT USED’ ; 
GO TO FINIS: 
END: 

RETURNLSUBSTRLINPUT, 111) ); 
END NEXT: 

PROC i 
/*CONCATENATES SYM TO S AND INCREASED I */ 

s=s I ISYH: I =I+li 
END CON: 

PROCIA,B) RETURNSLBIT(lL1; 
/* TRUE IF A IS NOT A S EPARAT IN6 CHARACTER*/ 
DCL A CHARt 11, B BIT (11, J FIXED BIN; 

IF A=’ ’ 1 A=QUOTES THEN RETURNt’O’ BL; 
IF B THEN RETURNt’l’ B): 
IF MARKER -.=’ ’ THEN RETURNt’l’B); 
00 J=l TO M: IF A=BASSYH(J) THEN RETURNL’O’B): END; 
RETURNt’l’B) : 
END SPEC; 

DCL SPEC INTERNAL ENTRY (CHAR(l), BIT(l)) RETURNStBITL 111, 
NEXT INTERNAL ENTRY RETURNS (CHAR(l) 1, 
CON I NTERNAL ENTRY, 
SYM CHAR(l), CSYM CHAR(Z) VAR, JJ FIXED BIN, 
L T,X) BIT(l) I 
I FIXED BIN, /*INPUT BUFFER POINTER*/ 
S CHARtSO VAR; /*OUTPUT STRING’@/ 
SYWNEXT; SP’ ’ ; 
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IF ; 
= 

2:” D~y;H~~ILTtSYM=’ ’ ): 
i s : END: 

IF -6PECLSYHgWOTE) THEN 00; 
CALL CON: T=‘l’B; 
IF X THEN DO WHILELNEXT-’ ‘L: 

IF I=LENGTHL INPUT I’ THEN RETURN: 
ELSE I-1+1: 

END: 
CSYM=Sl I NEXT: 
SY M-NEXT : 
DO JJ-1 TO H; 

IF CSYH=BASSYH(JJ) THEN CALL CON; 
END: 

RETURN; 
END: 

IF SYM>‘Z’ THEN DO: 
DO WHILE (NEXT>’ Z’ 1; 

CALL CON: SYM=NEXT: 
END: 

T-‘O’B; RETURN: 
‘END: 

DO HHILE LSPECLSYM, QUOTE) Ii 
CALL CON; SY M= NEXT : 
END: 

T-‘1 ‘Bi RETURN; 
EH) LOOK: 

ASSIGN: PROC (QUOTE ,OS,VL RECURS IVEi 
/*ASSIGNS A NUMERICAL VALUE TO CURRENT INPUT SYMBOL *f 
DCL QUOTE BIT(l), 

OS CHAR(400) VAR, /*STRING RETURNED HERE *f 
V FIXED BIN, /* NUMERICAL FORM OF STRING l f 
J FIXED BIN, 
T BIT(l) ,0X CHARL400) VAR: 

. I’1.F QUOTE THEN DO: . - 
CALL LOOK(OS,I,T,‘O’B)i 
IF OS=QUOTES THEN DO; 

QUOTE=‘O’Bi OS=“; V-XSTRING: RETURN: 
END: 

CALL LOOK(OX,I,T,‘O’B1; 
DO WILE (OX-QUOTES ): 

os=os I I ox : 
CALL LOOKtOX, I,T,‘O’B)i 
END: 

QUOTE-‘0 ‘Bi V=X ST R I NG: 
RETURN: 
END: 

CALL LOOK(OS,I,T,‘1’B~i 
IF T THEN DO: 

IF OS-QUOTES THEN DO: 
QUOTE=‘l’B; CALL ASSIGN~QUOTEtOStV~: RETURN8 
END: 

DO J-l TO H; 
IF OS-BASSYMLJ) THEN Wi 

V=BASVAL ( J I : RETURN: 
END; 

END: 
IF OS-HARKER THEN DO: 

CALL ASSIGNLQUOTE,OS,V): 
RETURN: 
END: 
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EFoRD: RETURN: 

V=XI NT:GER: RETURN; 
EN) ASSIGN: 

/* ---I---- PARS I NG S ECT I ON -w-w------ */ 
DO J=O TO 25: S( JI=O: V(J)= “: END: 
S(OI=XTERM: 
x=1: JIO; WUTE-‘0’ 8; 
OUTPUT=’ ’ : DIAG=“i 
INPUT=SINPUT~~, ‘IIBAssYM~KIII ,: 
CALL ASSIGN(QUOTE,SYMS,SYMI: 
DO WILE (SYM)oIi 

IF J>=25 THEN DO; 
DIAG=‘STACK OVERFLOW’: 
GO TO FINIS: 
ENDi 

J=J+l : K=J; S(J)-SYH: VCJI=SYMS: 
CALL ASSIGN(QUOTE,S~HS,SYM,: 
DO WILE (H(S(J),SYMJ=‘>‘): 

IF S(J)-XSEQ THEN GO TO FINIS: 
DO WHILE ((H(S(J-lJ,SfJ))=‘-‘) BtJ>lJb: 

J=J-1 : 
END: 

L-KEYISL JI Ii 
DO H-II LE (PRTB(Lb-0 li 

KK- J+l i 
DO WHILE ((KK<-K) & IS(KKI=PRTBILJIJ; 

KK-KK+l: L-L411 
END: 

IF ILKK>KI 6 IPRTBLLI<OII THEN 00. 
11-J: 12=K: 13x-PRTB(L J: 
IF 13<=N THEN CALL SEMANT (13,V, 11, IZtANStERRORt 

OUTPUT,DIAG,OIDDLE~i 
S(J) -PRTBLL*lJ: L-O: 
IF DIDDLE THEN 00: 

DIDDLE-‘O’B; 
IF LENGTH~INPUTI+3*LENGTH~MAKKERJ+LENGTH~OIA6J+ 

LENGTHtSYMS I>2000 THEN Do: 
01 AG-’ INPUT OVERFLOW’ i 
GO TO FINIS: 
END: 

I NPUT-SUBSTRL INPUT, 1, I-1) 11 DIAGi I 
’ ’ I ISYMSI I’ ‘I ISUBSTRtINPUT, II; 

CALL ASSIGN{ WOTE,SYMS, SYM,; 
DIAG-‘1: 
J=J-1: 
END: 

END: 
ELSE DO; 

DO WHILE IPRTB(LI>OI: 
L-L41 : 
END: 

L-L+2: 
END: 

ENDi 
IF L--O THEN DO: /*PUT ERROR RECOVERY HERE *I 

DIAG=‘PARSING ERROR’1 I II I INPUTI IJI IK: 
DO JIO TO K; DIAG-DIAGI ISLJII IV(J); ENDi 
bIAG=OIAGI ISYMl ISYMS: 
GO TO FINIS; 
END : 

,“;g 

END: 
FIN1 S: SOUTPUT-UJTWT$ SOIAGrOIAG: 

END *PARSER*; 
*EM)* 
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I .  

A P P E N D IX  C  --  G R A P H IC L A N G U A G E  S P E C IFICATION 

G R A P H IC S E M A N T IC C O N S T R U C T O R  S Y N T A X  

//G O .S Y N D A T A  D D  * 
P A R S E R , N A M E = ‘T S , L A N G ’ S E H A N T , N A M E = ‘S E H A N T ’ 

/* 
//G O .S Y N T A X  D O  * 
* S Y N  T A  X * 
S E M A N T ICS * : :=*  S E M A N T  C O D A  P R O D U C T I O N S  +-;* 
P R O D U C T I O N S  *::=* I N T E R P R E T A T I O N S  * N O - S E M A N T *  *:* 
S E M A N T  *: :=*  *S E M A N T ICS* W O R D  *:* 
I N T E R P R E T A T I O N S  *: :=*  I N T E R P R E T A T I O N  * N O - S E M A N T t  + ;* 
*::=* I N T E R P R E T A T I O N S  I N T E R P R E T A T I O N  * N O - S E H A N T L  *:* 
I N T E R P R E T A T I O N  * ::=*  I N T E R P  *CODE*  l ;* 
INTERR *::=* *P R O D U C T I O N *  I N T E G E R  *;* 
C O D A  *::=* *CODE*  
*E N D - S Y N T A X *  
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APPENDIX C -- GRAPHIC LANGUAGE SPECIFICATION 

GRAPHIC SEMANTIC CONSTRUCTOR SEMANTICS 

//GO.SEHANTIC DD * 
*SENANTICS* SEHANT *CODE* *EN&+ 
*PRODUCTION* 1 *CODE+ 

PUT FILELOUTJ EDITI 
‘END ‘~~VS~J~~~‘i*J~COLflO~,AJ; 

CLOSE FILE (OUT) : 
*END* 

*PRODU;TION* 3 *CODE* 
PUT FILELOUT) EOIT( 

VS(J+lJJl’: PROC~N,VS,LEFT,RIGHT,ANS,ERROR,OUT,DIAG,DIDDLE~:‘, 
‘DCL N FIXED BIN, /*CURRENT PRODUCTION NUMBER*/‘, 
‘LEFT FIXED BIN, /*LEFT-HAND STACK POINTER */‘I 
‘RIGHT FIXED BIN, /* RIGHT-HAND STACK POINTER */‘, 
‘ANS FIXED BIN, /* INITIALLY SET TO ZERO */‘I 
‘ERROR BIT(l), /* INITIALLY SET TO FALSE */I, 
‘OUT CHARLZOOOJ VAR, /* OUTWT BUFFER */‘, 
'DIAG CHAR(2000J VAR, /* DIAGNOSTIC BUFFER */‘, 
‘DIDDLE BIT(l), /*IF TRUE THEN MODIFY INPUT WITH V(J)*/‘, 
‘VS(O:tSJ CHARtlO) VAR, /* VALUE STACK l /‘, 
‘(FETCH,ATTR,FETCH,BDF,FETCH,TS,FETCH,NAME,’, 
‘FETCH,PRIMITIVEJ EXTERNAL ENTRY’, 
‘(CHAR(*) VARJ RETURNSLCHAR(2000J VARJ,‘, 
‘FETCH-VALUE EXT ENTRY(CHAR(*J VAR,CHAR(*J VARJ’, 
‘RETURNS(CHAR12000J VARJ :’ J 
IC0L(2J,A8C0L~10J,A,9(C0L~14J,AJ,2(C0L(LBJ,AJ, 
COL(14),A,COL(18),A); 

PUT FILEtOUT) EDIT, 
‘DCL PTR FIXED BIN, /*POINTER TO LAST USED A S I l /', 
‘ALZOJ CHAR(2OJ VAR, IL2OJ FIXED BIN,‘, 
‘RL20J FLOAT BIN,‘, 
‘~CSEP,ASEP,LEFT,PAREN,R1GHT,PAREN,NARKER,CONNECTOR, 0 
‘SEPJ EXT CHARLZOJ VAR,‘, 
‘NEXT INT ENTRYLCHAR(*J VARJ RRURNS(CHAR(lOOJ VARJ,‘, 
‘SAVE INT ENTRY (CHAR(*) VAR,CHAR(* J VARJ’ , 
‘RETURNSICHAR(20001 VARJ ,’ , 
‘DELETE INT ENTRYLFIXED BINJ RETURNS LCHARtZOJ VARJ, ‘t 
‘FETCH INT EN~RYLCHARL*J ~AR,CHAR(*J VARJ:’ J 
(C0L(10J,A,3~C0L(14J8AJ,C0L~18J,A,2(COL~14J,AJ, 
COL(18~,A,2(COL~14),A))i 

PUT FILELOUTJ EDITL 
‘DELETE: PROC(1 J RETURNSLCHARLEO J VARJ;‘, 
‘/*CONVERTS I TO CHAR STRING, DELETES BLANKS*/‘, 
‘DCL I FIXED BIN, X CHARL20J VAR:‘, 
'x=1:', 
‘IF X=“” J X=” ” THEN RETURNL”“Ji’, 
‘00 WILE (SUBSTR(X,l ,l)=" " ): ', 
‘X=SUBSTR(X,2J i’ , 
‘END;‘, 
‘DO JttILE (SUBSTR(X,LENGTHLXJ,lJ-” ” J:‘, 
‘X-SUBSTR(X,l ,LENGTHLXJ-lJi’, 
‘END;‘, 
‘RETURN(X) i ’ , 
‘END DELETE: ‘J 
~COL~2J,A,2fCOLI10~,A~,3~COL~14J,AJ,2~COLtl~J,A~, 
CoL(14J,A,2ICOL(1BJ,AJ,2~COL~l4J,AJJ: 
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PUT,;F;;taUT, EDITt 
PROCtNAMES) RETURNS (CHARL 100 J VAR 1: ’ , 

’ /+RE;URNS THE NEXT NAME FROM NAMES OELET IN6 IT FRON NAMES*/‘, 
‘DCL NAMES cHAR(2000) VAR,NAME CHARtlOO) VAR,J FIXED BIN:‘, 
‘J=INOEX(NAMES,” “):‘I 
‘IF J-O THEN DO: 0 
‘NAME=NAMESi ’ , 
‘NAMES=““:‘, 
‘END:‘, 
‘ELSE DO;’ t 
‘NAME-SUBSTRLNAMEStltJ-l)i’, 
‘NAMES=SUBSTR(NAMES,J+lli’r 
‘END:‘, 
‘RETURNLNAMEL :‘t 
‘END NEXT; ‘1 
~COL(~J,A,~(COL(~OJ,AJ,Z(COL(~~J~A~~~(COL(~~~,~J, 
3tCOLtlii,,A, ,2LCOL(l4L,AL): 

PUT FILELOUT) EDITt 
‘FETCH : PROCL PRI M, ANAHES L : ’ I 
‘/*FETCHES THE VALUES OF THE NAMES IN ANANES FROM ATTR’, 
‘IN PRIMITIVE PRIM, LEAVES ANS IN A, I AND R*/‘, 
‘DCL (ATTR,NAMESI CHARtZOO VAR,‘, 
‘( ANAHES,PRI H, CHAR(*) VAR,’ I 
‘NAME CHARtlOO) VAR;‘, 
‘ON UNDERFLOW ONSOURCE=“O”:” 
‘ON OVERFLOW ONSOURCE=“O”i’, 
‘ON CONVERSION ONCHAR=“O”:‘, 
‘NAHES=ANAWES:’ , 
‘ATTR=FETCH,ATTR (PRI ML : ’ , 
‘DO WILE (NAMES q=“” & NAMES w=” “b:‘, 
‘NAME=NEXT(NAHES)i’, 
‘IF PTR<ZO THEN PTR=PTR+li ‘I 
‘ALPTR)-FETCH,VALUE(ATTR,NAMEb:’ , 
‘I (PTRL-A(PTRT :‘, 
‘Rf PTRL =A( PTRL i ’ I 
‘END:‘, 
‘END FETCH:‘) 
(cOL~2~,A,3~COL~10J,A~,B~COL~l4J,AJ,6~COL~lB~tA~t 
COLL14) ,A) ; 

PUT FILELOUT) EDIT{ 
‘SAVE: PROCLATTR, ANAHES ) RETURNS L CHAR L 2000 J VAR ) i ’ , 
‘/*SAVES VALUES OF ATTRIBUTE NAMES IN ANAMES FROM A’, 
‘I NT0 ATR, RETURNS ATRW’, 
‘DCL LNAWES,ATRL CHARL2000) VAR,‘, 
‘(ATTR,ANAMESL CHAR(*) VAR,’ , 
‘NAME CHARLLOO) VAR: ’ , 
‘NAMES-ANAMES;’ , 
‘ATR=ATTRi ’ , 
‘DO WILE (NAMES-=“” & NAMES--” “):’ t 
‘WHE=NEXT(NAMES):‘, 
‘IF PTR<ZO THEN PTR=PTR+l;’ , 
‘CALL SAVE,VALUELATR,NAME,ALFTRJ I:‘, 
‘END;‘, 
‘RETURNLATR) i ’ I 
‘END SAVE:” 

3(COL114) ,A) L : 
VSL JJ=VS(J+l) i 
*END* 
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*PRODUtTION* 6 *CODE* 
PUT FILEtOUT) EDIT( 

‘RETURN;‘, 
‘EN0 ‘I(‘L’I(VS(J)II’;‘) 
(2tCOLt14) ,A)) i 
*END* 

*PRODUTION* 7 *CODE* 
PUT FILEtOUT) EDITt 

II ‘:I’ 
/* PRODUCTION NUMBER ’ t 

‘IF N=‘, 
VSI K) , 
’ THEN” 
‘L’ I IVStK) 
‘DO: 
VSI K) I 
‘*/‘I 
~coL(1o~'3 
VSC J)=VS( K 
*END* 

*END-SEMANTICS* 

A,COLt2~,A,COL~20~,~ A): 
1: 
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APPENDIX D 

GEM’S PROCEDURE LIBRARY 

IN1 TIALIZE: PROC (N) : 
/* INITIALIZES TO TYPE N */ 
DCL (N,H) FIXED BIN,LBUFADD,BUFPTRS~B~) EXT FIXED BIN: 
DCL MINNZ INTERNAL ENTRYtFIXED BIN) RETURNSIFIXED BIN); 

MINNZ: PROCLA) RETURNSLFIXED BIN): 
/*RETURNS FIRST NON-ZERO BUFPTRS L J 1 J>A */ 
/* OR BUF ADD IF NONE NON-ZERO FOR J>A */ 
DCL LA,K) FIXED BIN; 

DO K=A*l TO 8; 
IF BUFPTRS(K)>O THEN RETURNtBUFPTRStK) Li 
END: 

RETURN L BUFADDL ; 
END MINNZ; 

IF N>B THEN RETURN: 
IF BUFADD<BUFPTRS LN) THEN BUFPTRSLN)=BUFADD; 
ELSE IF BUFPTRS(N)=O THEN 

BUFPTRS (N), BUFADD=HINNZ(N 1; 
ELSE BUFADbBUFPTRS LN): 
DO M=N+l TO 8: 

BUFPTRS tH,=O; 
END: 

END INITIALIZE; 

POP: PROC RETURNSLCHARLZOOO 1 VAR); 
/*POPS UP RES,STACK RETURNING THE TOP ELEMENT */ 
DCL A CHAR(2000) VAR’ I FIXED BIN, RES,STACKLlOL EXT 

CHARtZOO) VAR; 
A=RES,STACKL 10 1; 
DO I=10 TO 2 BY -1: 

RES,STACK(I )=RES-STACKtI-1): 
END; 

RE S-STACK(l) =’ ‘i 
RETURN(A) : 
END POP; 

UPDATE: PROCIA) i 
/* UPDATES AND PUSHES DQrlN THE RES-STACK l / 
DCL A CHAR(*) VAR,I FIXED BIN, 

RES,STACKLlO) EXT CHAR{200 1 VAR; 
DO I=1 TO 9; 

RES-STACKLI)=RES-STACK(I+l): 
END; 

RE S,STACK{10 I =A: 
END UPDATE ; 

FETCH-PRI MI TI VE : PROC LA) RETURNS LCHARLZOOO) VAR Li 
/*FETCHES THE PRIMITIVE WHOSE NAME IS IN A */ 
DCL (A,B) CHAR(2000) VAR, 

FIND,PRIHITIVE EXT ENTRYLCHAR(2000) VAR, 
CHARL2000 1 VAR): 

CALL FIND-PRIMITIVELA, 8): 
RETURN{ 8) : 
END FETCH-PRIMITIVE: 
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SAVE-ATTR : PROC(A,B) ; 
/*CAVE ATTR B IN PRIHIT IVE A */ 
6CL (A,B) CHAR(*) VAR,lI,J,K(3)) FIXED BIN, 

C CHAR(2000~ VAR, SEP EXT CHAR(ZO) VAR: 
SEARCH: PROC i 

/*LOCATES SEPS IN A *I 
C=A: . 
00 J=l TO 3: 

I=INOEX(C,SEP): 
IF I=0 THEN K(J)=O; 

ELSE DO: 
K(J) =i ; 
IF SEP=’ ’ THEN SUBSTRtC, I, l)=’ .’ i 

ELSE SUBSTRtC, I,l)=’ ‘; 
END; 

END: 
END SEARCH: 
CALL SEARCH: 
IF K(l)=0 THEN A-Al ISEPI ISEPii 81 ISEP: 

ELSE .IF K(Z)=0 THEN A=Al ISEPII 81 ISEP: 
ELSE IF K(3)=3 THEN 

A=SUBSTR(A,l,K(ZI+LENGTH(SEP)-1)IiBIISEP: 
ELSE A=SUBSTR(A,l,K(Z)+LENGTH(SEP)-l)IIBIISUBSTR(A,K(3)); 

RETURN: 
SAVE-BDF : ENTRY(A,B): 

/*SAVE BDF B IN PRIMITIVE A*/ 
CALL SEARCH: 
IF K(l)=0 THEN A=AllSEPllSEPilSEPllB; 

ELSE IF K(2)=0 THEN A=AllSEPllSEPllB: 
ELSE IF K(3)=0 THEN A=Al ISEPII B: 
ELSE’ A=SUBSTR(A,l,K(3)+LENGTH(SEP)-11118; 

RETURN; 
SAVE-TS: ENTRY(A,B): 

/* SAVES TS FIELD B IN PRIMITIVE A *I 
CALL SEARCH: 
IF K(l)=0 THEN A=AllSEPllBllSEPllSEP: 

ELSE IF K(Z)=3 THEN 
A=SUBSTR~A,1,K~1~+LENGTH(SEP~-l~llBllSEPllSEP: 

ELSE IF K(3)=0 THEN 
A=SUBSTR~A,~,K~~~+LENGTH~SEP~-~~I~B~~SUBSTR~AIK~~~~ 

I ISEP: ..-~ 
ELSE A=SUBSTR~A,l,K~l~+LENGTH~SEP~-l~IIBIISUBSTRlA,K~2~~~ 

RE TURN; 
END SAVE-ATTR; 
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SAVE-VALUE : PROCLATTR, NAHE,VALUE): 
/*SAVES VALUE OF NAME IN ATTR */ 
DCL (ATTR,NAME,VALUE) CHAR(*) VAR,LI,J,K) FIXED BIN, 

(CONNECTOR,ASEP) EXT CHARLZO) VAR: 
If ATTR=” THEN DO; 

ATTR=NAHE~ IC~NNECTORI IVALUE: 
RETURN: 
END; 

I=INOEX(ATTR,NAME)i 
IF I=0 THEN ATTR=ATTRI IASEPI INAME1 ICONNECTORI IVALUE: 

ELSE DO; 
K=LEWTH(ASEPI: 
00 J=I+LENGTH(iAHEI TO LENGTHLATTRkK: 

IF SUBSTRLATTR, J,K)=ASEP THEN DO; 
ATTR=SUESTRLATTR, 1, x-i)1 I NAMEI IC~NNECTORI I 

VALUEI I ASEPI IsuBsTRLATTR,J+KK; 
RETURN: 
END; 

ENDi 
ATTRdUBSTRLATTR, 1, I-l,1 INAME! I CONNECTOR1 IVALUE: 
ENDi 

END SAVE-VALUE: 

VAR 1; 

CHAR L 2000 1 

FETCH-VALUE : PROC(ATTR,NAHE) RETURNS 1 CHAR (2000 ) 
/* FETCHES THE VALUE OF NAHE FROM ATTR */ 
OCL (ATTR,NAME) CHAR(*) VAR,I FIXED BIN,* 

(CCNNECTOR,ASEP) EXT CHARLZO) VAR; 
I=INOEX(ATTR,NAME): 
IF I=0 THEN RETURN(“); 
A=SUBSTRLATTR,I): 
I=INOEXLA,ASEP); 
IF I-=0 THEN A=SUBSTR(A, 1, I-1); 
I=INDEX(A,CONNECTOR): 
IF I=0 THEN RETURN(“): 

ELSE RETURNLSUBSTRTA, I+LENGTH(CONNECTOR) I ): 

VAR, 

END FETCH-VALUE: 
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FETCH-NAME: PROC (A) RETURNS(CHAR(20001 VAR): 
/*RETURNS THE NAME FROM THE PRIMITIVE IN A */ 
OCL A CHAR(+) VARI SEP EXT CHARIZO) VAR. 

K(3) FIXED BIk(I,J) FIXED BIN; . 
SEARCH: PROC; 

/*LOCATES SEPS IN A */ 
OCL C CHAR(2000) VAR: 

C=A: 
00 J=l TO 3; 

KI JI =INOEX(C,SEP); 
IF K(J) 3= 0 THEN 00; 

IF SEP = ’ ’ THEN SUBSTRIC,K(J),l) = ‘.‘; 
ELSE SUBSTR(C,KIJI,l)=’ ‘: 

END: 
END; 

EN) SEARCH; 
CALL SEARCH: 
IF K(l)=0 THEN RETURN(A); 

ELSE IF K(l)=1 THEN RETURN{” ); 
ELSE RETURN(SUBSTR(A,l,K(lb-111; 

FE TCH-TS: ENTRY (A) CHARI2000) VAR; 
/*RETURNS THE TS FIELD FROM THE PRIMITIVE IN A */ 

CALL SEARCH: 
I =K(Z)-K(l)-LENGTHISEP); 
IF I <= 0 THEN RETURNl” 1: 

ELSE RETURN(SUBSTRIA,KIl)+LENGTH(SEP)r 1)); 
FETCH-ATTR: ENTRY (A) CHAR(2000 1 VAR: 

/* RETURNS THE ATTRIBUTE FIELD FRDn THE PRIMITIVE IN A */ 
CALL SEARCH; 
I =K(3)-K(2)-LENGTH(SEP); 
IF I <= 0 THEN RETURN(” 1; 

ELSE RETURN(SUBSTR(A,K12)*LENGTH(SEPI, I)); 
FETCH BOF: ENTRY (A) CHAR(2000) VAR: 

ITIVE A l / I* RETURNS THE BASIC 3ISPLAY.FIELO FROM PRIM 
CALL SEARCH; 
ItLENGTH(K(3)-LENGTHtSEP); 
IF I <= 0 THEN RETURN(” I; 

ELSE RETURN(SUBSTR(A,K(3)+LENGTH6EP) 
END FETCH-NAME: 

1): 
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. . APPENDIX E -- TUO-DINENSIONAL MATHEMATICAL EXPRESSIONS 

CONTROL DESCRIPTION 

//GO.SOURCE 00 * 
*CONTROL* ‘SELECT OPTION OR OPERATOR, 
MAX-PRIM *=* 20 
RIGHT-PAREN +=* ‘b’ 
LEFT-PAREN *=+ ‘T’ 
CSEP *=4 I:’ 
CONNECTOR *=* ‘=I 
QUOTES *=* ‘,,’ 
SEP *=* 1;’ 
MARKER *=* ” 
ASEP *=* * 9 
LENGTH-PRIM +=* 100 

*CODE* 
OCL (SEMANTl ,SEMANTZ) EXT ENTRY, LBLK,XTR,YTR,CHAR-SIZE-X, 

CHAR-SIZE-Y ,OIVS,BWIOTH,BHIGH,LUNOER,RUNOER,CDIV,NSPACE~ 
EXT FIXED BIN: 

OCL FIRST-ENTRY EXT BIT(l) INlTIAL~‘1’B~,XXTMP~ll~ FIXED BIN: 
OCL OBG EXT BIT(l) INITIALL’O’B): 

SAVE-VAR: PROC i 
/*SAVES AND SETS VARIABLES */ 

XXTMPLl) =XTR: 
XXTMPtZ)=YTR; 
XXTMPC3 I =CHAR-S I ZE-X: 
XXTMPL4)=CHAR-SIZE-Y: 
XXTMP(5,=DIVS: 
XXTMPLL) =BWIOTH: 
XXTWP(71 =BHIGH; 
XXTMPIB) =LUNOER: 
XXTMP (9) =RUNOER: 
XXTMPLlO) =COIVi 
XXTMPTll) =NSPACE: 
XTR=l: 
YTR=iY; 
CHAR-S1 ZE-X=2: 
CHAR-S1 ZE-Y =l : 
01 vs=1; 
BWIOTH=l: 
BHIGH=l: 
LUNDER=O: 
RUNIJE R=-2 : 
CDI V=2 i 
NSPACE=l : 

END SAVE-VAR: 
RESTORE-VAR: PROC i 

/* RESTORES VARIABLES */ 
XTR=XXTMPLlb: 
YTR=XXTHP(2); 
CHAR-SIZE_X=XXTMP(3); 
CHAR-St ZE-Y=XXTHP (4 1; 
DI VS=XXTMPCS 1: 
BWI DTH=XXTMPT6 I ; 
BHIGH=XXTMP(7): 
LUNOER=XXTHP(E 1; 
RUNOER=XXTMPL9): 
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CDIV=XXTHP(lO): 
NSPACE=XXTHP(ll); 

E NO RESTORE-VAR: 
IF FIRST-ENTRY THEN 00: 

FIRST-ENTRY=‘O’B; 
BLK=l: XTR=lOOi YTR=300: CHAR-SIZE-X=21; 
CHAR-S1 ZE-Y=30 ; COIV=l: NSPACE=O: 
OIVS=4; BWIOTH=lO; BHIGH=O: LUNOER=-11; RUNOER=-15: 

END; 
*END* 

*FUNC TI ON* ‘OPTIONS’ 
*NAME* *=* ASSIGN ‘SELECT TARGET’ 

0 PRIMITIVE TYPE-A 
*CODE* 

ARG(2)=RES_STACK(lO,; 
ARG~1~=FETCH~PRIHITIVEO ); 
CALL SAVE_TS(ARGLl),ARG(2)); 
ARG(Z,=“: 
CALL SAVE-ATTRLARGLl ),ARG(2) 1; 
CALL SAVE_BOF(ARGL11,ARG(2)); 
CALL SAVE-PRIMITIVELARGtl,,; 
*END* 

*NAME* *=* DEFINE *NONE* 
KODE* 

CALL ANOOEF; 
CALL OISPLAY~PRIHITIVES~‘OEFINED VARIABLES ‘)i 
CALL OISRLAY-RESULT (’ EXPRESSION = ’ 1; 
*END+ 

*NAME* *=* 01 SPLAY *NONE* 
*CCOE* 

ARGLZ)=“: 
ARG(l)=RES-STACKLlO,; 
CALL PARSERAtARG(l,,ARG(l)IARGo1SEHANTl,; 
ARG(Z)=ARG(l)i I’ ‘1 IARG(2): 
IF OBG THEN 00: 

CALL INITIALIZE(4,: 
CALL OUTPUTT LARGLZ) 1: 

END; 
CALL INITIALIZEf5): 
CALL SCANLARGLl, 1: 
*E NO* 

*NAME+ *=* EVAL *NONE* 
*CODE* 

ARG(Z)=“; 
ARG(l)=RES-STACKLlO 
CALL PARSERALARGLl, 
ARGLl,=ARG(l,I I’ ‘I 
CALL INITIALIZEL6): 
CALL OUTPUTTLARGLl) 
*END* 

*NAME* *=* PRINT *NONE* 

I: 
,ARG(l),ARG(Z,,SEMANTZ)i 
I ARG(2); 

)’ . 

*C COE * 
CALL SAVE-‘/AR: 
ARG,Z,=“: 
ARGLl)=RES-STACKtlO); 
CALL PARSERA(ARG(l),ARG(1)1ARGo1SEMANTl,; 
PUT EOIT~RES~STACK~1011~PAGE,COL120),A)i 
IF DBG THEN 00: 

PUT EOIT(‘XTR=‘,XTR,‘YTR=‘,YTR,‘CHAR-SIZE-X=’, 
CHAR-SIZE-X,‘CHAR-SIZE-Y=‘, CHAR-SIZE-Y, 

- 136 - 



‘OIVS=‘rOIVS,‘BWIOTH=‘,BNIOTH,‘BHIGH=’, 
BHIGH,‘LUNOER=‘, LUNDER,,RUNDER=‘,RUNDER, 
‘CDIV=‘,COIV,‘NSPACE=‘,NSPACE~ 
(SKIPT4l,ll(COL(20,,A,F(20))): 

PUT EOIT~ARG~1~,ARG~2~~~SKIPolt(tOL(20~,A~~: 
END: 

CALL SCAN1 ( ARGfl) 1: 
CALL RESTORE-‘/AR: 
CALL PRINTER: 

1, ARGLZ,, SEMAN 

*END* 
*NAME* +=+ OUTPUT *NONE* 

*CODE* 
CALL SAVE-t/AR: 
ARG (2 I =‘I : 
ARG (1) =RES-STACK{ 10 ) : 
CALL PARSERA(ARG(l),ARGLl 
CALL SCANltARGLlI 1; 
CALL RESTORE-VAR: 
*END+ 

*NAME+ +=+ PRINTER *NONE* 
*CODE* 

CALL PRINTER: 
*END* 

WlAHE* *=* INIT *NONE* 
*CODE* 

CALL INITIALIZEL4): 
CALL OUTPUTTt’ERASE VARIABLES’ ); 
CALL INPUTTLATEWP): 
IF ATEMP=‘YES’ THEN NUH-PRIM=O; 
BEGIN; 

ON CONVERSION ONSDURCE=‘O’; 
CALL OUTPUTTT’ENTER OBG’ 1: 
CALL INPUTTLATEMP): 
OBG=ATEHP: 
CALL OUTPUTT (‘ENTER BLK’ 1; 
CALL I NPUTT LATEHPI i 
BLK=ATEMP; 
CALL OUTPUTT (‘ENTER XTR’ ): 
CALL INPUTTLATEHP); 
X TR=ATE MP; 
CALL OUTPUTT (‘ENTER YTR’ I: 
CALL INPUTTLATEUP): 
YTR=ATEUP: 
CALL OUTPUTTL’ENTER CHAR-SIZE-X’ ): 
CALL INPUTTtATEMP); 
CHAR-S1 ZE-X=ATEMP: 
CALL OUTPUTTL’ENTER CHAR-SIZE-Y, 1; 
CALL INPUTTTATEMP): 
CHAR-S1 ZE-Y=ATEMP: 
CALL OUTPUTTL’ENTER OIVS, I: 
CALL INPUTTLATEHP); 
DIVS=ATEHP: 
CALL OUTPUTTL’ENTER BWIOTH’ 1: 
CALL INPUTTLATEMP): 
BWIOTH=ATENP: 
CALL DUTPUTT (‘ENTER BHIGH’ 1; 
CALL INPUTTLATEHP): 
BHIGH=ATEMP; 
CALL OUTPUTTL’EMER LUNDER, Ii 
CALL INPUTTfATEHP): 

Tl): 

- 137 - 



LUNOER=ATEMP; 
CALL DUTPUTT (‘ENTER RUNOER’ ): 
CALL INPUTTLATEHP): 
RUNOER=ATEMP; 
CALL DUTPUTT (‘ENTER COIV’ ): 
CALL INPUTTLATEMP): 
CD1 V-ATEMP; 
CALL DUTPUTTL’ENTER NSPACE’ ): 
CALL INPUTT(ATEt4P); 
NSPACE=ATEHP: 
END: 

CALL OISPLAY~PRIHITIVES T’ DEFINED VARIABLES ’ 1; 
’ 1; CALL DISPLAY-RESULTT’EXPRESSION = 

CALL INITIALIZEL4); 
ARG~ll=‘OBG’IIDBGII’ BLK’IIBLKII’ 
YTRII’ CHAR3IZE~X’llCHAR~SIZE~Xl 

CHAR-SIZE-Y l l ’ OIVS’I IOIVSI 
’ BHIGH’llBHIGHll’ LUNDER’I 
RUNOER: 

CALL OUTPUTTLARGfl) )i 
*END* 

*NAME+ *=* INPUT *NONE* 

XTR’IIXTRII’ YTR’II 
I ’ CHAR-SIZE-Y’ 1 I 
I’ 8WIDTH’llBbdIOTHll 
ILUNOERIIQ RUNOER~II 

*CODE* 
CALL INITIALIZE(5): 
CALL OUTPUTTt’ENTER EXPRESSION’ t; 
CALL INPUTTTARG(1)1; 
CALL UPOATELARGLl) ): 
CALL DISPLAY-RESULT (‘EXPRESSION = 
*END* 

’ i; 

*NAME* *=* POP *NONE* 
*CODE * 

ARG(l)=POP; 
CALL DISPLAY-RESULT (‘EXPRESS ION = ’ 1: 
*END* 

*NAME* I=* TERM *NONE* 
*CODE * 

GO TO EXITZ; 
*END* 

*NAME* *=* DBG *NONE* 
*CODE* 

DBG=-OBG: 
*END* 

*END* 
*CONSTRUtTION* ‘OPERATORS * 

*NAME* *=* + ‘SELECT LEFT OPERAND’ 
1 PRIMITIVE TYPE-A */* 1 RESULT TYPE-F 
‘SELECT RIGHT OPERAND’ 

1 PRIMITIVE TYPE-E */* 1 RESULT T’IPE-0 
*CODE * 

ARG(l)=ARGIl) II MARKER II ‘+’ I I MARKER II ARG(2): 
CALL UPOATELARGtl) I: 
CALL DISPLAY-RESULT (’ EXPRESS ION = * ); 
*END* 

*NAME* *o* - ‘SELECT LEFT OPERAND’ 
1 PRIMITIVE TYPE-A */* 1 RESULT TYPE-F 
‘SELECT RIGHT OPERAND’ 
1 PRIMITIVE TYPE-E */* 1 RESULT TYPE-D 
#ODE* 

ARG(l)=ARG(l) II MARKER II ‘-’ II MARKER II ARC(Z); 
CALL UPOATELARGtl) 1: 
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WOL*DISPLAYJESULT (‘EXPRESS ION = * J; 

*NAME* *=* / ‘SELECT DIVIDEND’ 
1 PRIMITIVE TYPE-A */* 1 RESULT TYPE-B 
‘SELECT DIVISOR’ 
1 PRIMITIVE TYPE-E */* 1 RESULT TVPE-0 
*CODE* 

ARG(ll=ARGtlb II MARKER II ‘1’ II MARKER II ARGfZl: 
CALL UPOATElARG(1) 1: 
CALL DISPLAY-RESULT (‘EXPRESSION = ’ 1: 
*END* 

*NAME* *=* * ‘SELECT MULTIPLICAND’ 
1 PRIM1 TI VE TYPE-A *I* 1 RESULT TYPE-B 
‘SELECT MULTI PLIER’ 

1 PRIM1 11 VE TYPE-E */* 1 RESULT TYPE-D 
*CODE* 

ARGtl)=ARG(lb II MARKER II I*’ I I MARKER It ARG(2): 
CALL UPOATEIARG(11 I: 
CALL OISPLAY-RESULT (‘EXPRESS ION = ’ )i 
*END* 

*NAME* *=* +* ‘SELECT EXPRESSION’ 
1 PRIMITIVE TYPE-E */* 1 RESULT TYPE-O 
‘SELECT EXPONENT’ 

1 PRIMITIVE TYPE-E */* 1 RESULT TYPE-O 
*CODE * 

ARG(lb=ARG(l) II MARKER II ‘**’ 11 MARKER II ARG(Zb: 
CALL UPDATEIARGtll b: 
CALL DISPLAY-RESULT I’ EXPRESS ION = ’ I: 
*END* 

*NAME* *=* NEG *NONE* 
*CODE* 

ARGlll=‘-‘IIHARKERI(LEFT-PARENIIMARKERII 
RES-STACKI 10 ) I IMARKERI I RIGHT-PAREN; 

CALL UPDATEIARGtl I I: 
CALL DISPLAY-RESULT (’ EXPRESSION = ’ 1; 
*E NO* 

*END* 
l ENO-CONTROL* 
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,. APPENDIX E -- TWO-01 HENSIONAL HATHEMAT ICAL EXPRESSIONS 

DEFINITION DESCRIPTION 

//GD.SOURCE DD * 
*DE F I NI TI ON* ANDDEF 

*NAME* ‘ENTER VARIABLE NAME’ 
*TS* 
*ATTR-LX ST* ‘ENTER VALUE OF VARIABLE’ 

VALlE=NUMBER 
*BDF -F I LE * 
*END-DEFI NI TI ON* 

/* 
// E XEC PLl ,PARM. PLl L=‘ATR,XREF, STHT’ 
//PLlL.SYSLIN DD DSNAME=WYL.CG.JEG.USERLIB(ANDOEFJ,OISP=1OLD,KEEP~, 
// UNIT=2314 ,OCB=lRECFM=FB, LRECL=BD, ELKSIZE- I 
//PLlL.SYSIN DD DSNAME=GTEMP,DISP=(OLD,OELETE),UNIT=SYSDA 
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APPEND1 X E -- TWO-D1 MENS IONAL MATHEMATICAL EXPRESSIONS 

SYNTAX DESCRIPTION 

//GO.SYNDATA DD * 
SEPUENCE=‘EXPRESSION’ PARSER-NAME=‘PARSERA’ QUOTES=“” 

TERMINAL=‘END’i 
/* 
//GO.SYNTAX DD * 

*SYNTAX* 
EXPRESSION *::=* EXPR- *:* 
E XPR- +::=* EXPR *NO-SEMANT* *:* 
EXPR *::=* EXPR + TERM- *;* 

*::=* EXPR - TERM- *:* 
*::=* - TERM- *;* 
*::=P TERM- VNO-SEtlANT* *;* 

TERH- +::=* TERM *NO-SEMANT* *:* 
TFRM *::=* TERM * FACTOR- +:+ 

*::=* TERN / FACTOR- *;* 
*::=O FACTOR- *NO-SEHANT* *:* 

FACTOR- *: :=f FACTOR *NO-SEUANT* =;* 
FACTOR *::=* FACTOR ** PRIHARY *:* 

*: :=* PRIMARY *NO-SEHANT* r:+ 
PRIMARY *::=* ( EXPR- 1 *:+ 

*::=* WORD f-;* 
*::=* INTEGER 

*END-SYNTAX* 
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APPEND! X E -- TWO-D! MENSIONAL MATHEWAT ICAL EXPRESSIONS 

GRAPHICAL SEMANTIC DESCRIPTION 

//GO.SOURCE DO * 
*SEHANTICS* SE HANTI *CODE* 

DC1 

TRA N SLA TE : 

ARG(5) EXT CHAR(2DCOT VAR,STEHP CHARLtOOOT VAR, 
BRACKET INTERNAL ENTRY (FIXED BIN), 
TRANSLATE INTERNAL ENTRY (CHAR(*) VAR,FIXED BIN, 
FIXED BIN) RETURNS(CHAR(2000l VAR), 
(CHAR-S! LE-X ,CHAR-SI ZE-Y) EXT FIXED BIN, 
(DIVS,BWIDTH,BHIGH,LUNDER,RUNDER~ EXT FIXED BIN, 
MAKE-PRIMITIVE EXT ENTRYLCHARL*l VARI 
RETURNSLCHARLZODOI VAR): 

PROCLS,X,YT RETURNSLCHARLZOOO) VARI: 
/* TRANSLATED BDF-FILE S TO X AND Y */ 
DCL LX,Y) FIXED BIN, S CHAR(s) VAR, LA,B) CHAR1201 VAR: 

A=’ ’ II DELETE(X): 
B=’ 1 I I DELETE(Y 1: 
RET~RN~~TRAN~~~~A~~B~~CSEPIISIICSEP(I~UNTRAN~~~A~~B~: 
END TRANSLATE; 

BRACKET: PROCI JI : 
/‘CREATES BRACKETS IN ARGIJT--RESETS PTR AND DESTROYS 

AL*) ,I (*I ,RLeT ,SETS UNARY=O AND TYPE=0 */ 
DCL J FIXED BIN; 
PTR=O; 

CALL FETCHLARGTJI,‘LX RX BY TY MY’): 
DO PTR=l TO 5; 

AL PTR) =’ ‘llAlPTR1: 
END: 

A(6) =’ ‘llOELETE~I~1)+BWIOTH); 
AL?) =’ ‘llDELETELILZ)+CHAR-SIZE_X-BWIOTHI; 
A(8) =’ ‘IIDELETELCHAR-S:ZE-X+I(~~); 
A(2) =’ ‘lIDELETE(IL2l+CHAR-SIZE_X)i 
AL31 =’ ‘IIDELETE(IL31-BHIGH); 
A(4) =’ ‘lIDELETE(I(41+BHIGH); 
STEHP=‘LINE O’llAL6,llA14,11 

’ l’llA~l~tlAL4,lt 
’ l’llA(llllAL3lll 
’ 1’lIA~6lltA(3lll 
’ O’tlA(7lllAL4,ll 
’ l’llAL2TllA14lll 
’ l’llA(2ltlA(3lll 
’ l’llAL7~tlA(3,ll 
CSEPll’TRANS’llA(B)ll’ O’IICSEPIIFETCH-BOFLARCO) 
~~csEPII~u~RAN~IIA~B~II~ 0’: 

ALlT=DELETE(II2T+2*CHAR-SIZE_X): /*NEW RX*/ 
AL21 =SUBSTR(AL4),2 J: /*NEW TY */ 
AL3T=SUBSTRLAL3T,ZI: /*NEW BY */ 
A(41 =‘O’: /*NEW TYPE */ 
AL5l=‘O’; /*NEW UNARY */ 
PTR=O : 
CALL SAVE_ATTRLARGLJ),SAVE(FETCH-ATTR(ARGo)# 

‘RX TY BY TYPE UNARY’ )I; 
CALL SAVE.BDF(ARGLJlrSTEMPl: 
PTR=O : 
END BRACKET; 

MERGE : PROCL SI i 
/*MERGES BDFS FOR + - * AND NEW ATTR,SETS TYPE=S */ 
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DCL pSTkH$RW : 
= : _. 

CALL FETCH(ARG(VS(LEFTJJ,‘LX RX TY HY BY’): 
CALL FETCHIARG(VS(RIGHTJJ,‘LX RX TY MY BY’); 
STEHP=FETCH-BDF(ARGWS(LEFTJJJI ICSEPJI 

TRANSLATEISTEHP,II21, II4JJ’: 
I (ll)=I L2J+CHAR-SIZE-X-II6J: /*TRANS X */ 
I(121 =I (4)-I(9); /* TRANS Y */ 
~TEMP=STEHPIIC~EP~~TRAN~LATEIFETCH~BOF~~RG~V~~RIGHTJJJ’ 

IIllJ,I(12JJ: 
CALL SAVE-BDF(ARGLVSILEFTJl,STEnP): 
A(lJ=DELETEIIIllJtI(7JJ; /*NEW RX */ 
A~2J=DELETE~MAX~II3J,IIBJ+Io); /*NEW TY*/ 
1(3J=DELETE(MIN(II5l, IILOJ+II12JJJ: /*NEW BY*/ 
A(4) =S: /*NEW TYPE*/ 
PTR=D : 
CALL SAVE-ATTR(ARG(VSILEFTJ I’SAVEIFETCH-ATTRLARGLVSL 

LEFTJIJ, ‘RX TY BY TYPE’ JJ: 
ANS=VSL LEFT I : 
EhD MERGE: 

EXIT: IF ERROR THEN RETURN; 
*END* 

*PRODU:TION* 1 *CODE* 
/* END OF EXPRESSION OUTPUT ANSWER *I 

IF ANS-‘=l THEN 
OUT=SEPI JSEP~ IsEPI I’ALPHA ILLEGAL EXPRESSION’; 
ELSE OUT=ARGIVSLLEFTlI: 

*END* 
*PRODU:TION* 3 “CODE* 

/* ADD! TI ON */ 
CALL FETCH~ARG~VS~RIGHTJJ,‘UNARY’l: 
IF I(l)=1 THEN CALL BRACKETIVSLRIGHTJJ; 
STEWP=‘ALPHA +‘; 
CALL HERGEI’l’l: 
*END* 

*PRODU:TION* 4 *CODE* 
/* SUBTRACTION */ 

CALL FETCH(ARG(VS(RIGHTJJ,‘TYPE UNARY’J; 
IF I(l)=1 I I(l)=2 I I(Z)=1 THEN CALL BRACKETLVS(RIGHTJJ: 
STEMP=‘ALPHA -‘; 
CALL WERGEL’Z’J: 
*END* 

‘XPRODLKTION* 5 *CODE* 
/* NEGATION */ 

CALL FETCHLARGLVSLRIGHTJl,‘TYPE UNARY’ J: 
IF I(l)=1 I Ill)=2 I IItl=l THEN CALL BRACKETLVS(RIGHTJJ: 
PTR=O : 
CALL-iETCHLARGWSIR!GHT JJ,‘RX LX’ J: 
1(3J=CHAR-SIZE-X-I(Z); /* X TRANSLATION */ 
A(lJ=DELETEIILlJ+I(3)); /*NEW RX */ 
A(Z)=‘l’: /*NEW UNARY*/ 
PTR=O: 
CALL SAVE-ATTRLARGLVS(RIGHT J J,SAVE(FETCH_ATTRLARG(vsL 

RIGHT) J t ,‘RX UNARY’ J J: 
STEMP=‘ALPHA -‘I JCSEPJ ITRANSLATEEFETCH-BDFJARGIVSLRIGHTJJJ’ 

1(3l,ol; 
CALL SAVE-BDFLARGLVS (RIGHT J J’STEMPJ; 
VSILEFTl=VSLRIGHTl; 
*END* 

‘i’PRODU:TION* I3 *CODE* 

- 143 - 



/* MULTI PLICATI ON 
CALL FETCH(ARGLVSLLE&),‘TYPE’); 
IF I(l)=1 I I(l)=2 THEN CALL BRACKET(VS(LEFT)l: 
PTR=O : 
CALL FETCH(ARG(VSLRIGHT) ), ‘TYPE UNARY’ 1: 
IF 1(11=1 I I(l)=2 I I(Z)=1 THEN CALL BRACKET(VSIRIGHTll: 
STEMP=‘ALPHA *‘: 
CALL HERGEL’3’1: 
*END* 

*PROD% TION* 9 *CODE* 
/* DIVtsION */ 

CALL FETCH(ARGLVS(LEFTll,‘TYPE’); 
CALL FETCH(ARG(VSLRIGHT)l,‘TYPE’ I: 
IF I(l)=4 THEN CALL BRACKETLVS(LEFT)l: 
IF 1(2)=4 THEN CALL BRACKETLVS~RIGHTll: 
PTR=O ; 
CALL FETCHLARGLVSLLEFT) ),‘LX RX TY BY’ I; 
CALL FETCH(ARG(VS(RIGHTl),‘LX RX TY BY’); 
/Z CALCULATE TRANSLATION FOR NUMERATOR AND OENOM 

AND COMPOSITE BOF */ 
I~lll,I(12l=o: 
IF I(Z)-ILlI < I(6)-1151 THEN 

I(ll)= (I(b)-I(5)-(I(2)-1(1))1/2 - I(l); 
ELSE 1~12~=~1~2~-1~1~-~1~6~-1(5)))/2 - I(5); 

STEMP=TRANSLATE(FETCH-BDF(ARGLVS(LEFTlll, I(lll, 
CHAR-S.1 ZE-Y/DIVS-IL4l): 

~TEMP=~TEMPI~c~EP~~‘L~NE 0 ‘IIDELETE(LuNoER)II 
‘ 0 1 ‘IIDELETE~YAXLI~11l+Io*RUNDER’ 
I~12~+IL6l+RUNDERIlI I’ 0’; 

STE~~P=STEHP~ ICSEPI ITRANSLATELFETCH-BDF~ARG~VS~RIGHTI 1)’ 
IL12l,-CHAR~StZE~Y/DIVS-I~7~l; 

CALL SAVE-BOF(ARGLVS (LEFT) I, STEHPI: 
/* CALCULATE NEW ATTR */ 

AL11=‘0’: /*NEW LX */ 
A~2l=DELETELMAX~I~11)+Io,IO+Io)); /L NEW RX l / 
A~3l=OELETE~I13)+CHAR_SIZE_Y/DIVS-I~4ll; /*NEW TY */ 
AL4)=DELETELILBl-CHAR_SIZE_Y/DIVS-IO); /*NEW BY */ 
A(5l=‘O’: /*NEW My */ 
A(61=‘4’: /*NEW TYPE */ 
A(7)=‘0’: /*NEW UNARY*/ 
PlR=O; 
CALL SAVE_ATTR(ARG(VS(LEFTII,SAVE(FETCY_ATTR(ARGIVS(LEFTlll, 

‘LX RX TY BY MY TYPE UNARY’)); 
ANS=VSfLEFTJ; 
*END* 

‘t’PRODUCTION* 12 *CODE* 
/* EXPONENT */ 

CALL FETCHTARG(VSflEFT~l,‘TyPE UNARY’); 
IF (I(ll~=Ob I I(Z)=1 THEN 

CALL BRACKET(VS (LEFT) )i 
PTR=D: 
CALL FETCHLARGLVSLLEFTlJ,‘RX TY’ 1: 
CALL FETCHTARG~VS~RIGHTll,‘LX RX BY TY’ Ii 
IL9)=lLl~-I~3~: /* X TRANSLATION *I 
1~10~=1(2I-1~51; /* Y TRANSLATION */ 
STEHP=FETCH-BDFLARGLVSO ,)I I CSEPI ITRANSLATE(FETCH-BDFL 

ARG~VSLRIGHT1ll,I~9l,I~lOll: 
CALL SAVE-BDFLARGLVS (LEFT 1 l,STEMP): 

/* CALCULATE NEU ATTR */ 
A~1l=DELETE~IL9l+IL4)); /*NEW RX *I 
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;;f;M;\;TE( I~lOl+I~6l I: /+ NEU TY ./ 
/*NEW TYPH/ 

A(41 =‘O’ : /* NEW UNARWI 
PTndI: __ 
CALL SAVE~ATlR~ARG~VS~LEFIll,SAVE~FETC~ATTR~AR6~VS~LEFTlll~ 

‘RX TY TYPE UNARY’II: 
ANS=VStLEFTl : 
*END* 

rCPRODUtTION* 14 *CODE* 
/* PARENTHESIS */ 

VSLLEFTI =VS( LEFT+ll: 
*EN)* 

*PROOUtTION* 15 *CODE* 
/* UORD RECOGNITION */ 

IF AN!%<5 THEN 00: 
ANS=ANS+l : 
ARG(ANSl=HAKE-PRINITIVEtVS(LEFT 
VSLLEFTI *ANSt 
END: 

ELSE 00: 

11; 

OUT=SEPl ISEPI lSEPl I’ALPHA ARG OVERFLOW’; 
ERROR=‘). ‘8: 
GO TO EXIT: 
END: 

*EH)* 
*PROOLCTION* 16 *CODE* 

/* INTEGER RECOGNITION */ 
IF ANSO THEN DO; 

ANS=ANS+l ; 
ARGLANSl=MAKE,PRIMITIVELVSLLEFT I I; 
VSL LEFT I =ANS : 
END: 

ELSE DO; 
OUT=SEPl ISEPI ISEPI I’ALPHA ARG OVERFLOU’; 
ERROR='l'B: 
GO TO EXIT: 
END: 

*END* 
*END-SEHANTICS* 
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APPENDIX E -- TWO-DIMENSIONAL CIATHEMATLTICM EXPRESSIONS 

WATHEWATICAL SEMANTIC DESCRIPTION 

//GO.SOURCE DD * 
*SEMANTICS* SE MANTZ *CODE* 

DCL REALtZO) FLOAT BIN, 
REPLY INT ENTRYICHARI*I VAR): 

REPLY: PROC (51 : 
DCL S CHAR(*) VAR: 

DIAG=Si 
ERROR=‘l’B: 
RETURN: 
END REPLY: 

EXI 1: IF ERROR THEN RETURN: 
ON ERROR BEGIN: 

CALL REPLYt’NEGATIVE WHBER RAISED TO A POWER’); 
GO TO EXIT; 
END; 

CN C CNVERSI ON BEGIN: 
CALL REPLYI’CONVERS ION ERROR’ I; 
GO TO EXIT; 
END: 

ON OVERFLOW BEGIN: 
CALL REPLY ( ‘OVERFLOW’ I; 
GO TO EXIT; 
END; 

ON UMERFLOY BEGIN: 
CALL REPLY(‘UNDERFLOW’1: 
GO TO EXIT: 
END: 

ON ZERODI VI DE BEGI Ni 
CALL REPLYI’ZERODIVIDE’ b: 
GO TO EXIT: 
END: 

*END* 
*PRODKTION* 1 *CODE* 

/* END OF EXPRESSION OUTPUT ANSWER */ 
IF ANS-a=l THEN DO; 

CALL REPLYt’ILLEGAL EXPRESSION’ I: 
GO TO EXIT: 

LEFT 

END: 
OUT=RE AL t VS I LEFT I I: 
*END* 

*PRODlZTION+ 3 *CODE* 
/* ADDITION W 

REAL(VStLEFTbl=RE-AL(VS 
ANS=VS(LEFTl: 
*END* . 

*PRODK.TION* 4 *CODE* 
/* SUBTRACT1 ON */ 

REALtVStLEFT)I=REALIVS 
ANS-VStLEFTl : 
*END* 

*PRODlKTION* 5 *CODE* 
/* NEGATION */ 

)+REAL(VS(RIGMIti 

LEFT )-REALfVStRiGliTI); 

REALtVSIRIGHTl)=- REAL(VSIRIGtfT1): 
VSILEFTb=VStRIGliT); 
*EM* 
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*PRODUCT1 ON* 8 *CODE* 
/* MULTIPLICATION */ 

)I: REAL~VS(LEFT)l=REAL(VS(LEFT~t*REALWSfR’IGHT 
ANS=VSTLEFT) i 
*END* 

*PRODU:TION* 9 *ODE* 
I* DIVISION *I 

REAL(VSLLEFTll=REAL(VSLLEFTTl/REALWSLRIGHT 
ANS=VS(LEFTl : 
*END* 

11: 

*PRODUCTION* 12 *CODE* 
/* EXPONENT */ 

REAC~VS~LEFTI~=REAL~VS(LEFT))5sREAL(VS(RIGtlT~l: 
ANS=VSLLEFTl i 
*END* 

*PRODU:TION* 14 *CODE* 
/* PARENTHESES */ 

VSLLEFTl=VSLLEFT+l): 
*E NJ* 

*PPODu: Tl ON* 15 *CODE* 
/* WORD RECOGNITION *I 

IF ANS<ZO THEN DO: 
ANS=ANS+l : 
IF FETCH~PRIMITIVELVSLLEFTI I=” THEN M; 

CALL REPLY L ‘UNDEFINED VARIABLE’ I: 
RETURN; 
END:. 

DIAG=FETCH-TSLFETCH-PRIHITIVE(VS(LEFTT I I: 
IF DIAG=” I DIAG=’ ’ THEN DO: 

Dl AG=’ ’ ; 
CALL FETCH~FETCH~PRIMITIVEWS~LEFTI l,‘VALUE’ I: 
REALLANS)=RLll: 
VSLLEFTT=ANS: 
RETURN; 
END: 

ELSE DO; 
DIDDLE=‘l’B; 
DT AG=LEFT-PAREN! I MARKERI I DIAGI IHARKERI IR IGHT-PAREN; 
ANS=ANS-1 : 
RETURN: 
END; 

END; 
ELSE DO: 

CALL REPLY (‘REAL STACK OVERFLOW’ I: 
RETURN: 
END: 

*END* 
*PRODlK.T1ON* 16 *CODE* 

/* INTEGER RECOGNITION */ 
IF ANS<SO THEN DO: 

ANS=ANS+l : 
IF FETCH.~PRIMITlVEWS(LEFTll=” THEN 

REALTANSl=VSLLEFTl: 
ELSE DO; 
DIAG=FETCH-TSIFETCH-PRIMITIVE~VSLLEFTIll: 
IF DI AG=” I DIAG=’ ’ THEN DO: 

DI AG-’ ‘; 
CALL FETCHIFETCH-PRIMITIVEtVSLLEFTll~’VALUE’li 
REAL(ANSl=R(ll; 
VS(LEFTl=ANS: 
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RETURN ; 
ENDi 

ELSE DO: 
DIDDLE=‘l’B: 
DI AGsLEFT-PARENl l MARKER1 l DIAGI INARKERI IR IGHT-PARENi 
ANS=ANS-1 ; 
RETURN; 
END: 

END: 
VSl LEFT) =ANS: 
END: 

ELSE DO: 
CALL REPLY (‘REAL STACK OVERFLOW’ 1; 
RETURN; 
END: 

*END* 
*END-SEMANTICS* 
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APPENDIX E -- TWO-DIMENSIONAL MATHEMATICAL EXPRESSIONS 

PROCEDURE LI BRARV 

SCAN: PROC (Al ; 
/* DISPLAYS A BV SCANNING BDF- A ASSUMED IN 

PRI MI TI VE REPRES EM AT I ON+/ 
DCL lATR,EDFI CHAR (20001 VAR, 

A CHAR(*) VAR, 
LINE BIT{1 I, 
(ALPHA,BETA,CENX,CENV, INT.RADl FIXED BIN, 
(B,TVPb CHAR(20COl VAR, 
~X(1OOO~,V~1OOOJ,BL~lOOOl~ FIXED BIN, 
XTR EXT FIXED BIN I 
YTR EXT FIXED BIN I 
ELK EXT FIXED BIN , 
CSEP EXT CHARLZOt VAR, 
BUFADD EXT FIXED BIN, 
I FIXED BIN, 
NEXT INT ENTRVLCHARL’) VAR,CHARL*l VAR! 

RETURNSLCHARLZOOC 1 VARt, 
(FETCH-ATTR,FETCH-BDFT EXT ENTRVLCHAR(* b VAR I 

RETURNS (CHARLZOCO J VARI, 
INIT1ALIZ5 EXT ENTRVLFIXEO BIN), 
FETCH-VALUE EXT ENTRY LCHARL+ I VAR, CHAR{* 1 VARl 

RETURNS(CHAR(2000 I VAR); 
DCL (PLOTL,PLOTP) EXT ENTRY FIXED BIN, (*I FIXED BIN, 

L*) FIXED BIN,FIXED BINtFIXEO BIN,FIXEO BIN, 
FIXED 61 N) : 

NEXT: PROC (A,B) RETURNS(CHARL2000) VARI; 
/* RETURNS NEXT ELEMENT OF A DELIMITED BY B, 

DELETES FROM A *I 
DCL A CHAR(*) VAR,B CHAR(*) VAR, 

TMP CHARLZOOO) VAR,I FIXED BIN; 
IF A=” I A=’ ’ THEN DO; 

A=“; RETURN{” 1: 
END: 

I=INDEXLA,B): 
IF I =0 THEN DO: 

THP=A; A=’ I ; 
END; 

ELSE DO; 
THP=SUBSTRLA, 1, I-1 ); 
A=SUBSTRLA, I+LENGTHLBI 1: 
END: 

RETURNLTHP); 
END NEXT; 

ARC -GEN: PROC(I,INT,CENX,CENY,RAD,ALPHA,BETAIi 
/* GENERATES VECTOR REPRESENTATION FOR ARC */ 
DCL (I ,INT,CENX,CENY,RAD,ALPHA,BETA) FIXED BIN, 

LJ,Nb FIXED BIN, 
DELTA FLOAT BIN: 
N=ABSIBETA-ALPHA)/5 +l: 
IF N=l THEN N=2: 
DELTA=LBETA-ALPHAI/ (N-1): 
DO J=l TO Ni 

IF I<1000 THEN I=I+l; 
IF J=l THEN BL(I)=O; ELSE BL(Il=INT; 
X~Il=CENX+RAD+COSD~ALPHb+o*DELTA)+XTR; 
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V~I)=CENV+RAD*SIND(ALPHA+o*DELTA)+YTR; 
END: 

END ARC-GEN; 
1=0; LINE=‘l’B: 
ATR=FETCH-ATTRLAI; 
BDF=FETCH-BDFLAI: 
DO WHILE (BDFv=” I; 

B=NEXT(BOF,CSEP): 
TVP-NEXTLE, ’ ’ I: 
IF TVP=‘LINE’ THEN DO; 

IF . LINE THEN DO: 
CALL PLOTPlBL,X,Y, I, 1000, 1,BUFADDli 
I=Oi LINE=’ 1’ Bi 
END: 

DO WHILE(b=” Ii 
IF I<1000 THEN I=I+l; 
BL(I)=BLK*NEXTLB,’ ‘I; 
XLIl=XTR+NEXTLB,’ ‘t: 
VLII=VTR+NEXT(B,’ ‘Ii 
END; 

ENO; 
IF TVP=‘POINT’ THEN DO; 

IF LINE THEN DO; 
CALL PLOTL LBL, X, V, I, 1000, 1, BUFADDt i 
I =@ ; LINE=‘O’ 8: 

DO 
END: 

HHILELb=” 1; 
IF I<1000 THEN I=I+l: 
BL(Il=BLK*NEXTLB,’ ‘b: 
X(Ib=XTR+NEXTLB,’ ‘I: 
V(I)=VTR+NEXTLB,’ ‘I; 
END; 

END: 
ELSE IF TVP=‘4LPHA’ THEN DD); 

IF I<1000 THEN I=I+l; 
BL(II=@: 
X(I)=XTR: 
V(I)=VTR; 
IF LINE THEN CALL PLOTL~BL,X,V,I,1000,1,BUFADDl: 

ELSE CALL PLOTPLBL,X,Y, I,lOOO, 1,BUFADD); 
1=0: LINE=‘l’B: 
CALL STRLARLB, BUFADDI; 
END; 

ELSE IF TVP=‘ARC’ THEN DO: 
IF . LINE THEN 00: 

CALL PLOTPLBL,X,Y, I, 1000, 1,BUFADDl: 
I=@: LINE=’ 1’ B: 
END; 

INT= BLK*NEXTLB,’ ’ t; 
CENX=NEXT L 8, ’ ’ t : 
CENV=NEXTLB,’ ‘t: 
RAD=NEXT (8, ’ ’ ti 
ALPHA=NEXT LB, ’ ’ I: 
BETA=NEXT (6, ’ ’ 1: 
CALL ARC-GENLI,INT,CENX,CENY,RAD,ALPHAtBETAl: 
END; 

ELSE IF TVP=‘TRANS’ THEN 133: 
XTR XTR+NEXT LB,’ ’ I: 
YTR=YTR+NEXT LB,’ ’ I: 
END: 
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ELSE IF TVP=‘UNTRAN’ THEN DO: 
XTR=XTR-NEXT (8,’ ’ I; 
YTR=YTR-NEXT (B,’ ’ I: 
ENO: 

ELSE IF TVP=‘BLANK’ THEN BLK=O: 
ELSE IF TYP=‘UNBLANK’ THEN BLK=li 
END: 
IF IM THEN DO; 

IF LINE THEN CALL PLOTL~BL,X,V,I,1000,1,BUFADDt: 
ELSE CALL PLOTPtBL, X,V, I, 1000, 1,BUFADD): 

END: 
CALL LOWER{ BUFADDt: 
END SCAN; 
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SCAN1 : PROttAt i 
/*COhVERTS BDF TO CHARACTER ARRAY EXTERNAL */ 
OCL A CHAR(*) VAR,CH(-50:50t EXT CHARtBOI, 

lB,TYP,BDFt CHAR,20001 VAR, 
LXTR,YTR) EXT FIXED BIN. 
CSEP.EXT CHAR,20 I VAR, 
~I,Il,I2,61,62,Jl,J2~ FIXED BIN, 
NEXT INT ENTRVLCHARL*) VAR,CHAR(*) VAR) 

RETURNSLCHAR(2000 t VARI, 
FETCH-BDF EXT ENTRVLCHARL+I VARt 

RETURNS (CHAR(2000 I VARt, 
SAVE INT ENTRVLFIXED BINI RETURNS(BIT(ltt; 

SAVE : PROC (I I RETURNS(BIT,l,l; 
/* TRUE IF CHLII CONTAINS NON BLANK OR NON I */ 
DCL LI,Jt FIXED BIN: 

IF CHLI,=’ ’ I CHLII=,, THEN RETURN(‘O’B1: 
DO J=l TO 80: 

IF SUBSTR(CH(I),J,ll~=’ ’ C SUBSTRlCH(II,J,l)-=‘I 
THEN RETURNt’l’B); 

END; 
RETURN{ ‘0’6): 
EMI SAVE; 

NEXT: PRDC (A,61 RETURNS(LHAR(20001 VAR): 
/*RETURNS NEXT ELEREM OF A DELIMINATEO BY 6, 

DELETES FROM A i-/ 
DCL (A,B) CHAR(*) VAR,TMP CHAR,20001 VAR,I FIXED BIN; 

IF A=” 1 A=’ ’ THEN DO; 
A=“; RETURN,” I: 
END; 

I=INOEX(A,B): 
IF I =0 THEN DO: 

THP=A; A=“; 
END; 
ELSE DO: 

TMP=SUBSTR(A, 1, I-1,: 
A=SUBSTR(A, I+LENGTH(B,l: 
END; 

RETURNtTMPl ; 
END NEXT: 

CN SUBSCRI PTRANGE BEGIN; 
CHLSOl=‘CH(~) SUBSCRIPT RANGE VIOLATION’; 
GO TO EXIT: 
END: 

ON STRI NGRANGE BEGIN: 
CHLSO)=‘CH(*) STRING RANGE VIOLATION’: 
GO TO EXIT: 
END: 

DO I=-50 TO 50; 
CtilI)=~Bo~’ 9; 
END: 

BOF=FETCH BDFLA) ; 
00 WHILELBDF -.= ” I; 

B=NEXTLBDF,CSEP,; 
TVP=NEXT(B,’ ’ 1; 
IF TYP=‘TRANS’ THEN 00; 

XTR=XTR+NEXT (6, ’ ’ I; 
VTR=YTR+NEXT(B,’ ‘): 
END: 

ELSE IF TVP=‘UNTRAN’ THEN DO: 
XTR=XTR-NEXTtB,’ ’ b: 
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;T&=YTR-NEXTf B,’ ’ 1: 

ELSE I: TYP=‘ALPHA’ THEN 
L SUBSCRI PTRANGE,STRINGRANGE~ : 

SUBSTRLCH(YTR),XTR,LENGTH~B)~=B: 
ELSE IF TVP=‘LINE’ THEN DD: 

BE=NEXTLB, ’ 1: 
IZ=NEXTLB,’ ’ b; 
J2=NEXTLB,’ ‘b; 
DO UHILE(&=” ): 

91 =B2 ; 
x1=12: 
Jl=J2; 
EQ=NEXTt B, ’ ’ I: 
IZ=NEXT( B, ’ ’ 1: 

~JZ=NEXTLB, ‘1: 
IF 82-d THEN DO: 

/* IS IT VERTICAL LINE */ 
IF J2-a=Jl THEN DO I=MINLJleJZ)+l TO 

MAX (Jl, J2b1 : 
L SUBSCRI PTRANGE,STRINGRANGE): 

SUBSTR~CHLI+YTRl,XTR+Il,lk’L’; 
END: 

I* OTHERWISE IT IS HORIZONTAL LINE s/ 
ELSE DO I=HINtIl, 12) TO MAXtIln 121: 

( SUBSCRI PTRANGE ,STRINGRANGEl : 
SUBSTR(CHLJl+YTRI,XTR+I,l~*‘-‘i 
END: 

END: 
END: 

END: 
END: 

EXIT: 11*50: 
DO I=50 TO -50 BY -1: 

IF SAVELIJ THEN DO; 
CH(Il)=CH(I)i 
Il=Il-1; 
END: 

END: 
IF Il<-50 THEN Il=-50: 
CHL-501 =Ili 

END SCANl: 

PRINTER: PROC ; 
/*PRINTS NON BLANK CH */ 
DCL CHL-50:5Dl EXT CHARf80),1 FIXED BIN: 

ON CONVERSION ONSCURCE;‘49’; 
PUT LIST{’ ‘) SKIP(4): 
DO 130 TO CHL-50l+l BY -1; 

PUT EDITLCHLI)) (COLLZl~,A~: 
END: 

EXIT: 
EM) PRINTER. 
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PRI NTER: 
!??:PES NON BLACK CH */ 
DCL CHL-50:50) EXT CHARLBOI, I FIXED BIN: 

ON CONVERSION ONSOLJRCE=‘49’: 
DO I-1 TO 4: 

CALL OUTPUTL’ ‘I: 
END; 

DO I =50 TO CH L-50)+1 BY -1: 
CALL OUTPUT ICHL I ) ); 
END: 

DO Id TO 4; 
CALL DUTPUTL’ ‘b: 
END: 

END PRINTER: 

HAKE-PRI MI TI VE : PROCLSI RETURNS(CHARL2DDD) VAR); 
/* MAKES THE TV PART .OF A PRIUITIVE l / 
OCL LASEP,SEP,CONNECTORb EXT CHARLZO) VAR, 

S CHAR(*) VAR, T CHAR(20DO) VARI 
(A(5) ,B(S)) CHARtlO VARe 
(CHAR-SIZE,X,CHAR-SIZE_Y,CDIV,NSPAtE) EXT FIXED BIN, 
I FIXED BIN, 
DELETE INT ENTRY (FIXED BIN) RETURNS(CHARL1001 VARI: 

DELETE : PRDC (I I RETURNS LCHARL 100) VAR I: 
DCL LI,J) FIXED BIN, S CHARtlOO) VAR: 

S=I i 
DO WILE (SUBSTR(S,l,ll=’ ‘1: 

S=SUBSTRLS,Z); 
END: 

RETURNiS) : 
END DELETE: 
I *LENGTH(S) : 
BLll=‘LX’: B(2)=‘RX’i 8(3)=‘8Y’; 8(4b=‘MY’i Bf 5b’TY’: 
Atl)=‘O’; 
AL2)=DELCTELI*LCHAR-SIZE-X/CDIVb+NSPACE): 
A(3)=DELETEL-(CHAR-SIZE-Y*lB/2)i 
A(4l=‘D’; 
At5l=DELfTEtLCHAR-SIZE_r*1)/21: 
l=SEPl I SEP: 
DO I=i-TO 5: 

T=TI~BLI)IICONNECTORI~ALI~IIASEPi 
END: 

T=T(ISEP(l’ALPHA ‘IIS; 
RETURNLT I ; 
EIY) HAKE-PRIMITIVE: 
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APPENDIX F -- UTILITY PROGRAMS 

SETUP1 : PROC : 
/* SETS UP SCOPE */ 
OCL NBYTE FIXED BIN(31,Ol INITIAL(5000~, 

(BUFAOO,BUFPTRS (8) I EXT FIXED BIN, 
UNIT FIXED BIN(31,O) INITIAL(1~: 
DO BUFAOO=l TO 8; EUFPTRS (WFADO~=O: END: 
CALL GASBUF(UNIT, NBYTEI: 
CALL GINIT (BUFAOOI ; 
RETURN; 

SETUPO: ENTRY: RETURN: 
EN0 SETUP1 i 

OUTPUT: PRoC(Cb : 
I* OUTPUTS c */ 

NEXT: 

bCL A CtlAR~2OOOi VAR, B CHAR(72) VAR, I FIXED BIN INITIAL(l), 
LEN FIXED BIN INITIALt451,C CHAR(*) VAR, 
BUFAOO EXT FIXED BIN, 
NEXT INTERNAL ENTRY (CHAR(20001 VAR) RETURNS 

(CHAR(72) VAR): 
PROC(A) RETURNS(CHAR(72J VAR): 
/*RETURNS NEXT LINE, LENGTH-LEN */ 
OCL A CHARtZOO VAR,B CHAR(72J VAR, I FIXED BIN: 

IF LENGTH(AJ<=LEN THEN 00: 

IF 

00 

B=A; AI’ I ; 
RETURN( 8) i 
END; 
INOEXtA,’ ‘l>LEN I INDEXtAt’ ’ I=0 THEN DO: 
B=SUBSTR(A,l,LENI; 
A-SUBSTRt A, LEN+1 I: 
RETURN{ BJ ; 
END; 
I=LEN TO 1 BY -1: 
IF SUBSTR(A,I,ll=’ ’ THEN 00: 

E=SUBSTR~A,I,II: 
A=SUBSTR(A,I+l): 
RETURN(B) : 
END: 

END’KT; 
A=Ct; 
00 UHILE(AQ”); 

CALL ONSPACf 1,BUFAOO): 
B=NEXT(AI: 
CALL CONTWO~8,BUFAOOJ: 
END; 

EN0 OUTPUT: 

INPUT: PRCKtAl : 
/* GETS INPUT TO A */ 
6CL i CHAR(II) VAR,B CHARI72) VAR, C BIT(l), 

.BUFAOO EXT FIXED BIN: 
CALL GETOAT~B,BUFAOO,C)i 
A=B: 
EN0 INPUT; 

- 155 - 



LOWER: PROC (BUFAOO) ; 
/* LEAVES BEAN AT LOWER LEFT USING BUFAOO FOR POINTER+/ 
OCL B(O:2l BITt321, 

(L,M,YY,XXXJ FIXED BINt31,0), 
BUFAOO FIXED BIN: 
CALL CONVt ,2ABO2A02,, B(O) 1; 
CALL CONV~‘40000200’,B11~); 
CALL CONV~‘2ABO2MS’,B~21l: 
L=BUFAOO: H-12: BUFAOO=BUFAOO+12: YY=O: 
XXX=BUFAOLI i 
CALL GTRANtXXX) : 
CALL GWTSTR(L,N,B(O),YY): 
END LOWER; 

PLOTL: PROCIINT,X,Y,N,O,OEC,LGC~: 
/*PLOTS THE N VECTORS IN S,Y USING LOC AS THE BUFFER PTR, 

IF INT>*OEC THEN ON ELSE OFF l / 
OCL INTtO) FIXED BIN, /*IMENSITY LEVEL*/ 

X(O) FIXED BIN, /*X-COORDINATES */ 
Y(O) FIXED BIN, /fY -COOROINAT ES */ 
N FIXED BIN , /*NUN PTS TO PLOT +I 
0 FIXED 81N, /*OIWEN OF X AND Y t/ 
OEC FIXED BIN, /*DECISION LEVEL */ 
LOC FIXED BIN, /*BUFFER PTR *I 
XX BITtlCl, 
(I ,Kl FIXED BIN, 
(L,H,YY,XXX) FIXED BIN(31,Olr 
B(O:NI BIT(321: 
CALL CONV~‘2ABO2A02’,B~0l~i /*VECTOR MODE*/ 
GO TO START: 

PLOTP: ENTRY~INT,X,Y,N,O,OEC,LOC~: 
/* PLOTS POINTS */ 

CALL CONVt ‘ZABO2AOO’, B(O) 1: /*POINT NODE */ 
START: 00 I =l TO Ni 

B(I )=‘Ol’B; 
IF INT(I)>=OEC THEN SUBSTR(B(II, 2,11=‘O’B: 
XX=UNSPEC(X(Il I: 
SUBSTR~B~Il,S,lO)=SUBSTR(XX,7~; 
XX=UNSPEC(YII~~: 
SUBSTR(B~1~,21,10)=SUBSTR(XX,71; 
END; 

L=LOC : N34*(N+l): LOC=LOC+M: 
YY=o; xxx ‘LOC: 
CALL GTRANtXXX t ; 
CALL GYTSTRtL,M,B(Ol,YY): 
END PLOTL: 
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SLA VX: 

EXIT: 

SE TUPI : 

SETUPO: 

PROC OPT1 ONSL MA1 N) ; 
DCL A CHARtOO VAR,B CHARL2000 T VAR, C CHAR(20) VAR: 
OCL BUFPTRSLBI EXT- FIXED BIN: 
00 I-l TO 8; BUFPTRS(I)=O; END: 
OPEN FILELXYZI PRINT: 
ON ENDFI LE GO TO EXIT: 
GET LIST(C) ; 
PUT FILELXYZ) EDIT(‘C=‘,CbtSKIP,2 A): 
00 WHILE (‘1’8): 

61’ I ; A=’ t ; 
00 WILE(INOEX(A,C~=O~i 

B=Bl IA; 
GET EDIT(A) (SKIP, AL80 1 Ti 
PUT FILEtXYZl EOIT(A)(SKIP, A): 
END; 

B=BIISUBSTR~A,1,INOEX~A,C)-L); 
CALL SLAVES(B): 
END; 

PUT FILE LXYZ) EOIT(‘NORHAL TERMINATION’ l(SKIP,A): 
END SLAVX: 

PROC : 
OCL WILTIE EXT ENTRYtFIXEO BIN(lSb,CHAR(*) VAR,CHAR(*) VAP, 

CHAR(*) VAR, FIXED BIN~151~,8 FIXED BINIlS~, 
(C,DJ CHARL31 VAR: 

OCL LBUFADO,BUFPTRS~B~ 1 EXT FIXED BIN; 
DO BUFAOO=l TO 8; BUFPTRS LB!JFAOOl=O; END; 
CALL KILTIET13,‘GERS’,C,O, 8); 
CALL MILTIE~22,C,C,O,Bli 
IF 0 -.= ‘JEG’ THEN DO: 

CALL MILTIE~2,‘USER=‘lIO,C,C,B~: 
CALL HILTIE~6,“,C,O,Bl: 
END; 

RETURN: 
ENTRY: 

END SETUPI: 
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INPUT: 

OUTPUT: 

NEXT: 

PROC (A) : 
/*TYPEWRITER INPUT/OUTPUT */ 
OCL MILTIE EXT ENTRYtFIXEO BIN(lSI,CHAR(*) VAR, 

CHAR(+) VAR,CHAR(*J VAR,FIXEO BIN(lStJ, 
A CHAR(*) VAR,B FIXED BIN(lS), (C,OI CHAR(l) VAR; 
CALL HILTIEflt’ ‘I’ ‘,A,B): 
IF A=‘*RESTART+’ THEN CALL MILTIE~6,“,“,“,BJi 
RETURN: 

ENTRY (A) ; 
OCL E CHAR(lb,AA CHAR(2000) VAR,BB CHAR{601 VAR, 

NEXT INT ENTRYlCHARI*) VAR) RETURNS(CHARt60) VAR): 
PROCtAI RETURNS(CHAR(60) VARJ: 
/w RETURNS NEXT LINE a / 
OCL A CHAR(*) VAR,B CHAR(60) VAR, I FIXED BIN: 

IF LENGTH(A) <= 60 THEN 00; 
B=A: A=’ t ; RETURN(B); 
END; 

IF INOEXfA,’ ‘I>60 I INOEXtA,’ ‘b = 0 THEN 00; 
B=SUBSTR(A,1,6Ol: A=SUBSTRtA,61); RETURNtBl: 
END; 

DO I=60 TO 1 BY -1; 
IF SUBSTR(A,I,l)=’ ’ THEN 00; 

B=SUBSTR(A,l, II: A=SUBSTR(A, I+ll: 
RETURN1 81 i 
END: 

END; 
END NEXT: 
UNSPECfE) =‘00010101’8: 
AA=A; 
00 hliILE (AA -.= “I: 

BB=NEXTfAAl: 
IF BB-” I BB=’ ’ THEN BB=’ ’ ; 

ELSE 00 WHILE~SUBSTR~BB,LENGTH~BB~,1~=’ ‘bi 
BB=SUESTR~BB,1,LENGTH(BBJ-1)i 
END: 

CALL MILTIE(2,8B,C, 0,El; 
CALL MILTIE(2,E,C,O,B): 
END : 

END INPUT: 
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. . 
APPENDIX G -- A DRAWING SYSTEN 

CCNTROL DESCRIPTION 

//GO. SOURCE 00 * 
*CDNTROL* ‘SELECT OPERATOR OR FUNCT ION, 
MAX-PRIM *=* 10 TERMINATOR *=* ‘NO’ RIGHT-PAREN *=* 0, 
LEFT-PAREN *=* ‘I’ CSEP *=* ,:, CONNECTOR*=* I=, 
OUOTES *=* “0 SEP *=a ,;, MARKER *=* ,, ASEP *=* I , _-- -~ 
LENGTH-PRIM *=* 200 
-8 f 

*CODE* 
OCL SCAN1 EXT ENTRY(CHiRbbj VAR,CHAR(l),CHAR(l), 

FIXED BINtFIXED BIN): 
OCL SEMANT EXT ENTRY: 
DCL DBG EXT BIT(l) INITIAL(‘O’Bb; 
*END* 

*F UNC TI ON* ‘FUNCTIONS’ 
*NAME* *=+ DISPLAY ‘SELECT ARGUMENT’ 

0 PRIMITIVE TYPE-A +/* 0 RESULT TYPE-A 
*CODE* 

ARGl2)=FETCH_PRIHITIVE(ARG(1~J: 
IF ARG(ZI=” THEN ARG(2)=ARG(ll; 
CALL INITIALIZEl5); 
CALL OUTPUTT(ARG(2.b I: 
*END* 

*NAME* *=* ASSIGN ‘SELECT TARGET’ 
0 PRIMITIVE TYPE-A 
*CODE* 

ARG(ZI=RES-STACKflGb: 
ARGllJ=FETCH-PRIMITIVE(ARG(111; 
CALL SAVE-TS(ARG(ll,ARG(Z)); 
ARG(2l=‘,; 
CALL SAVE_ATTR(ARG(l),ARGo1; 
CALL SAVE-BOF(ARGl1 ),ARGI2) ); 
CALL SAVE~PRIHITIVE~ARG(1)); 
*END’ 

*NAME* .=* POP *NONE* 
*CODE* 

ARG(1) =POP; 
CALL DISPLAY-RESULT (‘RESULT = ’ 1; 
*END* 

*NANE* *=* DEFINE *NONE* 
*CODE* 

CALL DEFINE: 
CALL DISPLAY-PRIMITIVES~‘PRIt4ITlVES’ ): 
CALL DISPLAY-RESULT (‘RESULT = ’ 1: 
*END* 

*NAME* *=* DRAW *NONE* 
*CODE* 

ARG(l)=RES. STACK(10); 
ARG(ZI=“; 
CALL PARSER(ARG(l),ARG(l)IARG(Z)ISEHANTI; 
IF OBG THEN 00; 

CALL INITIALIZE(41; 
CALL OUTPUTT (ARG(: I ): 
END; 

CALL INITIALIZE(51; 
CALL SCAN(ARG(1 i t; 
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*END* 
*NAME* *=* PRINT *NONE* 

*CODE’ 
ARG(ll=RES-STACKtlO): 
ARG(Z)=“; 
CALL PARSER(ARGtl~,ARG(ll,ARG~2~,SEMANTl; 
PUT EOIT~RES-STACK~10~~~PAGE,COLt20~,A~: 
IF OBG THEN DO; 

PUT EOIT(ARG(11 )(SKIP(4b,A): 
END: 

CALL SCANltARGfll,’ ‘,‘X’,60,50); 
*END* 

*NAME* *=I OBG *NONE* 
*CODE* 

OBG=~OBG: 
*END* 

*NAME* *=* TERM *NONE* 
*CODE* 

GO TO EXITZ; 
*END* 

*END* 
*CONSTRU[;TION* ‘CONSTRUCTIONS’ 

*NAME* *=* + ‘SELECT FIRST ARGUMENT’ 
1 PRIMITIVE TYPE-A */* 1 RESULT TYPE-B 
‘SELECT SECOND ARGUMENT’ 
;CPR::lTIVE TYPE-A */* 1 RESULT TYPE-B 

ARG~1l=ARG~1~IIMARKERII’+‘llMARKER~~ARG~2~: 
CALL UPDATE (ARG(1 I ): 
CALL 01 SPLAY-RESULT (‘RESULT = ’ I: 
*END* 

*NAME* *=* - ‘SELECT FIRST ARGUMENT’ 
1 PRIMITIVE TYPE-A */* 1 RESULT TYPE-B 
‘SELECT SECOND ARGUMENT’ 
1 PRIM1 TIVE TYPE-A */* 1 RESULT TYPE-B 
*CODE* 

ARG~~~=ARG~~~~~MARKERII,-,IIMARKERI~ARG~~~~ 
CALL UPOATE(ARG(1) b: 
CALL 01 SPLAY-RESULT (‘RESULT = ’ I: 
*END* 

*NAME* *=* & ‘SELECT FIRST ARGUMENT’ 
1 PRIMITIVE TYPE-A */* 1 RESULT TYPE-B 
‘SELECT SECOND ARGUMENT’ 
1 PRIMITIVE TY PEmA */* 1 RESULT TYPE-B 
*CODE* 

ARG~1~=ARG~1~lIMARKER~~‘t’IIMARKER~~ARG~2~: 
CALL UPOATE(ARG(1) 1: 
CALL 01 SPLAY-RESULT (.‘RESULT = ’ 1: 
*END* 

*NAME* *=* * ‘SELECT FIRST ARGUMENT’ 
1 PRIMITIVE TYPE-A */* 1 RESULT TYPE-B 
‘SELECT SECOND ARGUMENT’ 

1 PRIMITIVE TYPE-A +/* 1 RESULT TYPE-B 
*COOE* 

ARGtl,-ARG~l,llMARKERll’r’llMARKERl~ARC(2t; 
CALL UPOATE(ARG(l)l: 
CALL 01 SPLAY-RESULT (’ RESULT = ’ I: 
*END* 

*NAME* *r* -. ‘SELECT ARGUMENT’ 
0 PRIMITIVE TYPE-A */* 0 RESULT TYPE-B 
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*CODE* 
AIlGIl)=‘-. ‘1 I~~ARKERI IARG~~~: 
CALL UPOATEtARGtl)); 
CALL DISPLAY-RESULT t’ RESULT = ’ I: 
*END* 

*NAME* *=* 1 ‘SELECT ARGUMENT’ 
0 PRIHITIVE TYPE-A */* 0 RESULT TYPE-B 
*CODE* 

ARG(lB=‘#‘l IblARKERi tARG(lb: 
CALL UPDATE(ARG(1) 1; 
CALL DI SPLAY-RESULT (’ RESULT = ’ ): 
*END* 

*END* 
*END-CONTROL* 

- 161 - 



APPENDIX G -- A DRAWING SYSTEM 

DEFINITION DESCRIPTION 

//GO.SOURCE DD * 
*DEFINITION* DEFINE 

*NAME* ‘ENTER PRIMITIVE NAME’ 
*TS* ‘ENTER TS’ 
*ATTR-LI ST* ‘ENTER ATTRIBUTES’ 

TAI LX=NUMBER 
TAILY=NUMBER 
HEAD X=NUMBE R 
HEADY=NUMBER 
XMIN=NUMBER 
XHAX=NUMBER 
YWIN=NUMBER 
YMAX=NUCIBER 
*BDF-FILE* ‘SELECT TYPE CONSTRUCTION’ 

LINE # ‘INTENSITY’ NUMBER ‘X-COORO’ MJUBER ‘Y-COORD’ NUMBER *END+ 
POINT # ‘INTENSITY’ NUMBER ‘X-COORD’ NUMBER ‘Y-COORD’ NUMBER *END* 
ALPHA 1 ‘TEXT’ TEXT *END* 
ARC 1 ‘INTENSITY” NUMBER ‘CENTER-X’ NUMBER ‘CENTER-Y’ NUMBER 

‘RADIUS’ NUMBER ‘INITIAL ANGLE’ NUMBER ‘FINAL ANGLE’ NUMBER 
*END-DEFINITION* 
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APPENDIX G -- A DRAWING SYSTEM 

GRAPHIC SYNTAX DESCRIPTION 

//GO.SYNDATA DD * 
SEQlJENCE=‘PICTURE’ PARSER-NAME=’ PARSER’ 
TERMINAL=‘END’ : 

I* 
//GO.SYNTAX DD * 
*SYNTAX* 
PICTURE *::=* EXPR *;* 
EXPR f::=t EXPR- *NO’SEHANT* *:* 
EXPR- *::=+ EXPR- + TERM *:* 

a::=* EXPR- - TERM *;* 
*::=* EXPR- C TERM *:+ 
*::=* EXPR- + TERM *:+ 
*::=‘I’ TERM *NO-SEMANT* *:* 

TERM *::=* FACTOR *NO-SENANt* *:* 
#::=* q TERM *:* 
*::=* X TERM +;* 

FACTOR *::=* YORO *;* 
4’::=* INTEGER *:* 
a::=* ( EXPR ) 

*END-SYNTAX* 

QUOTES=“” 
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APPENOIX G -- A DRAWING SYSTEM 

GRAPHIC SEMANTIC DESCRIPTION 

*SEMANTICS* SEMANT *CODE* 
DCL ARG(5) EXT CHARIZDOD) VAR, 

(XTRAN,YTRAN) FIXED BINARY, 
TRAN INT ENTRYtFIXED BIN,FIXED BIN, FIXED BIN,FIXEO BIN): 

IF ERROR THEN RETURN; 
TRAN: PROC(II,J,X,Y); 

TRANSLATES ARGTJ) TO X,Y MERGES ARG( II) AND ARGT JI NEW 
HEAD IS HEAD OF ARGTJ)+TRANSLATION--HX AND HY ASSUMED 
IN I(1) ,I (21.. CALCULATES NEW XY MIN MAX SETS AN+11 */ 
(II,J,X,Y) FIXED BIN; 

/* 

DC1 
PTR=6 i 
CALL FETCH(ARG(IIT,‘XMIN XMAX YMIN YMAX’): 
CALL FETCH(ARG(J) ,‘XMIN XUAX YMIN YWAX’ ): 
A(l)=DELETELI(lT+X); /*NEW HEAOX */ 
A(Z)=DELETETIIZT+Y); /*NEW HEADY*/ 
A(3)=DELETE(MIN(I(7),1(1L)*X)); /-NEW XHIN*/ 
A(4)=DELETE(MAXTI(BT,I~l2T+X)); /*NEW XMAX*/ 
A~51=OELETE~HIN~I~9~,I~l3T+Y~~; /+NEU YMIN*/ 
A~6~=OELETE~MAX~I~10),I(14~+Y)); /*NEW YMAX+/ 
A(7)=’ ‘IIDELETETxT: /+X TRANS */ 
A(B)=’ ‘1 IDELETE( /+Y TRANS*/ 
PTR=O; 
CALL SAVE-ATTRTARG(II),SAVETFETCH-ATTR(ARG(II)), 

‘HEADX HEADY XMIN XMAX YHIN YMAX’ 11; 
ARG(J)=FETCH_BDF(ARG(II))l~CSEPll’TRANS’llA(7)llA(B)llCSEPII 

FETCH~BOF~ARGTJ1TllCSEPll’UNTRAN’llAT7TllA~B~: 
CALL SAVE-BDF(ARG(II),ARGo)i 
ANS=I I ; 
RE TURN ; 
END TRAN; 

//GO.SOURCE DO * 

RECOG: PRDC: 
/* FETCHES PRIflITIVE TO ARG IF ROOM AND SETS XY MIN MAX 

IF REWIRED FETCH TS T/ 
IF ANS<5 THEN DO: 

ANS=ANS+l ; 
ARGTANS)=FETCH-PRIMITIVE(VS(LEFT)); 
VSt LEFT) =ANS: 
DIAG=FETCH-TS(ARG(ANS)); 
IF DIAG=” l DIAG=’ ’ THEN RETURN: 

ELSE DO: 
/*RETURN TS IN PROPER FORM */ 
OIDDLE=‘l’B: 
DIAG=LEFT,PARENI IMARKERll OIAGI LMARKERI IRIGHT-PAREN: 
ANS=ANS-1 : 
RETURN: 
END: 

END; 
ELSE DO: 

DUT=SEPI ISEPI ISEPI I ‘ALPHA ARC OVERFLOW’; 
ERRDR=‘l’B; 
END: 

EN0 RECOG; 
*END* 

*PRODUCTION* 1 *CODE* 
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/* OUTPUT ANSUER */ 
IF ANS~=I THEN DDT=SEP~ JSEPJ JSEPJ J’ALPHA ILLEGAL EXPRESSION’: 

ELSE CKJT=ARGIVS~LEFTJ I: 
*END* 

*PROOUTION* 3 <ODE* 
/* + OPERATOR */ 

CALL FETCHIARGIVSIRIGHTlJ,‘HEADX HEADY TAILX TAILY’J; 
CALL FETCHIARGIVSILEFTJ J,‘HEADX HEADY’ J: 
XTRAN=I J5J-I (3) : 
YTRAN*I (6 J-I (4) : 
CALL TRANJVSILEFTJ,VSIRIGHTJ,XTRAN,YTRANJ: 
*END* 

*PRODUTION* 4 *ODE* 
/* - OPERATOR+/ 

CALL FETCHIARGIVSIRIGHTJ J,‘HEAOX HEADY’ J: 
CALL FETCHIARGIVSILEFTJ J,‘HEAOX HEADY’ J: 
XTRAN=I I3 J-I J 1 J : 
YTRAN=I(4J-I(Z): 
CALL TRANIVSILEFTJ,VSIRIGHTJ~XTRAN,YTRANJ: 
*END* 

*PRODUTION+ 5 *CODE* 
/* t OPERATOR */ 

CALL FETCHIARGIVSIRIGHTJJ,‘HEADX HEADY TAILX TAILY’J; 
CALL FETCHIARGIVSILEFTJ J,‘TAILX TAILY’ Ji 
XTRAN=I I5 J-I (3) i 
YTRAN=I (6)-I(4): 
CALL TRANIVSILEfTJ ,VS (RIGHT J, XTRAN,YTRANJ: 
*END* 

*PRDDUTION* 6 *DDE* 
/* * OPERATOR 8/ 

CALL FETCHIARGIVSIkl:GHTJJ,‘HEAOX HEADY TAILX 1AILY’J: 
CALL FETCHIARGIVSILEFTJJ,‘HEAIK HEADY TAILX TAILY’J; 
XTRAN*I (7J-I (3): 1(9J=IJlJ+XTRAN: 
YTRAN-IIBJ-I(4); IIlOJ=IIZJ+YTRANi 
IF 1(9Jq=II5J I I(lOJ-.=I(taJ THEN Do: 

OUT=SEPl ISEPJ JSEPJ I ‘ALPHA l ERROR’: 
ERROR-‘1 ‘8; 
RETURN: 
END: 

ELSE CALL TRANIVSILEFTJ,VSJRIGtiTJ,XTRAN,YTRANJ; 
*END* 

*PRDOUTION* 9 *CODE* 
/* -, OPERATOR */ 

CALL SAVE~BDFIARGIVSIRIGHTJJ,‘BLANK’JJCSEPlJ 
FETCH,BOF~ARGIVSIRIGlfTJJJJJCSEPJJ’UNBLANK’JJ 

VSJLEFTJWSJRIGHTJ; 
*END* 

*PRDOUTION* LO *CODE* 
/* ) OPERATOR */ 

CALL FETCHJARGIVSIRIGHTJJ,‘TAILX TAILY HEAOX HEADY’): 
PTRLO ; 
CALL SAVE-ATTRIARGJVS (RIGHT J J,SAVEIFETC&ATTRIARG1VSIRIGHTJ JJ 

,‘HEADX HEADY TAILX TAILY’.J J: 
VSILEFTJ=VSIRIGHTJ; 
*END* 

*PROOUTION* 11 *CUE* 
/* WORD RECOGNITION *I 

CALL RECOG; 
*END* 

*PRDOUTION* 12 *CUE* 
/* INTEGER RECOGNITION */ 

CALL RECOG: 
*END* 

*PRODUTION+ 13 YODE* 
/* 0 RECOG */ 

VS( LEFT) =VSILEFT+lJ; 
*END* 

*END-SEMANTICS* 
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APPENDIX G -- A DRAWING SYSTEM 

PROCEDURE LIBRARY 

SCAN: PRDC (Al ; 
/* DISPLAYS A ON SCOPE BY SCANNING BDF- A ON SCOPE ASSUMED IN 

PRIMITIVE REPRESENTATIOW/ 
OCL TATR,BOFT CHAR (2000) VAR, 

A CHAR(*) VAR, 
LINE BIT,1 1, 
TALPHA,BETA,CENX,CENY,INTIRADI FIXED BIN, 
TB,TYPT CHART20001 VAR, 
~X~1000~rY~100D~,BL~lOOO~~ FIXED BIN, 
XTR FIXED BIN , 
YTR FIXED BIN , 
BLK FIXED BIN , 
OBG EXT BITIll INITIACT’D’B), 
TOIV,XMIN,XMAX,YMIN,YMAX, FIXED BIN, 
CSEP EXT CHARTZO) VAR, 
BUFADD EXT FIXED BIN, 
I FIXED BIN, 
NEXT INT ENTRV(CHAR(*T VAR,CHARL*) VAR) 

RETURNS(CHAR(2000 1 VAR), 
(FETCH-ATTR,FETCH-BDFT EXT ENTRY (CHAR(* 1 VAR ) 

RETURNSTCHAR(2000) VART, 
INITIALIZE EXT ENTRYtFIXED BIN), 
FETCH-VALUE EXT ENTRY (CHAR@ 1 VAR, CHART* ) VAR I 

RETURNS (CHAR(ZDD@ 1 VAR): 
OCL (PLOTL,PLOTP) EXT ENTRY{{* 1 FIXED BIN,(*) FIXED BIN, 

(*I FIXED BIN,FIXED BIN,FIXED BIN,FIXED BIN, 
FIXED BI NT, 

ARC-GEN INT ENTRYtFIXED BIN,FIXEO BIN,FIXED BIN, 
FIXED BIN, FIXED BIN, FIXED BIN,FIXED BIN): 

NEXT: PRDC (A,B, RETURNStCHARTZODO) VARli 
/* RETURNS NEXT ELEMENT OF A DELIMITED BY B, 

DELETES FROM A */ 
DCL A CHAR(*) VAR,B CHART*) VAR, 

THP CHARTZDOO) VAR,I FIXEO BIN: 
IF A=” I A=’ ’ THEN 00; 

A=“; RETURN{” 1; 
END: 

DO WiILE~SUBSTR~A,l,1~=’ ’ )i 
A=SUBSTR(A,Z); 
END: 

I=INDEX(A,B): 
IF I=0 THEN DO: 

TMP=A; A=’ I; 
END: 

ELSE 00: 
TMP=SUBSTRTA,l, 1-l); 
A=SUBSTR(A, I+LENGTH(BI 1: 
END: 

RETURNTTMP) i 
END NEXT: 

ARC-GEN: PROC(I ,INT,CENX,CENY, RAD, ALPHA, BETA); 
/* GENERATES VECTOR REPRESENTATION FOR ARC */ 
DCL (1 ,INT,CENX,CENf,RAD,ALPHA,BETAT FIXED BIN, 

(J,N) FIXEO BIN, 
DELTA FLOAT BIN: 
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N=ABS(BETA-ALPHA,/5 l l; 
IF N=l THEN N=2; 
OELTA=(BETA-ALPHA)/ (N-I I; 
DO J=l TO N; 

IF I<1000 THEN I=I+l: 
IF J=l THEN BL(II=D; ELSE BL(I)=INT; 
XlI)=ICENX+RAD*COSD(ALPHA+(J-l)*OELTAI)/DIVi 
X(I)=X(I)+XTR; 
Y(I)=lCENf+RAD*SI ND(ALPHA+(J-1 ,*DELTA) )/DIV; 
Y(I)=Y(I)+YTR; 
END: 

EN0 ARC-GEN: 
1=0: LINE=‘1 
ATR=FETCH-ATTRtA 
XMIN-FETCH-VALUE 
XMAX=FETCH-VALUE 
YMIN=FETCH-VALUE 

I 8; BLK= 1 : 
I 

I 
~TR,‘XMIN’ 1: 
ATR, ‘XMAX’ li 

( ATR, ‘YMIN’ ,; 
YMAX=FETCH-VALUE ( 
IF XHIN>=O & XHAX 

THEN DO; 
XTR=O: YTR=C; DIV=l: 
END: 

ELSE DO: 
DIV=HAXl(XMAX-XMIN+999)/lODO, 

(YMAX-YMIN+499)/500): 
IF DIV<=O THEN DIV=l: 
XTR=-XMIN/ZIV: 
YTR=250-YMIN/OIV; 
END; 

ATR,‘YMAX’ I: 
<=lOOO t YMIN>=25D C YMAX<=750 

IF DBG THEN DO: 
CALL INITIALIZE~6~; 
CALL DUTPUTT(‘XTR=‘lIXTRII’YTR=‘I(YTR~~ 

‘DIV=‘iIDIV): 
END: 

BDF=FETCH-BOF, A,: 
DO WHILE (BOF-.=“); 

B=NEXT(BDF, CSEP): 
TYR=NEXT(B, ’ ’ 1: 
IF TYP=‘LINE’ THEN DO: 

IF - LINE THEN DO: 
CALL PLOTP(BL,X,Y, I, 1000, 1,BUFADD); 
1=0; LINE=‘l’B; 
END: 

DO WHILEtB-=” 1: 
IF I<lPO@ THEN I= I+l; 
BLII)=BLK*NEXT(B,’ ‘1; 
X(I,=XTR+NEXT(B,’ ‘)/DIVi 
Y (I I=YTR+NEXT (B,’ ’ I/DIV; 
FND; 

ENOi ENOi 
IF TYP=‘POINT’ THEN DO; IF TYP=‘POINT’ THEN DO; 

IF LINE THEN DO: IF LINE THEN DO: 
CALL PLCJTL(BL,X,Y, I, 1000,l;BUFADD~; CALL PLCJTL(BL,X,Y, I, 1000,l;BUFADD~; 
1=0: 1=0: LINE=‘O’B: LINE=‘O’B: 
END: 

00 WHILE(B-=” 1: 
IF I<1000 THEN I=I*l: 
BLII)=BLK*NEXTIB,’ ‘b: 
X(I)=XTR+YEXT(B,’ ‘)/OIV; 
YlI)=YTR+NEXT(B,’ ’ I/DIV: 
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END; 
END: 

ELSE IF TYP=‘ALPHA’ THEN Doi 
IF I<1000 THEN I=I+l; 
BLLI )=o: 
XlI)=XTR; 
YLI)=YTR: 
IF LINE THEN CALL PLOTLLBL,X,Y, I, lOOO,l,BUFADD); 

ELSE CALL PLOTP(BL,X, Y, I, 1000, 1,BUFADD): 
1=0: LINE=’ 1’ 8; 
IF ELK-.=0 THEN CALL STRLARLB,BUFADD): 
END: 

ELSE IF TYP=‘ARC’ THEN 00: 
IF -. LINE THEN DO; 

CALL PLOTPLBL,X,Y, I, 1000, 1tBUFADD)i 
1=0; LINE=’ 1’ 8: 
END: 

ELSE 

ELSE 

ELSE 
ELSE 
END: 
IF I 

IF 

INT- BLK*NEXTIB,’ ’ ): 
CENX=NEXT LB, ’ ’ 1: 
CENY=NEXT LB, ’ ’ ): 
RAO=NEXT LB, ’ ’ 1: 
ALPHA=NEXT LB, ’ ’ ): 
BETA=NEXT(B,’ ‘I; 
CALL ARC-GENII,INlrCENX,CENY,RAD,*LPHa,BETA); 
END; 
IF TYP=‘TRANS’ THEN 00: 
XTR=XTR+NEXT(B,’ ’ )/DIV; 
YTR=YTR+NEXTLB,’ ’ )/OIV: 
END; 
IF TYP=‘UNTRAN’ THEN 00: 
XTR=XTR-NEXTLB,’ ’ L/OIV; 
YTR=YTR-NEXTLB,’ * )/OIV; 
END: 
IF TYP=‘BLANK’ THEN BLK=Oi 
IF TYP=‘UNBLANK’ THEN BLK=L: 

-a= P THEN 00: 
: LINE THEN CALL PLOTL(BL,X,Y, I, lOOO,l,BWADDI: 
ELSE CALL PLDTPLBL, X,Y, I, lOOO,l,BUFADD)i 

END: 
I=1 : 
BLLI)=o; 
X(1 )=FETCH-VALUE(ATR,‘TAILX’ )/DIV*XTR: 
Y(I )=FETCH-VALUE(ATR,‘TAILY’ )/DIV*YTR: 
CALL PLOTL(BL,X,Y,I,lOOO~ 1, BUFADD): 
CALL STRLAR(.‘T’,BUFADO): 
x(1 )=FETCH-VALUE(ATR,‘HEADX’ )/DIV+XTR; 
Y(I )=FETCH-VALUEtATR,‘HEADY’-L/OIV+YTR: 
CALL PLOTLlBL,X,Y, I,lOOO, 1, BUFAODI: 
CALL STRLARL’H’ , BUFADDI: 
CALL LOWERLBUFAOD): 
END SCAN: 
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SCAN1 : PROCIA,B,C,L,YI; 
/* OUTPUTS A TO PRINTER WITH CHAR B AS BACKGROUND 

AND CHAR C AS DATA IN ARRAY CH(+L L X M 
A ASSUMED IN PRIM REPRESENTATION *I 

OCL A CHAR(+) VAR, 
(B,C) CHAR(l), 
lL,M) FIXED BIN, 
SBG EXT BIT(I) INITIALL’O’B), 
lALPHA,BETA,CENX,CENY,INT,RAO) FIXED BIN, 
LATR,BDF,BB,TYP) CHARIZOCO) VAR, 
CH(L,M) CHAR(l), 
(XTR,YTR,OIV,XMIN,XMAX,YMIN,YMAX, BLKl FIXED BIN, 
CSEP EXT CHARLZOL VAR, 
fI,.l) FIXED BIN, 
NEXT INT ENTRYLCHAR(*) VAR,CHAR(*b VAR) 

RETURNSLCHARLZOOO) VAR), 
(FETCH-ATTR,FETCH-9DF) EXT ENTRY LCHAR(* I VAR) 

RETURNSLCHAR12000) VAR), 
FETCH-VALUE EXT ENTRY (CHARI* VAR, CHAR(*) VAR I 

RETURNS(CHARL2000 1 VAR) I 
(Xl ,XZ,Yl ,Y2) FIXED BIN, 
ARC-GEN INT ENTRY (FIXED BIN,FIXED BIN, FIXED BIN, 

FIXED BIN,FIXED BIN,FIXEO BIN), 
LINE-GEN INT ENTRYLFIXED BIN, FIXED BIN, FIXED BIN, 

FIXED BIN.FIXEO BINeCHARL 1) L: 
ON SUBSCRIPTRANGE BEGIN; 

PUT LISTL’SUBSCRIPT WRONG FOR CHL*I’) SKIP; 
GO TO LOOP; 
END: 

hIi XT: PROC (A,91 RETURNSLCHARLZOOO) VAR): 
/* RETURNS NEXT ELEHENT OF A OELIMINATED BY B 

DELETES FROM A */ 
OCL LA,B) CHAR(*) VAR, 

THP CHAR(2000) VAR, 
I FIXED BIN: 

IF A=” I A=’ ’ THEN 00: 
A=“: RETURNf” ): 
END; 

DO WHILElSUBSTR(A,l,l)=’ ‘1: 
A=SUBSTR(A,Z): 
END: 

I =I NOEXLA, B) : 
IF I=0 THEN DO; 

THP=A: A=“: 
FND: - ._ ~ 

ELSE 00: 
TMP=SURSTRLA,l, 1-1); 
A=SUBSTRIA,IiLENGTH(8)); 
END: 

RETURNLTMP) i 
EM NEXT: 

LINE-GEN: PROCLBLK,Xl,Yl,XZ,Y2,C): 
/* GENERATES A LINE FORM (Xl,Yl) TO (XZ,YZI USING CHAR 

C IN CHIL,M)--IF BLK=O THEN NO ENTRY */ 
oCL (BLK,Xl,Yl,XZ,YZ) FIXED 9INe 

C CHAR(l), 
(I ,.I) FIXED BIN: 
IF BLK=O THEN RETURN: 
IF ABSIXZ-Xl)>ABSLYZ-Yl) THEN DO: 

00 I=WINLXl,XZ) TO HAXLX~IXZ): 
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( SUE SCRI PTRANGE) : . . 

( SUBSCRI PTRANGEI : 

( SUB SCRI PTRANGE) : 

END: 
ELSE IF ABS(V2-Yl )>=ABS (X2-X1 1 t (YZ-Y113=0 THEN DO: 

00 J=MIN(Yl,YZI TO MAX(Y1tY21; 
I=((X2-X11*J+Xl*Y2-Yl*x21/(Y2-Y11; 
CHII, J)=C: 
END; 

END; 
ELSE 

CH~Xl ,Yl j=c: 
END LINE-GEN: 

AR: -GEN: PROC(INT,CENX,CENY,RAD,ALPHA,BETA): 
/* GENERATES VECTORS FOR ARC */ 
OCL(INT,CENX,CENY,RAO,ALPHA,BETAl FIXED BIN, 

IX1 ,X2,Vl ,VZ,J,Nl FIXED BIN, 
DELTA FLOAT BIN: 
IF I NT=0 THEN RETURN: 
N=ABS(BETA-ALPHA1/5+1: 
IF N=l THEN N=2: 
DELTA=(BETA-ALPHA)/ (N-11: 
x~=(CENX+RAD~COSO(ALP~~A~~/OIV; Xl=Xl+XTR: 
Yl=(CENY+RAD~SINDlALPHA))/DfV: Vl=Yl+YTR; 
00 J=2 TO N; 

x2=(CENX+RAOxCOSO(ALPHA+(J-ll,,OELTA)I/DIV; X2=xZ+xTRi 
y2=(CENY+RAD.:SINO(ALPHA+(J-ltrOELTAbt/OIV: Y2=Y2+Ym; 
CALL LINE_GEN(INT,Xl,Yl,X2,Y2,Cli 
Xl =x2 i 
Yl =v2 ; 
END: 

EN0 ARC-GEN; 
DO I=1 TO L; 

DO J-l TO M; 
CH(I,Jl=B; 
END; 

END: 

J=((Y2-V1)*1+Yl+X2-XltY2)Io; 
CH(I, J)=C; 
END: 

BLK=l; 
IF C<=O I L<=O THEN DO; 

PUT EOIT(‘WRONG M AND L--H=‘,Mr’ L=‘,L1 
(SKIP,A,F(101,A,F(lO)); 

GO TO EXITZ: 
END : 

ATR=FETCH-ATTR(A1 ; 
XMI N=FETCH-VALUEIATR, ‘XMIN’ 1: 
XMAX=FETCH-VACUEIATR, ‘XMAX’ 1: 
VMIN=FETCH-VALUE(ATR, ‘YHIN’ 1; 
VMAX=FETCH-VALUE(ATR, ‘VKAX’ 1; 
IF XMIN>=l & XMAX<=L t YMIN>=l & VHAX<=H THEN 00: 

XTR=O; 
YTR=O i 
01 v=1; 
END : 

ELSE 00: 
OIV=HAX( (XMAX-XMIN+L I/L , (YMAX-YHIN+H 1/H 1: 
IF OIV<=O THEN OIV=l; 
XTR=l-XMIN/OIV: 
YTR=l-YMIN/OIV; 
END; 

IF OBG THEN 
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PUT EOIT~‘XTR=‘,XTR,‘YTR=‘,YTR,‘OIV=’,DIVJ 
(3(SKIP,A.F(101lT: 

,. 

LOOP: 
BOF=FETCH-BDFfAl: . 
DO MILE (BOF-a=“l; 

BB=NEXT(BDF,CSEPl: 
TYP=NEXT(BB,’ ‘I: 
IF TYP=‘LINE’ THEN 00; 

INT=BLK*NEXT(BB,’ ‘b: 
Xl=XTR*NEXT(88,’ ’ l/OIV: 
Yl=YTR+NEXTtBB, ’ l/DIV; 
00 uHILE(BB7=” I; 

INT=BLK*NEXT 186,’ ‘1; 
XZ=XTR*NEXT ( 88, ' ' l/OIV: 
Y2=YTR+NEXT(BB,’ ’ l/DIV: 
CALL LINE-GENIINT,X1,Y1,X2,Y2,C): 
x1=x2; 
Yl=Y2; 
END; 

END; 
ELSE IF TYP=‘PDINT’ THEN DO: 

00 WHILE (Bb=“l: 
I NT=BLK*NEXT 1 BB, ’ ’ I: 
Xl=XTR+NEXT(BB,’ ‘l/DIV: 
Yl=YTR+NEXT(EB;' ' WDIV; 
IF INT-.=D THEN 

L SUBSCRI PTRANGEI : CH(Xl,Yll=Ci 
END: 

END: 
ELSE IF TYP=‘ALPHA’ THEN DO; 

DO I=1 TO MIN(LENGTH(BRl,L-XTRI: 
( SUESCRI PTRANGEI : CH(XTR+I-l,YTRl=SUBSTR(88, I, 1); 

END : 
END; 

ELSE IF TYP=‘ARC’ THEN DO; 
INT=BLK*NEXT(Bfl,’ ‘I: 
CENX=NEXTLBB,’ ‘); 
CENY=NEXT(BB,’ ‘b; 
RAO=NEXT(BB,’ ’ I: 
ALPHA=NEXT(BB, ’ ’ I : 
BETAnNEXTLBB, ‘I: 
CALL ARC-GENL INT, CENX, CENY, RAD, ALPHA, BETA); 
END; 

ELSE IF TY P=‘TRANS, THEN DO; 
XTR=XTR+NEXTtBB,’ ’ l/DIV: 
YTR=VTR+NEXT(&;’ ’ l/OIVi 
END; 

ELSE IF TY P=‘UNTRAN’ THEN 00: 
XTR=XTR-NEXTfBB, ’ l/OIV: 
YTR=YTR-NEXTtBB,’ ’ b/DIV: 
END: 

ELSE IF TYP=‘BLANK’ THEN ELK-O; 
ELSE IF TYP=‘lJNBLANK’ THEN BLK=li 
END: 

Xl=FEiCH-VALUELATRt’TAILX )/OIV+XTR; 
Yl=FETCH-VALUE(ATR,‘TAILY’ )/DIV+YTR: 
XZ=FETCH-VALUELATR,‘HEADX’ l/DIV+XTR; 
YZ=FETCH-VALUELATRt’HEADY’ l/OIV+YTR; 

L SUBSCRI PTRANGE) : CH(Xl,Yl)='T': 
(SUBSCRIPTRANGEI: CH(X2,YZb=‘H’i 

00 Xl=1 TO IL-ll/lOO+l; 

EXI T2: 

00 14 TO 1 BY -1: 
PUT EDITL’ ‘)(SKIP,COLl20l,Al: 
DO J=l+(Xl-ll*lOO TO fdIN(L,Xl*lOOl; 

PUT EDIT(CH(J,Il)(Al: 
END: 

END: 
PUT EOITL’ ‘b(PAGE,Al: 
END: 

END SCANl: 
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SCAN1 : PROC(A,B,C,L,Ml; 
/* OUTPUTS A TO TYPEWRITER WITH CHAR B AS BACKGROUND 

AND CHAR C AS DATA IN ARRAY CH(*l L X M 
A ASSUMED IN PRIM REPRESENTATION */ 

OCL A CHAR(+) VAR,BUF CHARLZCOO) VAR, 
(B,Cb CHAR(l), 
(L,Ml FIXED BIN, 
DBG EXT BIT(l) INITIALL’C’B), 
lALPHA,BETA,CENX,CEhY,INT,RAOl FIXED BIN, 
(ATR,BOF,BBrTYP) CHARLZC’COI VAR, 
CH(L,M) CHAR(l), 
(XTR,YTR,DIV,XMIN,XMAX,YMIN,YMAX, BLKI FIXED BIN, 
CSEP EXT CHARLZO) VAR, 
(I ,J) FIXED BIN, 
NEXT INT ENTRY (CHAR(+) VAR,CHAR(* 1 VAR) 

RETURNSLCHARLZOOO) VAR), 
(FETCH-ATTR,FETCH-BOF) EXT ENTRY (CHARI* VAR b 

RETURNS(CHAR(2000l VARI, 
FETCH-VALUE EXT ENTRY (CHAR(*) VAR,CHAR(*) VAR) 

RETURNS(CHAR(20001 VAR), 
(Xl ,X2 ,Yl ,Y2) FIXED BIN, 
ARC-GEN INT ENTRY (FIXED RIN,FIXEO BIN, FIXED BIN, 

FIXEO BIN,FIXED BINtFIXED BIN), 
LINE-GEN INT ENTRY (FIXED BIN, FIXED BIN, FIXED BIN, 

FIXED BIN, FIXED BINtCHARL 11 I; 
ON SUBSCRI PTRAYGE BEGIN; 

CALL OUTPUTt’SUBSCRIPT WRONG FOR CHL* I’ 1; 
GO TO LOOP: 
END; 

NEXT: PRGC (AtBI RETURNS(CHARL2ODOl VARI: 
/* RETURNS NEXT ELEMENT OF A OELIMINATEO BY 8 

DELETES FROM A */ 
OCL (A,B) CHAR(*) VAR, 

THP CHARIZOOOI VAR, 
I FIXED BIN; 

IF A=” ( A=’ ’ THEN DO; 
A=“; RETURNT” T: 
END; 

DC WHILE(SUBSTR(A,l 11 )=’ ’ I; 
A=SUBSTR(A,2,; 
END: 

I =I.NDEX(A,Bb: 
IF I=0 THEN DO; 

THP=A; A=“: 
END: 

ELSE DO; 
THP=SUBSTR(A,1, I-l ): 
A=SUBSTR(A, I+LENGTH(BI I: 
ENDi 

RETURNLTMPT ; 
EhD NEXT: 

LINE-GtN: PRCC~BLK,Xl,Vl,X2,Y2,C)i 
/* GENERATES A LINE FORM (XlrYl) TO (X2,YZI USING CHAR 

C IN CH(L,Ml--IF BLK=O THEN NO ENTRY */ 
oCL (BLKtXltYltX2tY2) FIXED BIN, 

C CHAR(l), 
(I ,Ji FIXED BIN; 
IF BLK=O THEN RETURN: 
IF ABSLXZ-Xll>ABS(Y2-Y11 THEN 00: 

DO I=MIN(Xl,XZ~ TO HAXLXltXZl; 
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( SUB SCR! PTRANGE 

( SlJB SCRI PTRANGE 

J=((Y2-Y11*1+Y1*x2-x1*Y21~(x2-x11; 
CH(I,JJ=C: 
ENDi 

END; 
ELSE IF ABS(Y2-Yl)>=ABS(XZ-X11 t (Y2-Yl17=0 THEN DO: 

DO J=MIN(Yl,YZ) TO MAX(Ylo YZI: 
1=1(X2-Xi)*J+Xl*Y2-YItXZ)/oi 
CH(I,Jb=C; 
END; 

END; 
ELSE 

(SUBSCRI PTRANGEI : CHfXl ry11=c: 
END LINE-GEN: 

ARC -GEN: PROC(INT,CENX,CENY,RAD,ALPHA,BETA1: 
I+ GENERATES VECTORS FOR ARC */ 
DCLlINT,CENX,CENY,RAD,ALPHA,BETA) FIXEO BIN, 

IX1 ,X2,Yl rYZ,J,NT FIXED BIN, 
DELTA FLOAT BIN: 
IF INT=C THEN RiTURNi 
N=ABS(BETA-ALPHA)/S+l: 
IF N=l THEN N=2: 
DELTA=(BETA-ALPHA)/ (N-l 1: 
X1=(CENX+RADrCOSD(ALPtiA11/DIVi Xl=Xl+XTR; 
Yl=(CENY+RAD=SIND(ALPHA)I/DIV: Yl=Yl+YTR; 
DO J=2 TO N; 

xE=(CENX+RADtCOSDlALPHA+(J-l)cDELTI)I/DIV: X2=XZ+XTR: 
Y2=(CENY+RAD*SIND(ALPHd+orDELTA))/DIV: YZ=YZ+YTR: 
CALL LINE_GENlINT,Xl,Yl,XZ,Y2,C); 
Xl =x2 ; 
Yl =y2; 
END; 

END ARC-GEN; 
DO I=1 TO Li 

DO J=l TO M: 
CH(1, Jl =B; 
END: 

END ; 
BLK=l i 
IF C<=O I L<=O THEN DO; 

CALL OUTPUT (‘WRONG M AND L--M=’ 11 MI ( ’ L=‘IlLl: 
GO TO EXIT2; 
END: 

A TR =FE TCH-ATT R( A1 ; 
XMIh=FETCH~VALUE~ATR,‘XHIN’l; 
XMAX=FETCH-VALUE(ATR,‘XMAX’ 1: 
YHIN=FETCH-VALUE(ATR,‘YMIN’i: 
YHAX=FETCH-VALUEtATR, ‘YMAX’ )i 
IF XHIN>=l t XMAX<=L t YHIN>=l t YMAX<=M THEN DO; 

XTR=O; 
YTR=O ; 
DI V=l ; 
END; 

ELSE DO: 
DIV=MAX( (XHAX-XHIN+L 1/L , IYMAX-YHIN+M 1/M 1; 
IF DIV<=O THEN DIV=l; 
XTR=l-XMIN/DIV; 
YTR=l-YMIN/DIV: 
END: 

IF DBG THEN 
CALL OUTPUT(‘XTR=‘IIXTRII’YTR=‘liYTRi~’DIV=’kiD~V): 
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LOOP : 
BDF=FETCH-BDF LA); 
DO UiILE LBDF+“): 

BB=NEXTtBDF,CSEP): 
TYP=NEXT(BB, ’ ’ ); 
IF TYP=‘LINE’ THEN DO: 

lNT=BLK*NEXT(BB,’ ’ 1: 
Xl=XTR+NEXT(BB, ’ ’ )/OIV; 
Yl=YTR+NEXTLBB, ’ ’ )/DIV: 
DO MHILELBB~=” 1; 

INT=BLK*NEXT LBB, ‘ ’ T: 
X2 =XTR+NEXT ( BB, ’ ’ I/ DIV; 
Y2 =Y TR+NEXT ( BB, ’ ’ L/ OIV: 
CALL LINE,GEN(INT,Xl,Yl,X2,Y2,C)i 
x1=x2: 
v1=Iv2; 
END; 

END: 
ELSE IF TYP=‘POINT’ THEN DO: 

DO WHILE (BB==” 1: 
I NT=BLK*NEXT ( BB, ’ ’ ): 
Xl=XTR+NEXT(BB,’ ’ )/DIVi 
Yl=YTR+NEXT(BB, ’ ’ )/DIV: 
IF INT-‘=O THEN 

( SUB SC RI PTRANGE 1 : CH(Xl,Yl)=C: 
END: 

END; 
ELSE IF TYP=‘ALPHA’ THEN DO: 

DO I=1 TO HIN(LENGTH(BB),L-XTR)i 
( SUB tiR1 PTRANGET : CHLXTR+I-l,YTR)=SUBSTR(BB, I, lb: 

END: 
END: 

ELSE IF TYP=‘ARC’ THEN DO: 
I NT=BLK*NEXT L BB, ’ ’ L; 
CENX=NEXTLBB, * ‘1: 
CENY=NEXT(BB, ’ ’ 1; 
RAD-NEXTLBB,’ ’ ): 
ALPHA=NEXTLBB, ’ ’ 1; 
BETA=NEXTLBB, ’ ’ 1: 
CALL ARC,GENI INT,CENX, CENY, RAD, ALPHA, BETA): 
END; 

ELSE IF TYP=‘TRANS’ THtN DO: 
XTR=XTR+NEXT L BB, ’ ’ L/ DIV: 
YTR=YTR+NEXT L BB, ’ ’ )/OIV; 
END: 

ELSE IF TY P=‘UNTRAN’ THEN DO; 
XTR=XTR-NEXT (BB’ ’ ’ I/ DIVi 
YTR=YTR-NEXT L BB; ’ ’ )/ DIV: 
END; 

ELSE IF TY P=‘BLANK’ THEN BLK=Oi 
ELSE IF TYP=‘UNBLANK’ THEN BLK-1; 
END ; 

Xl=FETCH,VALUELATR,‘TAILX’ ,/DIV*XTR: 
Yl=FETCH-VALUELATR, ‘TAILY’ )/DIV+YTR; 
x2=FETCHkVALUE (ATR, ’ HEADX’ I/ DIV+XTR: 
Yi=FETCH:VALUELATR; ‘HEADY’ )f DIV+YTR: 

( SUBSCRI PTRANGE) : CHLXl,Yl)=‘T’: 
( SUB SCRI PTRANGE) : CH(X2,Yt)=‘H’: 

DO 1-H TO 1 BY -1: 
BUF=“; 
DO J=l TO L: 

BUF=BUFl ICH(J,I): 
END: 

CALL OUTPUTLBUFI; 
END: 

E XI T2 : EN0 SCAN1 : 
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APPENDIX H 

An Explanation of SIMPLE 

The following information is taken from SIMPLE (George 1971b). 

H. 1 INTRODUCTION 

SIMPLE is a specialized translator writing system designed to aid the 

implementation of an experimental graphic meta system in PL/I (George 1969a). 

Although intended for writing preprocessors for PL/I, experience has demon- 

strated that these techniques can be used to implement various specialized lan- 

guages (George 1967 a,b). 

SIMPLE is composed of three components : an executive, a syntax ana- 

lyzer, and a semantic constructor as illustrated in Fig. H. 1. 

The executive reads a block of data (i. e. , variable initialization) and then 

passes control to the syntax analyzer and then to the semantic constructor. 

The syntax analyzer reads the input syntax and constructs parsing tables 

which are then merged as data in a general skeleton parser, in source form 

(PL/I); this m.erged program is a specific parser for the language defined b3 

the syntax and includes a parser, automatic error recovery and error diagnos- 

tics. The syntax analyzer has two output files: the specific parser, in source 

form (PL/I), and diagnostics related to the syntax. 

The semantic constructor reads the semantics to be associated with the 

previous syntax and constructs a semantic procedure compatible with the specific 

parser; it also has diagnostic output for errors. 

The semantic constructor is defined using the syntax analyzer and a 

skeleton parser containing a short, hand-coded semantic procedure. 

- 175 - 



l-l SYNTAX 

I GENERAL 1 

I 1 I 1 

DATA - SIMPLE 
EXEC 

SYNTAX DIAGNOSTIC 
ANALYZER - OUTPUT 

I 

DIAGNOSTIC SEMANTIC 
OUTPUT - CONSTRUC TOR 

SPECIFIC 
SEMANTIC 
PROCEDURE 

I- 
i 

SEMANTICS 
I 

I J 

153485 

FIG. H. l--Simple block diagram. 



A language defined using SIMPLE functions as illustrated in Fig. H. 2. 

The input text is processed by the parser which calls the semantic procedure at 

appropriate times. The language processor has access to two output files: a 

source output and a diagnostic output. Both of these files are available to the 

parser and the semantic procedure. A typical application would be to process 

input text and generate an equivalent source text (say PL/I) and error diagnos- 

tics, if any. The source output can then be compiled using a standard language 

processor. 

H. 2 Data Input to SIMPLE’s Executive . 
The executive program initializes variables to be used by both the 

syntax analyzer and the semantic constructor. Any of these values may be 

changed by name value pairs appearing in the data file, SYNDATA (the data is 

read using the data directed input option in PL/I and, hence, consists of the 

variable name, an “SC and the value as a legal constant in PL/I). The variables 

are : 

NAME TYPE DEFAULT EXPLANATION 

ERRORSCAN CHAR(2O)VAR *END* That symbol in the syntax 

which is used in error re- 

covery. When an error is 

detected when parsing, all 

current and future text until 

the first occurrence of this 

symbol is erased. 

FILE 1 

FILE2 

FILE3 

CHAR(8)VAR SYNTAX 

CHAR(8)VAR SPARSER 

CHAR(8)VAR PARSER 

Syntax equations input file. 

Skeleton parser input file. 

Parsing program output file. 
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INPUT 

I 1 

SPECIFIC h DIAGNOSTIC 
r 

STRING PARSER b OUTPUT 

8. 

1534A2 

FIG. H. 2--Example simple application. 
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NAME 

FILE4 

FILE5 

TYPE 

CHAR(8)VAR 

CHAR(8)VAR 

DEFAULT 

PSYNTAX 

SYNDATA 

FILE6 

FILE7 

CHAR(8)VAR 

CHAR(8)VAR 

SEMANTICS 

PSEMANT 

FILE8 CHAR(8)VAR SEMANT 

INTEGER CHAR(2 0)VAR INTEGER 

MLIM FIXED BIN 20 

MMLIM FMED BIN 20 

NLIM FIXED BIN 20 

PARSER-NAME CHAR(8) SEMANT 

QUOTES CHAR(2 0)VAR If 

RLIM FIXED BIN 8 

EXPLANATION 

Syntax diagnostic output file. 

Input file for SIMPLE 

executive. 

Semantic input file. 

Semantic diagnostic output 

file. 

Semantic program output file. 

That symbol used in the 

syntax for an integer. 

Maximum number of symbols 

in the syntax. 

Maximum number of non- 

basic symbols in the syntax. 

Maximum number of pro- 

ductions in the syntax. 

Name to be substituted for 

* PARSER* in FILE2 ; the 

procedure name for the 

parser procedure. 

That symbol used for quotes 

to force the STRING class. 

Maximum number of symbols 

on the right side in any pro- 

duction in the syntax. 
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NAME TYPE DEFAULT 

SCAN-START CHAR(2O)VAR *END* 

SCAN-STOP CHAR(2O)VAR *CODE* 

SEMANT-NAME CHAR(8) 

SEND 

SEQUENCE 

CHAR(2O)VAR 

CHAR(2O)VAR 

That symbol in the syntax 

which, upon entry into the 

parsing stack, causes all 

input to be ignored by the 

parser until the symbol after 

SCAN-START. 

CODE-OUT Name to be substituted for 

*SEMANT* in FILE2 ; the 

name of the semantic pro- 

cedure to be called by this 

parser. 

*END-SYNTAX* Terminator for syntax. 

SE MANTICS The initial symbol of the 

syntax; when it occurs in the 

stack, the parsing is 

terminated. 

EXPLANATION 

That symbol not in the 

syntax which will restart the 

parsing. 

SINIT 

SSEMANT 

SSEP 

STERM 

CHAR(2O)VAR *SYNTAX* Initiator for syntax analyzer. 

CHAR(2O)VAR *NO-SEMANT* Indicates no semantics for 

this production. 

CHAR(2O)VAR . . *. .3 Separator for left-right sides. 

CHAR(2O)VAR *;* Terminator for syntax 

equations. 
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NAME 

STRING 

SYM(*) 

TERMINAL 

WORD 

TYPE DEFAULT EXPLANATION 

CHAR(2O)VAR STRING That symbol in the syntax 

used for the string class. 

CHAR(2O)VAR SYM(l)=‘SEMANT’ Used for error recovery ; 

SYM(B)=‘CODA’ those symbols which are 

SYM(3)=‘INTER- expected to reside in the 

PRETATIONS’ & position of the parsing 

SYM(4.. .20)=” stack. 

CHAR(2O)VAR *END-SEMANTICS* That symbol used to force 

the parsing to be completed. 

CHAR(2O)VAR WORD That symbol used in the 

syntax for the WORD class. 

H. 3 Syntax Analyzer and Parser 

A simple precedence syntax analyzer was chosen for its simplicity, power 

and availability in a form suitable for modification. The basic analyzer was 

translated to PL/I from an ALGOL listing obtained from N. Wirth (Wirth and 

Weber , 1966 a, b). Many sections were modified to take advantage of features 

of PL/I. The changes to the analyzer are: 

1. The input section was modified to be free field and to mark productions 

with no semantics; 

2. Maximum number of right part elements is variable; 

3. Three terminal classes are recognized rather than two (this holds in 

the parser also); 

4. The output section inserts PL/I declarations into a skeleton parser 

rather than punching tables. 
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H. 3.1 Input Conventions for the Syntax Analyzer 

The input for the syntax analyzer (i.e. , the productions) is contained in a 

file whose default name is SYNTAX (setting this name is explained in Section 

H. 2). The formal definition of the syntax is: 

<SYNTAX > : := <mm> (PRODUCTIONS) <SEND> 

QRODUCTIONS > : := (PRODUCTION) 

. .= . . < PRomc~Iom) (SYSTEM) (PRODUCTION) 

@RODUCTION > : := < LEFT- PART) (SSEP) <RIGHT-PART) 

: := <LEFT-PART) (SSEP) <RIGHT-PART> <SSEMANT) 

+EFT-PART) : := < SYMBOL) 

@IGHT-P~~T)::= (~YNIB~L) 

: := (RIGHT-PART) (SYMBOL) 

qYMBoL> : := any string excluding blanks 

The default values are: 

<SIN-IT> = *SYNTAX* 

’ <SEND> = *END-SYNTAX* 

(sTERM) = *;* 

(SSEP) = *: :* 

<SSEMANT)= *No-sEhw~~* 

The input is free field card images using blanks or a new card to separate 

symbols; only the first 20 characters of a symbol are used. 

In actual use there are two additional limits: 

1. Upper limit on number of productions; 

2. Upper limit on number of symbols in any right part. 

If more productions than the limit of productions are used, then those pro- 

ductions between the limit less one and the last productions are lost; similarly, 
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for more symbols in the right part than the limit. Note that both of these are 

input parameters to SIMPLE 

If the left part has more 

part is used. 

(Set tion H 2). 

than one symbol then the last symbol in the left 

H. 3.2 Syntax Analyzer Output 

In addition to inserting the necessary declarations and initialization into the 

skeleton parser, the syntax analyzer generates a file (FILE4 whose default name 

is PSYNTAX) which contains information about the syntax and any errors. This 

output consists of: 

1. Productions - The productions are numbered in the order that they are 

read in and this number is used to select the applicable portion of the 

semantic procedure. 

2. Basic and nonbasic symbols - The basic and nonbasic symbols are 

assigned a unique number. 

3. KEY and PRTB tables (Shaw 1966a p. 194) - These are used by the 

parser in determining the production number and the left part of the 

production of a reducible substring. .th “KEY(i) represents for the i- 

symbol (i corresponds to the number assigned in 2) the index in the 

production table PRTB, where. those productions are listed whose right 

part string begins with the itk symbol. For each production, the right 

part is listed without its leftmost symbol, followed by the production 

number (negative) and the left part symbol of the production. The end 

of the list of productions referenced via KEY(i) is marked with a 0 entry 

in PRTB.” If a production has no semantics then the production number 

in PRTB is adjusted to be out of range (by the number of productions). 
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4. Right and left symbol sets - These are sometimes useful in removing 

conflicts. 

5. PRECEDENCE Matrix - Two symbols x and y are related (either x=y, 

x< ’ > y x y or no relation) by the entry in the ig row (where i is the 

th number corresponding to x) and j- column (j corresponding to y) of the 

matrix. 

6. DIAGNOSTICS 

a. For a correct syntax 

NO PRECEDENCE VIOLATIONS OCCURRED 

b. For an incorrect syntax 

1. PRECEDENCE VIOLATIONS OCCURRED 

HINTS REGARDING PRECEDENCE VIOLATION 

The most recent production number which causes a violation 

followed by the two symbols separated by the two relations. 

C. Incorrect input file 

***** ENDFILE SYNTAX INPUT - NO 

followed by the value of SEND. 

SEND missing generally causes no problems. If there is no 

additional syntax output, then the symbol SINIT was never en- 

countered. 
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