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Abstract

The MAD/I language is a procedure-oriented algebraic
language which is a descendant of ALGOL 60 and 7090 MAD,
similar in power and scope to PL/I. The MAD/I compiler
is implemented using the MAD/I facility, a flexible trans-
lator-building system whose dynamic nature allows compilers
to be extended during the compilation process. This paper
demonstrates the extension of MAD/I to include several
graphics-oriented statements and operators through a lucid

example.

iii



1. INTRODUCTION

The MAD/I project of the University of Michigan-has
degigned and implemented a flexible translator-building
system called the MAD/I facility. The facility provides
services to aid in the lexical and syntactic scanning [3]
of the program, storage allocation, and object-code genera-
tion. A compiler is written in the facility as a set of
procedures, called a macro, to which is control passed at
various times by the syntactic scanner and by the contents
of the intermediate storage of tne partially compiled
programs. ﬁew macros can be redefined while a compiler
is executing, thus making extensions to the compiler (and
hence to the language) possible.

A compiler, called the MAD/I compiler, has been

implemented using the MAD/I facility. The language accepted
by the MAD/I compiler is called the MAD/I language [l]. The
MAD/I language is a procedure-oriented algebraic language
which is a descendant of ALGOL 60 and 7090 MAD, similar in
power and scope to PL/I. Because the MAD/I compiler is
written in the MAD/I facility, there is a great potential
for extensibility features within the MAD/I language. To
date, no extension ﬁacilities have been designed for the
MAD/I language; that is properly a goal of further research.
This report presents an example definitional facility
in the MAD/I language. A simple list-processing program is

written in the MAD/I language as extended to include three
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new modes, three new statements, and eight new operators.
These extensions are written using the macro language of
the MAD/I facility and two experimental definitional state-
ments. These definitional statements, or similar ones
determined to be more appropriate, could easily be incorp-
orated as a‘part of the MAD/I language. For the moment,
they also are defined at compile-timé.

The remainder of this report explains in detail the
simple program and the code necessary to define the language
extensions. This explanation references the computer output
which appears at the end of the report. This output con-
sists of six parts:

(1) a listing of the contents of the file SKETCH

which is the sample MAD/I program,

(2) a listing of the contents of the DISPLAYDEF
which defines the extensions fo the MAD/I
language,

(3) a listing of the contents of the file DEFFACILITY

which defines the two experimental statements,

(4) a listing of the contents of the file -DATA which
contains the data used in the run of Step (6),
(5) the compilation of the MAD/I program, and
(6) the run of the generated object program using the
data i Step (4).
The object~code listing of the compilation has been removed

to reduce the bulk of the report.
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2. SKETCH

The file SKETCH contains the sample MAD/I program.

This program maintains a simple list structure representing

points, lines, and collections of points called pictures.

The list structure can be manipulated or printed through

several commands which are recognized by the program.

These commands are:

POINT

LINE

PICTURE

MOVE

which adds a point to the list structure. The
user is prompted for the x and y coordinates of
the point. The point is assigned an internal
display number which is used to reference the
point in other commands.

which adds a line to the list structure. The
user is prompted for the internal display numbers
of the two endpoints of the line. The line is
defined in texrms of its endpoints and will be
moved appropriately if its endpoints are moved.
which groups several points together into a

collection called a picture. The user is

prompted for the internal display numbers of the

points in the picture. Whenever one point of
a picture ig translated, all the points in the
picture are translated.

which moves a point to new x and y coordinates.

The user is prompted for the display number of




the point and its new x and y coordinates. If
the point is in a picture, all other points in
the picture are also translated by the same
amount.
DISPLAY which prints a display of the current list
structure.

This program is oriented to staﬁdard typewriter
terminals, such as teletypes. It could easily be modi-
fied to interface to a remote graphics terminal using the
display subroutines developed as a part of the CONCOMP
Project [2].

Line 1 of SKETCH simply begins a procedure named SKETCH.

Line 3 of SKETCH includes the contents of the file
DISPLAYDEF which defines the new statements, médes,
and operators which will be used in this program.
The contents of DISPLAYDEF will be described in
the next section.

Lines 5 through 13 declare the modes of variables
used in the program. Note that 'POINT', 'LINE',
and 'PICTURE' are used as modes in declarations.
These have been defined as described for line 3
above. Line 5 causes all variables which are not
explicitly declared to receive the default mode
'INTEGER'.

Line 15 presets the number of pictures to zero.




- Lines 18 and 19 prompt the user for the next command
from his terminal. The first four characters of
the command are stored in the variable COMMAND.

Lines 21 trrough 120 form a compound 'IF' statement.
The subsection of this statement which corresponds
to the command entered is given control.

Lines 22 through 29 are invoked by the POINT command.
Note that line 25 uses the newly defined statement
'CREATE POINT' to create a point having the values
of X and Y as its coordinates. X and Y, although

. shown here as simple variables, can be gene.al
expressions. The operator .DISPN., which accesses
the internal display number from a point, is used
in line 26 to print the display number to the user.

Lines 32 through 39 are invoked by the LINE command.
The operator .ADROF. used on line 34 converts an
internal display number to a 'POINTER' to the
corresponding list structure item. The operator
.EVAL. also used on line 34 sets the storage allo-
cation of a based variable to the value of a
variable of 'POINTER' mode. In this case Pl and
P2 are allocated to the list structure items
corresponding to the two endpoints. ,EVAL, is
a built-in MAD/I operator whose name has since

been changed to .ALLOC.. The operator .POINT. used
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in line 35 returns a value of 'TRUE' if its
operand is a list structure item corresponding to
a point; 'FALSE' otherwise. Note that line 36
uses the new statement 'CREATE LINE' to create the

line whose endpoints are Pl and P2.

Lines 42 through 57 are invoked by the PICTURE command.

PICTURE is an array of up to 100 pictures, each
element being the head of a linked ring of points

in the picture. PICTUREN is the number of pictures
allocated thus far., Lines 43 through 47 increment

the number of pictures thus far, test to see that

less than 100 pictures have been formed, and initialize
the current picture to the empty set. The 0.AS.
('"POINTER') of line 47 is the empty picture constant
and would better have been written O.AS.('PICTURE').
As we will see later, 'PICTURE' has been defined

as a synonym for 'POINTER' which explains why

the former case works. Lines 48 through 55 are
executed once for each point in the picture. Lines

50 and 51 access the list structure item corresponding
tp the next point to be coded to the picture and test
that is a point. Lines 52 through 54 insert the

point into the picture using the 'CONNECT' statement.
A restriction in the implementation of ar experimental
define statement facility prevents us from rewriting
these three statements as the one statement

'CONNECT' P1 'TO' PICTURE (PICTUREN)




Lines 60 through 75 are invoked by the MOVE command.
Line 64 computes the difference between the new
coordinates of the point and the old coordinates of
the point. The two operators .XOF. and .YOF.
access the x and y coordinates respectively of
a point. Line 65 modifies the coordinates of the
point to their new values. Note that .XOF. and
.YOF. can be used on the left-hand side of an
assignment as they return a reference. Lines 66
and 67 test if the point is a member of a picture.
If the point is in a picture, line 68 accesses
the next point in the picture, and lines 69 through
73 are executed for =zach point in the picture until
we return to.the original point. The .NEXT. operator
returns a 'POINTER' result which points to the list
structure item representing the next point in the
same picture as its operand.

Lines 77 through 116 are invoked by the DISPLAY command.
This code runs through the entire list structure
and generates points and lines as sets of asterisks
in the array DISPLAY. This array is then printed to
give a visuq; depiction of the display on a type-
writer-like'terminal. Note that the variable HEAD
referenced in line 83 is a 'POINTER' to the first
item in the list-structure. The operator .HEAD.

referenced in line 109 returns a 'POINTER' to the
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list structure element which follows its operand.

This operator is used to traverse the list structure.

Line 119 is invoked if the command was not recognizable
based on its first four characters.
Line 122 transfers control back to line 18 where the
user is prompted for thé next command.
The remainder of the program consists of two small
| procedures for computing the minimum and maximum of two

values.
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3. DISPLAYDEF

The file DISPLAYDEF contains the definitions for the
extensions to the MAD/I language used in the preceding
program. In actual practice, packages of definitions such
as this would be written and used in programs much as
subroutines are written and used in programs at present.
Generally useful definitional packages would be provided
by 'system programmers for general use just as subroutine
libraries are now provided.

‘Lines 18 through 20 define the mode 'POINT' which is

simply a synonym for a based component structure.
The components are used as described in lines 11
through 16.

Lines 35 through 37 define the mode 'LINE' which is
simply a synonym for a based component structure.
The components are used as described in lines
28 through 33.

Line 43 defines the new mode 'PICTURE' which is
simply a synonym for ‘'POINTER'.

Lines 48 through 52 declare and preset the Qariables
which are used by the various statements and
operators of the definitional package. g

Line 56 includes the contents of the file DEFFACILITY
which defines the two experimental definitional
statements which are used below. The contents of

DEFFACILITY will be described in the next section.




. g e

10

Lines 64 through 74 define the statement 'CREATE

POINT' using the experimental definitional
statement 'DEFINE STATEMENT'. The 'DEFINE
STATEMENT' facility allows a new statement to be
defined in terms of other MAD/I statements. The
'CREATE POINT' statement consists of the keyword
'CREATE POINT' followed by three expressions which
correspond tor the identifiers POINT, X, and Y.
These three expressions will be ewaluated. Then
the MAD/I statements in the definition will be
executed, with the results of the three expressions
being substituted for sach occurrence of POINT,

X, and Y. Line 65 allocates a block of storage

to the expression corresponding to POINT, which
must be a reference to a variable of 'POINT' mode.
Line 66 and 68 insert this new point into the
chain of all items in the list structure. Line 68
initializes the point as not being an element of
any picture. Lines 69 and 70 assign the next
internal display number to this point. In an
application using a remote display this would be
an identification number for the element in the
remote display program so that light-pen detects
could be mapped back to the daﬁa structure in the

machine in which this program is running. ULine 71
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sets the display item type to 1, indicating that
this is a point. Lines 72 and 73 set the x and y

coordinates of the point.

Lines 82 through 92 define the statement 'CREATE
LINE'. This definition is similar to that used
to define the 'CREATE POINT' statement above and |

[ won't be discussed further. ‘

Line 100 defines the keyword 'TO' to be syntactically

} equivalent to the comma (,). This will allow us
to write 'CONNECT' A 'TO' B rather than 'CONNECT'
A,B. Note that this definition is done using the
experimental 'DECLARE SYNTACTIC CLASS' statement.

Lines 101 through 111 define the 'CONNECT' statement.
This definition is also made using the eaperiméntal
definitional statement 'BEFINE STATEMENT'. Lines
104 and 105 are executed if the second point is
already a member of a picture. In this case the

‘ new point is inserted into the existing ring.

Lines 116 through 124 define the operator .POINT.

which returns 'TRUE' if its operand is a point,

'"FALSE' otherwise. This definition is written
using the macro language of the MAD/I facility and
requires some explanation. If .POINT. A is written
we really want to transform that into A(4)=1, a
test of whether the type canponent of A is equal

to 1. Now .POINT. A will be converted by the

A LI MM"
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syntactic scanner into the triple:

.POINT.,$TMP,A
where $TMP is an internally generated temporary
symbol which represents the result of the operation.
Now A(4)=1 would be converted by the syntactic -
scanner into the two triples:

.TAG.,$TMP1,A,4

=,%TMP2,8TMP1,1
where 3TMP2 is the result of the expression. Now,
if we define a macro whose name is .POINT., it
will be called by the syntactic scannér with two operands,
the temporary assigned and the operand, This
macro can in turn generate the two triples that
A(4)=1 would have generated.‘ Line 116 declares
.POINT. to be syntactically equivalent to
ABS.; that is, a unary operator with the same
left and right precedence values as .ABS.. Line
117 declares to the compiler that what follows
are to be considered as statements directed to
the MAD/I facility. Lines 118 through 123 define
the macro whose name is .POINT. and whose two
operands (parameters) are given the names T and B.
All identifiers in a macro definition, unless pre-
ceded by a &, are different identifiers than those
of the same name in the MAD/I program. Likewise,

all constants referenced in a macro definition, unless
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preceded by 'LOCAL LITERAL', are self-defining
constants rather than literal constants within the
MAD/I program. Line 119 declares U to be a local

symbol within this macro. This is roughly equiva-

lent to automatic variables in higher-level languages.
Line 120 calls the macro TEMPORARY which assigns
a temporary symbol and causes U to become a synonym
for the temporary. This temporary will be used as
the result of the = operator. The macro TEMPORARY
is defined in the next section. Line 121 generates
the triple

.TAG., U,B,4
where U is the temporary result and B is the
operand of the .POINT. operator. The 'LOCAL LITERAL'
i keyword is required so that the symbol 4 represents

the MAD/I constant value 4 rather than a self-

defining term 4 in the MAD/I facility. Likewise
line 122 generates the triple
.'T'U'I

where T is the temporary result of the .POINT.

operator which has been passed as a parameter and
U is the reeplt of the .TAG. operation generated

by the preceding line. The LN is necessary pre-

ceding the "=" to indicate that this is the MAD/I
operator "=" rather than the MAD/I facility

NPT e
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operator "=". These two triples generated are the
two we have previously discussed as being equivalent
to A(4)=1. Line 124 exits from the MAD/I facility.
Further lines are interpreted as being a part of

the MAD/I program being compiled.

Lines 129 through 186 define the operators .XOF., .YOF.,
.NEXT., .DISPN., .ENDA., .ENDB., and .HEAD. in a
manner similar to the definition of .POINT. discussed
above. In each case the expression involving
the operator, say .XOF.A, is to be mapped into an
instance of subscription such as A(5). The
operators differ only in the value of the subscript
used. In each case the triple resulting from the
syntactic scanning of the former case,

.XOF. ,$TMP,A
is translated into the triple which would result
from the syntactic scanning of the latter case,
.TAG.,8%TMP,A,5
In each case the operator is declared to be
syntactically equivalent to .ABS. through the
'DECLARE SYNTACTIC CLASS' statement and is semantically
defined through a very simple macro which generates
the corresponding .TAG. triple.
Lines 196 through 214 define the operator .ADROF. which

returns the .POINTER' to the list-structure element
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which has been assigned the value of its operand as its
internal display number. The .ADROF. operator could be
represented in MAD/I by lines 190 throuch 194, However,
we have not yet implemented a statement which allows
operators to be defined in terms of MAD/I statements.
Instead, we have implemented the .ADROF. operator as a
macro which generates the same triples as would be generated
by the MAD/I statements shown. Line 199 defines Bl and
B2 to be local symbols. These will be used for the labels
required. Lines 200 and 201 assign temporaries to T1
through TS5. Line 202 calls the FLAD macro which assigns
two floating addresses and makes Bi and B2 synonyms for
these two floating zddresses. The macro is defined in
the next section. Line 203 is equivalent to the MAD/I
statement of line 190. Lines 204 through 207 are equiva-
lent to the MAD/I statement of line 191. Line 204
allocates the floating address Bl to the current value
of the instruction location counter. Lines 205 and 206
compute the Boolean expression

.DISPN. QQSV = A
while line 207 transfers to B2 if the expression result
is '"TRUE'. Lines 208 and 209 are equivalent to the MAD/I
statement of line 192. Line 210 is equivalent to the
MAD/1 statement of line 193. Lines 211 and 212 are
equivalent to the intended effect of the MAD/I statement
of line 194 which is to return a pointer to QQSV as the

result of the operator. Line 211 allocates the floating
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address B2 to the current value of the instruction loca-
tion counter while line 212 computes the pointer to QQSV
assigning the result to T, the temporary assigned by the

syntactic scanner as the result of .ADROF..
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4. DEFFACILITY

The file DEFFACILITY contains the definitions of the
'DECLARE SYNTACTIC CLASS' and 'DEFINE STATEMENT' statements
and the FLAD and TEMPORARY macros. Other macros have also
been defined or redefined as required to implement the
above. The macros uged to define these statements are
much more complicated than the macros used in the preceding
section and require a detailed knowledge of the MAD/I
'féciiity and MAD/I compiler in order to implement them success-
fully. We stress that users of MAD/I will not be required
to learn this detail, as appropriate higher-level definitional
statements such as 'DECLARE STATEMENT' will be provided
for them; only the system programmef assigned to MAD/I
need to know these details. .

Lines lo‘through 27 define the 'DECLARE SYNTACTIC

CLASS' statement. Line 1i causes 'DECLARE SYNTACTIC
CLASS' to be considered syntactically a keyword
which begins a simple statement. The macro named
'DECLARE SYNTACTIC CLASS' will be called by the
syntactic scanner whenever éhe keyword is encountered
in the MAD/I program. Lines 12 through 26 define

the macro 'DECLARE SYNTACTIC CLASS'. Lines 14

and 15 scan off the next symbol and insert a pointer
to its symbol table entry into the local symbol A.
Lines 16 through 19 scan off the next symbol and

e ] (T RN DN
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verify that it is 'SAME AS'. Line 20 scans off
the next symbol which is the one having the desired
syntactic qualities. Lines 21 through 24 set

the syntactic attributes in the symbol table

entry of the symbol being declared to the same
valueé as on the symbol already‘having the desired
syntactic class. Line 25'scans off the statement
terminator so that we are ready to return to the

syntactic scanner.

Lines 49 through 100 define the statement 'DEFINE

STATEMENT". Lines 52 through 99 define the macro
'DEFINE STATEMENT' which is called by thé syntactic
scanner whenever the keyword 'DEFINE STATEMENT'

is encountered. This macro scans the entire 'DEFINE
STATEMENT' statement sdope, saving its contents

as a list of symbol table pointers. It then

creates a macro (lines 81 through 97 )'which

has as its name the keyword identifying the state-
ment being defined. This new macro is called by

the syntacﬁic gscanner whenever its namesake key-
waord is found in the input stream. It then will
call the syntactic scanner once for each expression
which is a part of the statement, modify the lexical
scanner (GETDSK) to return the symbol table pqinters

on the list formed above before continuing with
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the standard input text, and call the syntactic
scanner asking it to scan the scope of a compound
statement. This scope, of course, consists of

the statements which define the new statement

saved on the list given to the lexical scanner.

Lines 108 through 126 define a macro named GETDSX.
This macro will be called instead of the pseudo-
oparation GETDSX; which itself is the entry-point
toc the lexical scanner. This new macro will nor-
nally simply call the pseudo-operation GETDSX
to lexically scan for the next symbol in the input
stream. However, if it is passed a list of symbol
table pointers via the global symbol GTDSXLIST
from a macro defining a new statement, it will
return the symbols from the list untillthe list is

f exhausted.

| Lines 131 through 144 define the macxo FLAD which
generates new floating addrwess symbols. This
macro is referenced by the .ADROF. macro from
the preceding section.

Lines 148 through 161 define the macro TEMPORARY which

E assigns new temporary result symbols. This macro

is referenced by seweral macros in the preceding
section.
Lines 167 through 223 re-define the macros GETTEMP

and FREETEMP to remove deficiencies in their original

A N A U e Rl
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implementation in the MAD/I compiler. These
macros have since been changed in the compiler

so that this update is no longer necessary-

R
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5. -DATA

The file ~DATA contains the data presented to the
MAD/I program'in the run of Section 7. The program is
intended to be used from a terminal on a conversational
manner. Running the program in batch has required us to
anticipate the réquests for input and the assignment of
internal display numbers. The reader will find it helpful
to look at the printed output from the run with this data
(Section 7) while reading Sectipn 5. |

Line 1 requests a display of the current contents of
the list-structure. Since the list-structﬁre is
empty the comment *NOTHING TO DISPLAY." is
printed.

Lines 2 through 9 define four points having coordinates
(10,10) ,(10,40) ,(40,10) and (40,40). These points
are assigned internal display numbers 1,2,3, and
4, respectively. Line 10 requests the current
list-structure to be displayed, resulting in the
first graph showing the four points.

Lines 11 through 18 connect the four points with
lines forming a square. Line 19 requests the
current list-structure to be displayed, resulting
in the second graph showing the square.(This
looks like a rectandge because the horizontal scale

is 10 characters/inch while the vertical scale

s 53 oo,

T —

-—



22

is 6 characters/inch (before reduction)).

Lines 20 and 21 move the first point from its original
position of (10,10) to the new position (15,20).
Since this point is not a member of any picture,
it is the only point moved. Line 22 displays the
third graph showing the point moved to its new
location.

Lines 23 through 28 mark the four points as members
of the same picture. Lines 29 and 30 move the
first point from its current position of (15,20)
to the new position (20,20). The second, third,
and fourth points are also translated horizontally
by five raster units because they are members of
the samé.picture as the first pdint.‘ Line 31
causes the display of the fourth graph which

shows the results of this translation.
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6. COMPILATION OF THE MAD/I PROGRAM
The fifth listing is the printed output resulting
from the compilation of the MAD/I program. This output
begins with 2 listing of the source program. Notice that
the contents of the files DISPLAYDEF and DEFFACILITY are

included at the points where the 'INCLUDE' statements are

encountered. Following the source program listing is the
output of the storage allocation phase, giving the storage
allocated to each variable and constant in the program.
Following that is a dictionary giving the attributes of
‘each variable and constant. Following that are the
external symbol dictionary, relocafion dictionary, and
statistics for the compilation. The object listing has

been left out because of its size (about 40 printed pages).

e S B A
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7. RUN OF THE MAD/I PROGRAM
The last listing is the printed output resulting
from a run of the generated object module. This listing
consists of the loading map followed by the printed output
from the program. See Section 5 for an annotation of the

output from the run.
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Appendix A. Contents of File SKETCH

SLIST SKETCH

MO GO NP WN

SKETCHs

NUTPGINT:

PICTA:

*PRUCEUURE® SKETCH.;
PINCLUDE® “(ISPLAYDEFW

'CECLARE® *NURMAL MODE® YINTEGERY;

YUECLARE® COMMAND *CHARACTERY (4);

*OECLARE® DISPLAY *FIXED AKRAY? (50,50) 'CHARACTER (1)
Y CECLARE? (PUINT PP 2,P3) 'POINT; '

'UECLAKE® LINF *LING?; .
'OECLARE® PIGTUKE *FIXED ARKAY?(100) "PICTURE;
'OFCLARE® Q¢1 YPOINTER? ;

*ULCLAREY g2 YPUINTER;

YUECLARE® (MyM1,M2) ‘FLUGATING?;

'PRESET® PICTUREN 3= '

"WRITEY | WeQENTER A CCMMAND PLEASE,ew;
'READY , %Ch,qam COMMAND ;

YIF' CUMMAND = "POIN";
'WRITE® o %o ENTER X AND Y COUKDINATES: aw;
'READ® 4 w2pew, x,y;
'IF* 1 <= X ¢ 50 >= X ¢ I <= v ¢ 50 >= v;
*CREATE POINT? PUINT s X¢ Vi

*WRITE® , ®w¢ ASSIUNED oIseLay NUMBER * y HI4*», ,DISPN, PUINT;

YELSE?;
'WRITE® , »¢ pPOINT IS UUTSIDE RASTER RANGE o * #w;
YENDY;

*OR IF* COMMAND = “LINE";
'WRITEY , = ENTER DL SPLAY NUMBERS QR END=PJINTSs 2un;
'READ® , n21em, X,Y;
Pl JEVAL. «ACROF, X; P2 «EVAL., ADRUF. Y
YIFY LPUINT. P} & <PUINT, P2;
'CREATE LINE® LINEPL1,P2;
CELSE;
'WRITEY , wo THCSE ARE NCT POINTS 0 8m;
*END?;

YOR [F* COMMAND = "PICTYW,;
"WRITE® o %o ENTER DISPLAY NUMBEKS FUR ALL PUINTS tan;
PICTUREN := PICTUREN+] ;

YIF®* PICTUREN > 10¢;
"WRITE® , w¢ TOU MANY PICTURES, tan;
CELSE';
PICTURE(PICTUREN) := 0 eASe (*PCINTER?);
YREADY o wjem, x;
YIF? X~z N3
Pl .EvAL. «ADRUF, X3
'IF? ~,PCINT. PLl, *GC TC? NOTPOINT ;
QU2 := PICTURE(PICTUREN);
'CONNECT p ey Que2;
PICTURE(PICTUREN) := w2
"G TC? PICTA;
*END?
*ENDY;

O
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59 'OR IF* COMMAND = "MOVE™;
60 ‘WRITE® o "' ENTER DISPLAY NUMBER OF POINT AND NEW X, Y0 @w;
61 'READ® o "3le", DISX,Y}
62 Pl +EVAL. <ADROF. DIS:
63 ‘IF* = POINT, Pl, *GOTO* NOTPOINT;
66 DX 33 X=oXOF. Pl: DY s Y= ,YOF. Pl;
65 («XOFe Pl) 23 XUF. PL®DX3 (. YUF. Pl) 3= ,YOF, Pl+DY;
66 QUl = Pl(2);
67 YIF' QQLl +AS. (' INTEGER') ~= 0
68 P2 +EVAL. .NEXT., Pl;
69 MOVE A: *IF' LDISPN. Pl ~= ,DISPN. P2;
70 (e XOF e P2) 33 XOF. P2¢DX; [.YOF. P2) s YUF. P2
71 +0Y3
T2 P2 +EVAL. NEXT. P23
73 'GO TO* MCVEA;
T4 'END*
15 'END*;
16
17 *OR IF* COMMAND = ®Q1SP%;
78 YIF' HEAD .ASe. (°INTEGER') = 03
196 ‘WRITE® o "° ACTHING TO JISPLAY,'s%;
80 *GO TU' SKETCH;
8l YEND*: .
82 TFURY [ 3= 141415950, *FOR® J 3= 1,1,J>50, DISPLAY(I,J) = & w;
83 Pl <EVAL. HEAD;
84 DISPA: H
85 YIF' LPOINT, Pl
86 Ql 3= XUFe Pl Q2 2= YOF. Pl DISPLAY(Q2,Ql) := wewg
87 YELSE';
88 LINE .EVAL. (.PT. Pl);
89 QQl 3= LENDA. LINE; P2 .EVAL. QQ1;
9C QQl := ENU8. LINE: P3 .EVAL. QQl:
91 X1l 22 MINo(XUFe P2y oXOF, P3);
92 X2 :u M“.‘OXOF. PZ. .XOF. PBH
S35 YIFY X1 = X23%
S4 Y1 32 MING(.YOF. P2¢oYUF, P3)3}
S$5 Y2 3= MAX.(YUFe P24 YOF. P3);
96 FORY ¥ 2= Ylely ¥ > Y24 DISPLAY(YX]1) 3= %e&n;
97 ELSE*S
98 Ml 33 YCF., P3 ~ YUF. P2:
i 99 M2 3= XOFe P3 = JXUF, PZ;
- 100 M = M1/M2;
101 'FOR® X 33 XloloX > X23
102 Q2 = Me(X -~ .XOF. P2) ¢ YOF., P2}
103 DISPLAY(Q2¢X) 3= ®eu;
10« 'END';
105 *END"* 3
' 106 'END* ;
. 107 QQl := .HEAD. Pl
108 *IF® QQl <AS. (' INTEGER®) ~= O3
109 Pl +CVAL. oFEAD. Pl;
110 'GO T0* DISPA;
111 YEND';
112 'WRITE® , %°]) «*o10¢(°* LR E A
113 'FOR? 3z 50,=1, 1 < 1,
114 *WRITE® 4 "]3,52CLl.1l%%, [,n n,u,n,
115 OISPLAY(191)eeosDISPLAY(],50)
116 ‘WRITE® , % «*410("* «t)un;
117
118 *ELSE*;
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END OF FILE

\19
120
121
122
123
124
125
126
127
128
129
130
131
132
133

134

135
136

MIN:

MAX2

*END*;
G0 TO' SKETCH}

PRUCEDURE? MIN.(X,Y)3
CINTEGER SHORT® {X.Y);
CIFY X <= Y, YRETURN® X3
'RETURN® Y; '
TEND* 3

'PROCEDURE® MAX.(A.B);

* INTEGER SHORT® (A48)3
SIF* A >= By 'REVURN' A;
'RETURK®. B}

TEND!;

*END?*

.
ey

A-3

'WRITE? ¢ "' ILLEGAL COMMAND®#*%;

S s
.



Appendix B. Contents of File DISPLAYDEF
LIST DISPLAYDEF

1 <<
2 DISPLAY DEF INIT IONAL PACKAGE
3
4 THE FOLLOWING PARAMETER STATEMEN' DEFINES THE COMPUNENT STRUCTURE
5 FOR A POINT. ThE USER SIMPLY USES *POINT® AS A MODE NAME IN
6 EITHER A SDECLARE® STATEMENT OR AN & CCASTRUCTION. NOTE THAT
7 THE STATEMENT
8 SPUINTS IVARIABLE LIST)
9 WILL NUT WORK BECAUSE THIS 1S SIMPLY A PARAMETRIC SUBSTITUTICN.
10 THE STRUCTURE UF A PUINT IS
11 1 POINTER POINTER TO NEXT LIST ITEM i
12 2 POINTER POINTER TU NEXT ITEM IN SAME PICTURE
13 3 INTEGER SHORT DISPLAY ITEM NUMBER
14 4 INTEGER SHORT OISPLAY ITEF TYPE (1 FOR A POINT) |
15 5 INTEGER SHORT X CUOKDINATE OF THE POINT |
16 6 INTEGER SHORT Y COCKGINATE OF THE POINT
17 » .
18 SPARAMETER® 'POINT® SBASED® SCUMPONENT STRUCTURE'I®POINTER®,
19 *POINTER® ¢ * INTEGER SHORT® o9 INTEGER SHURT® (9 INTEGER SHORTY,
20 SINTEGER SHORTS) *ENDP®
21 <«
22 THE FOLLOWING PARAMETER STATEMENT DEFINES THE COMPONENT STRUCTURE |
I 23 FOR A LINE. [HE USER SIMPLY USES LINE® AS A MUDt NAME IN & ITHER A
[ 24 SCECLARE® STATEMENT OR AN @ CONSTRUCTION. NOTE THAT THE STATEMENT ,
25 SLINE® IVARIABLE LIST) |
26 WILL NOT WORK BECAUSE THIS IS SIMPLY A PARAMETRIC SUBSTITUITION. l
I 21 THE STRUCTURE OF A LINE IS
28 1 POINTER POINTER TO THE NEXT LIST ITEM
29 2 PUINTER POINTER TO THE NEXT ITEM IN THE PICTURE
30 3 INTEGER SHORT OISPLAY ITEM NUMBER
31 4 INTEGER SHURT OISPLAY ITEM TYPE (2 FOR A LINE)
32 5 POINTER POINTER TO FIRST END-PUINT
33 6 PUINTER POINTER TO SECOND ENO=-POINT
34 >
35 SPARAMETER® 'L INE® *BASED* *COMPONENT STRUCTURE®(*POINTER®,
36 *POINTER® o * INTEGER SHORT®4¢ INTEGER SHORTY,*POINTER®,
37 SPUINTER®) ENDP®
38 <<
36 THE FOLLOWING PARAMETER STATEMENT OEFINES THE MODE UF A PICTURE.
| 40 A PICTURE IS A PUINTER TO ONE OF THE ITEMS IN THE PICTURE. HENCE
4l IT IS SIMPLY PARAMETERIZSD TO *POINTER® MODE.
42 >
43 SPARAMETER® 'PICTURE® *POINTER® *ENDPY
4k <<
45 THE FOLLOWING STATEMENTS DEFINE THE GLOBAL VARIABLES USED BY
%6 THE DEFINITION PACKAGE.
I 47 >>
;48 SOECLARE® OISPLAYN *INTEGER SHORT®;
49 *PRESET® OISPLAYN s= 03
50 *OECLARE' GQSV 'PGINT®;
51 SOECLARE®' WEAD *POINTER®;
52 SPRESET' HEAD = 0;
53 << ) ¢
| 54 THE FULLOWING BRINGS IN THE DEFINE FACILITY FROM THE FILE DEFFACILITY
55 >
56 SINCLUDE® "DEFFACILITY"
57 <<
Y THE FCLLOWING DEFINES ThE STATEMENT
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YCREATE POINT' POINTyXyY
WHICH HAS THE EFFECT OF THE LIST OF STATEMENTS SHOWN

YOEFINE STATEMENT® °CREATE POINT® POINToX,Ys
YALLOCATE' POINT;
POINT (1) == HEAD;
HEADugs PV, POth;
POINT (2) s= (0 AS. ('POINTER')):
DISPLAYN = DISPLAYNe®];
FOINT(3) 3= DISPLAYN;
PUINT (&) 3= ]1;
POINT(5) = X3
POINTL6) := V;
CEND STATEMENT®;

THE FOLLOWING DEFINES THE STATEMENT:
"CREATE LINE' LINE,PL,P2
WHICH HAS THE SAME EFFECT AS THE LIST OF STATEMENTS SHOWN

*DEFINE STATEMENT® °'CREATE LINE' LINE,P1,P2%
CALLOCATE® LINE: .
LINE(1l) ::: HEAD;
HEAD o= i1 T, LINE: .
LINE(2) 3= (0 AS. ('POINTER®'))
DISPLAYN 3= DISPLAYN®];
LINE(3) 3= DISPLAYN:
LINE(4) = 23
LINE(S) = ,PT, Pl v
LINELG) 3= ,PT. P2; :
CEND STATEMENT':

THE FOLLOWING OEF INES THE STATEMENT
*CONNECT® PCINT *TO* PICTURE
WHICH HAS ThE SAME EFFECT AS THE LIST OF STATEMENT SHOWN

DECLARE SYNTACTIC CLASS® °*TO' 'SAME AS* 4 3
‘DEFINE STATEMENT® °*CCNNECT' POINT *'TO* PICTURES
QQl 3= PICTURE;
YIF* (QULl .AS. ('INTEGER!)) = C;
PICTURE 3= PT, POINT; '
POINTL2) 3= PT, PUINT:
SELSE*; s @
QQSV .EVAL. PICTURE;
POINT(2) 3= CCSVi2);
QQSVI2) 3= .PT. POINT;
*END*;
*END STATEMENT';

fhk FOLLOWING MACRO DEFINES THE .PUINT. OFcRATOR AS A PASS UNE MACRO.
IT CAUSES POINT, A TO BE TREATED AS A(4) =1 >

YDECLARE SYNTACTIC CLASS® POINT. *SAME AS' .ABS.;
YUEFINE* '
MACRG..PQ!NT.'T,B;

B-2




119 LOCAL.U;
120 TEMPORARY yU 3
121 o TAGe yUsBo*LUCALLITERAL® 43
122 LN=yT,Uy*LCCALLITERAL"® 1}
123 MENDy «POINT W
124 END?
125 <L
126 THE FOLLOWING MACRO DEF INES +XDFe. AS A PASS ONE OPERATOR.
127 IT CALSES «XOF. A TO Bk TREATED AS A(S5)
128 >>
129 SUECLARE SYNTACTIC CLASS' XDF. *SAME AS®' .ABS.;
130 SODEFINE*;
131 MACRD g e XUF o9 ToAS
132 oTAGe 9 TyAy* LOCALLITERALY 53
133 MENDy« XOF. 3
134 END;
135 <<
136 THE FOLLOWING CAUSES .YOf. TO BE DEFINED AS A PASS UNE DPERATUR
137 «YOF. A HAS THE SAME EFFECT AS A(6)
138 >
139 *OECLARE SYNTACTIC CLASS® YDF, *SAME AS' ,ABS.:
140 ‘ $DEF INE*;
141 "MACRC 9 <YOF 9T oA
142 eTAGe 9 ToA9*LOCALLITERAL® 63
143 MEND¢oYOF .
144 END3
145 - <<
146 THE FOLLUWING DEFINES «NEXTe A TO BE THE SAME AS A(2)
147 >
148 SDECLARE SYNTACTIC CLASS' NEXTe "SAME AS' .ABS.:
149 YDEF INE*;
150 . MACRD ¢ s NEXT o 9T oA
' 151 oTAGe s ToAo*LOCALL ITERAL® 23
] 152 MEND,«NEXTe
, 153 END;
154 <<
] 155 THE FOLLOWING DEFINES DISPN. A TO BE TRE SAME AS A(3)
1 156 > :
g 157 *DECLARE SYNTACTIC CLASS® ~DISPNe 'SAME AS* ,ABS.:
| 15e *DEFINE®;
1 156 MACRU9eDISPN. T oA
- 160 o TAGe ¢ ToyAy *LOCALLITERAL® 33
161 MEND ¢ «DISPN. ¢
' 162 END;
| 163 *DECLARE SYNTACTIC CLASS' ENDA. °*SAME AS' .ABS.:
164 *DEFINE*;
1 165 MACRO ¢ cENDACyToA;
166 e TAGe s ToAy*LOCALLITERAL? 5
167 MEND ¢ «ENDA. ¢
168 END
[ - 169 <<
I 17¢ THE FOLLOWING DEF INES ENDB. A TO BE ThHE SAME AS Até6)
171 >»>
172 *UECLARE SYNTACTIC CLASS® ENDBe °*SAME AS® ABS.:
173 *DEFINE*; - ‘
T 174 ‘ MACRD 9o ENDB o9 ToA3
175 oTAGe 9T A *LOCALL ITERAL® 6
176 ° MEND y «ENDB . ¢
177 END;
178 <<

—— - o WWWWE




179 THE FOLLOWING DEFINES <HEAD. A TO BE THE SAME AS A(l)
180 >

181 *DECLARE SYNTACTIC CLASS® .HEAD. *SAME AS' LABS.:
182 'DEFINE*; !
183 MACROyHEAD 9T A}
184 oTAGe ¢+ ToAy*LOCALLITERAL? 13
185 MEND, +HEAD.}
186 END;
187 <<
188 THE FOLLOWING DEFINES ADROF., A TO BE THE SAME AS THE SEQUENCE OF
189 STATEMENTS
19¢C QQSV +EVAL. HEAD
191 B8l: *IF' DISPN. QQSV = Ay 'GO TO®' B2
192 4QsVv +EVAL. (+HEAD. QQSV)
193 *'GO TO* Bl
194 B82: 'RETURN' PT. QQSV
195 >»
196 YDECLARE SYNTACTIC CLASS' ADROF. 'SAME AS' .ABS.;
197 *DEFINE®;
168 MACRO ¢ o ADRCF+ o T,A;
199 LUCAL,B1,82;
200 LGCAL T1,T24T3,474,T5;
201 TEMPORARY ¢ T1,T29T39T4 753
202 FLADyB1,823
203 «EVAL. +T1 +2QQSV »THEAD;
204 DES .81
205 oDISPN.+T2,%QQS5V;
206 LN=,T3,T2,A;
207 TNL 82473
208 oHEAD.9T4,3CQASV 3
2C9 «EVAL.1T5,2QQ8V,T4;
210 GUTU, 813
211 DES+82;
212 «PTa o To3QQSV3
213 MEND, +ADROF. 3
214 END;
215 <<
216 END OF DEFINITIONAL PACKAGE
217 >
END OF FILE
B-4
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Appendix C. Contents of File DEFFACILITY

THE FGLLOWING DEF INES ThHE NEW SIMPLE STATEMENT
SDECLARE SYNTACTIC CLASS® A °*SAME AS* B
WHICH GIVES THE SYMSOL A EXACTLY THE SAME SYNTACTIC DEFINITION

(CLASSySYNTACTIC CLASS+LEFT PRECEUENCE yRIGHT PRECEDENCE) AS d.
A wlLL NOW BE TREATED EXACTLY AS B BY THE SYNTACTIC SCANNER.

‘UEHINE'; <<ESCAPE INTO THE MACRO LANGUAGED>>
SETUPs?DECLARE SYNTACTIC CLASS® 4144344 << SIMPLE KEYWIRD>>
MACRC o *DECLARE SYNTACTIC CLASS'; <<START THE MACRU DEF>>
LOCAL A3 << A IS SAVED IN THIS LOCAL>>
GTOSX; << THIS READS A>>

SETysAs0,0SX3 <<SAVE DSX OF A IN LOCAL SYMBUL>>
GTDSX; <<NOW READ *SAME AS*>>
JMP,LOC+3,0SX = *SAMEAS®; <<BE SURE IT REALLY IS ?SAMEAS'>>
MNGTE “*#%%% (ONLY *SAME AS*® IS ALLOWED*; ,
MEXITS <CKLEAVE HIM AT THE MERCY OF JSCAN>>
GTDSX; <KREAD 8>>

SETyIND(A)41,0S8X(1); <<SET THE CLASS CODE QF A>>
SET,IND.{A)2+D5X(2)3; <CSET THE SYNTACTIC CLASS UF A>>
SETyINDetA)y3,DSX{3)3 <CSET THE LEFT PRECEDENCE UF A>>
SET9IND{A) y4+DSX{4) 3 <<SET THE RIGHT PKRECEUDENCE OF A>>
GTDSX; <KREAD THE STATEMENT TERMINATOR>>
MEND, *DECL ARE SYNTACTIC CLASS': <<ALL DONE>>

END} <<BACK [INTO MAD/I>>

THE FOLLOWING DEFINES A SPECIAL PURPOSE DEFINITIONAL FACILITY
WHICH ALLOWS THE DEFINITION OF A SIMPLE STATEMENT. THE UEFINITIONAL
STATEMENT IS OF THE FORM

DEFINE STATEMENT® KEYWORD LIST OF VARIABLES
LIST CF STATEMENTS
'END STATEMENT®

THE NEWLY DEFINED STATEMENT HAS THE FORM
KEYWORD LIST OF EXPRESSIONS

tACH EXPRESSION WHICH WILL OCCUR IN AN INSTANCE OF THE DEFINED
STATEMENT IS REPRESENTED BY A VARIABLE IN THE PROTOTYPt UF THE UEFINE
STATEMENT. [IN TiE CCDE GENERATED FOR THE STATEMENT THt CODE FOR

THE EXPRESSIONS wILL BE GENERATED FIRST, FOLLOWED BY THE CODE FOR THE
MAD/] STATEMENTS SPECIFIEC IN THE DEFINITION. ALL UCCURENCES UF THe
VARIABLES CORRESPGNDING TO THE EXPRESSIONS ARE REPLACED BY THE

RESULT OF THE CORRESPCANCING EXPRESSION.

*DECLARE SYNTACTIC CLASS' 'UEFINE STATEMENT® *SAME AS' °DEFINE*;
SUEFINE’; <KESCAPE INTO THE METALANGUAGE>>
CREATEJUEFSTATLAB ¢DFSTLBCOOO/PERCLS(@VAL)S <<SETS UP CRS>>
MACRCo*DEFINE STATEMENT?;

LOCAL ¢KEYWD s VLISToSLISToAVLIST +1,Q%

GTOSX3 << GET THE KEYWORLY>>
SETUP yDSX 91493 04 <CMAKE IT SIMPLE STATEMENT >>
SETyKEYWD,0,D0S5X3 <<KEYWD PCINTS TU THE KEYWORD>>
SETKEYWDoely INDCLS{AVAL) <CANC IT IS INDIRECT>>
GTDSX3 << GET A VARIABLE NAME>>

c-1




118
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JMPoBoOSX = LN; 3 <CSEMICOLUN MARKS THE END>>
SETLSTHVLIST008X3 << PUT THE VARIABLE INTO VLIST>>
GTOSX; << GET THE COMMA OR SEMICOLUN>>
JMP¢AoDSX == LN 3 <KTHERE IS ANOTHER VARIABLE>>
CRSyUEFSTATLAByNOTIND.(DEFSTATLAB); << A NEW LIST TO HOLO STM>>
SETySLIST9O,DEFSTATLAB; <<SAVE THE LIST NAME>>
SETSLIST,1+INGCLS{aAVAL)S << MAKE IT INDIRECT>>
CRSoDEFSTATLABoNOTIND . (DEFSTATLAB) S CKUNIQUE SYM FOR HIS VAR>>

SETLSToNVLIST ¢ sOEFSTATLAYS <<BUILD A LIST OF THEM>>
JMPGLOC=2,NVLIST(O0) < VLIST(O); <<WANT ONE FOR EACH VARIABLE>>

GTDSX3 <CREAD A STATEMENT DSX>>

JMP¢D,DSX = *END STATEMENT'; <<KCHECK FUR END OF DEFINITION>>
SETe1+041; <<KNOW CHECK FOR IT IN THE VARIABLES>>
JMPJESVLIST(I(O)) = DEX3 <<JUMP [F FCUND IT>>

SETy1+0s 1(0)+13 <<UP THE ANTE>>

JMPLOC-2,1(0) <= VLIST(0); <<CONT LWUE IF STILL MORE VARIABLES>>
SETLSToSLISTy4DSX3 << ADD HIS DSX TO THE STREAM>>

JMPoC 3 << PROCESS THE NEXT DSX>> :
SET ¢NOTIND{DSX) 9O NVLIST(I(0)); <<PERFORM THE SUBSTITUTION>>
JMPLCC-33 << AND NOW OC IT TO THIS>>
SETLST+SLIST,,"END*; <<PUT A °"END® ON THE END >>
SETLSTySLISTyoLN33 << AND FINISH UP WITH A SEMICOLON >>
MACROKEYWD3 <<KNOW DEFINE THE MACRO FOR THE KEYWD>>
DESIST3

SETy 140413 <<KGENERATE AN EXPRESSION SCAN FOR EACH VARD>>
JMPLOC+10,1(0) > VLIST(O); << STOP IF END OF LIST>>

SEToNOTIND. (Q) yCoNVLISTII(O)); <<Q WILL BE THE VARIABLE NAME>>
SETyNOTIND-(Q) s 1y INDCLS{GVAL);

RESUME}

JSCAN9oTAGeoLISTS <<SCAN OFF AN EXPRESS ION>>
SET+Qe04EXP.(1)3 <<MAKE THE VARIABLE THE RESULT>>

SET +Qoly INDCLS(QVAL)S

DESIST;

SETy14041(0)+1; <<UP TU THE NEXT VARIABLE>>
JMPHLCC-9; << AROUND ANO ARQUND>>

RESUME;

SET+GTOSXL IST40,SLIST << REDEFINE GTOSX FOR AWHILE >>
8LOCK;S << THESE LOOK LIKE SCOPE OF STM>>
MEND,KEYWD3 <<ENU THE GENERATED MACRO>>

GTDS X3 << GET OUR SEMICOLON>>

MENDy "OEF INE STATEMENT?;

END3 <<BACK INTO MAD/I>>

THE FGLLOWING REDEFINES THE PSEUDO OP FOR GTDSXe THE NEW GTOSX ACTS
EXACTLY LIKE THE OLD DSX EXCEPT THAT IT WILL INSERT THE CONTENTS

OF THE LIST POINTED TO BY GTDSXLIST INTC THE INPUT STREAM. THIS
ALLOWS A SEQUENCE OF DESCRIPTORS TO BE RETURNED TO JSCAN AS IF THEY
CAME FROM THE INPUT STREAM

YOEFINE';

SET+PREVGTDSX¢0+GTUSX(C) 3 << THIS IS NOW THE REAL GTOSX >»

SET +PREVGTDSXy LoGTDSX(1) 3

SET+GTOSXLIST y@SI2E 03 << INITIALIZE GTOSX CHEAT LIST >>
SET¢GTOSXLIST 4C 403 << USE REAL GTDSX FOR THE TIME BEING >>
MACRG,GTOSX3 << NOW REDEFINE GTOSX >>
JMPYLCC+3,GTOSXLISTIO) ~= 03 << JUMP IF INSERTIONS TO BE MADE >>
PREVGTOSX << USE THE OLD-FASHION GTDSX >>

MEXITS

SETyGTOSXLIST y@SIZEoGTOSXLIST(QSIZE)+1 5 << UP THE LIST INDEX >>
JMPoLUC+5GTOSXLIST(ASIZE) <= (IND.(GTUSXLIST(O0}))(D);
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116
12¢C
121
122
123
124
125
126
127
128
129
13¢
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
15C
151
152
153
154
155
156
157
158
159
160
161
162
l63
164
165
l66
le7
168
166
17¢
171
172
173
174
178
176
177
178

<<

>

<<

>>

<<

>

ERR:

c-3
SEToGTOSXLIST y@SIZE 0 << LIST PROCESSED SO RESET >
SETGTDSXLIST,0,03 ’
GTDSX3$ << NUW TRY READING AGAIN >
MEXIT3
SETyNOTINDe (DSX )y Oy DSXCF e { ( INDo (GTDSXLIST(O)) D(GTDSXLIST(ASIZEN) )
SETyNUTIND. (DSX )1y INDCLS(O) << SET UP DSX >
MENC,CTOSX;
END;

THE FCLLOWING MACRO CHREATES A FLOATING ADORESS CURRESPONDING TO
EACH PARAMETER

'DEFINE?S

MACRO,FLAD;

LUCAL .1

SET,14001%

MEXIT:
CRSyFLOyNOTINDS(FLD);
SETFLDy1 yNCTINDS(FLD)(EMOD) ;3
SETPARCLI(C)),0,FLD;

SET PARS(I(C)) o1, INDCLS(O)
SETo1+0,1(0)¢1;

JMPLLOC-T3

MEND,FLAD;

END;

THE FOLLOWING MACRO CREATES A TEMPCRARY CORRESPUNDING TU EACH PARAMETER

*DEFINE’ S

MACRG yTEMPORARY 3

LOCAL,I

SETel90,1:
JMP,LOC#2,PAR, (0Q) >= [(0);
MEXITS

CRSy TMP 4 NOTIND(TMP) 3
SETTMP,1 ¢ NOTIND(TMP) (aMQD) 5
SETyPARL{I(C)) 0, TMP;
SETPAR.(I(C) ), 1, INDCLSI(C)
SET,s[40,1(0)¢13

JMPLLOC-T73

MEND , TEMPURARY 3

END;

ThE FCLLOWING REVDEFINES THE GETTEMP ANDO FREETEMP MACROS TU
GET AROUND THE PROYBLENM CF THE REASSIGNMENT OF THE STURAGE
ALLOCATION OF A TEMPURARY,

*OEFINE’;

MACEXCTYPE, 73
MACUVEFTYPE,2:
POPMACROsGETTEMP,FREETEMP;
ATRoGTEMPL,EXTENDED
ATRy@TEMP2y)LUCAL 920443
SET,TEMPLST ,@VAL,0;

MACRO¢GETTENMP, S yMODE o LENS

LUCAL,Lvd;

JMPo LCC+4LEN <= 163

MNOTE y#es%& GETTEMP CALLED FOR MORE THAN SIXTEEN BYTES.*;

— g




178
18¢
181
182
183
184
185
186
187
168
189
19¢C
191
192
193
194
165
196
197
198
196
20¢
201
202
203
204
205
2C6
207
2C8
2Cs
210
211
212
213
214
215
21¢
217
218
219
220
221
222
223
END CF FILE

TEST:

6J0oon s

SEARCHS:

DONE ¢

ND

GOTIT:
NUS

DUMPDSX ¢S ¢MCDE o LENS

MEXIT3:

CLEAR,S:

SETel+dVAL 5%

SET9JsaVAL LG

JMP JUCNE,I > TEMPLST;

JMP JLCC#3 JTEMPLSTUI) (&TEMP2) ~= 03
SETeJeadVAL I3

JMP 4 SEARCHS

JMPySEARCH TEMPLST(I) (GTEMP2) ~= DSXUF.(S):
SET G TEMPLSTUI) o@TEMP2,40SXUF4(S)}
SETeSeaXAel:

St T¢SeaMODE yMODE(aMODE)
SEToSeaLENSLENS

SEToSsadVAL oTEMPLSTLI)

MEXIT:

SETe{vadVAL ol¢]}

JMP L TEST

JMP ¢ NCyJd = €3

SElsleaVAL oJ3

JMP 4 GGADS

APND o TEMPLST 1,1

SETTEMPLST ydVAL I
SPACETEMPLST(I)s16,8¢

JMP,GUCGL;

MEND ¢GETTEMP

MACRGFREETEMP, S

LOCAL I

RELSYMB,S; -

SEToleaVAL 45;

JMPoNCo1 > TEMPLST:

JUCIGCTIT JTEMPLST 'I)(QTEMP2) = DSXCF.(S)3
SElelea@VAL,I#1¢

JMPLLCC-33

SET,TEMPLST(I) +@TEMP2,C5
SET,S.8VAL ,03

SET¢Se@XAls

SET+SeaS12E 40

SET ¢S o@CLSoNUT IND(TMP) (aMTD) 3
MENDFREETEMPS

MACOEFTYPE, 1
MACEXCTYPE,L3
ENC 3




SLIST -DATA

VBN VPLWN -

END OF FILE

DISPLAY
PUINT
10 10
POINT
10 40
POINT
40 10
POINT
40 40
oIsPLAY
LINE

OISsPLAY
MOVE

1 15 20
DISPLAY
PICTURE

D W -~

MOVE

1 20 20

DISPLAY

Appendix p,

Contents of File -DATA
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Appendix E.

$CREATE SKETCHOBY
FILE ALREADY EXISTS
$EMPTY SKETCHOBJ
DONE,

Compilation of the MAﬁyf—Pfséram

$RUN ®MADL SCARDS=SKETCH SPUNCH=SKETCHOBJ PAR=,

EXECUTION BEGINS

R



MAD/1 COMPILER OPTION ASSIGNMENTS:
SOQURCE, DECK oL IST ¢SORMGIN=(001,256) « FREEFORM4CONTCHAR=+
SOURCETAB=006+SIZE={0003,0255),COMPILE
NOMAP ¢NOXREF ¢ ATR yOPLIST yUSER(NOACDENCA

MAD/I COMPILER VERSION AN049-134322,

MAD/ I COMPILER SLURCE PROGRAM LISTING eee soe oeo

*0001 *PROCEDURE® SKETCHa$
%0002
#0003 *INCLUDE® *DISPLAYDEF®
#0004 <<
*0005 DISPLAY DEFINITIONAL PACKAGE
#0006
#0007 THE FOLLUWING PARAMETER STATEMENT DEFINES THE COMPONENT STRUCTURE
#0008 FOR A POINT. THE USER SEIMPLY USES °*POINT® AS A MODE NAME IN
*0009 EITHER A SDECLARE® STATEMENT OR AN @ CONSTRUCTION. NOTE THAT
*C010 THE STATEMENT
#0011 'POINT® (VARIABLE LIST)
#0012 WwILL NUT wORK BECAUSE THIS IS SIMPLY A PARAMETRIC SUBST ITUT ION.
#0013 THE STRUCTURE OF A PGINT ;5
#0014 1 POINTER PCINTER TO NEXT LIST ITEM
#0015 2 PCINTER POINTER TO NEXT ITEM IN SAME PICTURE
#0016 3 INTEGER SHORT DISPLAY ITEM NUMBER
, #0017 4 INTEGER SHORT DISPLAY ITEM TYPE (1 FOR A POINT)
#0018 ., 5 INTEGER SHORT X COORDINATE OF THE POINT
#0019 6 INTEGER SHORT Y COOROINATE OF THE POINT
#0020 >>
i #0021 'PARAMETER® *POINT® *BASED® YCOMPONENT STRUCTURE®(*PUINTER®,
i £0022 " POINTER® o* INTEGER SHORT®,* INTEGER SHORT®,* INTEGER SHORT®,
! #0023 * INTEGER SHORT®) YENDPY
£0024 <<
£0025 THE FOLLCWING PARAMETER STATEMENT GEFINES THE COMPONENT STRUCTURE
£0026 FOR A LINE. THE USER SIMPLY LSES *LINE® AS A MODE NAME IN EITHER A
f £0027 'DECLARE® STATEMENT CR AN @ CCNSTRUCTION. NOTE THAT THE STATEMENT
*00°8 *LINE® (VARIABLE LIST)
*0029 WILL NOT WORK BECAUSE THIS IS SIMPLY A PARAMETRIC SUBSTITUITION.
* *0030 THE STRUCTURE OF A LINE IS .
*0031 1 POINTER POINTER TO THE NEXT LIST ITEM
#0032 2 POINTER POINTER TO THE NEXT ITEM IN THE PICTURE
#0033 3 INTEGER SHORT DISPLAY ITEM NUMBER
#0034 4 INTEGER SHORT DISPLAY ITEM TYPE (2 FOR A LINE)
#0035 5 POINTER POINTER TO FIRST END=-POINT
#0036 6 POINTER POINTER TO SECOND END-POINT .
#0037 >»
*C038 *PARAMETER® 'L INE® *BASED® *COMPONENT STRUCTURE®(*POINTER®,
#0039 Y POINTER® o* INTEGER SHORT®,® INTEGER SHORT®, *POINTER?,
%0040 *POINTER®) ENDP®
200641 <<
#0042 THE FOLLOWING PARAMETER STATEMENT DEFINES THE MODE OF A PICTURE.
#0043 A PICTURE IS A PUINTER TO CNE OF THE ITEMS IN THE PICTURE. HENCE
#0044 IT IS SIMPLY PARAMETERIZED TC °*POINTER® MODE.
*0045 >> ,
*0046 SPARAMETER® 'PICTURE® *PUINTER® "ENDP®
#0047 << _
#0048 THE FOLLOWING STATEMENTS DEFINE THE GLOBAL VARIABLES USED BY
#0049 THE DEFINITION PACKAGE.
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#0050
*0051
#0052
#0053

#0054
+0055
*0056
#0057
*0058
#0059
#0060
+0061
#0062
*0063
*0064
#0065
#0066
£0067
+0068
£0069
*0070
*0071
%0072
*0073
*0074
*0075
*0C76
*C077
*0078
#0079
*0080
#0081
#0082
#0083
*0084
+0085
+0086
#0087
£0088
*0089
*0090
+0091
#0092
#0093
£0094
#0095
*0096
#0097
*0098
*«0099
+0100
*0101
#0102
#0103
#0104
£0105
®0106
*0107
*0108
#0109

>»

14
>»

<<

»

<«

»

*DECLARE® DISPLAYN °* INTEGER SHORT®;
*PRESET® DISPLAYN := 03

*DECLARE® QQSV °POINT®;

*DECLARE® HEAD °*POINTER®;

*PRESET® HEAD 3= 03

THE FULLUWING BRINGSIIN‘THE DEFINE FACILITY FROM THE FILE DEFFACILITY
* INCLUDE® “DEFFACILITY® '
THE FOLLOWING DEF}NES THE NEW SIMPLE STATEMENT
A *DECLARE SYNTACTIC CLASS® A *SAME AS®* 8
HHIC“ GIVES THE SYMBOL A EXACILY THE SAME SYNTACTIC OEFINITION

(CLASS¢SYNTACTIC CLASS,LEFT PRECEDENCE.RIGHT PRECEDENCE) AS 8.
A WILL NOW BE TREATED EXACTLY AS B BY THE SYNTACTIC SCANNER.

*DEFINE®; C<ESCAPE INTO THE MACRO LANGUAGE>>
SETUP4*DECLARE SYNTACTIC CLASS® 4144345 << SIMPLE KEYWORD>>
MACRO, *DECLARE SYNTACTIC CLASS®; " <<START THE MACRO DEF>> -
LOCAL, A3 << A IS SAVED IN THIS LOCAL>>
GTOSX; << THIS READS A>>

SEToA¢0,0D5X; C<SAVE DSX OF A IN LOCAL SYMBOL>>
GTDSX; <KNOW READ 'SAME AS®>>
JMP,LOC+3,0SX = *SAMEAS®; CCBE SURE IT REALLY IS *SAMEAS®>>
MNOTE “s##% ONLY *SAME AS® IS ALLOWED"™; - ‘
MEXIT; CCLEAVE HIM AT THE MERCY OF JSCAN>>
GTOSX; CCREAD B>>

SET+IND. (A)41,0SX{1)3 CCSET THE CLASS CODE OF A>>
SET¢IND.(A)424DSX(2) 3 CCSET THE SYNTACTIC CLASS OF A>>
SET¢IND.(AD¢3,05X(3); CCSET THE LEFT PRECEDENCE OF A>>
SET¢IND.(A)¢%yDSX(4); "CCSET THE RIGHT PRECEDENCE OF A>>
GTOSX; - CCREAD THE STATEMENT TERMINATOR>>
MEND,® DECLARE SYNTACTIC CLASS®; <<ALL DONE>>

END; <CBACK INTU MAD/I>>

THE FDLLOWING DEFINES A SPECIAL PURPUSE OEF INITIONAL FACILIVY
WHICH ALLOWS THE OEFINITION OF A SIMPLE STATEMENT.. THE DEFINITIONAL
STATEMENT IS OF THE FORM .

*DEFINE STATEMENT® KEYWORD LIST OF VARIABLES
LIST OF STATEMENTS
SEND STATEMENT?®

THE NEWLY DEFINED STATEMENT HAS THE FORM
KEYWORD LIST OF EXPRESSIONS

EACH EXPRESSION wHICK WILL CCCUR IN AN INSTANCE UF THE DEFINED
STATEMENT IS REPRESENTED 8Y A VARIABLE IN THE PRDTOTYPE OF THE DEFINE
STATEMENT. IN THE CCUE GENERATED FOR THE STATEMENT THE CODE FOR
THE EXPRESSIONS wILL BE GENERATED FIRST, FOLLOWED BY THE CODE FOR THE
MAD/I STATEMENTS SPECIFIEC IN THE DEFINITION. ALL OCCURENCES OF THE
VARIABLES CCRRESPONDING TO THE EXPRESSIONS ARE REPLACED BY THE
RESULT OF THE CORRESPLNDING EXPRESS ION.

\

"DECLARE SYNTACTIC CLASS® °*DEFINE STATEMENT® *SAME AS* °DEFINE*;
'OEF INE*; <CESCAPE INTO THE METALANGUAGE>>
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ke

T ol e

«0110

#0111

#0112
*0113
*0114
#0115
#0116
*0117
«0118
#0119
#0120
*0121
€0122
*0123
*0124
*0125
*0126
*0127
*0128
#0129
#0130
«0131
*0132
*0133
#0134
#0135
*0136
*0137

*0138"

*0139
*0140
*0141
*0142
%0143
#0144
*0145
#0146
*0147
#0148
#0149
*0150
*0151
+0152
*0153
*0154
*0155
*0156
*0157
*0158
*0159

#0160
0161

0162
«0163
*0164
*0165
0166

*016T

*0168
+0169

A:

C:

<<

»

CR&ATE.DEFSIATLABoDFSTLBOOOOpPERCLS(OVALlo
MACRO, *OEF INE STATEMENT®;

<CSETS UP CRS>>

LOCAL.KEV&O.VLlSTvSLlSTpNVLlST.lpOo

GTOSX;
SETUPyDSXelae3,y4;
SETKEYND,0,0SX;

SETyKEYWODy Lo INDCLS(@VAL)

GTDSX:

JMP,B,0SX = LN3 3
SETLST,VLIST40SX3
GTDSX;

JMPyA,DSX == LN3 3

CRSyDEFSTATLAB yNOTIND. (DEFSTATLAB) ;

SET,SLIST,0,DEFSTATLAB

SET,SLIST, 1,INDCLS(@VAL);
CRSyDEFSTATLAB/NOTIND. (DEFSTATLAB);
SETLSToNVLIST, ¢DEFSTATLAB;
JMP,LOC~2,NVLIST(O) < VLISTIO);
<KREAD A STATEMENT 0SX>>

GTOSX;

JMP,DoDSX = *END STATEMENT';

SET»1+0,1:
JMPHELVLISTII(0)) = DSX;
SETy1¢0,1(0)e];

JNP,LOC-2,1(0) <= VLISTLO0);
SETLSTySLIST, »05X;

JMP,LC

" SETyNOTIND« (DSX) 40y NVLIST(I(O));

JMP,LOC-3;
SETLST SLIST,, YEND? ;
SETLST, SLISTyeLNsS
MACRO,KEYWC;

DESIST;

SET,1¢0,1;

JMP,LOC+10,I(0) > VLIST(O);
SEToNOTIND. (Q) »OoNVLIST(I(O));
SETyNOTIND«{(Q)+1+INUCLSIAVAL);

RESUME ;
JSCANy «TAG.oLIST;

" SET4QeCeEXPLlL);

SET»Qel o INCCLS(EVAL);
DESIST:
SET1,001(C)e};
JMP,LCC-93

RESUME ;

SET, GTDSXLLSTQO!SL!ST.
B8LOCK §

MEND,KEYWD;

GTDSX;

MEND,*DEFINE STATEMENT?;
END3

THE FOLLUWING REDEFINES THE PSEUDU OP FOR GTOSX.

<< GET THE uevuoao»

<KMAKE IT SIMPLE STATEMENT >>
<<KKEYWD POINTS TO THE KEVYNORD>>
<<AND IT IS INDIRECT>>

<< GET A VARIABLE NAME>>
<<SEMICOLON MARKS THE END>>

<< PUT THE VARIABLE INTO VLIST>

<< GET THE COMMA OR SEMICOLON>>
<<THERE IS ANOTHER VARIABLE>>

<< A NEW LIST TO HOLD STM>
<KSAVE THE LIST NAME>>

<< MAKE IT INDIRECT>>

<CUNIQUE SYM FOGR HIS VAR>>
<<BUILD A LIST OF THEM>>

<CHANT ONE FOR EACH VARIABLE»

<CCHECK FOR END OF OEFINITION>>
<<NOW CHECK FOR IT IN THE VARIABLES>)
<<JUMP IF FOUND IT>>

<<UP THE ANTE>>

<<CUNTINUE IF STILL MORE VARIABLES>>
<< ADD HIS DSX TO THE STREAM>>

<< PROCESS THE NEXT DSX>>

<<PERFORM THE SUBSTITUTION>>

<< AND NOW 0O IT TO THIS>>

<<PUT A *END®* ON THE END >>

<< AND FINISH UP WITH A SEMICULON >>
<<NOW DEFINE THE MACRO FOR THE KEYWD>>

<<GENERATE AN EXPRESSION SCAN FOR EACH VAR>>
‘€< STOP IF END OF LIST>>

<<Q WILL BE THE VARIABLE NAME>>

<<SCAN OFF AN EXPRESSION>>

<<KMAKE THE VARIABLE THE RESULT>>
<<UP TQ THE NEXT VARIABLE>>
<< ARQUND AND AROUND>>

<< REDEFINE GTOSX FOR AWHILE >>
<< THESE LOOK LIKE SCOPE OF STM>>

" <CEND THE GENERATED MACRO>>

<< GET OUR SEMICOLON>>
<<BACK INTO MAD/I>>
THE NEW GTOSX ACTS

EXACTLY LIKE THE OLD DOSX -EXCEPT THAT IT WILL INSERT THE CONTENTS
OF THE LIST POINTED TO 8Y GTOSXLIST INVO THE INPUT STREAM. THIS
ALLOWS A SEQUENCE OF DESCRIPTORS TO BE RETURNED TO JSCAN AS IF THEY

CAME FROM THE INPUT STREAM

*OEFINE® ;

SETyPREVGTDSX,0,GTOSX(0) 3
SETyPREVGTOSX, 1y GTOSX(1) 3

[

<< THIS IS NOW THE REAL GTDSX >>

E-4




#0170

#0171

%0172
%0173
*0174
#0175
*0176
*0177
*0178
*C179
*0180
*0181
%0182
*0183
*0184
*0 185
*0186
*0187
*0 188
*0189
*0190
*0191
%0192
*0193
*0194
%0195
*0196
*0197
*0198
%0199
*0200
%0201
%0202
#0203
%0204

. #0205
%0206

#0224

- #0207

%0208
#0209
#0210
*0211
#0212
%0213
*0214
%0215
*0216
*0217
»0218
#0219
#0220
*0221

<«

»

<«

»

<«

%0222 -

%0223

20225
*0226
0227
*0228
*0229

»

SET.GTDSXLIST.SSIZE.O; << lNlTlALXlE GTDSX CHEAT LIST >>

SET,GTOSXLIST 40,403 << USE REAL GTDSX FOR THE TIME BEING >
MACRO»GTDSX; . << NOW REDEFINE GTDSX >>
JMPLLOC+3yGTDSXLIST(0) <= 0; << JUMP IF INSERTIONS TO BE MADE >>
PREVGTUS X5 << USE THE OLD-FASHION GTDSX >>

MEXIT;

SETsGTOSXLIST 9@SIZEoGTDOSXLIST(ASIZE)+Ll; << UP THE LIST INDEX >>
JMPLLOC+5 oGTUSXLIST(ASIZE) <= (IND. (GTOSXLISTIO}))(0)3
SEToGTDSXLIST 9 @SIZE 403 << LIST PROCESSED SO RESET >
SETyGTOSXLIST 9040;

GTDSX : . << NOW TRY READING AGAIN >>

MEXIT; :

StTeNUTlND.(DSX)oO.DSXOF CCINDS (GTOSXLIST(O} ) VEGTOSXLIST{ASIZE)))
SETyNOTIND. (DSX)el, ENDCLS(O); << SET UP. DSX >>

MENDs GTDSX;

END% ?

THE FOLLOWING HACRO CREATES A FLOATING ADURESS CORRESPONDING TO
EACH PARAMETER .

YDEFINE?®;

MACRG,FLAD?G

LOCAL, I

SET+140013

JMP, LOC#Z.PAR.‘O) >= [(0);
MEXITS
CRS.FLD.NO‘IND-(FLD).
SEToFLD91 oNOTIND(FLD) (aMOD) ¢
SET9PAR.. (1(0)) 4OoFLD;
SETsPARLLLI(O) )91, INDCLSIO)N;
SETs1+091(0)+1;

JMPLOC-T¥

MENDoFLAD;

END3

THE FOLLOWING MACRO CREATES A TEMPORARY CURRESPGNDING TO EACH PARAMETER

'DEF INE?*;

MACRO ¢ TEMPCRARY;

LOCAL, I

SEVeI+0el:
JMPJLUC+2yPAR. (0) >= J(O);
MEXIT;
CRSoTMPyNOTIND.(TMP) ¢
SEToTMP 1 yNOTIND. (TMP) (dMOD) ;
SETePAR(I(C) ) 0OoTMP;
SETsPARL(II0) )14 INOCLS(O)S
SETeleCyl(O)*];

JMPHLOC~T3

MEND o TEMPORARY;

END3

"THE FOLLOWING REDEFINES THE GETTEMP AND FREETEMP MACROS TO
GET ARUUND THE PROBLEM OF THE REASSiGNMENT OF THE STORAGE
ALLUCATICN CGF A TEMPCRARY.

*DEF INE®;

MACEXCTYPE 7;
MACDEFTYPE 23
POPMACRO+GETTEMP FREETEMP;

o



*0230
*0231
*0232
*N23)3
*0234
*N235
*0236
*0237
%0238
*0239
*0240
‘%0241
*0242
%0243
*0244
*0245

ERR:

TEST:

#0246

%0247
sN248
*0249
*0250
%0251
N 252
*0253
*025%4
*0255
%0256
*0257
*0258
%0259
*026C
*N261
*0262
*0263
%0 264
*N265
*0266
0267
%0268
*0269
*0270
*N271
*0272
*C273
*0274
*0275
*0276
«N277
0278
0279
*0280
=N281
0232
*0233
*0284
*)285
*0286
*0287
=0288
%Q 289

GO0V

SEARCH:

DUNE ¢

NU:

GUTITV:
NQ:

<<

>>

ATR A TEMPL yEXTENLEDS
ATR 9@ TEMP2 s LUCAL +2M 943
SEI.T&MPLST.wVALoﬁ%

MALRO.OLTTCMP.S.HUD&QLEN.

LJUCAL, 1 od3

JMP'LUL" .LEN <= 16}

MNOTE,“*s®x GETTEMP CALLED FC“ MORE THAN SIXTEEN BYTES.":
DUMPDSX ¢S ¢ MODE 9 LENS

MEXIT;

CLEAR,S;

SETelsaVAL 45

SETeJeaVAL »C;

JMPL,DUONE, I > TEMPLST;
J”PQLOC03QTLMPLSt(l,(dTEHPZ) ~= 0%
SETsdeuVAL I

JMP o SEARCHS
JMPQSEAKCHQTEMPLST(I’(atEMPZ, ~= DSXOF.(S);:
SET TEMPLOTUL) 92 TEMP2,DSXUFe(S);
SET,SedXAyls

SET S 9aMCDE ¢ MUDE (4MCCE ) ¢
SETySealbENGLENS

SET oS eaVALLTEMPLST (] )

MEX]T:

SETeloaVAL,I*1;

JMP, TEST;

JMP ¢NJyd = 03

SETeJeadVAL 9 Ji

JMPHGLOD S

APNDy TEMPLSTo 101

SEToTEMPLST yaVAL I

SPACE . TEMPLST(I) 416,8;

JMP, LU

MEND,GETTENP;

MACROIFREETEMP,S:

LOCAL, I

RELSYMB,LS;

SETsloaVAL 453

JMP ¢NUosI > TEMPLSTS

JMPoGUTIT, TEMPLST(I ) (aTEMP2) = DSXOFS(S)s
SETeloaVALol¢];

JMPLLOC-33

SET yTEMPLST (1) 4&TEMP2,0;
SEToSswVAL 403

SETeSeaXApl;

SET9SeaSIZt .03
SETsSeadCLS/NOTINDLLTMPI(SMUD)
MENDFREETEMP;

MACDEFTYPE, 1}

MACEXCTYPE o1}

ENC: .

THE FIOLLOUWING DEFINES THE STATEMENT
*CREATE POINT? FUINToXoY

WHICH hAS Tkt EFFECT OF Tmg LIST UF'STATEHENTS SHOWN
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*0290
#0291
%0292
®0293
*0294
*0295
*0296
*0297
*0298
*0299
*0300
%0301
*0302
%0303
#0304
*0305
*0306
%0307
*0308
*0309
#0310
*0311
%0312
*0313
*0314
%0315
%0316
*«0317
%0318
*«0319
#0320
%0321
%0322
*0323
*0324
#0325
%0326
%0327
*0328
*0329
*0330
*0331
*0332
%0333
%0334
*0335
%0336
%0337
*0338
%0339
*0340
#0341
%0342
%0343
%0344
%0345
*0346
*0347
*0348
*0349

<«

>>

<<

>>

<<

>

*DEFINE STATEMENT® *CREATE PCINT® POINToX,Y:
*ALLOQCATE® POINT;
FOINT (1) := HEAC:
HEAD = PY. POINT;
POINT(2) := (0O JAS. ('PCINTER'));
DISPLAYN := DISPLAYN+];
POINT(3) := DISPLAVN:
POINTI(4) 3= 13
POINT(S) 3= X;
PNINT(6) := Y3
*END STATEMENT;

THE FOLLOWING DEFINES THE STATEMENT
*CREATE LINE® LINEsPLyP2
WHICH HAS THE SAME EFFECT AS THE LIST OF STATEMENTS SHOWN

DEF INE STATEMENT® *CREATE LINE®* LINE,PL,P2;
*ALLOCATE® LINE;
LINE(]1) := HEAD:
HEAD 3= .PT. LIME;
LINE(2) 33 (0O <AS. (*PCINTER'});
DISPLAYN 2= DISPLAYN+1;
LINE(3) 3= CISPLAYN;
LINE(4) 3= 2}
LINE(5) 3= .PT. P1;
LINE(S) = PT,. P2;
*END STATEMENT®;

THE FOLLUWING DEFINES THE STATEMENT
*CONNECT® POINT *T7(C* PICTURE
WHICH HAS THE SAME EFFECT AS THE LIST OF STATEMENT SHOWN

*DECLARE SYNTACTIC CLASS® °*TOU* °*SAME AS*® 4
*DEFINE STATEMENT® *CCNNECT® POINT *TO®* PICTURES
QQl := PICTURE;
*IF* (QQl .AS. ('INTEGER*)) = O3
PICTURE := .PT. POINT;
POINT(2) := .PT. PCINT;
YELSE?
CQSV .EVAL. PICTURE;
PCINT(2) := QQsvia);
CASV(2) := . PT. POINT;
*END*
"END STATEMENT®*;

THE FOLLOWING MACRO DEFINES THE .POINT. OPERATOR AS A PASS ONE MACRO.

IT CAUSES PUINT. A TO BE TREATED AS A(4) =1

*DECLARE SYNTACTIC CLASS' .POINT, *SAME AS*®' .ABS.:
"UEF INE* ;

MACRO: « PGINT . o T 483

LOCAL,.U;

TEMPORARY U

oTAGe ¢UsBo* LOCALLITERAL® 43

IN=¢ToUs'LOCALLITERAL® 1

MENDy «POINT &3



*( 350
%0351
x0352
%0353
*N354
*(1355

*03%6

%0357
%N 358
*(359
*C 360
%0361
*(0362
%0363
*0304
%0365
*N366
%0367
*(0 368
*0369
*0 370
0371
x0372
*0)373
%0374
*0375
*0376
%0377
*Q378
*0379
*0 380
%7381
*Q 382
*N383
*0 384
%0385
%0 386
%0387
*( 388
1389
*0 390
*039])
%0 392
%0393
N394
*0395
%0396
%0397
%039y
*(0 399
*0 400
*N401
*0402
*04N3
*0 404
xNGNS
*NLO S
*)4N7
*N408
*0409

<<

>

<<

>

<<

>»

<<

>

<<

>>

<<

>>

ENDS

THE FULLLWING MACRU DEFINES «XUFe. AS A PASS ONE OPERATUR,
IT CAUSES oXUF, A TU BE TREATED AS A(S)

SUECLARE SYNTACTIC CLASS® oJXUFe *SAME AS?' ,ABS.:
SOEFINE?;

MACRU, e XUF o 4T oA

e TAGe o ToA*LOCALLITERAL® 53

MEND,y o XOF o 3

END:

THE FULLGRING CAUSES .YOF. TC BE DEFINED AS A PASS ONE OPERATUR
«YUF. A HAS THE SAME EFHECT AS A(6)

SUECLARE SYNTACTIC CLASS' .YCF. *SAME AS* .ABS.:
*OEFINE?;

MACRO .o YOF 4 oT oA

oTAU. o TeAG ' LOCALLITERAL! 63

MENDy o YOF o3

END

THE FILLUWING DEFENES oNEXT. A TU BE ThE SAME AS A(2)

SDECLARE SYNTACTIC CLASS' JNEXT. *SAME AS' ,ABS.:
'VEFINE®

MACRU..N&XI..T.A;

eTAGe 9 T4A,*LOCALLITERAL® 23

MEND g oNEXT ¢

END;

THE FULLUWING DEFINES DISPN. A TU BE THE SAME AS A(3)

OECLARE SYNTACTIC CLASS® .DISPN. *SAME AS® ,AHS.:
*DEFINE®;

MACRU¢«DISPN.yTyA;

eTAGe 9 TyAo*LUCALLITERAL® 3;

MEND o DISPN.;

END;

'UECLARE SYNTACTIC CLASS' .ENCA. *SAME AS® .ABS.;:
‘UEFINE* S

MACRUy o ENCA. o TyAS

eTAGe « ToA¢ *LUCALLITERAL® 53

MENUy o ENCAG

END

THE FULLOWING DEFINES JENCB. A TO BE THt SAME AS Al6)

TOECLARE SYNTACTIC CLASS® ENCB. *SAME AS® .ABS.:
SUEFINE® S

MALRUO.ENUB.OI'Ag

eTAGe o ToAo*LUCALLITERAL® 6

MENDy o ENLBG ¢

END;

THE FOLLUAING DEFINES ohtAD. A TO BE THE SAME AS A(1l)

‘DECLARE SYNTACTIC CLASS' .FEAD. *SAME AS' .AuS.:
‘DEFINE*
MACRUy «HEAD 4 TyA;
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%0410 . oTAGe o ToAo *LOCALLITERAL® 13

%0411 MENDy «HEAD. S

%0412 END3

%0413 <L

*0414 THE FOLLOWING DEFINES ADROF. A TU BE THE SAME AS THE SEQUENCE OF
‘®0415 STATEMENTS .

#0416 dQSV ~EVAL. HEAD

*0417 Bl: *IF* .DISPN. QQS8V = Ay °GO TO* 82

%0418 QQSY <EVAL. (.HEAD. QQSV)

%0419 'G0 T0* Bl

%0420 B2: *RETURN® .PT. QQSV

#0421 »

*" 422 *DECLARE SYNTACTIC CLASS® .ADROF. *SAME AS' .ABS.:
0423 *DEFINE*;

*0424 MACRO, s ADROF. o TyA;

*0425 LOCAL,B1,B23

0426 LOCAL T19T2,T3,T4,75;

#0427 TEMPORARY oT1oT2,T3,T4,T15;

#0428 FLAD.8 1,823

%0 429 oEVAL . T1,2QQSV,3HEAD;

*0430 DES.813

*0431 oDISPN.+T2,3Q2Q5V;

%0432 LN=,T3,T2,A3

%0433 TNZB2,73;

*0 434 oHEAD ¢ T4,3QQ5V3s

%0435 eEVAL « ¢ TS o TUWSV T4

*0436 GOTO.813%

#0437 DES.B23

%0438 oPTeeT 23QQSV;S

#0439 MENDy + ADROF . §

#0440 END 3

#0441 <<

*0442 ENO OF DEFINIT IONAL PACKAGE

#0443 >>

20444

%0445 *DECLARE® *NORMAL MOCE® °*INTECGER?';

%0446 DECLARE® COMMAND *CHARACTER'(4):

#0447 'DECLARE® DISPLAY *FIXED ARRAY?! (50450) °*CHARACTER'(1l):
*0448 'DECLARE® (POINT4PLoP24P3) °*POINT*;

#0449 *DECLARE® LINE °*LINE';

*0450 *DECLARE® PICTURE *FIXED ARRAY*(100) *PICTURE®;
%0451 *O0ECLARE® QQ1 °*POINTER®;

*0452 *DECLARE® GQQ2 °*PCINTER®;

%0453 "DECLARE® (MoM1,M2) *FLOATING?;

0454

%0455 'PRESET® PICTUREN 2= 03

%0456

*0457

#0458 SKETCH: ‘WRITE® o "*OENTER A CCMMANC PLEASE.'*%;

20459 'READ® ¢ "C&.4%"  CUMMAND;S

*0460

0461 *IF* COMMAND = "POIN";

#0462 CWRITE® o "* ENTER X AND Y COORDINATES: %0
20463 *READ® o "21*%, X,Y;

#0464 IF?* 1 <= X 6 5C >= X & 1 <= VY & 5C >= V3
%0465 *CREATE POINT' POINT¢X,Y3

*0 466 *WRITE® o " ASSIGANED DISPLAY NUMBER? HI4%", ,DJSPN. POINT;
#0467 ‘ELSE'S

%0468 ‘WRITE® o "* POINT IS CUTSIUE RASTER RANGE.'*%;
0469 *END?;
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%0470

%0471 'OR IF' CCMMAND = "L INE";
#0472 *WRITE® o ™ ENTER DISPLAY NUMBERS FOR END=-POINTS:t%%;
%0473 'READ® , "2I%%, X,Y;
*0474 Pl +EVAL. «ADROFe Xi P2 +EVAL. <ADROF. Y;
*0475 *IF' .POINT. Pl & .POINT. P2;
#0476 'CREATE LINE® LINE.Pl,P23
%0477 YELSE®;
%0478 NOTPOINT: 'WRITE' o "* THOSE ARE NOT POINTS.%%%;
40479 YEND® ;
*0480
#0481 'OR IF' CCMMAND = "PICT™;
%0482 *WRITE" , "% ENTER DISPLAY NUMBERS FOR ALL POINTS.*sw;
%0483 PICTUREN 3= PICTUREN+1;
%0484 YIF* PICTUREN > 100;
#0485 *WRITE® , "* TOC MANY PICTURES.'®%;
%0486 CELSE';
#0487 PICTURE(PICTUREN) := O .AS. (*POINTER®); ,
*0488 PICTA: YREAD® o "%, X;
*0489 VIFY' X~= 0
*0490 Pl .EVAL. «ACROF. X3
%0491 "IF* <.POINT. Pl, °GO TG' NOTPOINT;
{ #0492 QQ2 := PICTURE(PICTUREN);
, %0493 *CONNECT® P1 *TO' QQ2;
} %0494 PICTURE(PICTUREN) := Q@23
%0495 'GO TO' PICTA; '
*0496 YEND?
*0497 YEND® ; |
*0498
$0499 "OR IF* CCMMAND = ®MOVE®; I
#0500 *WRITE? , "¢ ENTER DISPLAY NUMBER OF POINT AND NEW X,V0®w; |
*0501 *READ* o "3I%%, DIS,X,V;
#0502 Pl .EVAL. .ADROF. DIS3
! *0503 *IF* «.POINT. Pl, *GCTC' NOTPOINT;
#0504 DX := X=.XOF. Pl; DY 3= Y=,YOF. Pl;
#0505 (oXUFe Pl) 2= o XOF. Pl¢DX; (.YOFs Pl) 3= .YOF. PLleDY;
i %0506 QQl := Pl(2);
#0507 *IF QQl <AS. (*INTEGER®) ~= 0}
%0508 P2 +EVAL. oNEXT. Pl;
%0509 MOVEA: *IFY .DISFN. Pl ~= DISPN. P23
%0510 (XOF . P2) := XOF. P2¢DX; (.YOF., P2) := .YOF. P2
%0511 +0Y3;
%0512 P2 JEVAL. oNEXT. P2;
*0513 'GU TO® MOVEA;
%0514 *END*
*0515 YEND®
#0516
*0517 *OR IF* CGMMAND = wDISP®;
*0518 YIF* HEAD .AS. (°INTEGER') = 03 ~
*0519 'WRITE® , "¢ NOTHING TO DISPLAY.'®%;
*0520 *GO TO* SKETCH;
%0521 *END* ;
%0522 'FOR® I 2= 1,1,I>50, 'FOR' J 3= 14144250, DISPLAY(I,J) := ® w;
#0523 Pl .EVAL. HEAD;
#0524 DISPA: : .
%0525 *IF' .POINT. Pl3;
*0526 Ql 3= JXUF. Pl; Q2 = .YOF. Pl; DISPLAY(Q2,Ql) 33 waw;
0527 YELSE®;
%0528 LINE <EVAL. (.PTe P1);
%0529 QQl := .ENDA. LINE; P2 .EVAL. QQl1;
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*)53¢
*"53]1
*0532
%0533
®N 534
#0535
*N536
*N537
*0)538
*0539
*0540
®"N541
#0542
*0543
*0544
*0545
*0546
*0547
*0548
*0549
*0550
%0551
#0552
#0553
(554
*0555
#0556
*0557
*0558
*0559
*0560
*0561
*0562
#0563
*0564
%0565
*0566
*0567
*0568
*0569
*057C
*0571
*0572
*0573
*0574
*(575
*C576

MIN:

MAX:

CQl = LENDB. LINES P

Xl 2= MINJ(XOF, P2y
X2 3= MAXeloXOF. PZQO
YIFT X1 = X23%

Y1l := MINJtYGF.
¥2 2= MAX.(.YCFe.
'FORY ¥ 2= Y1,1,
CELSE'S
Ml 2= LYOF,
M2 2= JXUFe
b= ML/M2;
FURY X s3 Xlyely
Q2 1= Me(X
DISPLAY (G2
CEND? ;
YEND*;
YEND 3
wdl = +HEAD.
CIFY QQ1 +AS. ('INTEGER?®)
Pl <EVAL, ++EAD. Pl
‘GO TO* DISPA;
YEND';
"WKITE®* , 0] «4y104("
*FOR' I 3= 5041, I < 1,
CWRITE' 4 "I3,52Cl.l%

F3 -
3 -

P13

3 JEVAL, QC1
XUF. P3);
XOF. P3)3;

P24.YOF. P3);

Py YUF. P33

Y > Y2y DISPLAY(Y X1) 3= tang
«YOF. P23

XOF. P23

X > X23
- oono PZ’ + oYOF.

X1 3= na0g

P23

-~= 0;

o O"IO;

". l'" n'n.n'

DISPLAY(141)eeeDISPLAY([50);

CWRITE® o “¢ <100
YELSE';

"WRITE® 4 ®°
YEND';

ILLEGAL CCMMA

'GC TO* SKETCH;
*PRUCECURE® MINS(XyY)3
CINTEGER SFORT® (X.Y)$
CIFY X <= Y, "RETURN' X;
YRETURN® Y3

YEND* 3

‘PROCEVUKE! MAX.(A,B);
CINTEGER SFURT® (A,B8)3

CIF* A >= By *RETURN' A3
‘RETURN' &3}

‘END* S

‘END?

e t)ang

ND.‘!I;
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0¢0009
nCCeTn
000474
6CCs78
000480
00C434
0C 0488
00C4BC
06490
0¢0080
000084
0CCO0B4
00029C
0002AF
c0c2C3
0C02C4
0002CE
0C02E2
0CO2E3
0C02E4
0002FB
00C2FF
000302
00032F
000333
000335
NC034C
0C0350
i1 000379
i1 0CC370
‘1 0€0396
‘1 OCC3BF
1 0003C3
0C03ES
0CC404
0CC408
000408
000429
000420
000432
00C450
0CC454
ACC453
0€045C
00C460
0 C4b4
000468

gy

Pt et Pt Pt pus Pt s e e et et et Pt gt s Pt Pt s Pt et ot Pt Pt st Pt et et et

apaiaire Lo o

o e Pt st bt ot s gt put Pt gt Pt gt P

ﬂmqwmwmmwwmwme i

< —

»TCRAGE ALLOUOCATICN

20000001
00900001
00000064
1NQenno002
J0IN009 1
10000032
20000001
n"%00032
00000000
9N000000
201700000
7D040C9D303C5C7C1
7D40404040487068
4B
C9F36BF5F2C3F148
TDF14040404B7D68
5C

40
7D0400506E3C8C9D5
C4C9E2D7

F3C95C
TD40C5D5E3C5094C
D4D6ESCS

C95C
T040E3D6D64ND4CL
NN000064
TU4NC505E3C50540
U7C9C3E3
TD4OE3CBU6EZ2CS540
TU40C505E3C5D940
U3C905C5
TD40D7C6C9V5E34C
TU40C1E2E2C9CTD5
00000032

F2C95C
T04NC5D5E3C5094C
D706C 905
C3F448F4sC
TOFOCSDSE3IC5D94C
00000006
20009C05
00C0ACN4
92020203
09000000
nn009¢C2
30000991

A R 2R K IR BE b B B BE IE 20 2R 2K BE I IR 2 2R BF B L AE BN 2R BE BE B I I K K BN R S e e A I |

#8SKETCH CSECT
CGONST
CCAST
CCNST
CCAST
CCNST
CONST
CGNST
"CCAST
CCNST
CONST
CCNST
CCNST
CCNST
CONST
CONST
CCNST
CCNST
CCAST
CONST
CONST
CCAST
CCNST
CONST
CCAST
CGNST
COAST
CCNST
CCONST
CCAST
CCONST
CCOAST
CCOAST
CONST
CUAST
CCONST
CCAST
CONST
CONST
CCAST
CONST
CONST
CCAST
CCAST
CGNST
CCOAST
CCNST

00

o

1
1
1
2
1
5
1
50
Y
¢
c

#e [LLEGAL COMMAND®#»
" o+t 41010 Y L

", "

“[3,52C1.1%"

meyl o L,e,100° NIt

Y]

[ ]

#' NOTHING TOU DISPLAY,'#»

"D ISP

"3[*”

#e ENTER DISPLAY NUMBER UF POINT ANU NEW X V%®
“MOVE®

“l‘"

"s TOO MANY PLCTURES.®#®

100

we ENTER DISPLAY NUMBERS FUR ALL POINTS.®#%
"pICTH

"' THOSE ARE NCT POINTS,®#n

we ENTER DISPLAY NUMBERS FOR ENU-POINTS:®%w
"L INE" '

" POINT [S ULUTSIDE RASTER RANGE.®#®

#e ASSIGNED DISPLAY NUMBER®,HI4##

50

”zl*”

we ENTER X AND Y COURDINATES:z®*#

"POIN®

0C4 48"

W OENTER A COMMAND PLEASE.%#w

= NOWPIWVO




NOT REPRODUCIBLE

STORAGE MAP

00 03 0023
00 03 c922C
00 €3 0139
00 €3 0034
00 07 9019
N0 07 NOl4
00 07 0018
00 C7 %201C
o 07T 0029
00 (7 0924
31 N1 090"
01 01 090
01 01 GON)
onco
a1 N1 209
01 01 0002
0nnog
0coN
o1 01 09201
coon
71 01 900)Y
oned
01 01 0NOO
71 01 09M)
(¢1¢]o}e)
0onod
0009
01 C1 0ooC
01 cl1 0n02
01 01 2002
01 01 0000
a1 01 0209
000"
01 01 0NN
01 01 00Ny
909
01 €1 2000
N1 01 QAGN
01 01 09¢H
21 01 000D
(el ]VD]
01 01 0709
oooNn
o LaThy]
00C9
o1 €1 0Nn0)
o000
[alaTe Ip]
01 21 000D
nooa
eCcol
nNnoN
01l 21 0202
anon
oL C1 0NON
91 01 Jnng
21 C1 032)

n00203CO
00002300
10093900
209900GC0
000000C0
20002000
N0NJIC000
R olsTefalod)
20090006
71007889
nOrNIN00
10909004
3000)0C8
0092010
7NN000 14
2093991C
20N90)20
INAI0N24
10090028
290890930
ACNINI3G
31919738
ACGACO4LO
NONNC 44
nOANTN48
1379794C
nAO0IN0ES
nenNncosc
N00NNNES
2097796C
NING0T4
20699487 C
INNNCIES
W LLLIEY
AL B LY. Te
21909LN90
76093C %4
30972068
1130709C
1€2C2NAC
1009CDA4
I00N0IA8
30093)4aC
£01771890
cONI0N B4
PLLPLLET]
~001329¢
N0N02AF
ANNYC2C3
0930204
JONIC2CE
NNIC2EL
190902E 3
NI0C2E4
0NN
1IN0 2FF
3395302

OISPA

Jd

[

MULVEA

Y

X

uIsS

PICTA

WOTPOINT

1upP

1AUREAD

ENDIGP

FORMAT

MAUWRITE

PICTUREN

M2

M1l

A

wal

COMMAND

vwl

'ENDSTATEMENT?

Y

X

*SAMEAS?

HEAD

DISPLAYN

SKETCH

#t [LLEGAL CUMMANU® &%
"we ...10(' .l,;“
l!."
"]3,52Cle %"
l!.l .0'1(\(0
wh o

"w o

we NJTHING TU CISPLAY, V8

“Ispe

NWi[me

“e ENTER UISPLAY NUMHEK UF PUINT AND NEW X Y0#n

YL

E-13




GACH
0090
1700
onod
0209
LL D]
0002
annn
ononn
ono2
coon
000"
€009
onon
0002
0000
noon
0n0n
00049
nnno
0000
00090
n%09
0000
0000
00nd
0200
nnonon

100303 2F
INNNC 333
11990335
n0N3N34C
200301350
non0319
79000370
0010396
NOON03IEF
000003C3
0000C3ES
N90N04C4
0900C4C8
40000408
00000429
00000420
N30N%432
00000450
N0COC454
nQ0N0458
1000C45C
7000046C
N1000%4¢4
0000C468
70000470
N000C4ED
200170498
0009n628

“MOvE®

" s

we TLC MANY PICTURES.'»®

170

#3 ENTER DISPLAY NUMBERS FOR ALL PGINTS,taw
Olplc]"

e THUSE ARE NUT PUINTS,'an

e ENTER DISPLAY NUMBERS FUR END-PUINTS:*#w
WL INE®

“t POINT IS OUTSIOE RASTER RANGE.*#%

#t ASSIGNED DISPLAY NUMEER?' (H]4%»

5C

"2[.“

e ENTER X AND Y COORDINATES:Vae

UPUINY

"Ch, 400

WIOENTER A FOQMMAND PLEASE.'®w

N W FO

L01Mr06G2
LOINCOOL
PICTURE
DISPLAY
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UJCTIONARY

XUIMOCOL *FIXEVARRAY® C1lO1NCIC 07€ 0480
CCMP.SILE=6
CUMPONENT= *INTEGER®
EDIMO002 *F IXEDARRAY® £101900C 070CN470
CLMP.SIZE=4 o
COMPUNENT= ¢ INTEGER® '
*ENDSTATEMENT® 'INTEGER® 0l0L0GON CNOO0OAC
*SAMEAS® *INTEGER® 01C10CCO 020000AC
A *INTEGERSHORT® 0003234 N0OCI000 {FURMAL PAR)
B *INTEGERSHORT® 00030030 9009000" (FURMAL PAR)
COMMAND *CHARACTER® CLC10G70 €600CC98
LENGTH=4 ‘
DIS *INTEGER® 01010000 CCON0048
DISPA *ENTRYNAME® O01CL0CCO ©NACON28
RESULT= ® INTEGER®
DISPLAY *FIXEDARRAY® C101C000 C0000628
CGMP.SIZE=1 DIM.VEC.=%DIMOOOL
COMPONENT= *CHARACTER®
LENGTH=1
DISPLAYN *INTEGERSHURT® (C1910CCO CCOQO0B4
DX *INTEGEK' 0101000C COOMN044 ;
DY *INTEGER' 0111000C NCCCO040
ENDIGP YENTRYNAME® Gl0OLOCCO 00NAICEC *EXTERNALY
RESULT= * INTEGER®
FORMAT *ENTRYNAME® O1C) JCO CCCOD074 *EXTERNAL®
RESULT= * INTEGER®
HEAD *POINTER® C101C0° . CCACOORO
I *INTEGER® €LOLOCON JCNOCO34
I0P *ENTKYNAME®* 010100RC CNNODOSC *EXTERNAL®
RESULT= *INTEGER®
J *INTEGER®' 01Cl00CO CCCCON30
LLINE *CUMPONENTSTRUCTURE® N00TCULC CONTINOT . *BASED®
S1ZE=20 l
COMPONENT= *PCINTER?
COMPONENT= *PCINTER®
COMPUNENT= * [NTEGERSHUKT?
COMPONENT= ® [NTEGERSHURT?
COMPONENT= *POINTER®
COMFGNENT= *POINTER®
M *FLOATING' 01Cl090C 0C€£03I90
MACREAD *ENTRYNAME® ClC1CCOC OCQOC 064 *EXTERNAL®
RESLLT= * INTEGEK®
MADWRIETE *ENTRYNAME®' 010100QN 6ONCEOTC *EXTERNAL®
RESULT= ' INTEGER®
MAX YENTRYNAME' ©1010r00 €3009N08
RESLLT= ¢ INTEGER®
MIN SENTRYWAME® C10100(C €H0O00C14
RESULT= * [NTEGER®
MOVEA *ENTRYNAME® OLGLCCCC n00CNC33
RESULT= ¢ INTEGER®
Ml *FLUATING® 01Cl000C ACONNCEC
M2 'FLUATING® 01CLGOCC CCO00C88
ROTPOINT "ENTRYNAME® 01€10000 €NNC LG54
RESULT= * INTEGER®
PICTA *ENTRYNAME®' CLC100CC 0ONCOC4C
RESULT= * INTEGER®
PICTURE *FIXEDARKAY® 01C1C0OC COOCC494

8o
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PICTUREN *INVEGEK®

POINT 'COMPONENTSTRUCTURE®

'

. et et

CCMP.S[ZE=4 CIM.VEC.=%0IMOOO2

COMPONENT =

S12E=16
COMPUNENT =

"COMPONENT =

COMPONENT =
CGMPUONENT=
COMPONENT =
COMPUONENT =

*PUINTER?

01CL0C00 COONOC84
0007002C 000C0C0O0 °*BASED*
*PCINTER®

‘PUINTER®

YINTEGERSHORT *

SINTEGERSHORT?

*INTEGERSHURT®

*INTEGERSHURT*

Pl *CCMPUNENTSTRUCTURE® ©0€070018 €CCOCOOOC *BASED®

P2

SIZE=le
COMPUNENT=
COMPUONENT =
COMPONENT=
COMPONENT=
COMPONENT =
COMPONENT=

*CUMPUNENTSTRUCTURE?

SILE=16

" COMPONENT=

P3 *COMPUNENTSTRUCTURE®

QQ

COMFONENT =
COMPONENT =
COMPONENT =
CGMPONENT=
COMPONENT=

. SIZE=16
COMPONENT=
COMPONENT=
COMFONENT=
COMPONENT=
COMPONENT=
CUMPONENT =
sV

SIZE=16
CUMPONENT=
CCMPONENT =
CUMPONENT=
CUMPONENT =

" CGMPONENT=

QQ
QQ
Q1

COMPONENT=

1 *PUINTER?

2 YPOINTER®
*INTEGER®

CCUMPONENTSTRUCTURE®

.

*PCINTER®

‘POINTER?

SINTEGERSHORT®

CINTEGERSHURT® .

* INTEGERSHOURT®

*INTEGERSHORT*

00070014 00000000 °*BASED*®

*PCINTER®

CPUINTER®

*INTEGERSHORT®

* INTEGER SHORT

* INTEGERSHORT*

* INTEGERSHURT®

0CC 70010 CCCCO000 °*BASED?
*PCINTER®

""PCINTER ¢

*INTEGERSHORT*

* INTEGE RSHORT *

* INTEGERSHURT®

* INTEGERSHORT * ]

20070024 00010000 *BASED®

*POINTER®

'PCINTER?®

¢ INTEGE RSHURT *

CINTEGERSHURT*

CINTEGERSHURT?

¢ INVEGERSHURT®
¢1cl0oc00 CCON009C
01010000 CCCNOOS4
0101000C CCCONC24

Q2 YINTEGER' . OLCLCH0OD 00C0N020

SK

X

X *INTEGERSHORT®

X1
X2
Y

Y *INTEGERSHORT?

Yl
Y2

" m SCHARACTER®

"o $(CHARA(CTER?

ETCh
RESULLT=
CINTEGER?

S INTEGER®
CINTEGER®
CINTEGER®

¢ INVEGER?
*INTEGER®

LENGTH=1

SENTRYNAME*
* INTEGER?®

0101CCCH 0CC000B8 *ACCESSIBLE®

0101CCO00 N0OCO0ONAS
N0030C2C 0000000C (FURMAL PAR)
01CLON00 CCONOCLL
01€1000C cCcceolo
01G61C000 CCCOCCA4
NCO3CC2E 200CCOC0 (FURMAL PAR)
01C1C00¢ C0000004
01L10J¢C rcccoonn
C1C12cCC COO002E3

C1C100(C €00NC2C3 ,
' E-16




LENGTH=1 ' -
wen ICHARACTER® CLOLONCG CNONO2E2 :

Lencru;l ,
ne 0 10 S1)1EY CCRARACTERY 31010000 000C02AF
tENbTHaZ’ .
.%o ASSIGNED DISPLAY NUMBER® (H 4% -cunancrsa' . 01C1020C €OOCD3ES
LENGTHa31
"o ENTER DISPLAY NUMBER CF PUINT AhC NEW X Y'®® SCHARACTER® 01C10000 00003302
LENGTHZ45 . . 7
we ENTER OISPLAY NUMBERS FCR ALL PCINTS.'#% *CHAKACTER' 0110000 00000350
LENGTH=41 :
we ENTER-DISPLAY ANUMBERS FCR ENC-PCINTS:®## tCHARACTER' 01C11CCH 00000356
! . LENGTr=41 )
we ENTER X AND Y COURCINATES:'*® ¢CRARACTER' O01C1000C CCOCC4CH
LENGTH=30 :
A ¢ ILLEGAL CUMMAND®s" *CHARACTER' (1C10CCC 00C0029C
LENGTH=19 : .
"¢ NOTHING TO DISPLAY.'®% ¢CHARACTER' 91€10000 000002€4
LENGTH=23 h
w¢ PUIAT IS UUTSINE RASTER RANGE.'#® 'CHARACTERY 010160C0 0900C3C 3
{ LENGTH= 44 ]
[ "t THOSE ARE NUT PUINTS.*#® SCHARACTER®' 010100CC rONOC3ATD
- LENGTH=25 .
o e TCC MANY PICTURES.'#" SCHARACTER?' O01C10CGC 000NN335
o LENGT H=22
1 gg WONENTER A CCOMMAAL PLEASE.*®" SCHARACTER® C1010000 NOCO0422
o LENGTH=2T
e we ) o tel( J0)En CCEARACTER® 01010CCC CCOOC2CE
{ & ~ LENGTH=20 .
I~ nC4,4%" CCHARLCTER® D101CC0O0 00000420
— LENGTH=% ,
o WD ISP® 'CHARACTER® Q1C10CCD CON0C2FB
= LENGTH=4. : '
ol xn ¢CHARACTER' (010100CC 2000C333
LENGTH=2 '
w]3,52C1.1%" *CHARACTER®' (1010000 £00N02C4
LENGTH=1"
WLINE" YCHARACTER® 01010CC9D CCCON3RE
LENGTH=4 ' :
"MCVE™ ICHAKACTER® ClGlCCEN 00CAC32F
_LENGTH=4
“PICT™ *CHARACTER® 01010C0CO £0C00379
LENGTH=4
WPOINY *CHARACTER® 01010CCO 20000429
LENGTH=4
n21®n LCHARACTER® O1010CCC ANOCO4CE
LENGTH=3 - @ ¢
w3 sn SCHARACTER' 0101CCCE 000MN2FF
LENGTH=3

0 YINTEGER' 01010003 CCCO0460

1 *INTEGER® 01010000 COCN046B ;
100 ¢ INTEGER® (1€1709C CO00034C
2 *INTEGER' 01CLC00D CCNCCabs

3 CINTEGER® CLE1000) 0COCN6SC

& YINTEGER® N1010000 COCCC4%8

5 SINTEGER®* 010100097 COCNG454

SC CINTEGER®' 01C1CH0C £CLNN404

6 YINTEGER' O1C1000) I CM0e50




t
'

N
or REPRODY G,

EXTERNAL SYMBOL UDICT IUNARY (SYMBUL.TYPE.ICsACCRyLENGTH/LUID)

##SKETCH PD 01 0COC00 £0124C
#SKETCH SD 02 900C00 OCl66A
MACSTACK ER 03

SKETCh LD 266000 (NFN02
MACWRITE ER 06

FORMAT  ER 05

ENCIOP  ER 06

MACREAD ER 07

109 ER 08

GETSPACE Ex 09

LINSUB  ER 0A

E-18
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RELOCATION UICTIGNARY

0l
0l
0l

ol
01
o1
01
01
ol
01
01
01
fl
0l
? 01
‘ ol

01

01
‘ ol

01
| 0l
! 0l

NOT REPRODUCIp ¢

0l
ol
01
01
0l
01
01
0l
01
01
01
0l
01
0l
01
N1
01
01l
01
01
01
01
0l
01l
01
0l
0l
0l
01
21
0l
0l
0l
01
i 01

'3y

c2
04
¢5
nl
of
ov
01
ca
1
Cl
Cl
Cl
Cl
€9
€1
(1l
cl
cl
Cl
Cl
ce
Cl
€1
C1
Ca
Cl
01
C2
C1
01
Cl
Cl
C1
€1
Cl
Cl
Cl
Cl
Cl
C2
C1
cl
Cl
Cl
7]
Cl
Cl
Cl
(1
01
Cl
C1
€1
cl
Cl
Cl
Cl
(1

oc
1C
1C
oc
1C
1C
ocC
1C
0C

0c

oC
nc
ocC
1C
nC
2C
oC
0oC
C

. 0C

nc
e
oc
€
1€
0oC
0oC
nc
oc
0oC
0C
oc
0oC
¢
ocC
3C
oc
0ocC
aC
nc
oC
12C
nc
0C
ocC
e
0C
0oc
aC
oc
9C

9%

aC
C
nc
0oC
2C
X

— e ——

conoas
00007¢C
00C074
000254
00006C
007064
000288
00005C

000217C

000270
000264
000258
00024C
N01n60
N00240
000228
onca1c
000210
000204
00C1lF8
000054
0001€C
0001E0
0001D4
001044
001064
001068
00004C
0ncics
00018C
001188
00108C
001004
001008
000180
000144
000198
00018C
000140
00C038
0001174
00l110C
001110
001114
000028
001130
001134
001138
00116C
001164
001168
00119C
001140
001144
000113
coolcec
€acl100
00CNOF 4

(Pe VIR IDyFLAGS y ACCRESS)
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4T REPRODUCIBLE

01 €1 9 NOCNES
0l €1 NC 0N11BC
01 €1 2 9911Ce
01 C1 I 00llCe
01 €1 2 001108
01 C1 2C 00110C
51 €1 3C O911EC
01 €1 9C  Aodnpe
01 CL OC 0000Cs
01 €2 9C 000nls
01 €2 oc 00c7C8
02 Cl 9C 001648
n2 €1 0C 001584
02 C1 1C. 990020
01 €1 2C 0OLLFD
01 C1 72C 00llFé
01 €2 0C 0011F8
01 €3 7C 0011FC
01 €4 0C 001228
01 €5 I9C 00122C
01 (6 IC 001230
01 €7 AC 001234
01 (8 IC 001228
01 (1 nC 00123C
01 €9 AC° 001240
0l CA JC 001246
01 C2 OC 091268
02 €OCONO END  SKETCH

MAD/I COMPILER TIMINGS: 171.€25 CPU SECGNDS,
326.C¢3 ELAPSEC SECONUS.

EXECUTION TERMINATED

E~-20




Appendix F. Run of the MAD/I Program

$SET ERRURDUMP=UN
SRUN SKETCHUBJ MAP SCARDS=-DATA

.
LN ) LA N ) LN N ] LR X ] L N ] LR N ] LA N ] LN ] [ N ] LN N J LN J s0e O o0 LN ) [N N ) ese oo e

ENTRY = 19C000 SIZE = 0NAbBI
NAME VALUE T RF NAME VALUE T RF
FREESPAC 7118A2

PONTTRP N18E3C
SCARDLS 019A80

GETSPACE 711610
ERROR N167CE
GETFC N197E0
SPUNCH 019AA4 SERCOM 019AB6
WRITE N13850 LCSYMBOL O01A5ES8
LINSUB 103848 103048 MADIO 103C7¢ 1€3C710

® %t nae
* a8 ts

MACWRITE 103C9t FURMAT 1C3CBA
ENDIOP 193k42 ##SKETCH LOACOC 1CAQ00
RUPEN 10331t RCLUSE 108358
PCLOSE 138410 MDIOQPSCT 10EL50 1089€E8
#SKETCH 10C000 10CJ390 IUH360 111000 11190C
IUKOUT 111114 ICHETC 11143C

10HERP 115000 L10F18 MADSJACK 117000 117C(0C

NAME VALUE T RF
SYSTEM 0167A4 =

LOAD O18EF2 »
SPRINT 019492 *

READ N19834 +

GLAP 1930C8 OFFA6Y

MADREAD 1€3C7C
10pP 1720FC-

10PKG 1008250 108259

POPEN - .1083C4

SPLE 108DE8 104DES

IOHIN 1110F0
UNESATIM 11192C

EXECUTIUN BEGINS

ENTER A COMMAND PLEASE.
NOTHING TO DISPLAY,

ENTER A COMMAND PLEASE.
ENTER X AND Y COCRDINATES:
ASSIGNED OISPLAY NUMBER 1l

ENTER A CUMMAND PLEASC.
ENTER X ANO Y COCROINATES:
ASSIGNED UISPLAY NUMBER 2

ENTER A COMMAND PLEAST.
ENTER X AND Y CGURDINATES:
ASSIGNED DISPLAY NUMHER 3

ENTER A CUMMAND PLEASE.
ENTER X ANO Y CUURDINATES:
ASSIGNED ODISPLAY NUMUJER 4

ENTER A COMMAND PLEASE.




NV SIPNOND O

N
(-4
.................I..........I.I.....I...............

ENTER A CUMMAND PLEASE.
ENTER DISPLAY NUMBERS FOk END-PCINTS:

ENTER A CJUMMANO PLEASE.
ENTER DISPLAY NUMBERS FUK END-PCINTS:

ENTER A CUMMANU PLEASE.
F-2




I

T ey —

“ENTER ‘DISPLAY NUMBERS FUR -ENU=PCINTSS

ENTER A CUMMAND PLEAME,
ENTER OLSPLAY NUMBERS FUR END=POINTS:

ENTER A CUMMAND PLEASE.

A
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* .
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* .
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SRR LR RS AR R LS R UL R RR SR IS SR

~NWHrPrNMOE~NE O

~N
o
....................................................

ENTER A CUMMANC PLEASE.
ENTER DISPLAY NUNMBER CF PCINT AND NEW X,Y

ENTER A CUMMAND PLEASE.
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L [ ] L] L [ ] ® L ] *

ENTER A COMMAND PLEASE.
ENTER DISPLAY NUMBERS FOR ALL PCINTS.

ENTER A COMMAND PLEASE,
ENTER DISPLAY NUMBER GF POINT ANV NEW X,Y

ENTER A CUMMAND PLEASE.
F=5
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[adk STV JE . SR . Y]
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o
....................................................

ENTER A COMMANC PLEASE.

#8886 ALL INPUT DATA HAS BEEN PRUCESSEC - AT LOCATION 1C3DES
EXECUTION TERMINATED
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