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Calgen-An Interactive Picture Calculus Generation System

I. Introduction

A sub-set of the Picture Calculus (;’2’3) was implementeavon the
560/75 to experiment with the proposed data styucture,‘to-study.the
cepability ofnPL/l for implementing the Picture Caleqlus'and to evaiuate
the usefulness of drawing pictures with this formalized language; The
system implemented is herein referred‘to as Calgen.

Like many‘other drawing programs, Calgen utilizes”avgrephic display
consoles hogever, it differs from previous drawingesystems in one major
area, namely, Calgen retains structure information. Sihce the Picture
Calculus is highly-structured, Calgen retains structure‘information, and

only scope images where convenient; further, these scope ‘images saved may

. be altered by changing the structure 1nformat10n. The only reason scope

images are,saved.by.Calgen is to avomd regeneration of a‘previoﬁSly

generated picture.

"II. PDL Syntax and Semantics

The plcture Description Language (PDL) (1,2,3) permits a. plcture to
be described by a linear string. In PDL, pictures have tw0~d1st1nguished
points, a tail and a head; pictures may be concatenated to other plctures
only at these distinguished points. For the sub-set of PDL implemented,\
a picture, S, is formally defined by: |

1. 5P| s<BINOP>S | <UNOP> § | (s)

2. p is'a primitive;

3. <BINOP> »+ | - | x | * ;

)-l;. <UNOP>»-)—V-| \# ;
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“where,

A primitive is a basic unit for generation;

<BINOP> are binary concatenation operators;

<UNOP> are unary operators;

And unary operators have precedence over binary operators.
For a picture formed by concatenation, the following rules determine its
tail and head:

1. Tail(Sl <BINOP> 82)=Tail(Sl);

2. Head(S1l <BINOP> S2)=Head(S2).

The semantics of the operators are defined by:

-

Let s1= ,——>, se= £ *h

then,

h

S1+82= " 4 (head to tail)
h

S1ixse= & ( (tail to tail)

Sl-se= : (head to head)
t7h
S1%82= tC:h (tail to tail and head to head)
then,
= S= ¥ h (the blanking operator)
#8= h t (tail/head reversal)
2
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ITI. Primitive and Picture Representation
The data structure used for representing primitives in Calgen is a

particular instance of the general form proposed by Miller and Shaw (2’3).

PRIMITIVE=(name, basic, string, tail, head, image)

where,

neme is a unique alpha-numeric string which identifies a specific

primitive

basic is & boolean attribute (true if tail, head and image are

~present )

string is a well-formed string of PDL from which the tail, head and

image can be determined

tail is the tail specification (coordinates)

head is the head specification (coordinates)

image = (number, blank, x, y)

where,

number is the number of coordinates in the image

blank is & boolean array (blank(i) is true if the beam is to be
blanked when moving to point(i) else false)

X, ¥y are arrays of the x and y coordinates, regpectively.

The same date representation is used to save completed or partially
completed pictures. Basic distinguishes between these two cases: if true,
then the tail, head and image are available for direct generation; if
false, then the picture must be obtained by evaluating its string expres-
sion. This feature allows images to be saved if storage is available,
otherwise, it allows regeneration. It also provides for formal string
manipulation such as replacement and re-evaluation.

3
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For Calgen, pictures are non-besic primitives, hence their name

is displayed as a primitive name and then may be selected anywhere a

primitive is valid. Unless otherwise noted, by a primitive is meant a

basic or non-basic primitive.

"I{. Calgen Operators

The Calgen operators consist of the six operators of PDL plus the

following control operators:

DIS

RVL

BSP
DEF
STR
RST

DBG

ORG

Assigns the evaluation of the first operand to the second operand;
Displays the graphical representation of the operand;
Re-evaluates the string expression of the operand (equivalent to
operand = operand);

Pop-up the Result stack;

Define a primitive (line, line drawing, circle or arc);

Start the program and initialize;

Allow for selection of 1 or 2 scopes;

Complement the debug switch;

Terminate the program;

Change the translation vector (ORG is selected by typing in ORG

and then selecting this with the light pen).

V. Calgen Operation

‘Initially Calgen defines eight basic primitives (directional north,

east, etc.), four non-basic primitives and initiaslizes & translation

vector for centering pictures. During this initiaelization, the user is

allowed to rename, set the length and set the translation vector. The

default values are:
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1. Bagic primitives = N; NE’ E, SE, S, SW, W, NW;

2. Non-basic primitives

A, B, C, D;

3. Length of primitives = 50 raster units;

k. Transletion vector,
x-displacegent
% j:::> from data cards;
y-displacement
The length specifies the length of N, E, S, W; the lengths of NE, SE,
SW, NW are adjusted such that N+E*NE (for example) is valid.

To override the default values for naming, the word "RENAME" is
selected with the light pen (to accept the défault names depress the end
key); each ééfault name is then displayed andhthe user enters via
the keyboard the desired name. At the end of the renaming step the length
is requested (the units are raster units); if the defaglt values are to
be used simply depress the end key. After the length specification,
the displacements are requested (raster units with the origin at lower
left); the end key again gives the default values which are input data
cards. After the three initialization options, the operators and
primitives are displayed and the user is allowed to designate whether an
additional scope is to be assigned to function in a slave mode. (See
Figure 1.)

The principal cycle of Calgen is:

1. Select an operator with the light pen;

2. BSelect the necessary operands with the light pen.

-Thus, an expression is constructed in pre-fix notation but is converted

to normal notation. At each step only legal options are accepted, hence,
only well-formed expressions can be constructed. The actual selection

is accomplished in the most part using the light pen. When a cycle

p)



! has been completed, the resulting expression is displayed as the

- "RESULT"; "RESULT" actually represents the top of a ten element
i_ push-down stack, thereby allowiqg BSP to be used to delete unwanted
‘ construction steps.
1. For example, to construct the expression N+E¥NE the following steps

‘would be executed:

1. Select + with the light pen;
w S
—
L. At this point RESULT would be updated to N+E;
t 4k, Select DIS with the light pen;
= 5. " RESULT with the light pen;
1_ Figure 2 illustrates steps 1 thru 5; T and H designate the tail
and head.
‘. 6. Select * with the light pen;
T. Select RESULT with the light pen;
= 8. Select NE with the light pen;
: . At this point RESULT would be updated to N+E¥NE;
9. Select DIS with the light pen;
- : 10. Select RESULT with the light pen;
‘ Figure 3 illustrates steps 1-10.
The rules for the selection of operands are:
— 1. For the binary operators, each operand may be preceded by one
unary operator;
= 2. For = the first operand can be a primitive or RESULT; the second
_ operand must be a primitive;

6
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L.

5.

For DIS either primitives or RESULT may be the operand;
For BSP, DEF, STR, RST, ORG and END no operands are necessary;

For RVL only primitives may be operands.

The rules for inserting parentheses are:

1.

2.

If the second operand of a binary operator or the operand for a
unary operator is RESULT, then insert parentheses around RESULT;
If the RESULT is assigned to a primitive, then parenthesize

RESULT before assigning it to "STRING".

Other than initialization and ORG, DEF is the only operator which

uses the ieyboard; it prompts the user for the information necessary

to define a primitive. Lines, line figures, circles or circular arcs

may be defined. To define "L" as L7 the following steps are necessary:

1.

o

.

v @ 9 o

10.

11.

Select DEF with the light pen;

Enter name; (See Figure 4)

Select line mode by end key;

Enter number of points (See Figure 5);
Enter tail x-y coordinates (See Figure 6);
Enter head x-y coordinates (See Figure 7);

Enter coordinates of first point (See Figure 8);

" 1" "

second " ;
" " " third "
1" 1 " fourth " (See Figure 9-- B means to blank

the beam when moving to this point);

1" " " fif.th 1" .

"L" is displayed in Figure 10. If the tail, head or any point is not

accepted then that ifem is requested immediately again.

7



3

— ‘F;M

e

e

————Ty

To define ARC as a circular arc the following steps are necessary:

1. Select DEF with the light pen;

2. Select CIRCIE with the light pen;

3. Enter the radius in raster units (See Figure 11);

4. Enter the initial angle in degrees (See Figure 12);

5. Enter the final angle in degrees (See Figure 13);

6. Accept or reject the figure using the light pen; reject returns

to step 3 (See Figure 14 for the arc defined).

If an item is not acceptable, then it is changed to zero; by using reject
one can repeat the data specification until the desired primitive is
obtained.

The rules for defining a circle or circular arc are:

1. Tail at the initial angle a;

2. Head at the final angle b;

3. Number of points generated is min(25, abs(b-a)/5).

Various other constructions are given in Figures 15, 16, and 17.
Figure 18 is a house which has been assigned to A. TFigure 19 is A+A
which has been assigned to B. In Figure 20, A has been modified by
inserting a window. Figure 21 shows the result of RVL appiied to B
RVL re-evaluates the string of its operand which reflects changes in

any basic or non-basic primitive components of the string value of

the operand.
VI. Calgen Functional Organization

The Calgen system may be divided into four functional groups:

A. Scope Handling;
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B. Initialization;

C. String Handling;

D.  PDL Expression Evaluation.
VI.A Scope Handling

Before Calgen wés implemented, it was necessary to implement PL/l
and assembly languag; routines which allow PL/l to utilize the scope as
an I/0 device. The routines implemented enable the scope to display
strings, plot points or lines and input string information via the
keyboard or the light pen(u). For the output of strings, these routines
meke the scope appear as a printer with implicit and explicit downspace
control; for input, the scope appears as an input device with two

input options.
VI.B Initialization

‘Various parameters, standard messages and devices are initialized
when the syé*em first starts execution. These include the assignment

of the various scopes, the initialization of tables to be used in

‘parsing PDL expressions and the definition of primitives and items

related explicitly to the display on the scope (See section V).

VI.C String Handling

String handling in one of the critical operating functions of

the system. PDL expressions are constructed and represented as a linear

‘string. As an expression is formed it is temporarily saved in a push-

down stack of ten elements (RESULT); this stack facilitates the BSP
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Or pop-up operation for the deletion of incorrect steps. When the assign

operator (=) is used, the string expression is assigned to the string
attribute of the target primitive. By restricting the allowable inputs
during the selection cycle, only well-formed PDL expressions can be
constructed, hence error recovery in the parser is not so critical.

When a PDL expression is evaluated (by DIS or =) it must be
modified so that only basic primitives appear in the expression which is

actually evaluated. This is accomplished by a procedure which substitutes

the value of the string attribute for non-basic primitives until all

primitives in the expression are basic; the parentheses which surround
the string attribute are necessary for proper evaluation of the resulting
string. Circular substitutions are prevented by monitoring the length

of this resultant expression.
VI.D PDL Expression Evaluation

The evaluation of a PDL expression to obtain the graphical representa-
tion is accomplished by a simple precedence parser and semantic interpreta-
(5)

tion system'”’/. Several modifications were made in SARPSIS as a result

of applying»it to the evaluation of PDL expressions. These modifications

are:

1. The recognizer for SARPSIS (i.e. for the Parser) scans the input
text for the next syntactical unit; it assumes that there are

two kinds of syntactical units, numbers and words.  These are

defined by:

<number>

+ <num> \ - <nu> | <apum>

<num>

<integer> | <integer> . <integer> | <integer> .

.« <integer>

10
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A separator, thus has the following characteristics:

if enclosed by QUOTES then [ any string of
characters not containing a blank or QUOTES
and-not a <number> ] else [ any string of
characters not containing (a one character

reserved word or a blank) and not a <number> ]

If contained in QUOTES then a blank or QUOTES

Else a blank or a one character reserved word.

An additional option was implemented to remove redundant pro-
ductions (ex. productions which are used to Preserve the simple
Precedence and have a null semantic interpretation).

redundant production is one which satisfies the following

restrictions:

There are only two symbols in the production (e.g.

A::=B);

3,
L,

If the redundant option is reQuested on the option card (by
'"REDUNDANT' ), then the production number corresponding to
redundant productions in the PRTB table is set to a number smal-
ler than the number of productions (in PRTB production numbers
are ‘negative).

An additional change was made in the parser to check the

B is <number> or <word;
The first character of A is "t
The first character of B is not "

B is not a basic symbol.
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range of the production number returned from PRTB and to only

call the semantic routine if it is in the proper range.

The syntax actually used by the parser and semantic system is given
in Figure 22. Figure 23 lists the redundant and non-redundant productions
of this syntax. Figure 24 shows the semantic procedure calls without the

redundant feature; Figure 25 shows the calls with the redundant feature.

- Thus, for a typical PDL expression, the calls to the semantic routine will

be decreased by a factor of two by the redundant feature.
The semantics for the non-redundant productions are (See program listing

of SEMANT in the Appendix for details):

1. statement ::= expr 5 Display the graphic representation
and save this in PIC if possible
2. expr- ::= expr- + term Translate term according to "+" rule

and merge expr- and term

4. expr- ::= expr- - term Translate term according to "-" rule
and merge

5. expr- ::= expr- X term Translate term according to "x" rule
and merge

6. expr- ::= expr- ¥ term Translate term according to "*" rule;

if tails and heads match then merge

else error

9. term ::= — factor Blank graphic representation of factor
10. term ::= # factor Switch tail and head of factor
12. factor ::= (expr) Assign the graphic representation for

expr to factor

12
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13. primitive ::= id Retrieve the graphic structure for

id and assign it to primitive

16. _id ::= _id word . Concatenate right side and assign to
left

7. _id ::= _id number Concatenate right side and assign to
left

VII. Calgen Implementation

With the exception of some of the scope handling routines, Calgen
was programmed in PL/lo For the most part (i.e. excluding system bugs for
which suitable alternative solutions were found), the string processing was
simple and straight-forward. However, list processing or a very flexible
storage allocation feature is needed to properly handle the graphic
structures; in Calgen, these are handled as arrays which results in in-
dividual size constraints. For primitives which require a small amount of
stof¥dge, the remaining part of the array is not accessible for assignment
to other primitives.

- Calgen runs on the 360/75 with IBM-2250 graphic displays. The

program is overlayed to fit into the 100k scope partition. The overlay

structure is given in Figure 26 and consists of a resident root section,
th;éEVregions and twenty-two branches. For the most part, the overlaying

is transparent to the user.
VIII. Program Descriptions

The procedures will be briefly discussed and divided into several
functional divisions; li§tings of all procedures are contained in the

Appendix or in the references.

13
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VIII.A Scope Handling

The scope driver routines DISPIAY, CONV, DNSPAC, CONTMO, PLOTL, GINIT,

STRSML and GETDAT are discussed in Reference k.

NAME

GINITA

- TATLHD

BASICP

-

ACTION
Moves the beam to the lower left corner; used after
plotting to separate future string messages from the
plot.

Writes T and H at the tail and head, respectively.

Plots a primitive and adds T/H using TATLHD.

VIII.B Initialization

NAME

Op

SCOPINIT

SETUP

- TABREAD
TABPRINT

ACTION
Initializes the primitives (N, E, etc.), sets length,
calls SCOPINIT.

Initializes displacement vector.

Initializes and outputs barameters for PARSER using
TABREAD and TABPRINT

Reads the data needed by the parser to parse.

Prints parser data.

VIII.C String Handling

NAME
OPA
OPB
RESD

EXPA

ACTION

Fetches operand or unary operator and operand using OPB.

Fetches operand.

Update result display and push-down result stack.

Expand PDL expression until only basic primitives remain.

14
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VIII.D PBL Expression Evaluation

NAME

PARSER

SEMANT

.ACTION

Parses the input string according to the syntax tables,
and calls the semantic procedure SEMANT where necessary.
Performs the semantic interpretation according to the
syntactical parse; displays and leaves the graphic

representation in. PIC if possible.

VIII. E Command Functions

These procedures are those which provide the logic and control for

the operators selected on the scope.

.-NAME

BINOP

UNOP

BSP

EQUALS

RVL

DIS

ACTION

Call for operands and update result for all binary
operators using RESD and OPA.

Call for operand and update result for all unary
operators using RESD and OPB.

Pop-up result stack and update result using RESD

Obtain the operands using OPB, expand the source string
using EXPA, generate the graphic display using PARSER. and
assign the string and the graphic structure to target

if possible using ASSIGN.

Obtain an operand using OPB, expand the string using
EXPA, generate the graphic display using PARSER and assign
the graphic structure in PIC to the operand if possible
using ASSIGN.

Obtaih the operand using OPB, expand the string using

15
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- DEF

-ACTION

EXPA and generate the graphic display using PARSER,
or BASICP.~

Define a line or cir®le type primitive using LINE or

CIRCLE and display it using BASICP

VIII.F Primitive Modifying Procedures

NAME

ASSIGN

CIRCLE_

CIRCLE_GEN

LINE

ACTION

‘Assigns the graphic structure in PIC to a primitive.
Obtain the parameters for a circle or arc, generate
the graphic structure and assign it to a'primitive
using CIRCLE GEN.

Generate the graphic structure for a circle or arc and
aseign it to a primitive.

Obtain the necessary vectors and assign these to a

primitive.

VIII.G Main Control Program

The main control program .is GENERAT which initializes some common

IX. Conclusion

messages, assigns the scopes and decodes the operations requested; those

requested operations are satisfied by calling the appropriate procedures.

As Calgen was implemented, several general items were noticed which

These items were:

will apply to any implementation of an algebraic graphical language.

A. The language needs a string capability equivalent to that in PL/1;

16
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B. A variable assortment of primitive types is needed such as vectors,
circles, arcs, curves and alphabetic;
C. Automatic scaling and translation is needed to fit the area
available on the displayhdevice;
D. . Sub-string replacement and matching is desirable;
E. Powerful storage management is needed for the primitives.
An important item was that this version of PDL is quite cumbersome to
use for pictures with a high degree of conneefivity, thereby encouraging
further investigation into more powerful algebraic type graphical

languages.

17
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PRCGLCTICNS
1 STATMENT
2 EXPR
3 EXPR-
4
5
6
7
'8 TERM
9
10
11 FACTGR
12
13 FRIMITIVE
14 _Io
15
16
17

® %6 5o 00 00 80 s6 80 B 4
08 60 20 40 9 o6
W wu

60 08 30 o0 88 45 e

o0 40 00 oo

% 00 06 20 60 40 s

[}

EXPR :

EXPR-

EXPR- +

EXPR~- -

EXPR- X

EXPR~ *

TERM

FACTGR

- FACTOR

¥ FACTOR

PRIMITIVE :

( EXPR

1D

WORD

NUMBER

-1D WORD

~Ib NUMBER
Figure 22
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REUUNDANT PRCCUCT IONS

2 EXPR 2= EXPR-

T EXPR- 23=  TERM

8 TERM $3=  FACICR
1Ll FACTQOR $3=  PRIMITIVE
14 _1I0 3=  WORD
15 _Ip 3= NUMBER

N IN=REDUNCANT PRGLCUCT IGNS

1 STATMENT 2= EXPR H

3 EXPR~- 33=  EXPR- +

4 EXPR- 3= EXPR- -

5 EXPR~ $3=  EXPR- X

6 EXPR~- 23 EXPR~ *

13 PRIMITIVE ss= _1ID

16 _IC s:= _lo . WORD

17 _ID 2= _ID NUMBER

9 TERM HEE S FACTOR

10 TERM 3= 4 FACTGQR

12 FACTOR 2= { EXPR
Figure 23
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START OF PARSING

FCRMULA
FCRMULA
FCRMULA
FCRMULA
FCRMULA
FCRMULA
FCRMULA
FCRMULA
FCRMULA
FCRMULA
FCRMULA
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FCRMULA -
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FCRMULA
FCRMUL A
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FCRMUL A
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FCRMUL A
FORMUL A
FCRMULA
“CRMULA
. CRMULA
FCRMULA
FCRMUL A
ECRMULA
FCRMUL A
ECRMULA
FCRMULA
FCRMULA
FCRMULA
FCRMULA
FCRMULA
FCRMULA
FCRMULA
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A+B-CXDXF ¢~G-#F; END
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Figure 24
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START LF PARSING

tCkMULA
FCRMULA
FCRMULA
FCkMULA
FCRMULA
FCRMULA
FCRMULA
FCRMULA
FCRMUL A
FCRMULA
FCRMULA
FCRMULA
FCRMULA
FCRMULA
FCRMLLA
FOCRMULA
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WU W dwwniwig

-—towwnuo
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At~ XUF +~G=#F 3
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Figure 25
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GENERAT
BASICP
OPA
OPB
RESD
DISPIAY )
TATLHD ‘
CONV
Region 1 .
] [l (o] sl @00 b [
UNOP ' ,
BINOP
| | Region 2
| | L |
TABPRINT TABREAD SCOPINIT EXPA ASSIGN PARSER| . |CIRCLE LINE
SEMANT CIRCLE-GEN
l
' l Region 3
| | 1 |
DNSPAC CONTMO PIOTL GINIT ISTRSMLI [GINITA LGETDAT]

Figure 26. Overlay Structure
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PROGRAM

GENERAT
BASICP
OPA

OPB
RESD
TAILHD
oP
SETUP
BSP
UNOP

" BINOP

EQUALS
RVL
DIS
DEF

- TABPRINT

TABREAD
SCOPINIT
EXPA
ASSIGN
CIRCLE
CIRCLE_GEN
LINE
PARSER
SEMANT
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PROGRAM
GENERAT:

GENERAT

PROC QPTIUNS(MAIN);

/* MAIN PROGRAM---DECODES SELECTED OPERATORS
BLL N FIXED BINARY EXT;
CCL (MS oMMy XToYI yPLyPNTI,STI oMXyXWORD9XNUMyXSEQ) FIXED BIN EX
GET LISTUINJMSo MM PT ¢PNTIoSTIoX1,YI):
PUT Llst(N,MS,MM.PI,PNIIOS'I"XIIYl, SK!P;
BEGIN;
UCL (AlsA29A34,A44A59A64A7) CHAR(1) EXT;
DCL M1 CrAR(7Z) VAR EXT;
CCL JUGTES CHARI12) EXT;
DCL 1 PIC,
2 CNT FIXED BINARY,
2 TX FIXED BINARY,
2 TY FIXeEDS BINARY,
2 EX FIXED BINARY,
2 kY FIXED BINARY,
2 BL{PNTI} BIT(14,
2 X{PNTI) FIXED BINARY,
: 2 YAPNTI) FIXED BINARY;
CCL G(BASVAL(MS)¢PRTBUO:SEN) oKEY(O2MS) oGLO2MS) 4F{O2MS))
FIXED BINARY;
DCL BASSYM(MS) CHARI(12);
GCL 1 PRIM,
2 NUM FIXED BINARY,
2 BASIC(PI) BIT(1),
2 NAM(PI) CHARI10) VAR,
2 VAL(PI} CHAR{72) VAR,
2 POINTSIPI),
3 COUNT FIXED BINARY,
3 TAILX FIXED BINARY,
3 TAILY FIXED BINARY,
2 HEADX FIXED BINARY,
3 HEADY FIXED BINARY,
32 CUGD ’
4 BLANKIPNTIL) BIT(1),
4 X(PNTI) FIXED BINARY,
4 Y(PNTI) FIXED BINARY;
CCL (M2,M3,M4,M5,M7,M8) CHARI[T2) VAR EXT;
OCL S BIT(1) EXT;
DCL DBG BIT(1) EXT3
DCL B CHARI(500) VAR EXT;
DCL (1,LAC,PRILOC,RESLOC,J) FIXED BINARY EXT.
CCL I(RES(10)4M,BUFA,BUFB) CHAR(T72) VAR EXT;
DCL XX CFAR{1);
DCL xA CHAR(3);
OCL (UNITA,UNITBoNBYTE,ISTR) FIXED BINARY{31,0);

DBG=*0"'8B;

PUT LIST(*START OF PIC CALCULUS.........o......'3 SKIP;

GET LIST (Al4A2,A3,A49A5,A6,A7);
MI='QP *] AL}l *]1A2]1* *1§A3])* sflA4ll® *1]AS])1* *|]A6
J1* *JJA711* DIS RYL BSP DEF STR RST DBG END ;
M2=*PRIMITIVES®;
M3=¢RESULT = v
M4=1'SELECT UPERAND';
MS=YSELECT UPERAND OR UNARY 0OP¢*;
7=*SELECTION ERROR?';
M8=*SELECT AN UPERATOR?';
CALL SETUP(F +G+KEY+PRTByBASVAL ¢BASSYM);

36
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RST:

. LGUP:

EXIT:

CALL WAITR;
UNITA=2; UNITB=1; NBYTE=5C00; ISTR=0;
CALL GASBUFIUNITA,NBYTE); ‘

CALL OP(PRIM);

I=13 CALL DNSPAC(I,LOC);
M=*SELECT 1 GR 2 SCOPES*;
CALL STRLAR(M,LOC);
CALL GETDAT(M,LOC,S);
[F M='2% THEN DO
CALL GASBUF(UNITB.ISTR);
CALL GASBUFI(UNITA,ISTR);
CALL GDUPLI(UNITB,UNITA,ISTR};
END;
I=1; CALL DNSPAC(I,LOC)
CALL CONTMO(MB8,LOC);
CALL GETOATIM,LOC,S);
IF S THEN GU TQ LOOP;
XX=SUBSTR{My1y1); XA=SUBSTR(M,1,3);
[F XX=A1]XX=A2|XX=A3|XX=A4 THEN CALL BINOGP{XX,PRIM);
“ELSE IF XX=A5]|XX=A6 THEN CALL UNCP(XX,PRIM);
ELSE IF XX=AT THEN CALL EQUALS(PIC,PRIMsF G,KEY,
PATB BASVAL ¢BASSYM)
ELSE IF XA='DEF' THEN CALL DEF(PRIM);
ELSE IF XA='DIS* THEN CALL DIS(PIC,sPRIM¢F¢G,KEY,PRTB,
" BASVAL ¢BASSYM)'; .
BLSE IF XA='8SP' THEN CALL BSP;
ELSE IF XA=*STR' THEN CALL OP(PRIM);
ELSE IF XA=VRST' THEN GO T0 RST;
ELSE IF XA=Y0BG' THEN DBG=-~DBG;
ELSE IF XA='RVL® THEN CALL RVLI(PIC+PRIM,F,GoKEY,PRTB,
BASVAL ,BASSYM);
ELSE IF XA=*END' THEN GU TO EXIT;
ELSE IF XA='0ORG®' THEN CALL SCOPINIT;
I=1; CALL DNSPACI(I,LOC);
GO TG Lagp; '’
CALL GCLOSE} :
CALL GASBUFILUNITB,ISTIR);
CALL GCLOSE}
END; /% MATCHES BEGIN */
BND GENERAT; ’
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PROGRAM

BASICP

BASICP: PROCLIZLGC,PRIM);S

/"

OCL (XIo¥IoPI,PNTI,STI) FIXED BIN EXT;

bcL

pcL
- ocL

PLOTS A BASIC PRIMITIVE

I PRINM,
2 NUNM FIXED BINARY,
2 BASICIPL) BIT(1),
2 NAM(PI) CHAR(10) VAR,
2 VALIPI) CHAR(T2) VAR,
2 POINTS(P]),
COUNT FIXED BINARY,
TAILX FIXEQ BINARY,
TAILY FIXED BINARY,
HEADX FIXED BINARY,
HEADY FIXED BINARY,
€000 .
4 BLANK(PNTI) BITI(1),
4 XIPNT1) FIXED BINARY,
- 4 Y(PNTI) FIXED BINARY;
(IsL0OC) FIXED BINARY;

Wi ww

lXToYToxH'VHtJD FIXED BINARY STATIC;

1 0,

2 BL (PNTI) BIT{(1),

2 Z(PNTI) FIXED BINARY,
2 WI{PNTI) FIXED BINARY;
XT=TAILX(I)&XI 3
YTaTAILY( 1) @Y
XH=HEADX{ I) X1
YHSHEADY( 1) %Y1 ;

DO J=1.TO COUNT(I);

: aLtJ)-PuxNTS(lx.aLAnx(4).
Z0J)=POINTSLI)aXlJ) XT3
h(Jl-POfNTS(I) Yid)evl{
END;.

J=PNTI; ’

GALL PLOTL(U,COUNT(I).dsLOC) 3
CALL tAlLHDlXt.vt.xn.vu.LOC):
END BASICP;

[

t
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PROGRAM

OPA:

LGOP:

ERR

oPA

PROCLA, [PRIM);
/*FETCHES OPERAND OR UNARY OP AND OPERAND LEAVES IN A

DCL
bCL
CCcL
DCL

oCL
cCL
DCL
oCL
OCL
CCL
ocL

(XI,YI,PI,PNTI,STI) FIXED BINARY EXT;
(LOCPRILUCRESLOC) FIXED BINARY EXT;
(Al,A2,A3,44,A50A6,AT) CHAR(1) EXT;
1 PRIN,
2 NUM FIXED BINARY,
2 BASICIPI) BIT(1l),
2 NAN(PI) CHAR{10) VAR,
2 VALIPI) CHAR(72) VAR,
2 POINTSIPI I},
31 COUNT FIXED BINARY,
TAILX FIXED BINARY,
TAILY FIXED BINARY,
HEADX FIXED BINARY,
HEADY FIXED BINARY,
cuoaD ’
4 BLANK(PNTL) BIT(1),
4 X{PNTI) FIXED BINARY,
4 Y(PNTI) FIXED BINARY;
RES{10) CHAR(T72) VAR EXT;
(M2oM3yMayM5,MT, M8, M) CHAR(T2) VAR EXT;
S BIT(1) EXT;
A CHAR{72) VAR;
X CHAR{1)} SYATIC;
I FIXED BINARY;
TMP CHAR{72) VAR;
I=1; CALL DNSPAC(I,LOC);
CALL CONTMG(M5,L0C);
CALL GETDAT{(M,LOC,S)
IF S THEN GO TO ERR;
X=SUBSTRIM,1,1);
IF X=A5|X=A6"THEN DO;
CALL OPBIA,I PRIM);
IF I=0 THEN TMP=X]|* trrlatge 1*; ELSE TMP=X || A;
A"'TNP’ s
I=1;
RETURN;
END; o
IF Ma'RESULT® THEN 003 ‘
1=0; ™
TMP=RESI10); A=TMP; RETURN;
END3 ‘ .
00 I=1 TO NUM;
IF M=NAM(I) THEN DO; A=NAM{I}; RETURN; END;
END 3 .
I=1; CALL DNSPAC(I,LOC);
CALL CONTMO(MT,LOC) GO TG LOOP;
END QPA; ‘ -

(VRN P PR R S W)
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PROGR AM
oPB:

LGOP:

ERR:

uP8

PROCGA,I,PRIM);
OCL (LOCPRILOC,RESLOC) FIXED BINARY EXT;
CCL (XIeYIo PI PNTI,STI) FEXED BINARY EXT;
DCL (MoM1yM2,M3,M4,M5,M7,M8) CHAR(T2) VAR EXT;
oCcL PRIM,
NUM FIXED BINARY,
BASIC(PI) BIT(L1),
NAM(PI) CHAR(10) VAR,
VAL(PI) CHAR(T72) VAR,
POGINTS(PI),
COUNT FIXED BINARY,
TAILX FIXED BINARY,
TAILY FIXED BINARY,
HEADX FIXED BINARY,
HEADY FIXED BINARY,
coouD '
4 BLANK(PNTI) BIT(L),
4 X{PNTI) FIXED BINARY,
~ 4 Y(PNTI) FIXED BINARY;
CCL RES(10) CHAR{72) VAR EXT;
DCL S BIV(1) EXT;
/*FETCHES AN OPERAND LEAVES IN A */
DCL A CHAR{172) VAR; '
CCL 1 FIXED BINARY;
CCL TMP CHARI(T2) VAR
I=13 CALL DNSPAC(I,LOC);
CALL CONTMO{M4,L0C);
CALL GETDAT{(M,LOC,S);
IF S THEN GO TO ERR;
IF M='RESULY?* THEN DO
I=0;
TMP=RESI10); A=TMP; RETURN;
END; ‘
DO I=1 TO NUM;
IF M=NAM{I) THEN DD; A=NAM{1); RETURN;
END ;. '
I=1; CALL DNSPAC(I,LOC) ;
CALL CONTMGIM7,L0C); GO TC LOOP;
END QPB;

NNNNN -
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PRUGRAM
RESD:

RESD

PROC (M) 3
/*UPDATES RESULT AND RES STACK */

CCL
ccL
oCL
CcL
CCL

(LCCPRILOC,RESLOC) FIXED BINARY EXT;
RES{10) CHAR(72) VAR EXT;

I FIXED BINARY STATIC;

M CHAR{72) VAR;

TMP CHAR(72) VAR

LOC=RESLUC;

CALL CONTMGOIM,LOC);

I=1; CALL DNSPAC(I,LOC);

00 I=1 TO 93 TMP=RES{I+1); RES(I)=TMP;
TMP=M; RES(10)=TMP;

END RESD;

4

END;
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PROGR AM

TAILKD:

/* WRITES TAIL AND HEAD AT CO-0D XT,YT,SH,YH DISPLACES 8Y 10 */

DCL
ccL
DCL
DCL
LCL

TAILHEAD
PROCIXTo¥ToXHyYH,LEC);

(XTeYTyXHyYH) FIXED BINARY;
LOC FIXED BINARY;
{XXHoXXTo1) FIXED BINARY STATIC:
M CHAR{72) VAR STATIC;

L A sTATIC,

2 BLANK(1) BIT(1),

2 X{1) FIXED BINARY,

2 Y(1) FIXED BINARY;
XXH=XH®*103 XXT=xT~103;
XU1)=XXT; Y(1)=YT; BLANK({l)="1'8;
CALL PLOTLUA.I,41,L0C);

CALL STRSML{M,LOC);

CALL PLOTL(A,I,1I,L0C);

CALL STRSML{M,LOC);
XCLI=XXH; YUl)=YH; M='He;
CALL PLOTLUA.I,1,L0C);

CALL STRSML(M,LOC);

CALL PLOTL{A,I,1,L0C);

CALL STRSML{M,LUC);

CALL GINITAILOC):

END TAILHD;'
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PROGRAM

oP:

op

PROC(PRINM);
J*INITIALIZES AND STARTS DISPLAY */

DCL
CcL
CCL
CcL
OCL
OCL
DCL
DCL

CCL

M1l CHAR(72) VAR EXT;
RES(10) CHAR{72) VAR EXT;
{M2,M3,M4eo M5, MT,MB8yM) CHAR(T72) VAR EXT;
S BIT(1) EXT;
(LOCoPRILUCLRESLOC) FIXED BINARY EXT;
DBG BIT{L1l) EXT;
(XIoYIoPIoPNTI,STI) FIXED BINARY EXT;
PR IM, '
NUM FIXED BINARY,
BASICIPI) BIT(1),
NAMIPI) CHARIL1C) VAR,
VAL(PI) CHAR({T2) VAR,
POINTSIPI),
COUNT FIXED BINARY,
TAILX FIXED BINARY,
TAILY FIXED BINARY,
HEADX FIXED BINARY,
HEADY FIXED BINARY,
couD ’
4 BLANK(PNTI) BITI(1),
4 X{PNTI) FIXED BINARY,
4 Y{(PNTI) FIXED BINARY;
(doJeyKyLN) FIXED BINARY STATIC;
ON CONVERSION ONSUURCE='0Q?';
CBG=10'8;
DO I=1 TU PI; NAM{[)=%2; VAL{I)=* *; BASIC(I)=*0"'B;
COUNT(I)=C3 END:
DO I=1 TO 10; RES(I)=**; END;
00 I=1 TO 8;
. BASIC(I)=1'1'8; COUNT(II)=23
POINTS{I) «BLANKI{1)=?1B;
POINTS{I).BLANK{2)='0"'B;
POINTS(’I Do XU1l)oPOINTS( I J)o¥Yi1)=0;
END; '
CALL GINIT(LOC);
M='RENAME *;
CALL STRSML(M,LOC);
CALL GETDATI(M,L0OC,S);
NAM{1)="N*; NAMI{2)=*NE'; NAM{3)}='E%; NAM(4)="SE"';
NAMIS5)='S*; NAMI6)='SH*'; NAM(T)='W*; NAM{B8)='NW*';
NAM{9)=A*; NAM{LC)=98'; NAM{1l1l)=°'C*; NAM(12)='D"*;
IF M='RENAME?' THEN DO; .
J=13 CALL DNSPAC(J,LOC);
1=L0C;
DO J=1 TG 12; ,
pM=NAM{J) ;3 LOC=I; CALL CONTMO(M,L0C);
CALL GETDAT{(M,LDC,S);
K=INDEX{(My® ),
IF K~=0 THEN M=SUBSTR{MylyK-1);
NAM( J)=M; o

NNONNN -

Wiwwwiww

END;
-END;
J=13 CALL DNSPAC(J,LOC)
=9 LENGTH'; CALL CONTMC(M,LOC);

CALL GETDAT(M,LOC,S); 4
IF M=% THEN LN=503; ELSE LN=M;
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00 I=1,5; PCINTS(I)eX(2)=0; END;
D0 123,7; POINTS(I).Y(2)=0; E€END;
00 I=1¢298; PUINTS{I).Y(2)=LN; END;
00 I=2243,4; PUINTSII).X(2)=LN; END;
DO 124,5,6; POINTS{L)aY(2)==-LN; END;
00 I=64748; PCINTS(I)aX(2)=-LN; END;
DO I=1 1O 83 .
POINTS(E)TAILX=POINTS(I)eX(1)
PUINTSII) TAILY=POINTS(I)oY(1)
POINTS(I) ,HEADX=POINTS{1).X(2);
POINTSUI)eHEADY=POINTS(I)oY(2);
END;
NUN=123;
CALL GINIT(LOC);
CALL STRSML{M1,LOC);
I=2; CALL DNSPAC(I,L0C);
PRILGC=LOC ;
CALL STRSMLIM2,L0C);
I=1;
DO WHILE(I<=NUM);
CO J=1 TO MIN(NUM,I+7);
M=NAM{J) ] ] ¢
CALL CONTMO(M,LOC) 3
END;
M=t ' CALL CGNTMGIM,LOC);
d=2; CALL DNSPAC(J,LOC);
M=(10)" ¢;
CALL CONTMOIM,LOC);
I=1+8;
END;
M= *; CALL CONTMG(M,LOC) 3
[=2; CALL DNSPACI(1,L0C);
CALL CONTMO{M3,L0C); :
RESLOC=LOC ;'
CALL SCOPINIT;
I=1; CALL ONSPAC(I,L0C);
M='LENGTH=*} |LN;
CALL CUONTMOIM,LOC);
CALL DNSPACliI,LOC);
END UP; .

4 o G
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PROGRAM

SETUP:

SETUP

PROC(F,GyKEYyPRTH yBASVAL ¢BASSYM) 3

/%

oCL
ocL
oCL
CCL
oCL
ccL

/% SETUP PARSING TABLES IF FIRST CARD=ANALYZE THEN
INPUT IS BNF SYNTAX  IF TABLE THEN INPUT TABLES FROM
/% CATA CARDS */
N FIXED BIN EXT;
MS FIXED BIN EXT;
MM FIXED BINARY EXT;
COM CHAR{100) VAR STATIC;
BASSYM{MS) CHAR(12);
(BASVAL(MS) yPRTBLO:5%N) yKEYLO3IMS) ¢GLO2MS) oF(0O2MS))

FIXED BINARY;
PUT LISTI*SETUP') PAGE;
GET LISTICOM);
PUT LIST(COM) SKIP;
IF COM='TABLE* THEN DO;

CALL TABREAD{F ¢G+sKEYsPRTB,BASVAL 4BASSYM);

CALL TABPRINTI(F,GoKEYyPRTB,yBASVALBASSYM);

RETURN; END;
ELSE IF CUM='ANALYZE®' THEN DO;

PUT LIST('ANALYZE NOT IN THIS VERSION®*)SKIP;

END; '
ELSE PUT EDIT(YINPUT FORMAT ERROR'){SKIP,A);
END SETUP;

45
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PROGRAM

Bsp:

BSP

PROC;
/#PUP UP RESULT STACK */
CCL RES(10) CHAR(T72) VAR EXT;
LCL (BUFA,BUFB) CHAR(72) VAR EXT;
CCL I FIXEC BINARY STATICS
CCL TMP CHAR{72) VAR;
BUFA=RESI(9) 3
DO [=1C TO 3 BY —=1; TMP =RES(I-2); RES(I)=TMP;
REStz)=**;
CALL RESD(BUFA);
END BSP; '

46

END;




—

r"“-Q

r— r— r— &

-

PRCGRAM

UNQOP:

UNOP

PROC(AyPRIM);
/*UPUATES RES FLR ALL UNARY OPERATORS

DCL

(XxLoYIoPLyPNTI,STL) FIXED BINARY EXT;

ODCL 1 PRIM,

ocL
oCL
DCL
DCL

NUM FIXED BINARY,
BASICIPI) BIT(1),
NAM(PI) CHAR{10) VAR,
VAL(PI) CHAR(T72) VAR,
POINTS(PI),
COUNT FIXED BINARY,
TAILX FIXED BINARY,
TAILY FIXED BINARY,
HEADX FIXED BINARY,
HEADY FIXED BiINARY,
couo ’
4 BLANK(PNTI) BIT(1l),
4 XI(PNTI) FIXED BINARY,
4 Y(PNTI) FIXED BINARY;

NN

W

(M2yM3y M4, M5,MT7,M84M) CHAR(T72) VAR EXT;

{BUFA,BUFB) CHAR(72) VAR EXT3

A CHAR(1);

I FIXED BINARY STATIC;

CALL OPBUBUFA,I1,PRINM); ,

IF [=0 THEN M=A|}*(*|IBUFAL|*);
ELSE M=A||BUFA;

CALL RESDI(M);

END UNOP;

47

e T



L
L
L

—

r— —

c— ¢ r— r—

—

o

-

PROGRAM

B INOP:

BINOP

PRUC(ASPRIM);
/*UPJDATES RES FUR ALL BINARY UPERATORS
OCL [ KLy v14PI4PNTI4STI) FIXED BINARY EXT;
DCL 1 PRIM,
NUM FIXED BINARY,
BASIC(PI) BIT(L),
NAM(PI) CHAR(10) VAR,
VALIPIL) CHAR(T72) VAR,
PUINTSIPI),
3 CUUNT FIXED BINARY,
TAILX FIXED BINARY,
TAILY FIXED BINARY,
HEAUX FIXED BINARY,
HeAOY FIXED BINARY,
CuUuD )
4 BLANK(PNYL) BIT(1),
4 X{PNTL) FIXED BINARY,
~ & Y{PNTI) FIXED BINARY;
OCL (BUFABUFB) CHAR(72) VAR EXT;
CCL (M2y,M3,M4,M5,MTyM8yM) CHAR(72) VAR EXT;
OCL A ChAR(1);
CCL I FIXED BiNARY STATIC;
CALL UPA(BUFA,,I,PRIM);
CALL UPA(BUFB4.IPRIM);
IF [=0 THEN M=BUFA|JA]I*(*]||BUFB|[|*);
ELSE M=8UFA|]A||BUFB;
CALL RESD(M);
END BINOP;

NN NN
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PRUGK AM

EQUALS

EWUALS: PROCIPIC/PRIM)F GoKEYPRTByBASVAL ,BASSYM) ;
/%STORES ARGL INTU ARG2 */
/% ANL STURES PIC IN PRIM IF PCSSIBLE */

cCL
ciL
OCL
CCL
DCL
LCL
CCL
COCL
tcL
CcL

beCL

oCL

cCL
CCL
cCL
ECL
DL
LCL
LCeL
LCL

N FIXED BIN EXT3

MS FIXED BIN EXT3

MM FLIXED 3INARY EXT3
(XToYIZPI,PNTI,STI) FIXED BIN EXT;
(ALyAZ2)A3,A6,A5,A60AT7) CHAR(Ll) EXT;
ML CHAR{T2) VAR tXT;
(XWURL s XNUMy XSEW) FIXED BIN EXT3
JUCTES LHAR(12) EXT;

BASSYM{MS) CHAR{12);

{BASVAL{MS) 4PRTB{C:5%N) yKEY(O:MS) ,G(OzM3) ,F(O:MS))

FIXED BINARY;
PRIM,
NUM FIXED 3INARY,
BASIC(FIL) BIT(1),
NA®(P[) CHARLLC) VAR,
VALIPI) CRARIT72) VAR,
PUINTSIPI),
3 CCUNT FIXED BINARY,
TAILX FIXED BINARY,
TAILY FIXED BINARY,
HEADX FIXED BINARY,
HEADY FIXED BINARY,
CUUD ’
4 BLANK{PNTI) BIT(1),
4 X{PNTI) FIXED BINARY,
4 Y{PNTI) FIXED BINARY;

N NN NN e~
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PIC,
CNT FIXED BINARY,
TX FIXED BINARY,
TY FIXED BINARY,
HX FIXEU BINARY,
FY FIXED SINARY,
BLIPNTI) BIT(1),
X{PNTI) FIXED BINARY,
Y{PNTI) FIXEU BINARY;
RESL1C) CHAR(T72) VAR EXT;
(Mo M3 oML M5 MT M8, M) CHAR(T72) VAR EXT;
(LGC»PRILUC )RESLOC) FIXED BINARY EXT3;
S BIT(1) EXT;
(BUFA,BUFB) CHAR(72) VAR EXT;
CeG 3IT{1l) EXT;
4 CHAR(5C0) VAR EXT;
I FIXED BINARY STATIC;
IF NuM<=0 THEN RETURN;
CALL UPB(BUFB.{,PRIM);
IF I-=C THEN D0}
BULFB=VAL{I});

NN NN N -

IF LENGTHIBUFB)>2 THEN BUFB=SUBSTR{BUFB,2,LENGTHIBUFB)

=2} 3

END ’

CALL RESULIBUFB);
CALL OPBI(BUFB,I,PRIM);

IF 1=0 THEN RETURN;

VALLI) =2 (| JRESLLO)||*) 3

M= C;
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CALL EXPA(RES(10)¢M,PRIN);
caLL PARSER(thSoMM.XHORD,XNUM,XSEQyQUUTESpFo
PRIB,BASVAL,BASSYM.LUC'ByPRIM.DBG,PICoXIr
PNTL,STI);
CALL ASSIGN{I4PIC,PRIN);
ENO EQUALS;
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PRGGRAM
RVL:

RVL

PROCIPICsPRIMyF¢sGoKEYsPRTBBASVAL 4BASSYM);
/* REEVALUATES A PRIMITIVE */
CCL N FIXED BIN EXT; '
DCL MS FIXED BIN EXT; -
CCL MM FIXED BIN EXT;
DCL (XLoYIPIPNTI,STI) FIXED BIN EXT3;
DCL (A19A2,A3,A4,A5,A6,AT) CHAR(1l) EXT;
UCL M1 CHAR(72) VAR EXT;
DCL (XWORD¢XNUMyXSEW) FIXED BIN EXT;
DCL QUOTES CHAR(12) EXT;
CCL BASSYM{MS) CHAR(12);:
DCL {BASVAL(MS)¢PRTB(O:5%N) 4KEY(0:MS) 4G{O2MS) F(0:MS))
FIXED BINARY;
PRIM,
NUN FIXED BINARY,
BASICI(PI) BIT(1),
NAM(PI) CHARI10) VAR,
VAL{PI) CHAR(T72) VAR,
POINTSIPI),
CGUNT FIXED BINARY,
TAILX FIXED BINARY,
TAILY FIXED BINARY,
HEADX FIXED BINARY,
HEADY FIXED BINARY,
coubd ’
4 BLANK(PNTI) BITI(1),
4 X{PNTI) FIXED BINARY,
4 Y(PNTI) FIXED BINARY;

DCL

NNNONN -

W Wwwwww

OCL PIC,
CNT FIXED BINARY,
TX FIXED BINARY,
TY FIXED BINARY,
KX FIXED BINARY,
Y FIXED BINARY,
BLIPNTI) BIT(1),
X{PNT i) FIXED BINARY,
YEPNTI) FIXEDC BINARY;
CCL RES{10) CHAR(72) VAR EXT;
DCL (M24M3,M49M54MTyMByM) CHAR{T2) VAR EXT;
CCL (LOCPRILUC,RESLOC) FIXED BINARY EXT;
OCL S BIT(1) EXT;
DCL (BUFA,BUFB) CHAR{72) VAR EXT;
CCL DBG B8IT(1) EXT3
DCL B CHAR{500) VAR EXT;
CCL [ FIXED BINARY STATIC:
IF NUM<=0 THEN RETURN;
CALL OPB(BUFB,I,PRIM);
CALL RESD(VALI(I});
IF [=0 YHEN RETURN;
CALL EXPALVAL(L) MyPRIM);
CALL PARSERINyMS oMMy XWORD g XNUMyXSEQy QUOTES oF ¢G4 KEY,
PRTB9BASVALsBASSYM,LOC B ¢PRIMyDBG¢yPICXI,YI,PI,
PNTI,,STI) -
CALL ASSIGN{IJPIC+PRIM)};
END RVL 3

NNNNNONNNDN -
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PRUGRAM

uis:

B Rt s

DIS

PROC(PICyPRIMyF oG oKEYsPRTB ¢BASVALB8ASSYM) 3
/*DISPLAYS SELECTED OPERAND * /
LCL N FIXED BIN EXT; )
CCL MS FIXED BIN EXT;
LCL MM FIXED BIN EXT;
OCL (XIyYIoPI4PNTI,STI) FIXED BIN EXT;
CCL (A1,A24A3,A4,A5,A6,A7) CHAR{1l) EXT3;
DCL M1 CHAR({T7¢) VAR EXT;
COL (XwJRrRDgXiNUMy XSEWQ) FIXED BIN EXT;
CCL UCTES CHARI(12) EXT;
CCL BASSYMIMS) CHAR(12);
CCL (BASVALIMS) ¢PRTB(OSS5%*N) yKEY(O:SMS) 4G{O2MS) 4F(O2MS))
FIxco BINARY;
PIC,
CNT FIXED BINARY,
Tx FIXED BINARY,
TY FIXED BINARY,
HX FIXED BINARY,
FY FIXED BINARY,
BLIPNTI) BIT{(L1),
X{PNTI) FIXED BINARY,
Y(PNTI) FIXED BINARY;
PR IM,
NUM FIXED BINARY,
BASICIPI) BITL(1),
NAM{PI) CHAR(1C) VAR,
VALIPI) CHAR{T72) VAR,
PUINTS{PI,
CUUNT FIXED BINARY,
TAILX FIXED BINARY,
TAILY FIXED BINARY,
HEADX FIXED BINARY,
READY FIXED BINARY,
cuuDd ’
4 BLANK{PNTI) BIT(1),
4 X{PNTI) FIXED BINARY,
4 Y(PNTI) FIXED BINARY;
CCL RES{10) CHAR(72) VAR EXT;
DCL (MZyM34M4yM54MT7,MB8,M) CHAR(T2) VAR EXT;
CCL (LOC sPRILOCGRESLOC) FIXED BINARY EXT;
pCL S BIT(L1) EXT;
DCL (EUFABUFB) CHAR(T72) VAR EXT;
LCL CoG 3IT(L1) EXT;
UCL 8 CHAR(5G0) VAR EXT;
CCL 1 FIXED BINARY STATIC:
LCL o FIXED BINARY STATIC:
CALL OPB{BUFA,IPRIM);
CALL RESD(BUFA);
I¥ I=C THEN DU;
JUFA=RES(10); BUFB=*RESULT=?;
GO Tu DISP;
END;
ELSt DO
JUFB=NAMET ) | |*=25 BUFA=VALI(I); END;
IF BASIC(I) THEN DO;s
CALL BASICP{I,LOC,PRIM);
RETURN
END;

bCL

LCL

NN NEENNDNNNNN NN -
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clisp:

eND

CALL EXPA(BUFA,BUFB,PRIM);

CALL PARSER{NIMS ¢ MMy XWORD ¢ XNUMoXSEQ s JUUTES ¢FyGoKEY,
PRTBy3ASVALyBASSYM,LOCsBsPRIM,DBG4PICIXI,YI,PI,
PNTLSTID -

CIS;
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PRUGR AM DEF

CEFs PROC(PKIMI);
/*DEFINES A NEwW PRIMITIVE =/
/*CIRCLE AKC LINE OR LINE DRAWING
GCL 1 PRIM,
NUM FIXED BINARY,
BASIC(PI) BIT(L),
NAM(PL) CHAR(1C) VAR,
VAL{PI) CHAR{T72) VAR,
Pbleb(Pl)v
CUUNT FIXED BINARY,
TAILX FIXED SINARY,
TAILY FIXED BINARY,
HEADX FIXED BINARY,
HEADY FIXED BINARY,
CuuL )
4 BLANK{PNTI) BIT(1),
4 X{PNTI) FIXED BINARY,
. 4 Y(PNTIL) FIXED BINARY;
CCL (LOCPRILOC,RESLOC) FIXED BINARY EXT;
{ COL (M2,M3,M4,M5,MT7,M8,M) CHAR{T2) VAR EXT;
f DCL (XIoYI4PIoPNTI,STI) FIXED BIN EXT;
DCL RES{10) CHAR(72) VAR EXT;
CCL S BIT(1) EXT; :
= : DCL (I,Jd9K) FIXEU BINARY STATIC:
g DCL NU FIXED BINARY STATIC;
DCL MM CHAR{10) VAK STATIC;
M=RES{10);  CALL RESD{M);
LCGP: I=1; CALL DNSPAC(I,LOC);
=¢'ENTER PRIMITIVE NAME 1C CHAR OR LESS*;
CALL CCNTMO(M,LOC);
; CALL GETDATI(M,LOC,S);
% IF -5 THEN GU TO ERR;

r— f;““ —

LSRN VVIR YOI VU CVR W)

-

- UO WRILE(LENGTH{M) >CESUBSTR (M Lol)=t )
M=SUBSTR(Ms2)3  END;
MMl 03

- l=lNDEX(Mp' )3

I=MIN(I,11);

M=SUBSTR{MylsI-1);
i DU [=1 TO NUM; IF M=NAM(I) THEN DO;
- : NU=L; GU TO XAB;

END 3 END;
NUM=NUM+1 3
i [F NUM>PI THEN DO;
— NUM=PI ;
I=1;s CALL DNSPACI(I,LOC);
. M='PRIMITIVES EXHAUSTED';
! CALL COUNTMU{M,LOC); RETURN;

- END
NU=NUM;

i NAM{NUM)=M;

; XAB:

— VALINU )=,

BASECINU )='1'83

J=1; CALL DNSPACLJ,LOC);
I=L0Cs

M=*C JRCLE LINES *;

CALL CGNTMO{M,LUC)

CALL GETDAT(M,LOC,S);3



L
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IF M=*CIRCLE' THEN CALL CIRCLE(NUyPRIM);
ELSE CALL LINE(NUoI PRIM);

f;,

( LOC=PRILUL
L. CALL STRSML(M2,L0C);
I=1;
DG whiLE(I<=NUM);
{ CO J=1 TU MIN(NUM,I+7);
L_ =0 S| INAM(J) ;
CALL CONTMCI{M,LOC) ;
END 3
M= U CALL CCANTMOIM,LOC)
J=23 CALL DNSPACLJ.LGC)
M=(10)0 *;
, CALL CCNTMUULM,LOC)
! {=]+¢8;
- END;
M=o v; CALL CONTMO {(MyLCC)
{ I=2;CALL DNSPAC(I, LUCY);
} CALL CONTMUIM3,L0C);
— RESLCC=LUC;
M=RES(10);
{ CALL CONTMO(M,LOC) ;
_ I=4; CALL ONSPACLI,LLC) ¢
CALL OASICP(NU,LOCsPRINM);
, RETURN
! ERR: I=13 CALL UNSPACI(I,LOC);
w CALL CONTMU(MT,LCC);
GO TG LLLP;
‘ END OEF;
—
L_ -
i_
{
-
—_—
L‘
—
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PROGRAM

TASPRINT

TABPRINT: PRUC(FoGoeKEYsPRTE¢BASVAL yBASSYM) ;

CCL
ccL
ccL
CCL
GCL
bCL
cCcL
CCL
CCL
CCL

/* PRINT PARSING TABLES */

J FIXED BINARY EXT;

I FIXED BINARY EXT3

N FIXED BIN EXT;

MS FIXED B8IN EXT;

MM FIXED oIN EXTS

{ XWURD 9 XNUM9 XSEw) FIXED BIN EXT3

QUCTES CHAR(12) EXT;

MX FIXED BINARY EXT3

BASSYM{MS) CHAR(12);

{BASVALIMS) ¢PRTBUCSS*N) oKEYLOSMS) yGLO2MS) 4F{O:MS))
FIXED BINARY;

PUT EUIT{*'TABLE ENTRIES')(PAGE,A);

PUT EDITU M=t yMXg*'N=0gNo"MM=? ,MM) {3 (X(6) A F(6)) )3

PUT EDIT(I*XWURD= 9 XWORD ¢ * XNUM="? ¢ XNUM, \
SXSEQ=" ¢y XSEQy *QUOTES="yQUOTES) (SKIPy3(X{3)+AsF(4)),

X{31,2 A}

PUT EDIT('F*I{(SKIPyA);

PUT EDIT((F(J) DO J=0 TO Mx+l))
{100(SKIP910IX(3),F(4))))3

PUT EDITI'G*I(SKIP,A);

PUT EDITU(GLJ) DO J=0 TO MX+1l))
(100{ SKIP+10{X{(3),Ft4))));

PUT EDIT{*KEY*)(SKIP,A) 3

PUT EDITU(KEY(J) DO J=C TQ MX+l))
(100(SKIP,10(X(3)4Fl4))));

PUT EDIT({*PRTIB*)I(SKIPA};

PUT EDITU(PRTB(J) DC J=0 TO KEY(MXe¢l)))
(100(SKIP,10{(X(3)4Fl4))));

PUT EDIT(*BASVAL')I{SKIP,A);

PUT EDIT((BASVALIJ) DG J=1 TO MX-=1-MM))
(LOO(SKIP,10{X{3)4Fla))));

PUT EDIT(*BASSYM*)(SKIP,A);

PUT EDIT((BASSYM(J) OG. J=1 TC MX—-1-MM))(100(SKIPy6(X{5),A))}3

RETURN ;
END TABPRINT;
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PROGRAM TABREAD

r~—

TABREAL: PRUCIF GoKEY PRTB,BASVALyBASSYNM)
/% REAL PARSING TABLES */
CCL ~ FIXeD BIN EXT;
LCL MS FIXxEu BIN EXT3
DCL MM FIXED BIN EXT;
OCL (XwURD ¢ XNUMyXSEQ) FIXED BIN EXT;
CCL QUOTES CHAR(12) EXT;
CCL 3ASSYMIMS) CHAR(12);
ULCL (BASVALIMS) 4PRTBLO:S#*N) 4KEYIO2M5) oG(0O:MS) 4F(0:MS))
FIXxt) SINARYS

r— -

f;m

DCL Mx FIXEU BINARY EXT;
LCL {1sd) FIXED BINARY STATIC:
| CCL CUM CHAR(100) VAR STATIC:
| PUT LIST{*TABREAD') SKIP;
— LGOP: CET LIST(COM);
PLT LIST(CUM) SKIP;
( IF CCM='END' THEN RETURN;
{ IF CUM=*MNMM' THEN GET LIST(MX,NoMM);
IF. CGM=* XNUM-XWURD=XSEQ® THEN GET LEST(XNUMsXWORD,XSEQ);
IF CUM='QUUTESY THEN GET LIST(QUOTES);
| IF LOM='8ASSYM? THEN GET LISTI(BASSYM(J) DO J=1 TO
L MX=1-MM) )}
IF COM='GASVAL® THEN GET LIST((BASVALI{J) 00 J=1 TO
MX=1=MM) ) 3
. IF COM=KEY' THEN GET LIST({KEY{J) DG J=0 TG MX+1)):
. IF CGM='PRTB® THEN GET LIST{{PKTB(J) DG J=0 TQ

KEY(MX+1)) )
; IF CUM=*F' THEN GET LIST((F(J) DU J=0 TU MX+1));
: IF CUGM=*G' THEN GET LIST((G(J) DO J=0 TO MX+1))3;
— Gu TG LOOP:

END TABREADS
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PRUGGRAM

SCOPINIT:

SCOPINIT

PRUC S

/¥INITIALIZE DISPLACEMENT VECTCR

CCL
CCL
DCL
ccL
LcL

{LGC 4PRILUOCGRESLOC) FIXED BINARY EXT;
RES(IC) CHAR(72) VAR EXT3
(X1oYIoPI,PNTI,SII) FIXED BIN EXT;
{MyMM) CHAK(72) VAR STATIC;
J FIXED BINARY STATIC; DCL S BIT{1) STATIC;
UN CCNVERSIUN BEGING
MM=*ERROR IN INPUT ZERO SUBSTITUTED®;
J=13 CALL DNSPAC({J,LOC); CALL CONTMU(MM,LOC);
ONSUUKCE=1'0"*;
END; ‘
J=13
=VSPECIFY X DISPLACEMENT?;
CALL ONSPAC{J LUC);
CALL CONTMU(M,LOC)
CALL GETDAT(M,LOC,S);
[F M~='*" THEN XI=SUBSTR(M,y1l,4);
M=4SPECIFY Y DISPLACEMENT';
CALL DNSPAC(J,L3C);
CALL CONTMU(M,LQOC) ;
CALL GETDAT(M,LOC,S);
IF Ma=*¢ THEN YI=SUBSTR{Msl,4);
M=RES{10); ~CALL RESD(M);
M=CISPLACEMENT=2 ] |XII|YI;
CALL DNSPAC(J,LOC)
CALL CUNTMUGIM,LOC)
END SCCPINIT;
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PRUGR AM

EXPA:

MINX:

LGP :

EXPA

PRUC(BLFB M PRIM);
/*¥EXPANDS BUFB LEAVES ANSWER IN B GLUBAL %/
DCL (A14A24A3,A44A50A64AT7) CHAR(L1) EXT;
DCL 1 PRIM,
NUM FIXED oINARY,
BASICU(PIY BIT(1),
NAMIPI) CHAR{10) VAR,
VAL(PI) CHAR({T72) VAR,
PUINTSIPI),
3 CUUNT FIXED BINARY,
TAILX FIXED BINARY,
TALLY FIXED 3INARY,
HEADX FIXED BINARY,
FEAUY FIXED BINARY,
CUuo ']
4 BLANK{PNTI) BIT(1),
4 X{PNT{) FIXED BINARY,
4 Y(PNTI) FIXED BINARY;
CCL (LUCPRILUC,RESLOC) FIXED BINARY EXT;
CCL DBG BIT(1l) EXT;
DCL 8 CHAR(S00) VAR EXT;
CCL (BUFB,M) CHARIT2) VAR;
LCL ({4J9K) FIXED BINARY;
CCL BUFA CHAK(500) VAR ; DCL (BUFFB CHAR{(T2)IVAR ;
CCL X CHAR{11) ;
CCL TMP CHAR{%00) VAR;
PRGC (L4003
DCLULsJd) FIXED BINARY:
IF J=0 THEN RETURN;
IF J<1 THEN I=J; RETURN;
END MINX;
BUFA=BLFB;
=91 u
IF B8UFA='* THEN GU TO FINIS;
X=SUBSTR(BUFA,1s1);
00 WHILE((X=0 (v |X=0) | X=AL|X=A2|X=A3|X=A4|X=A5]|X=A6)
ELENGTHIBUFA)>O0) ;
IMP=B| | X3; B=TMP;
IF LENGTH{BUFA)=1 THEN GG TG FINIS;
BUFA=SUBSTRIBUFA,2);
X=SUBSTR(SUFA,1,1); *
END;
I=1CC0;
J=INCEX(BUFA,*(*);
CALL MInX{IyJd);
JEINCEX{BUFA,") ")
CALL MINX(L,4);
J=INDEX(BUFA,AL);
CALL MINX{I,d);
J=INCEX(BUFA,A2) ;
CALL MINX{I,Jd):
J=INCEX(BUFA,A3) 3
CALL MINX(I,4)3 :
J=INCEX(BUFA,A4) ;
CALL MINX(I,J)3
J=INCEX(BUFAAS) 3
CALL MINX(I,J);
J=INCEX(BUFA,AB) ;

[AVIL SN\ VRN AN B\ V]
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FINIS:

CALL MINX{[yJ);
[F 121000 THEN Du; BUFFB=BLFA; BUFA=¢*;  END;

ELSE 0G; }
BUFFB=SUBSTR(BUFAs141~-1); BUFA=SUBSTR(BUFA,I);
END ;
DO J=1 TU NUM; IF BUFFB=NAM(J) THEN GO TG LL;
END

IF ~8ASIClJ) THEN DU
If LENGTHIVALLJ) Y +LENGTHIBUFA) >500 THEN D03
M='EXPAND BUFFER OVERFLOW®;
I=1; CALL DNSPAC(I,LOC);
CALL CONTMLI(M,LOC) ;
CALL UNSPAC(I,LGCY
RETURN; END;
3UFA=VAL(J) | IBUFA; GC YO LOCP;
END;
TMP=3| | BUFFB; B=TMP;
GG T4 LOuP;

I[=25 CALL DNSPAC(I,LUC);

CALL CONTMOLIM,LUC);

I=1;

IF DdG THEN DO;
CO J=1 TO LENGTH{B) BY 60;
K=MIN{ 6O LENGTHIB)=J+1) ;-
M=SUBSTRIB JoK) 3
IF M~=1% THEN DO;
CALL CONTMGIM,LOC)
CALL ONSPAC(I,LUC)
END; -
END;
END;

CALL DNSPAC(I,LuUL);

d=B| 1 *3END i

RETURN;

END EXPA;
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PRGGRAM

ASSICN:

ASSIGN

PROCUTIZPIC,PRIM);

/*ASSIGN PIC TO PRIMII) IF PRIM AREA LARGE ENCUGH

CCL
ccL

CCL

CcL
CCL

(XIoYI4PE4PNTIZSTI) FIXED BINARY EXT;

PIC,

CNT FIXED BINARY,

TX FIXED BINARY,

TY FIXED BINARY,

FX FIXED BINARY,

HY FIXED BINARY,

BLIPNTI) BIT(Ll),

X(PNTI) FIXED BINARY,

YIPNTI) FIXED BINARY3

PRIM,

NUM FIXED BINARY,

BASIC(PI) BIT(1),

NAM{PI) CHAR{10) VAR,

VALIPI) CHAR(72) VAR,

POINTSIPI),

~3 COUNT FIXED BINARY,

TAILX FIXED BINARY,

TAILY FIXED BINARY,

HEADX FIXED BINARY,

HEADY FIXED BINARY,

cooo ’ .

4 BLANKI{PNTI) BIT(1),
4 X{PNTI) FIXED BINARY,
4 Y(PNTI) FIXED BINARY;

K FIXED BINARY STATIC;

1 FIXED BINARY;

BASIC(I)=*0%8;

IF PIC.CNT<*PNTI THEN DO;
BASIC{I)="1'8; '
POINTS(I).COUNT=PIC.CNT;
POINTS(1) o TAILX=PIC.TX;
POINTSII).TAILY=PIC.TY;
POINTS(I)oHEADX=PICHX:
POINTS(I).HEADY=PIC.HY;

DU K=1 TO PICLCNT;
COODUI).BLANKIK)I=PIC.BL(K);
COOD(I)oX(KI=PEICSX{K);
COOD(I)Y(KI=PIC. Y(K);
END ‘

END; o

END ASSIGN;
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PROGRAM
CIRCLE:

K2

X3z

X4

CIRCLE

PROCII4PRIM);
/*0BTAINS PARAMETERS FOR CIRCLE CR ARC FRUM KEYBOARD

OCL

DCL
cCL
GCL
CCL
DCL
ECL

1 PRIM,

NUM FIXED BINARY,
BASIC(PI) BIT(1),
NAMIPI) CHARL10) VAR,
VAL(PI) CHAR{(72) VAR,
PUINTSIPI),

2 CUUNT FIXED BINARY,
TAILX FIXED BINARY,
TAILY FIXED BINARY,
HEADX FIXED BINARY,
HEADY FIXED BINARY,
Cuubd '

4 BLANK(PNTIL) BIT(1),

4 X{PNTI) FIXED BINARY,

4 Y{PNTI) FIXED BINARY;
(XToeY1oPLoPNTIoSTI) FIXED BIN EXT3S
{LCC,PRILDOC,RESLOC) FIXED BINARY EXT;

I FIXED BINARY;
{ JsLUCAWN) FIXED BINARY STATIC:
(RAC,ALPHA,BETA) FLOAT BINARY STATIC;
{MsyMM) CHAR(T2) VAR STATIC; DCL S BIT(1) STATICS
ON CGNVERSIUN BEGIN;3
MM='ERROR IN INPUT ZERO SUBSTITUTED®';
J=1: CALL DNSPAC(J,LOC); CALL CONTMO(MM,LOC);

NN
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ONCHAR=9C*; .
~ END;
J=1; CALL DNSPAC(J,LOC)
LOCA=LUC;

M=0SPECIFY RADIUS';

CALL CONTMOIM,LOC);

CALL GETDATIM,LOC+S):

IF ~S THEN GO TO Xx2;
RAD=SUBSTR(My1ly4);
LOC=LUCA;

M=YSPECIFY INITIAL ANGLE®
CALL CONTMO(M,LOC);

CALL GETDAT(M,L0C,S);

IF ~§ THEN GU TO Xx3;
ALPHA=SUBSTR(Myl,4);
LGC=LUCA

M=YSPECIFY FINAL ANGLE?®;
CALL CUGNTMO(M,LO0C);

CALL GETDAT(M,LOCyS);

IF ~5 THEN GU TO X33
BETA=SUBSTR(Myly4);
N=ABS{ (BETA-ALPHA)/S);
N=MIN(N,25);

IF N<=1 THEN N=23;

CALL CIRCLE_GEN(RADsALPHAsBETA Ny I,PRIM);
CALL BASICP{(I,LOC,PRIM);

J=13 CALL 'ONSPAC(JsLOC)

M=*ACCEPT REJECT *;

CALL CONTMO{M,LOC);

CALL GETDATIM,LUC,S);

IF M=*ACCEPT®* THEN RETURN;

LGC=L0CA; '

62
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END CIRCLES:
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PROGRAM
CIRCLE_GEN:

/%CALCLLATES CIRCLE PTS FOR PRIM(I) FOR N-1 ARCS FRUM ALPHA

CCL
DCL

LCL
ccL
CcL

CIRCLE_GEN S
PRUCARAD yALPHA4BETAsNo I4PRINM)

10 BETA */ R
(XIoYIoPLPNTIoSTI) FIXED BINARY EXT;
1 PRIM,

NUM FIXED SBINARY,
BASIC(PL) BIT(L),
NAM{PI) CHAR(10) VAR,
VAL(PI) CHAR{72) VAR,
POINTSIPI),
2 COUNT FIXED BINARY,
TAILX FIXED BINARY,
TAILY FIXED BINARY,
HEALX FIXED BINARY,
HEADY FIXED BINARY,
Caud '
4 BLANKIPNTI) BITI(1),
4 X{PNTI) FIXED BINARY,
~ 4 Y(PNTI) FIXED BINARY;
{RAC,ALPHALBETA,DELTA) FLCAT BINARY;
(No1) FIXED BINARY;
J FIXED BINARY STATIC;
DELTA=(BETA~-ALPHA) /IN-1);
POINTSEI)BLANK(1)='1*B; .
POINTS(I)oX{1)=RAD*COSD(ALPHA) ;
POINTS{I)I.Y{1)=RAD®SIND{ALPHA) ;
D0 J=2 TO N3
POINTS(I).BLANK({J)=20'8;
POINTS({I)eX(J)=RAD®COSD(ALPHA+(J~1)*DELTA)
‘ -POINTS{I)X(1)3
POINTS(I)aY(J)=RAD*SIND(ALPHA+{J-1)*DELTA)
-POINTS(I)aY{(1);

LYN LNV NN N

ANV W v W L

END;
COUNT(I)=N;
TAILX(1),POINTS{I)aX(1)=0;
TAILY(I) yPOINTS(I)aY{L)=C;
HEADX( I)=PUINTS(I )4 X(N);
HEADY( 1)=POINTS{I).YIN);
ENC CIRCLE_GEN;
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L INE:

NUMBER:

CBLANK:

LINE

PROCINUy IyPRIM) S
/*UBTAINS PUINTS FUR LINE SEGMENTS FRUM KEYBUARD */

OCL
bcL
cCL

CCL
CCL
LCL
blL
ccL
LCL
ouL
ccL
CCL

{XIoVYIsPL+PNTIZSTI) FIXED BIN EXT;
M1 CrAaR(T72) VAR EXT3
1 PRIM,
2 NUM FIXED BINARY,
BASIC(PI) BIT(L),
NAMIPL) CHARL10)} VAR,
VAL(Pi} CHAR(T72) VAR,
PUINTSIPL),
COUNT FIXED BINARY,
TAILX FIXED BINARY,
TAILY FIXED BINARY,
HEADX FIXED BINARY,
nEADY FIXED BINARY,
CcuuD ’
4 BLANKIPNTI) BIT{1),
~ 4 X{PNTI) FIXED BINARY,

4 Y(PNTI) FIXED BINARY;
(MZyM34MayM5,MT7yM8yM) CHAR(T2) VAR EXT;
(LGC »PRILGCyRESLOC) FIXED BINARY EXT;

S BIT(1) EXT;

NU FIXED BINARY;

I FIXED BINARY;

{JeK) FIXED BINARY STATIC;

MM CHAR(10) VAR STATIC;

OBLANK . INTERNAL ENTKY {CHAR(72) VAR} RETURNS (CHAR(72)VAR);
NUMBER INTERNAL ENTRY{CHAR(10) VAR} RETURNS(BIT(1));

NN NN
(YY)

Wl W

PROCL{A) BIT(1)3
/7% TRUE [F A 15 NUMBER */

ocL
CCL

A CHAR(10) VAR;
J FIXED BINARY STATIC;
[F A=** | A=¢ ¢ THEN RETURN{'0*8);
J=13
DO WhILE(SUBSTR(A.Jyl)}=" * & JKLENGTHLA));
J=J+l;
END;
IF SUBSTRIA,J91)>=C* | SUBSTR{A,Jsl)='=* | SUBSTRU(AeJsl)=
*+' THEN DO;
J=J+1;
00 WHILE(J<= LENGTH{A)); .
IF SUSSTR{AsJ,1)<'0* THEN RETURN('0'B);
J=Jd+l; .
END 3
RETURN(*1°'B) ;
END; ’
RETURN{®*0'8);
ENC NUMBER;

PROCIA) CHAR{72) VAR;
/*DELETES LEADING BLANKS */

DCL
CCL

A CHAR(T2) VAR;

8 CHAR{T2) VAR STATIC:;

B=A;

IF 8=v¢ | p=¢ ¢ THEN RETURNIB) ;

00 whILE(SUBSTR(Bsleld=" *);
B=SUBSTRIB,2);
END; ‘

RETURNI(B) ; €5



L ENC CBLANK;
X1l1: M=*NUMBER UF PUINTS TO BE ENTERED';
CALL CCNTMUIM,LOC);
Xl: CALL GETDATI(M,LUC,S):
- IF =5 THEN GU TU X113
M=M| | 3
J=INDEX(Myt 0) 3
MM=SUBSTR{M,1eJ-1)3

- IF ~NUMBER(MM) THEN GO TO  X11;
CCUNTINU )=M; |
IF CGUNT(NU)>PNTI THEN GG TC X113

H X2: M=t TAIL®;
LOC=1;
CALL CCNTMO(M,LOC);
) CALL GETDAT(M,LOC¢S);

L IF ~S THEN GU TU X2;
M=DBLANK (M) ;
M=M]||® ‘5

l_ J=INDEX(M,* )3
MMz SUBSTRIMelyJ—1);
IF ~NUMBER(MM) THEN GO TO X23
TAILX{(NU )=SUBSTR{M,14J);
L_ M=SUBSTR(M,J+1);
M=M] | L
J=INDEX{My? *);
' MM=SUBSTR{M,1yJ-11);
IF ~NUMBER{MM) THEN GC TO X2
: TAILY(NL )=SUBSTR(M,l,J);
X3: M=FEAD?
{' ©Luc=1;
CALL CONTMG(M,LOC);
CALL GETDATI(M,LOC,S);
IF -5 THEN GO TO X3;
L_ M=DBLANK{M)

M=M] | HH
J=INCEX{M,* *);
M=M{ ] LI
. MM=SUBSTRIMy1lyJd~1);
— : IF ~NUMBER{MM) THEN GO TO X33
HEADX{NU )=SUBSTR(Myl,J);
M=SUBSTRIMyJ*1); '
L ~ M=DBLANK(M) ;
i M=M] ] ¢
J=INDEX(My* )3
MM=SUBSTR{Myl,yJ-1);
- IF -~NUMBER(MM) THEN GU TO X3;

HEACY{NU 1=SUBSTR(M,1,J)3
DU K=1 TO COUNTI(NU )3
X4z M=*PUINT? | |K}
Loc=1;
CALL CONTMO(M,LGC);
CALL GETDAT(M.LOC,S);
[F ~S THEN GO TO X4;
M=DBLANK(M) ;
M=M| ] U
J=INDEX{M,* *);
MM=SUBSTR(MyloJd-1);
IF ~NUMBER{(MM) THEN GO TO Xa&;

POINTSINU ) o X{K)=SUBSTR(MyleJ);
M=SUBSTR(M,J+1);

— r— —
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N=DBLANK(M);
M=M| | '
J=INDEXIM,* )3
MM=SUBSTRIM,1,J-1)3
IF ~NUMBER(MM) -THEN GO T X3
POINTSINU ).Y(K)=SUBSTR(M¢1yJ)3
M=SUBSTR(MyJ+1)3
IF M~=* ¢ THEN POINTS{NU ) .BLANK(K)=*18;
ELSE POINTSINU ).BLANK(K)=40"B;
END3
POINIS(NU)JBLANK(L)=*1*8;
END LINE;
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PROGRAM PARSER
PARSER: PRUCIN9M¢MMy XWORD ¢ XNUM ¢ XSEQ+QUOTES ¢FyG+KEYyPRTB,BASVAL s BASSYM,
/*¥PARSES AN EXPRESSION USING TABLES AND CALLS SEMANTIC */
LOCS.AyPR[M.DBG.P[C'XloYI'Pl PNT1,5T1)3
CCL N FIXED BINARY; /*¥NUMBER OF PRODUCTIONS*/
CCL M FIXED BINARY; /% NUMBER UF SYMBOLS*/
DCL MM FIXED BINARY; /*NQ. NON-BASIC SYMBOLS*/
DCL (XWORD 9 XNUM, XSEQ) FIXED BINARY

CcL

bCL
OCL

DCL
CCL
- bCL

CCL
LCL
DCL
CCL
CCcL

DCL
ECL

DCL
DCL

DL

oL
BCL
DCL

QUGTES CHAR{12);
DCL F(O:M ) FIXED BINARY;
CCL C(C:M ) FIXED BINARY;
CCL KEY(O:M ) FIXED BINARY;
OCL PRTBIC:5%N) FIXED BINARY; /
OCL BASVAL(M ) FIXED BINARY;
CCL BASSYM (M ) CHAR(12);
A CHARL50C) VAR;
0BG BIT(1);
({TedoeKoelLyKK) FIXED BINARY;
(11,12) FIXED BINARY;
I3 FIXED BINARY;
XN FIXED BINARY;
DCL vS(0:25 ) CHARI{10 ) VAR; /% VALUE STACK */
$(C225 ) FIXED BINARY; /* PARSING STACK  #/
QWUCTE BIT(1); /*BOOLEAN FOR QUOTING BASIC SYMBOLS */
SYM FIXED BINARY; :
SYMS CHAR(8C) VARYING;
ERROR BITI(1);
ANS FIXED BINARY;
XXX BITE1);
DCL UGS CHAR{80) VARYING;
TEMP CHAR{T2) VAR;
(LOCS,LOCA) FIXED BINARY;
PRIM,
NUMM FIXED BINARY,
BASICIPI) BIT(1),
NAM(PL1) CHAR{10) VAR,
VALI{PI) CHAR(72) VAR,
POINTSIPI),
COUNT FIXED BINARY,
TAILX FIXED BINARY,
TAILY FIXED BINARY,
HEADLX FIXED BINARY,
HEADY FIXED BINARY,
cood
4 BLANK{PNTI) BIT(1),
4 X{PNTI1) FIXED BINARY,
4 Y(PNTIL) FIXED BINARY;

NN -

Wty W Wt W

PIC, ‘

CNT FIXED B8INARY,

TAILX FIXED BINARY,

TAILY FIXED BINARY,

HEADX FIXED BINARY,

HEAOY FIXED BINARY,

SLIPNTI) BIT(1),

X{PNTI) FIXED BINARY,

Y{PNTI) FIXED BINARY;

XI FIXED BINARY; /% X SHIFT =/
YI FIXED BINARY; /% Y SHIFT »/
Pl FIXED BINARY; /% NUMBER UF PRIMITIVES =/

€8
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SINIT:

LCOK 3

NEXT:

CCN:

SPEC:

DCL PNTI FIXED BINARY; /* NUMBER OF PUINTS PER PRIMITIVE %=/
CCL STI FIXED BINARY; /* NUMBER CF STACK POINTS */
DCL STK(S),

NUM FIXED BINARY,

TX FIXED BINARY,

TY FIXED 8INARY,

KX FIXED BINARY,

FEY FIXED BINARY,

BL(STI) BIT(L),

UISTI) FIXED BINARY,

V(STI) FIXED BINARY;

NMNNNNNDNDN -

PROC ;
/*INITIALIZES SCOPE */
IF C8G THEN DU;
TEMP='PARSER" ; CALL STRSML{TEMP,LOCS):
END;
LOCA=LOCS;
END SINIT;
PROCEDURE(DS1A,1,T)3 ,
/% FREE FIELD READ PROCEDURE T IS FALSE IF NUMBER ELSE TRUE
STRING RETURNED IN OS */

/*¥NUMBER s s=INTEFER |+INTEGER | ~INTEGER | —INTEGER. |+INTEGER.
| INTEGER. | +INTEGER.INTEGER | —~INTEGER.INTEGER |
INTEGER « INTEGER */ .
/*SEPARATOR [S ALWAYS BLANK IF NOT A QUOTED STRING THEN A
SEPARATUR IS ANY SINGLE CHARACTER IN THE SYNTAX */

PROC CHAR(1);
/*GETS NEXT CHAR SCOPE MODEL */
CCL K FIXED BINARY;
IF IDLENGTH{A) THEN GO TO FINIS;
RETURN(SUBSTR(A,I,41));
END NEXT; '
PRGCEDURE ;
0S=0S|ISYM;  I=1+1;
END CON;
PRUC(A,B) BIT(1);
/¥ TRUE IF A IS NOT A SEPARATING CHARACTER */
DCL A CHAR{1);
CCL 8 BIT(1);
DCL J FIXED BINARY;
IF A=* ¢ | A=QUOTES THEN RETURN{?0'B);
IF 8 THEN RETURN(*1°8);
00 J=1 TU M-1-MM; IF A=BASSYM{J) THEN RETURN('0'8); END;
RETURN('1°'B);
END SPEC;
DCL SYM CHAR(1):;
oCL T BIT(1);
OCL A CHAR(500) VAR; /*READ BUFFER %/
DCL 1 FIXED BINARY; /* READ BUFFER POINTER %/
DCL 0S CHAR('80) VARYING: /% QUTPUT STRING */
DCL CS CRAR(3) VAR;
DCL J FIXED BINARY;
DCL SPEC INTERNAL ENTRY {CHAR(1)¢BIT{1)) RETURNSI(BIT(1));
OCL NEXT INTERNAL ENTRY RETURNS (CHAR(1));
DCL CON INTERNAL ENTRY;
SYM=NEXT; US=*';
DO WHILE (S¥M=¢ *);
I=1+1; 'SYM=NEXT; END;
IF ~SPEC(SYM,QUUTE) THEN DO;
CALL COUN; =¢1'8; RETURN; END;
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ASSIGN:

PROCES:

CS=%¢-,1;
J=INCEX(CS,SYM) ;
IF J=3 THEN CS='*; ELSE CS=',';
IF (J=~=0 & NEXTD9Z9) J(SYMD*Z? & (NEXT=CS INEXTD>*Z%))
THEN DG}
DO wHILE (NEXT>*Z°¢- [NEXT=CS);
CALL CUN;
SYM=NE XT3
IF SYM=CS THEN CS=*1';
IF ~SPEC{SYM,QUOTE) THEN DO;
"T=00'8; RETURN; END;
END3
END;
DU WHILE (SPEC{SYM,QUOTE));
CALL CON;
SYM=NEXT;
END
T=01'8; RETURN;
END LOOK;

PROCEDURE (QUUTE,0S,Vv) RECURSIVE;

/*ASSIGNS A NUMERICAL VALUE TO CURRENT INPUT STRING */
DCL QUOTE BIT (1)
DCL QS CHAR(8GC) VARYING;
DCL (VeJ) FIXED BINARY;
DCL T BIT(1);
IF QUOTE THEN DU
CALL LOOK(OS A,I,T);
IF 0S=QUOTES THEN DO; .
QUOTE=*0'8; CALL ASSIGN{QUUTE0SsV)3; RETURN;
END; .
=XWORD 3 RETURNS
END; , ’
CALL LOOK{OS,A,I,7)
IF T THEN DU;
IF 0S=QUOTES THEN DO;
QUOTE=*1'8; CALL ASSIGN({QUOTE,0S,V); RETURN; END;
00 J=1 TC M-1-MM;
IF 0S= BASSYM(J) THEN DO;
V=BASVAL{J); RETURN;
END;
END;
V=XWORD;  RETURN;
END; ‘ '
V=XNUM; RETURN;
END ASSIGN;

XN=N 3

CALL SINIT;
/% PARSING SECTION *x/

ANS=0; ERROR='0'B;
DO J=0 70 25; S1J)=03 END;

J=C; I=1;" QLOTE=*0'B3;

CALL ASSIGN(QUOTE,SYMS,SYM);
DO wWHILE {(SYM>Q);

J=Jel;

IF J>25 THEN DO;
TEMP=*STACK OVERFLOW';
CALL STRLAR(TEMP,LOCS);
I1=13 CALL DNSPAC(I1,LCCS);
GO TO FINIS;
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END3
K=J; S{J)=SYM; VS{J)=SYMS;
CALL ASSIGN(QUOTE,SYMS, SYM);
DO WHILE (FIS(JYIDG(SYM));
IF SLJ)=XSEQ THEN GU T8 FINIS;
DU WhRILE {{(F(S(J-1))=GISEIIIE{I>1));
J=J-1; END;
L=KEY(S{J));
00 WHILE (PRTB(L)I~=0);
Kk=J+1;
0L WHILE ((KK<=K)&IS(KK)=PRTBIL)));
KK=KK+1l3 L=L+1l; END;
IF ((KK>K)E&{PRTBI(L)I<KO)) THEN DU;
Il=d; 12=K;
LOCS=L0OCA;
[3=—PRTBIL);
IF 13<=N THEN
CALL SEMANT(I34VSeIl,12¢ANS,ERRORyXN
sPRIMySTKHLOCSoyDBGoPIC o XTI oYL o PIoPNTI,STI1):
IF ERROR THEN GO TO FINIS;
~ IF Il-a=J|12~=K THEN PUT LISTI*POINTER ERROR?) SKIP.
S(JI=PRTB(L+1); L=0; END;
ELSE DU
DG WHILE {PRTBIL)LDO0);
‘L=L+1; END;.

L=L+2; END;
END; '
IF L~=0 THEN DO;
LSCQ J=0C3

[1=1; CALL DNSPAC(I1,L0CS)3
TEMP=*PARSER ERROR®; CALL STRLAR(TEMP,LOCS) 3
GO 1O FINIS; ‘
END 3 ‘
K=J;
END 3
END 3

v

-

FINIS:
' END PARSER;"
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PROGR AM

SEMANT

SEMANT: PROUCU(NGVSyJ oK, ANS SWITCHUUPRIM,STK,LOCS ¢0BG,PIC,
/*SEMANTIC ROUTINE FCR POL *x/
X1oYI4PI4PNTI,LSTI);

DCL

cCL

oCcL

bCcL
OCL
OCL
DCL

DCL
uctL
uCL
GCL
ucL
JCL
ocL
ocL
oCL
PR

BA
NA

NN NON -

-~

TA
TA
HE
hE
BL
x(
Y(
XI F
Yl F
PI F
PNTI

NNNONNANNNNNN -

Win W W W

LU FIXED BINARY; /% UPPERBOUND FOR EQ #/

N FIXED BINARY; /% FORMULA NUMBER */ |
vS(0:25 ) CHAR(10 ) VAR; /% VALUE STACK #/

J FIXED BINARY; /% LEFT HAND STACK POINTER %/

K FIXED BINARY; /# RIGHT HAND STACK POINTER */

ANS FIXED BINARY; /*SET TO O USED UNLY IN SEMANTICS*/
SWITCH BIT(1);/% SET TO FALSE USED ONLY BY SEMANTICS®/
LOCS FIXED BINARY;

D8G BIT{1);

IM, ‘

NUMM FIXED BINARY,

SIC(PL) BITLL),
MIPI) CHAR(10} VAR,

VALIPI) CHAR(T2) VAR,
POINTSIPI),

3 COUNT FIXED BINARY,

TAILX FIXED BINARY,

TAILY FIXED BINARY,

HEADX FIXED BINARY,

READY FIXED BINARY,

COuD v
4 BLANK{PNTI) BIT(1),
4 XIPNTI) FIXED BINARY,
4 Y{PNTI) FIXED BINARY;

PIC,
CNT FIXED BINARY,

ILX FIXED BINARY,

ILY FIXED BINARY,

ADX FIXED BINARY,

ADY FIXED BINARY,

(PNTI) BIT(1),

PNT1) FIXED BINARY,

PNTI) FIXED BINARY;

IXED BINARY; /% X SHIFT =%/

IXED BINARY; /% Y SHIFT %/

IXED BINARY; /* NUMBER OF PRIMITIVES =/
FIXED 8INARY; /* NUMBER OF PUINTS PER PRIMITIVE */

STI FIXED BINARY; /* NUMBER OF STACK POINTS . x/

ST

X
TY
X
rY
BL
Ul
v
ccL

LBCL

ocL

NN N -

o

K{5),

NUM FIXED BINARY,

FIXED BINARY,
FIXED BINARY,
FIXED BINARY,
FIXED BINARY,
(STE) BIT(1),

STI) FIXED BINARY,
STI) FIXED BINARY;
TEMP CHAR{T72) VAR;
P FIXED BINARY;

« FIXED BINARY;

MERGE: PROC{IeJoKoM);
/% MERGES STK(J) INTO- STK(I) WITH X MOD K AND Y MOD M/
OCL (1sJeKgyMyNoL) FIXED BINARY;
IF NUMULJ+NUM(J)D>STI THEN DG; SWITCH=t1'8; RETURN; END;

L=NU

LED R K
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PLUS:

T MINUS:

STAR;

CRUSS:

NEG:

NCT:

NUM( [)=NUM( T +NUMLIJ) ;

DO N=1 TO NUM(J);
STKEI)eBLAL#N)=STK(J)oBLIN);
STKUI)oULL+N)=STKIJ) e UIN)+K;
STRUL) o VILEN)=STKEJ) o VIN) +M;
END;

STK(I)eBL(L+1)=0)18;

END MERGE ;

PRUC{Iod); .
/% DUES STKAI)+STK(J) LEAVES ANS IN I =/
DCL (IyJeKeM) FIXED BINARY;

KskX{Id=TX(J)3

M=HY([)=TY(J);

HX{T)=HX{J) +K;

HY{ L )=HY(J) #M;

CALL MERGE(I4JeKoeM);

END PLLUS; .

PROC(I,J);
/% STRUII-STKIJ); */
OCL (IsJeKyM) FIXED BINARY;

K=hXII)=HX{J);

M=HY{1)~HYlJ);

CALL MERGE(Tsd4KyM);

BND MINUS;

PROC(I,4);

/ESTK(L)ASTK(J)' 7

DCL (I4J9KyMM) FIXED BINARY;
CCL M CHAR{72) VAR

IF TX{1I=TX{J) & TY(I)=TY(J) & HX{I)=HX(J) & HY LT =HY(J)

THEN DOG
K=03 MM=03; CALL MERGEU 1¢sJeKyeMM) 3
: END;
ELSE DO;
M=%% ERRUR®;
CALL STRLAR(M,LOCS);  SWITCH=*1'8;
END; )
END STAR;
PROCLIod);
/% STK(I) X STK(J) */
CCL (I19JeKeM) FIXED BINARY;

K=TX{I)-TX(J);

M=TY(I)-TY(J);

HXEI)=HX{J)#K;

KY{LI=HY(J) +M;

CALL MERGE(I,JyKeM)3

END CROSS;

PKOC(I);
/% # INTERCHANGES TAIL AND HEAD OF STK(I)
CCL (1sdoK) FIXED BINARY;

J=TX{(1); '

K=TY(1);

TXEII=RX(I);

TYLI)=HY(E);

HX{I)=d;

HY(I)=K;

ENC NEG:
PROCI(I); ! .
/% BLANKS STK{I) */
CCL (14J) FIXED BINARY;

DU J=1 TO NUM{I1);
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PLOTS:

STK{I)eBL(J)="1"B3
END;
END NOT;
PROCIP);
/% PLCTS A STRUCTURE */
DCL (Po,J) FIXED BINARY;
cCcL L E, '
2 B{STI) BIT{(1),
2 X{STI) FIXED BINARY,
2 Y{STI) FIXED BINARY;
DO J=1 TO STK{P).NUM;
8lJ)=STK(P).BL(J);
X(J)=STKIP)ULJ);
Y(JI=STK{P).VIJ);
END '
J=ST1;
CALL PLCTL(E,STKAP)eNUM,J,L0OCS) s
CALL TAILHDUTX(P),TY{P) HX(P) HY{P),LOCS);
BND PLOTS;
IF D86 THEN DO;
TEMP=N; CALL STRSML{TEMP,LOCS);
END;
IF SwITCH THEN GO TO EXIT;
IF N=1 THEN DU}
P=VS{J);  CALL PLOTS(P);
IF STK{P).NUM<=PNTI THEN DO;
PIC.CNT=STK{P).NUM;
PIC.TAILX=STK(P) o TX=XI3
PICTAILY=STK(P).TY-Y];
PIC HEADX=STKIP) ¢ HX=XI 3
PICHEADY=STK{P) HY-YI;
DU Q=1 TO SIK{P).NUM;
PIC.BLIQ)=STK(P).BL(Q);
PICX(Q)=STK{P) U(Q)~XI;
"PIC.Y{Q)I=STK(P)VIQ)~YI;
END;
END;
ELSE PIC.CNT=PNTI+10;
END; '
IF N=3 THEN DO
P=V3S{J); Q=VSI(K); CALL PLUS(P,Q)3
ANS=P;
END 3
IF N=4 THEN DO; ,
P=VSIJ)s Q=VS{K); CALL MINUS(P,Q); ANS=P;
END; :
IF N=5 THEN DU
P=VvS{J)s; Q=VSI(K); CALL CRGSS{P,Q); ANS=P;
END 3 ’
IF N=6 THEN DO
P=vSILJ) ;Q=VS({K); CALL STAR(P,Q); ANS=P;
IF SWITCH THEN GO TO EXIT;
END; ’ _ ‘
IF N=9 THEN DO ,
P=VS(K)}  CALL NOT{P); VS(J)=P3
END; "
IF N=10 THEN DO;
P=VS(K)}; CALL NEGI(P); VSLJ)=P;
END '
IF N=12 THEN VS(J)=VSlJ+1);
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IF N=13 THEN DO;
D0 P=] TD PRIM.NUMM;
IF VSUJ)=NAM(P) & BASICI(P) THEN DO;
"ANS=ANS#1l; VS{J)=ANS;
IF ANS>S THEN DO
' SWITCH=*1'8; TEMP=*STK OVERFLOW';
CALL STRLAR(TEMP,LOCS); GO TO EXIT;
END;
"STK{ANS) « NUM=CCLNT(P) ;
TX{ANS)=PRIM. TAILX(P)+XI;
"TY(ANS)=PRIM. TAILY{P)+YI;
"HX{ANS)=PRIM HEADX(P) +X1I;
f HY{ANS)=PRIMcHEADYI(P) +YI;
U ‘DO Q=1 TO COUNT(P);
" STK{ANS) « BL(Q)=POINTS{P) «BLANK{(Q);
STK{ANS) s U{G)=POINTSIP) X (Q)#+XI;
- ‘ STKUANS) o VIQ) =POINTSIP) . Y(Q)#YI;

|
C

- ) END;
‘ GO Y0 EXITs
"END;
END$'
— ~ SWITCH=21'8;  TEMP=*NAME ERROR *]|VS(J);
CALL STRLAR(TEMP,LOCS) ; :
END3 ' '
L IF N=16IN=17T THEN VS(J)=VSLJ)l1* *JIVSIK);
EXIT:
END SEMANT; '
TERMINATE

IHE14CGl FILE SYSIN - END OQF FILE ENCOUNTERED AT OFFSET +0006C FROM ENTRY POINT PR
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