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This thesis describes the modification of Calcomp Plot

.
Ut

routines which run with WATFIV programs. These routines

look identical to the Calcomp Plot routines for the FORTRAN

G and H compilers. Plotting using Calcomp Plot routines

~

becomes independent of the FORTRAN compiler used. A macro

3

is also described which will generat

5

&}

f

WATFIV subprogran

"

linkage codz for an Assembler routine.
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Introduction

This thesis is divided into six chapters., This chapter

outlines the objectives of the thesis. CHAPPTER 2 contains

definitions and ancillary information on the WATFIV
subprogram linkage conventions. Chapter 3 describes the

WATSL macro, an aid +to facilitate mwmodification of any

Assemnbler subprogram. Chapter 4 Jdescribes the modified

ri

Calconp Plo routines., CHAPTER 5 dascribes how hatch
processing was achieved with the Calcomp Plot routines while
chapter 6 sums up the Work.

The objsct of this thesis is to provide a set of Calconmp
Plot rToutines for WATFIV programs. These Calconp Plot
routines are described in (7). These routines are identical
at the FORTRAN source level with the original Calcomp Plot
routines which are used with the FORTRAN G and H compilers
(4) . Users may now use WATFPIV to debug their plotting
programs and then use FORTRAN G or d for production runs.

A FORTRAN IV plotting program, compiled by either of
the FORTRAN 6 or H compiler, writes a set of data describing
a plot on a plotter tape. Later the tape 1s mounted on the
Calcomp 750/563 Incresental Drum plotter to draw the plot.

Since this is an off-line system, =ach plot Jjob TrTequires

computer operator assistance. This is the type of plotting




to in this thesis.
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This thesis concerns the modification of the original

ot

Calcomp Plot rToutines so that they may be used by WATFIV.

‘

Much of this thesis concerns the problems encountered with

7

the subprogram linkage and the programming techniques used
to solve them. WATFIV subprogram linkage code (2) was added
to the Calcomp Toutines so that WATFIV could check for

propar subprodgran usage.
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This thesis assumes the reader has knowledge o
IV, WATFIV, IB# $/360 Assembler, and 0OS subprograa linkage

conventions.



Chapter 2

0S5 subprogram linkage conventions are used by the IBH
System/360 Operating System and FORTRAN IV subprograms when
conmpiled by either of the FORTRAN G or H coapilers. Thess
convantions are often used when programning in Assembler

language {3) as wuwell.

Subproqrar referencing is accomplished by creating:
{i} A contiguous argument list consisting of
addresses of the subprogram argumants

{i1) A save area to be used by the subprogranm
to store linkage information and register
contents

{iii) A calling sequence for the calling programn
so that it may pass control to the

subprogram.

It is the duty of the:
{i} calling progranm to provide a save area
{ii) called vrogram to save any register contents

and later restore them before returning.

The Contiguous_Argument List

Fach entry in the argumsnt list is a word ({four bytes)



of storage aligned

the eptry cont

the addrsss of
list has 1its

first word in

argument

arqument list.

this exanmple)

SAVEAREA

{word 1)

SAVEAREA+Y

{word 2)

SAVEAREA+S

{word 3)

SBVEAREA+12

¢t
o

The firs

on a fullword boundary.

ains zeroes while the last

argument.

vte

of
three bytes contain

The last entry in the argument

sign Dbit set to a one. The address of tne

+his 1list 1is vplaced ian register 1. This

is referred to in this thesis as the 05-type

aresa consists of 18 words (called SAVEAREA in
in the following format.
an internal address

which only WATFIV uses.

the save area address
of the calling programe.
the save area address

of +the called subprogran.

the contents of register 14.

(word u)
SAVEAREA+ 16 the contents of register 15.
{word 5)
SAVEAREL+20 +he contents of register 0.

{word 6)



SAVEAREA+GE tha contents of register 12.

{word 18)
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’l
o
<
o)
o
]
£
o}
I._I
4]

The address of +the first word of the

placed in raegister 13 by the calling program.

mhe addresses of the save area and the calling argument
list are placed in the appropriate registers. The return
address is saved in vegister 14. The address of the called

program is placed in register 15 and a Dbranch 1is mwmade to

that address.

The Assenbler code shown below illustrates the 0OS
subprogram linkage conventions used. This subprogran call

passes two INTEGER*4 simple variables as arguments to the

5]

subprogram called RTN. The subprogram sStores zeroes in
these arguments and then passes these arguments back as it

refturns.

BALR 1,%+12 AN IN-LINE ARGUMENT
DC X'007,AL3 (ONE) IS CREATED aND
DC X'80',AL3(THWO) POINTED TO BY REG 1

L 15,RTHAD SUBPROGRAM ADDRESS



BALR 14,15 CALL SUBPROGRAH
The called subprogram RTH.

CSECT
ENTRY RTH

RTN STH 14,12,12(0,13) SAVING REGISTER
BALR 11,0
USING *,11
SR 2,2 CLEARING THRE RBE
ST 2,0(0,1) STORING ZERC IXN
ST 2,40, 1 STORING ZERO IH
BR 14 RETURNING
DROP 11
END

WATFIV Subprogram_Linkage_Conventions

CONTENTS

The WATFIV suabprogram linkage conventions are sligatly
different from the 0SS subprogran linkage conventions
discussad  previously. As a result, a WATFIV program will
not run properly with an Assembler subprogram using OS

linkage conventions. These

in the following sections.

6

linkage conventions are discussed



HATFIV Run-Time Routines

WATFIV provides a very extensive run-tims ArLOT
diagnostic facility. Run-time rtoutines are called to check
for any programming aerrors that can occur whan control is
transferred to a subprogranm. More checking is performed
before control is returned to +the calling program. These
chacking operations are raferred to as the entry saguence
and return seguence operations. These operations are also
referred to as the operations performed by WATFIV's prologus
and epilogus (2). The run-%time routines provide linkage and
data for user progranms and subprograms. Two additional
routines are used when arravs are used as arguments to check
for subscripting .errors.

Most of these WATFIV vun-*time error checking routines
are located in the control section labelled STARTA.
Ragister 12 is usad as the base register for addrassing
these routines. Since the storage space required by these
routines 1is greater than the 4096 words addresssd by
register 12, an 'extended? rtun—time region labelled STARTB

stores the remaining routines.

The prologue refers to the seot of operations performed
by the run-time routines to effect proper suborogram linkage
¥ . P Pr o9 G

when a subprogram is called. When a WATFIV calling program



and called subprogram are ccmpiled, two arqument 1lists are

>qd for thea

o

craated., An actual argument list 1s creat
calling program and a dummy argument list is created for the
callad subprogran.

The following two WATFIV statements i1llustrate the

FORTRAN statements that argument lists would be generated

for.
In the calling progranm:
CALL SUB{A,B,6.)
In the called subprogram:
SUBROUTINE SUB(RA,RB, RC)
Whenever identifiers are us2d4 with no explicit type

declaration accompanvying them, the standard implicit +type
declaration is assumed.

The operations associated with the prologue are those
which c¢heck the +two artgument 1lists for proper type
compatibility, handle array size error checking, and copy

the

Fh

the argument contents from the actual arguments o
calling program +o the dummny arqguments of the called

Subprograme.

H

The epilogue refers to the set of operations perioramed

I

f

by cther additional run-time routines which copy the

contents of the dummy arguments back to the actual arguments



of the «calling program and ensures that no constants,
taaporaries, DO-1loop parameters, or assignad GO TO indices
Wware nodified by +the called subprograum. Successful
cempletion of these operations results 1in control bheing

returned to the calling progranm.

Call=~by-value 1is the aethcd most freguently ussad to
pass arguments back and forth between programs. Using this
method, +the compiler run-time routines take the contents of
an actual argument and copy it into +the storage location
reserved for the c¢orresponding dammy argument. Simpls
variables and constants ars usually handled in this way.

The other method employed by the WATFIV compiler is

¢

call-by-~location. If slashes {(iz. /) appear around dummy
arguments in the subprogram declaration, they are treated as

call-by—-location arguments. The end result is that the

4

compiler does not reserve any storage in the subprogram for
these arguments, The addresses of the storage locations

occupied by these arguments in the «calling program are

supplied to +the subprogran. 411 references to these
arquments are references to locations in the calling
program. Array names used as dummy arqguments are

automatically *treated as being call-by-location arguments.

This results in no wasted duplication of storage space for



Arrays.

call-by-value

=

call-by-location

the

more fully in

linkage information and register contents.

the

axample

storage 1ocC

Wwhen a return

-

eturn sequence opsration.

A 24 word

save area addressed Dby the label SAVEAREA in
is illustrated helow.

SAVEAREA used by the internal

(word 1) routines of the compiler.

SAVEAREAZY the save area address

{wvord 2) of the calling progran.

SAVEAREA+S the save area address

{word 3) of the called subprogran.

SAVEAREA+12 the contents of registers

(wvords 4-18)
SAVEAREA+7 2

(word 19)

SubproJgram names

dumny

ations

(1.

s5ave area

ar= also treated in this wav.
sequence operation 1is erformed,

arquaents are copied Dback

of their <corresponding arguments.

arguments are not aftfec

is nsed by

The

14,15,0,1,.0.,125

The sign bit of this word is used as

flag to indicate recursion. The other

bits in this word are used by

10

format

a

the
into the
The
2d in any way by

These concepts are discussed

WATFIV to store progran
of

this



3

s compiler as a work area.

o+
g
il

SAVEAREA+76 the contents of WATFIV!s base

{words 20-24) registers 5 to 10.

WATFIV uses 5 registers at run-time to refer to data

ter contents ars

[}

areas internal to the compiler. These regi
stored in the save areas so that they are always available

to the run-time arror checking routines.

A WATFIV argument list is set up in a contiguous vector
aligned on a full word boundary. PTach Ffour byte word of the
argqument list is divided into a one Dbyte fisld containing
either a tvpe code or a length specification (for hollerith
strings) and a three byte address field. A type code 1is a
numeric revresentation for the type of an identifier. A type
code is reprasented here in hexadecimal Fform; written in
Assembler as X'mnn'. The address field contains either the
address of an argument ¢r a pointe to more information

about that argument.

The different types of argument sntries, the ftype codes
associated with them, and their field formats are described

below.

An arqument entry is divided into the following six

najor categories:

11



(i} unchangeabls quantity
ii) variable, array =lement
7
{11i) array nanme

(iv) subprogram nanme

(v statement number

vi) argument 1ist terminator.
4

Unchangeabls Quantities

Any argument which should never be changed by the
called subprogran is given this «code. Examples of
anchangeable guantities are constants, temporaries, DO-loop

parameters, and assigned GO TO 1ndices.

Their +type codes have this basic format - X'Om' (in

[S1
el

hexadecimal form) where m 1is a tyrse number as listed

Table 1 on the fcellowing page.

(

The address f£ield contains the address of the argument
unless the identifier is of type CHARACTER*n where 1<=un<l=7.
Tn this case, the address field is AL3{QADDR) where QADDR is

a full word of the form

OADDR DC AL1{n), AL3(Q)

whers n represents the length associated with this character

variable and © is the name of the character variable.

12



Table 1

numbers and s-values of WATFIV identifiers

ﬁ
<
©

(6]

3

Type numbers and s-values are numeric guantities ased by

+he error checking routines in the conmpiler.

Identifier type type number s-value
Logical*y 0 2
Logical#*? 1 0
Integer*l 2 2
Iinteger*2 3 1
Real*l 4 2
Real*3 5 3
Complax*8 5 3
Complex*15 7 iy
Character*n n=1 3 0
Character*n n>1 9 0

Variaples, Array elementis

Their type code is X'8m' where m 1s a type number fron
Table 1. A simple variable, for exanple say V, is
represented in the address field as AL3{(V). An array
element, say A, is represented as AL3(A) . However i1f the

argument is an array element, then an extra word folloxs the

first one in the argument 1ist., It has the following form.

13



DC X'8C',AL3 (ASTAR)
The type code X'3C' indicates that this word is an
additiopal word in the argument list. The identifier ASTAR
represents the name of a star routine for ths array A. Star
rontines are described in the section entitled 'Star

Routines £

Example:

or Array Arguments’.

If A(3) is used as an argument, the corresponding
argument list would be
DC ¥'847,AL3{a1+8) 2 word offsst from address
3 of A.
DC ¥'8CY,AL3{ASTAR) ASTAR represents the star
* routine for A
yhere A1 is used to represent the starting location of the
array A.
Array Names
When an array name is used as an argument, the address
field contains a pointer to the address of the star routine
for this array and the typre cods is of the form X'km'. Here
m represents the type number from Table 1 and k 1is B8B+p where
p is the number of dimensions the array possesses. For
examnple, X'9m? is the type <code for an array with one

14



dimension and $'Am! is the type code for an array with two
dimensions. X'Fm' is the type code for an array with 7

dimensions.

when a subprogram nanme is passed to a called subprogranm
as an arqgument, its associated type code 1is ¥*50*, If the
argument is a fuanction, its asscciated type code is X160°%.

In both cases, a pointer is stored in the address field

1621

pointing to a four byte word containing the subprogran’'s

address.

Fxample:®
The argument 1ist entry for a SUBROUTINE subprogram

called R is
DC %750',AL3 {RADDR)
where RADDR is illustrated belov.

RADDR DC A (R)

Statement Numbers

The type code associated with a statement nuamber used
as an argument 1s X'30°7. For the statement number ?6n?
appsaring in a calling argament list, the address field

contains the address of the first machine language

15




4
3

instruction generatad for the A¥  source statement

vz
C
jwy]
3
Lia

e
5

nunbered ne.

Argument List Terminators

This argument entry marks the 2nd of an argument list,

=

+ does provide sonme information about the expected nature

the callsd subprogram. If i1t is a SUBRCUTINE subprogram,

o
it

its type code is X'10' and if it is a FUNCTION subprogran,
its type code is ¥X'2a' where m is the type number found in
Tabla 1 giving the type of the PUNCTION subprogram. The

address field containsg no information.

Bxample:

A TFTORTRAN call statement is illustrated below.

CALL PLUS {1,A(3),4,4INUS,510)

The identifier A is dimensionsd as a REAL*4 vector
consisting of 10 elements. The identifier MINUS is the nane
of a SUBROUTINE subprogram which has been declared EXTIERNAL
in the calling program and 10 is a statement number used as
an alternate return.

The WATFIV argument list for PLUS 1is translated 1into

the following code by the WATFIV cconpiler.

DC X102',AL3 (ACONST)

DC X'84%,AL3 (A+8)

16



DC X'8C7,AL3 (ASTAR)

o
!

X194t ,AL3 (ASTAR)

X?

o}
3

501,AL3 (ATEUP)

Véi

)
@

X110t,AL3 (0)

In the

is generated.

DS OF
ACONST DC FUAY
A Ds 10F
ATEMP DC A {MINDS)
DC H'O',CLETAY
ASTAR BAL 15,%XA1

DC AL1T{0) ,AL3(A)
DC AL1(2) ,AL3(28)

DC A (10)

ASTAR is the address of the

calling progranm's data area,

star routins for A

¥130!',AL3(label for statement number 10)

the following code

and

“discussed thoroughly in the next section.

Star Routines for Array Arguments

The WATFIV conmpiler constructs a S
Addressing Rouatine {or Star routine) for
HATTIV prograti. Bach star rToutine

dimensions, starting address, and total

17

subscript Testing and

each array in a

contains an array’'s
ran-time

length. At



it is called upcn to perform indexing opsrations +o obtain
an array element?s contents, checking <£for out-of-range
subscripts, and to provide the arrayv's adidress to called
subprograms.

A comrplete description of the star routines appears on
pages 84 to 92 of the /350 WATFIV Inmplementation Guide {(2).
This gection 1s taken from it with some modifications made.

The format of a full star routine known as ASTAR

generated by the compiler for the arrav & is illustrated

below,
CHOP 0,4
DC H'0?!,CLHTA?
ASTAR BAL 15,xrin see note 1

DC AL1(f) ,AL3{1 st element in array) see note 2
DC AL71(s),AL3({length in bytes of arrav A)

DC A(n) see note 3

DC A{(d1) se&e note 4

DC A (d2)

DC & {dk)
DC BYCOCI1C2C3CUCHCH6CT7 T ,AL3 (al) see note 5
DC B'CCQ0O000007,AL3 (a2)

DC BICO00N0000,AL3 (al)

13



DC BTC00000000,AL3 {a )

where k - is # of dimensions daclared for A.

of variable dimensions for A.

o
i
e
w
4

41,32, ... ,dk are the dimensions to

bpe used for calculating the

r

position of the element in the array.
al,a2,..-,aj are the variable dimensions
uszd when declaring an array.

£ =4 % kK - 4

|

n Table 1.

o

Eml.

s = s~-value found

Note 1z

YAl and XAN are the mnames of subscript tsst and

o

evaluation Toutines internal to the WATFIV compiler in th
STARTA control section. The symbol 'xrtn?! stands for XAl if

k=1 or ¥AN if ¥>1.

o
s

Note

Tf +the array occurs in a subprogram's argument list,

the prologue fills in the address for the first element fron
information supplied by the corresponding actual argqument in
the calling progran's argument list., If the array has any

dimensioning variables, the prologue f£ills in the dimension

using the corresponding actual arguments.



his word is present only 1f ‘th

D

array 1is of

ot
s

T

(]

G

CHARACTER*n for n>1.

Note 4:
These address fields contain the dimensions to be used
for calculating the position of an element in an array. For’

example, consider an array IBUF declared as

INTEGER*4 IBUF (10)

in a subprogram. The address field will contain the constant
10. Since there is only one dimension for IBUF, there will

be only one four byte field containing the first dimension’s

size value. Tf

1

he Aimensiocning variable uased is not

[us

o

defined explicitly, the di, where 1 1is the dimensioning
variable's position, will contain zeross until the prologue
fills in this field. For example, consider an array IBUF
Aeclared as IBUF{NLOC). The address field will contain
zeroaes until the prologune fills this field in at rTun-time

with the valus of NLOC.

e

A

o

ote 5:

i

The symbols CO tc C7 represent bit positions. Bits cO
to €7 indicate which dAimensions are variable. A bit wvalue

of 1 1indicates a dimensioning variable., C1 is a 1 if the

last dimensiocn occurring in the subprogram declaration of

20



the array 1is variable. C2 ds a 1 if the second last

ih

Aimensicn is variable and etcetera. Bit CO will be a 1 1
the dimensioning variable occurring in the accompanying
address field is in COMMON or 1s a call-by-location
subprogram argument. Otherwise it is zero.

If none of +t+he bhits C1 to C7 are 1, then both CO and al

are zero. Otherwise €0 and al specify the location of the

last dimension which is variable as follows.

If C0=0, then AL3{al)=AL3(name of dimensioning
variable).
If C0=1, then AL3{a1)=AL3 (VBAR)

where VBAR is illustrated below.

VBAR DC A{name of dimensioning variable)

The second, third,...,n words are present if there are
2:3,..,0 Aimensioning variables for n<=7. In this way, the
second word indicates the second last dimension which 1is
variable. The third word indicates the third last dimension

which is variable. Bits C1 through to €7 of thess words ars

set to zZero. The €0 bhit and ai field for 1<=i<=7 are
interpreted according to the rules specified for the first

set €0 and al.
It is important %o mnote that these words are not
present if this is a star routine for an array which is not

a subprogramn's dummy argument.

21



The last operation performed by the prologue is to £ill
in the star routines for the dummy arrays. It uses the data
described in note 4 to store information pertaining to the

array and to calculate its total length.

This example taken from the /360 WATFIV Implementation
Guide illustrates the Assembler code produced for a star

routine for the array ALPHA.

The sonrce statements are illustrated below.

SUBROUTINE RTN{(ALPHA,X,/H/,N)
COHMON K

DIMENSION ALPHA {10,%,N,5,4,12)

The star rtoutine is illustrated below.

CNOP 0,4
DC H'0?!,CLA'ALPHA®
ALPHA  BAL 15,XAN
% THE LOCATIONS CCNTAINING #*-%* ARE FILLED IN BY THE
% PROLOGUE.
pC A11(20),AL3 (%=*) 17ST ELEMENT'S ADDRESS
DC AL1(2) ,AL3 {*-%) LENGTH
DC A {10)
DC A(%-%) FILLED BY PROLOGUE FRON K
DC A{%*-%) FILLED BY PROLOGUE FROH N

DC A {5)

22




DC & (%-%) FILLED BY PRCLOGUE FRCH ¥
DC A{12)

DC B*101011007 ,AL3 (MBAR)

DC B*000000007,AL3(N)

DC B 100000007 ,AL3 (KBAR)

The variables MBAR and KBAR are kept 1in the

subprogram's data area as is illustrated below.

KBAR 5C A(K)
MBAR DC A (%-%) TFILLED BY PROLOGUE

The star routine ALPHA is also locatad in the subprograa's

data area.

The complete set of argument types has been discussed
hers. Further discussion cf argument typss will only concern
simple variables (INTEGER*4 or REAL*A4), vectors {INTEGER*4
or REAL*4), and hollerith strings. These are the argument

types which occur in the Calcomp plot routines.

The subprogram, say BTN, may be referenced in thae
following two ways despending upon whether it is a SUBROUTINE

or a FUNCTION subprogran:

(i) CALL RTN(ARG1, ARG2,...,ARGnD)

(ii) ANY = RTN(ARG1, ARG2 ,...,ARGn)
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where ARGL for 1<=i<=n are the arguments for the subprogram.

A SUBROUTINE subprogram may have no arguments.

WATFIV generates +the following calling sequences for

either case.

CNOP 2,4
LA 14,ICI RETURN ADDRESS
L 15,=V (RTN) CALLED PROGRAM RTN

BALR 1,15
DC AL1(C1),AL3 (adadr1)

DC AL1T{C2),AL3 (addr2)

DC AL1{Cn),AL3 (addrn)
DC AL1{(Cn+1) ,AL3(0)

IC1 EQU *

for i=1,...,n,n+1, the Ci's are the type codes of the
argument 1list entries and the addri's are the address of an
argument or a pointer to more information. These fields
were described in  the section entitled *A WATFIV Argument

List?.,

Immediately after the subprogram call has besn made,
the register contents are as fcllows:

- register 1 contains the address of the actual
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argumant 1ist,

- register 13 contains the address of the 24 word
save area,

- rTegister 14 contains the return address, and

- register 15 contains the address of the

subprogram’s entry point.

The WATFIV compiler reguires +that floating point
register 6 contain zeroes and register 12 contain the Dbase
addrass of the STARTA rountine. Since the run-time routines
must he available at all times, it is important to note that
no Assemblar subprogram should destroy the contents of
register 12. It may store the contants away bafore it uses
the register but these contents should be restored before

returning contrcl to a WATFIV ccmpiled FORTRAN program.

ENTRY SEQUENCE CODE

The entry seguence code of a subprogram 1is the code
produced to call the run-time error checking routine named
X¥ENT or the one named XENTSPEC. The following 1illustrates
the entry seguence code produced for these WATFIV source

statements.

FUNCTION NANE (A, B)

REAL*4 A, B

cuOP 0,4



STM 14,11,12(13)

BAL 11,XENT (or XENTSPEC)

DC H'O',CLOYNANE?

DC A {SAVE)

DC AL1(84),AL3{A)

DC ALT(84),AL3(B) moda2l arqument list

DC AL1{22),AL3(0)

22 WATFIV will return control here following

t+he execution of YENT or XENTSPEC.

XENT and ¥ENTSPEC are routines in  ths STARTA control

1

section for the run-time error checking routinss. XENT

contains a <check to see 1if subprogran is called

O
o

5

recursively while XENTSPEC does not. Thesa routines 1link
the save areas in standard 0S8 fashion. Register 11 points

to the model argument list. The actual argument list

)

pointed to by register 1 1is compared against this model
argument list by the prologue to ensure that the argument
types match properly. The actual argument addresses or

contents, d=pending upon the type of call, are then passed

to the subprogram.

D

Return Segquence Cod

The routine ¥XRET located 1n STARTA performs the return
sequence operations when returning control to a WATFIV

calling program. The actions performed are Dbasically the
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inverse 0of +the operations performed by +ths prologue.
Arguments that were call-by-value types are passed back and
checked for errors tc snsure that the user hasn't modified
an unchangeable guantity. The function result is loaded 1nto
register 2z=ro for a FUNCTION subprogram. Register 13 nust
point to the WATFIV save area that was used when the
subprogram was called. It can then branch to the XRET
routine. The XRET routine restores registers 1, 5 through

to 11, 13, and 14. Register 12 always points to the STARTA

The return sequence code 1is shown below.

BC 15,¥RET BRANCH TO XRET ROUTINE

If register 12 is modified and not reset properly WATFIV

generates the following error message.

#x#ERROR%%*% CCMPILER ERROR-EXECUTION TIHE;RETURN TO 3YSTEHN

This is a general compiler error message used f£or many error
situations and hence 1it's occurrence doas not necessarily

mean register 12 was modified.

Sample WATFIV program_¥ith an Assembler subprogran
A WATFIV program will run with an assembler subprogran
if an object deck produced from the Assembler subprogranm is

placed after the FORTRAN END statement and before the SENTRY
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control card.

Example:
The fcllowing sample program illustrates the use of
concepts discussed previously. In this example, a WATFIV
program calls an Assembler subprogram to print out a

message.

//jobname JOB faccounting information?
// EXEC WATFIV
//G0.0UTPUT DD SYSOUT=A
//G0.SYSIN DD *
$JOB WATFIV

I=3

CALL TEST (1)

PRINT,'I= *,T

STOP

END

{object deck of TEST)

$ENTRY
$IBSYS

/%

The output listing is 2 pages with the following results

displavyed.

28



THE CALL TO TEST WORKS FINE

The source listing of the Assembler subprogram TEST is:

TEST

R11

* MODEL

CSECT

USING R11,11

CNOP 0,4

STH 14,11,12(0,13)

BAL 11,XENTSPEC(0,12) BRANCH TO XENTSPEC RTN.
DC H'0Y,CL6'TEST?®

DC A (SAVE) WATFIV TYPE SAVE AREA
ARGUMENT LIST

DC X'82',AL3 (1)

DC X*10°',AL3(0) LIST TERMINATOR WORD

# XENTSPEC RETURNS CONTROL HERE

OPEN (DCBOUT,OUTPUT) OPENING A DATA SET
PUT DCBOUT,MSG WRITING A MESSAGE
CLOSE DCBOUT CLOSING THE DATA SET

BC 15,XRET (0,12) BRANCH TO XRET ROUTINE

%# THE YRET ROUTINE WILL TRANSFER CONTROL BACK TO THE

* CALLING PROGRAHM.

SAVE

I

DCBOUT

DS OF
DS 24F
DS F

DCB DSORG=PS,RECFM=FB,MACRF=PM,LRECL=133,BLKS1Z
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E=133, DDNANE=QUTPUT
MS56G DC CL23' THE CALL 10 TEST HORKS FINE?
DC CL105% 1

END

In order to save using a BALR instruction, the

gsING R11, 11

instruction is . used. Register 11 still poilnts to the entry

{
A

aquence code after control returns from XENTSPEC and hence

U1

can be usad as the base register for the rest of the

orr

program. Any register may be used as a base ragister 1if it

is set up in the following way.

]
e
[6p!

3
@]
[#7]
=
@]
3

CNOP 0,4

. as in the previous
. example

DC ¥*107,AL3(0)
BALR 9,0

USING *,9

Tha instruction

BAL 11,XENTSPEC({0,12) BRANCH TO XENTSPEC RTHN.

canses control to branch to XENTSPEC. The XENTSPEC symbol

us2d in the above instructicn is eguated to the value 2456
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and represents a

pase register 12 is used

point. Ir

displacement will also have

change. The instruction
XENTSPEC EQU 2u6

can be easily updated if

control to the instruction

since X

he model arqument

displacement value. A

<]

T N

3

the STARTA routine 1is modified at any tinmse,

to be modified

it is required.

fcllowing the

list.

SPEC 1

displacement fronm

s not an  entry
this
to reflect this

ZENTSPEC returns

list terminator

The i1nstruction

BC 15,¥RET(0,12)

causes control tc¢ branch to the XRBRET routine. The XRET
symbol is eguated to the valus 1124, Again a displacemant
is used because of the absence of an entry point for *this
routing.
Fxample:
The follo;inq sample HWATFIV program 1is used to

illustrate the linking conventions for array names.

DINENSION IBUF (4000)
NLDC = 4000

CALL ARRAY (IBUF,NLOC)
PRINT,'NLOC IS 7,NLOC
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The

message wh

ARRAY

* THE

SAVE
NLOC

pCBoUT

ITOXKAY

S5TOP

END

following

en it 1s called.

ST

BAL 11

Assembler subprogram ARRAY prints

14,11,12{13)

,XENTSPEC (0, 12)

DC H'O',CLGYARRAY?

DC A{SAVE

MODEL ARGUHENT

LIST

DC X'92*,AL3(IBUFST)

DC X'82?,AL3 (NLOC)

DC X*T107,AL3{0)

OFEN (DCBGUT,OUTPUT)

PUT OUTPUT,HUSG

CLOSE

BC

DS

15, XRET {0, 12) ERANCH TO XRET ROUTINE

OF

247

o

ount a

BRANCH TO XENTSPEC RTN.

DCB DSORG=PS,RECFM=FB,1ACRF=PN,LRECL=133,BLKSIZ

DC CL29!

E=133,DDNAME=0UTRPUT

CALL TGO ARRAY WORKS FINE!?
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% SETTING UP THE STAR ROUTINE
DC H'0',CLA'IBUF!' NAHE OF THE ARRAY
IBUFST  BAL 15,XA1{0,12) BRANCH TO XAT

pDC AL1{0) ,AL3 (*-%) FILLED IN

DC AL 1(2) ,AL3 (*—%) 3Y
DC A (k—3%) PROLOGUE

% REQUIRES THE FOLLOWING EXTRA WORD FOR THE VARIABLE
%+ DIMENSICN ELEMENT.
DC B1010000007,AL3 (NLOC)

END

¥A1 is a symbol equated to the value 1592. It is usad
as a displacement from Tegister 12 *o point to the XAl
routine in STARTA. XA1 is not an entry point in STARTA at
prasent. This problem applies to XAN as well although it was
never used in any of the subprogram modifications discussed

in this thesis.



ode to provide WATFIV

Macro
: ssenbler
The types

subprogran linkage for an Assembler subprogram.
The

WATFIV subprogram linkage for a

anerates
strings

of arguments it g=

simple variables, vectors, and hollerith

following sections daescribe +the wmacro's features, how it
and 1llustrates its use.

will

functions,
the macro

an Assembler subprogranm,

When called by
generate the fcllowing in the crder liste
{i) entry seguence code to simnlate a
WATFIV subprcgram argument list
{ii) star routinass for any of the arrays
occurring in the argument list
{(iiiy an 0S-type argument list pointed to by
register 1
{iv) storage locations for all the

call-by-value arguments

{v) Las=a

r+
o

placad at the beginning of

call 1is
different phase

macro
The code

for thess
Appropriats entry s=guencs

The
Assenlbler subprogram.
or s=2ctions is prodiuced in-line.
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code is generated first for the subprogran's dumny
arguments. 3tar routines are generated after the entry
sequence code for any of the dummy arguments which are
arrays. Even though code is added to allow WATFIV subprogram
linkage, the subprogram reguires the address of an NS-type
argument 1list pointed to by register 1. This argument 1list

is generated n-line using the information stored when

ped

generating the entry sequence code. Providing an O0S-type
arqgument list means the original subprogram may be left as

it is with no exira modification other than providing tha

YATFIV entrv and return seguence coda.
When YATFIV exscutes the entry seqguence code at

run-time, it places the contents of the actual call-hy-value

arguments in storags locations resarved for the
corresponding dumny arguments. Conseguently, storaga

locations have +to be generated for all the call-by-value
arguments.
The macro user mayv use base register 11 or any Dbass

register that he specifies. Aprropriate code is g=nerated to

o}

initialize the base register following the entry seguence

code,

The macro requires six parameters, Thesse paramsters are

NAME, BASE, SAVE, ARGLIST, RTINTYPE, and ARRAY. They must
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53

n
1

VE

n the macro call in that crder.

-~ +he name of the subprogram. This parameter must be

a valid WATFIV identifiesr.

WATFIV?!s linkage convention is to use register 11

or the subprogram., Another

W
n
-
ot
6]
o
Q)
"
O
]
O
S
fet
0
o+
D
]
L}

basa rTegistar may be specified here. Omitting this
parameter indicates base register 11 will be us=2d.
It is the user's responsibility to drop register 11
as the= base register when it is used. Specifying a
register number or a register eguated symbol results
in base register assignment c¢ode Dbeing generated
immediately following the <code produced for the

linkage.

~ the name of a 24 word save area which will be used
by WATFIV's prclogue and epilogue when the program
is axecuted. After exscuting the entry seguence

code, ragister 13 contains the address of this save

AT2a.
$F - specifies the format of the subprogramn?'s

parametar list. It consists of a list of type and
indicator codes {(discussed shortly) separated by
commas. The list is enclosead within parenthesis. The

format of this list is desscribed in more de2tail in



the saction entitled *The ARGLIST Fizsldl.

ETNTYPE - a numeric value specifying the argument list
terminator for the subprogram. For example, 1f the
subprogran is an INTEGER¥4 FUNCTION subprogram, the
number 22 1is used., If the subprogran is a

SUEROUTINE, then +the number 10 is used. The type

ode associated with FUNCTION subprograns vas
discussed in the t*Argqument List Teraminators?

section.

4}

ARRAY - omitted unless a hcllerith string appears in the
argament 1list for the subprogram. If this is the
case, a positive integer is placed in the fisld as a
flag indicating that additional code 1s required for
a hollerith string. Only one hollerith string is

permittzd to appear in an argument list.

The ARGLIST Field

The ARGLIST field confains a sequence of indicator and

1

type codes which will be called a parameter list in this

section. An example of a parameter list consisting of only
type codaes would be (84,84,82). This paraneter list

generated by th2 macro would be identical to the one created
for a WATFIV subprogram as 1s illustratead by this

instruction.
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SUBROUTIHE PLOT (XPAGE,YPAGE,IPEN)

The indicator codes are numbers used to help describe
certain types of subprcqgran arguments. They are us2d  when

anpsar as arguments and regquire dim=nsioning

<
D
9]
o
@]
+
4]

variables. When such a vector appsars As  an  argument, an
INTEGER® dimensioning variable always appears in the
arqument list as well. WATFIV conventions reguire that this
dimensioning variable be passed to the subprogram,.

Before we proceasd with further explanation, consider
this example. The WATSL parameter list for the ARGLIST £ield

describing a SUBRQUTINE of the forn

D

SUBROUTINE PLOTS(IBUF,NLOC)

whers IBUF is a ons dimensional array and HLOC represents

2lements in that vector is {92,201,82)

=

the number of

where 92 - is the type code for an INTEGER*L4 vector,

0

201 - is the indicator code for NLOC, the third
2lement in the list, and

82 - is the type code for an INTEGER*4 variable.

Indicator codes are integers larger than 200. The

mathematical result ‘'Indicator code - 200' gives the
position of the vactor name in the arguament list. In the
above example, the 1 indicates that the type code following

it is the INTEGER*Y dimensioning variable for the first
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argument. This mechanism achieves the same result as 1f the

instruction

INTEGER IBUF(NLOC)

~

is available for use in tha subprogran.
Any argument may be used to dimension any number of
vectors. An indicator code for sach vector is placed Dhefore

the type code of the dimensionirng argumant.

An example of this useage 1is

SUBPROGRAM LINE (XARRAY,YARRAY,NPTS)

whers XARRAY and YARRAY are vectors whoss length 1s given by
t+he arqgument NPTS. The parameter list ({94,94,201,202,82)
would appear in the ARGLIST field. The first indicator code
201 shows that NPTS is the dimensicning variable for XARRAY,
while the indicator cods 202 shows that NPTS 1is also the

dimensiconing variable for YARRAY.

An Exanple Using the WATSL Macro:

Tha following Assenbler subprogram PLOTS illustrates

the macrto c¢all used to provide HWATFIV type linkage
conventions that are similiar in =ffect to the code produced

for the fcllowing two FORTRAN statements.

SOUBROUTINE PLOTS (IBUF,NLOC)
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DIMENSTION IBUF{NLOC)

This Assenbler subprogram may be called by a WATFIV oprogram
nnce it is assamblad into an cbiject module. This subprogran
stores the constant 2 in the first element of the vector

passed as the first argument.

PLOTS START
¥  THE MACRO CALL FCLLOUS

WATSL PLOTS,,SAVE, {92,201,82),10,

L 2,0(0,1) ADDRESS OF THE ARRAY
LA 4,2 A 2 IS STORED IN
5T 4,0(0,2) THE FIRST ARRAY ELEMENT

3C 15,XRET (0, 12) ERANCH TO YRET ROUTINE

DS OF
SAVE DS 24F
END

As this subprogram is being assembled, the WATSL macro

call expands to become the following statements.

USING R111,11
CNOP 0,4

STH 14,11,12(13)

BAL 11,XEBNTSPEC (0, 12) BRANCH TO XENTSPEC RTN.
R111 DC H'O',CLATELOTS?
DC A{SAVE) WATFIV TYPE SAVE AREA
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% THE MODEL ARGUMENT LIST IS CREATED.
DC X'92',AL3 (STARTT)
DC X821 ,AL3(LOC13)
DC X1107,AL3 (D)
% GENERATING CODE FOR THE STAR ROUTINES FOR THE ARRAY

*  NAMES.

BC 15,%+32

CNOP 2,4
DC CLG! | ARRAY NAME IS LEFT BLANK
STAR BAL 15,%XA1(0,12) ERANCH TO XA1
%¥ THE NEAT THRFE ADDRESSES ARE CREATED AT RUN-TIME BY
* THE WATFIV PROLOGUE.
LST 11 DC AL1 (D) ,AL3(0) LST11 IS THE ADDRESS OF
DC AL1(2),AL3(0) THE ARRAY
DC A (0)
DC X140, AL3(LCC13)
* GENERATING THE OS-TYPE ARGUMENT LIST
%* TO BE USED BY THE SUBPROGRAN.
ABL 1T BAL 1,%+4%3 AN IN-LINE ARGUMENT LIST
DC X'007,AL3(0) FILLED IN LATER BY A
DC ¥'807',AL3(L0OC13) HMVC INSTRUCTION

¥ A MVC INSTRUCTICH MOVES AN ARRAY ADDRESS INTO THE
¥ 0S-TYPE ARGUHENT LIST AT RUN-TIHE.
MYC ABL1+4%1+1(3),LST11+1

CNOP D,
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% GENFRATING THE STORAGE LOCATIONS FOR THE
* CALL-8Y-VAILUE ARGUMENTS.

3C 15, %+4% (3-1-0)
LOC13 DS F

The prologue fills in all the storage locations for the
call-by-value dammy arguments with the contents of the
actual arguments. However the call-by-location array names
can only be obtained from their respective star routines and
only after +the prolcgue has moved the address *to the
subprogram. The array address is obtained <from the star
routine 1in the subprogram and inserted into the O0S-typ=
argument list Dby a HVC 1ins ction after the prologue
completes 1ts operations. In the sample subprograsm, the
prologue places the address o¢f the vector IBUF in the
location designated as LS5T11., A MVC instruction following
the code generated for an 0S-type argument list moves a copy
of the vector's address into the appropriate position in the
05-type arqgument list.

411 addresses of call-by-value arguments found 1in the
0S~type argument 1list refer to storage locations generated
for them by the macro call. Some duplication =xists 1a the
suborogran. However, the organization 1s kept clear by this
mathod.

4 listing of the WATSL macro appears in Appendix A.
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Chapter 4

The Calcomp plotting routines referred +o 1n this
thesis consist of the subroutines which make up the Basic
software package provided by California Computer Products,
Inc. and are described in (8). These routines are PLOTS,
SYMBOL, NUMBER, SCALE, AXIS, and LIXNE. The subroutine

called PLOTS has four additional entry points for PLOT,

DFFSET, FACTOR, and WHERE, The University of Hanitoba

provides 2 additional subroutines with this package. These

B

Toutines are SIMBLE and AXISI and are modifications to
5YMBOL and AXIS respectively. The University of HManitoba
publishes a prograrmers guide (7) which is a modification of
(8) and contains additional information on SIMBLE and AXISI.
The routines PLOTS, SYMBOL, SINBLE, and NUMBER are written
in Assembler language while the rest are written in FORTRAN
IV. This charpter describes the modifications to these

routines in order for them to rTun with WATFIVY.

The subprogram calling relaticnship for thesse routines

follovws.
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SUBPROGEAN USES

FLOTS nons
SYHBOL PLOT
NUMBIER SYMBO
SCALE NONE
LINE PLOT
SYMBOL
AXIS PLOT
SY¥ BOL
NUMBER

PLOTS

Thigs section describes the Assambler code for the BLOTS
routine before and after its modification to rTun with the
WATFIV compilar. A discussion of the coding modifications

follows.

M

The start of the original PLOTS routine for the FORTRAI

G and H compilers is illustrated below.

PLOTS START 0
ENTRY PLOT
ENTRY FACTOR
ENTRY WHERE

ENTRY OFFSET



5TY 14,12,12(13)
LR 11,15

LA 12,SAVE

ST 12,8(0,13)

ST 13,SAVE+U

LR 13,12

LE 0,87TPS?Z

MYI PLOY (4) ,PLOTS+2

52 0,0

The code produced for the PLOTS routine in order to
modify it for WATFIV subprogram linkage is 1llustrated

below.

PLOTS START O
ENTRY PLCT WATFIV TYPE ENTRY POINT
ENTRY PLOT1 OS-TYPE ENTRY POINT
EXTRYN BERORT WATFIV ERROR MESSAGE ROUTINE
ENTRY FACTOR
ENTRY HHERE

ENTRY OPFSET

X

WATSL PLOTS,,SAVE, (92,201,82),10,



AXFZ BCR 0,0 7O BE MODIFIED TO PREVENT REENTRY

* THIS INSTRUCTION HMOVES C0ODE TH ALLOH
* AN OS-TYPE ENTRY TC ELOT.

MYC PLOTT1(2) ,AXFZ

MVC ALIZ (4), AXFZ ALLOWS WATFIV ENTRY TO PLOT
MVYC AYFZ (4),AGBZ PREVENTS REENTRY TO PLOTS
LE 0,STP57%

ME O, FACT

Tha WATSL macro copies the actual argumsnts into the called

SUbpPprograi.

Since the BASTE parameter was cnitted in the macro call,

register 11 is used as the base register. Th= code which

performed the O0OS-type register save operations was removed

ey

and replaced by the macro call. It then becones WATFIV?'s
responsibility +o link the save areas and save the contents
of the registers.

The PLOTS routine must be called prior to calling any

0f the other Calcomp plotting routines which call PLOT. When

4

PLOTS is executed, the instructions

PLOT BCR 15,14 PREVENTS INVALID ENTRY



3CR 15,14 IS HODIFIED AT RUN-TIME

which prevent antry f£o PLOT ars changed to two

ve]
@}
jxv]
[
~
<O

instructions and the criginal instruction
3C 15,¥RET (0, 12)

is nlaced in the PLOTS routine thereby preventing more than
one access to PLOTS. The code fcllowing the O0S-typa entry

point is also modified to allow entry to the PLOT routine.

The original code for PFLOT is illustrated below.

USING *,11
PLOT BCR 15,14 PREVENTS INVALID ENTRY
BCR 15,14 IS MODIFIED AT RUN-TIME
% h BASE REGISTER IS SET UP AND SAVE AREA PROVIDED
LR 11,15
LA 12,SAVE

ST 12,8(0,13)

9]
!

13,SAVE+Y

P
j=s]

13,12

8 2,4,0(1)
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PLOT
®

MODIE

ALIZ

PLOT1
conveptions
+he SYHABOL

subprogram

2 after
WATSL
IED BY PLOTS
5C 15,XRET (0
pC 15,PLOT2
FOR AN O3-TYP
BR 14
STH 14,12,12
LA 3,8
SR 15,3
LR 18,15
LA 9,SAVE
57 9,8(13)
57 13,5AVE+Y
LE 13,9
La 2,1
ST 2,ENTFLG
L 2,4,0(1)
is an ent
for the PLOT
and SIMBLE
linkage conv

TO ALLOHY

2 12)

i7
ii

i
k)

nodification is illustratsd below.

PLOT,, 10,SAVE, (84,84,32),10,

ENTRY TO PLOT

I

BRANCH TO ¥YXRET ROUTINE

5 MODIFIED AT RUN-TINE

ENTRY POINT.

MODIFIED BY PLOTS

(13)
ADJUSTING THE BASE REG
REG 15 MUST ALYWAYS POINT
TO PLOTT
NS-TYPRE SAVE CONVENTIONS
SETTING THE ENTRY
SEQUENCE FLAG NEGATIVE
LOAD LINKAGE
ry point using OS-type linkage
routine. This entry point enables

routines

entions

us

T

by

o call PLOT using OS
referring to PLOT1. A



WATFIV calling seqguence is nct reguired for calling PLOT.

}

The return seqguence code is illustrated as follows.

EYIT ST 1,3,BUFID SAVE BUF INFORMATION

* CECIDING WHICH RETURN SEQUENCE TO US5E

% A WATFIV RETURN, OR AN CS-TYPE RETURN.

L 3,ENTFLG ENTRY SEQUENCE FLAG

o]
i

LTR 3,3 ERO ?

BC 8,WATRET WATFIV RETURN SEQUENCE
SR 3,3 NO.

ST 3,ENTFLG RESETTING FLAG

L 13,SAVE+L

LM 14,12,12(13)

BR 14 0S-TYPE RETURN

* A WYATFIV TYPE REFETURN

WATRET BC 15 ,XRET (0,12) ERANCH T0O XRET ROUJTINE

This code checks an entry segquence f£lag to sze whether
a WATFIV r=turn seguence or an 0S-type return seguence

should be performed.
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The following illustrates the code for tha FACTOR

routine before any nodifications were made.

FACTOR ST 2,SAVE
L 2,01 LOAD LINKAGE

STE 0,FACSZ
L 2,SAVE
BCR 15,14

DEOP 15

The following illustrates the cod: after modifications

FACTOR WATSL FACTOR,9,SAVE, (84) ,10

L 2,0 LOAD LINKAGE

STE 0,FACSZ

e

® A WATFIV TYPE RETURY
BC 15,%RET (0,12) ERANCH T0O XRET ROUTINE

DROP 9



Qo
ot
It
u

Once this routine has calculated the new factor size,
it =¥ecutes the WATFIV return sSsgusnce code to return
control to the calling program. The base register that was

nsed was dropped at the end of the routine.

WHERE AND OFFSET

The nodifications to WHERE and OFFSET are very similar
to those performed on the FACTOR routine. Listings of thesa

nodified routinss appear in Appendix B.

SYHBOL
The standard calling seguence for SYHBOL is

CALL SYHNBOL(XPAGE,YPAGE, ERIGHT, IBCD,ANGLE, NCHAR)

whares the argqurents are intarpreted according to

descriptions in {7).

F]
oyt

1

v
[
()
4

argument IBCD contains text in  BCD or A-typ
format. These characters may be stored in a simple variable
{INTEGER*4 or REAL*YY, a vector (INTEGER*L or REAL*U), or a
hollerith string. The FORTRAN & and H conpllers pass the
address of the first location of this argument as +the IBCD
argusent. The number of characters in this argument 1is
given by the argument NCHAR. Error ch=acking, to ensure that

+

tha user does not uss more characters than have bhaen




provided, does not exist.

WATFIV uses a different 1linkage convention in its
arqument list to accomodate vector and hollerith string
arquments. A vector results in one word being used in the
calling list. Its type code 1is either Xt92¢ (INTEGER*U
vector) or X'™9yu¢ (REAL*4 vector). The following 3 byte
argument list entry contains a pointer to a star routine for
this element. The hcllerith string (also referred to as a
character constant) is represented by 2 words although only
one word appears in the argument list. The second word 1s a
'rdope vector!'! and is stored in the proqramfs data area. A
schematic illustration of the storage format for a character

constant appears helow.

1 byte 3 bytes

type code £ield address field

This word appears as an entry in an argument list. The
type cods for a character constant is X'09°. The address

field contains a pointer to a dope vector.

1 byte ' 3 bytes

length field address field
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This word appears 1n the pregram’s data area. The
length field specifies the length of the character constant.
The address field contains the address of the character
constant. Th=s character constants are stored in a contiguous
list of words in the program®s data area. Blanks are
inserted on the right if +the character constants do not
occupy multiples of full words.

7hen a WATFIV mainline program makes the following call

to SYMBOL

CALL SYMBOL(XPAGE,YPAGE,ERIGHT,IBCD,ANGLE, NCHAR)

the followinyg calling segquence is ganerated.

cNOP 2,4

L 3,=V(SYMBCL) SUEROQUTINE ADDRESS
LA 18,ICI RETORN ADDRESS

BALR 1,3

DC X'847 ,3L3 (X¥PAGE)

DC X847 ,AL3 {YPAGE)

bC X‘S4’,AL3{HEIGHT)

DC X’80’;AL3(O) THIS TYPE CODE ARND
DC ¥X'3847,AL3 (ANGLE) ADDRESS FIELD DEPEND
DC X'827 ,AL3 (NCHAR) ON TYéE OF ARGUNMENT
DC X107 ,AL3 (D) USED FOR IBCD.

ICI.owos



If IBCD is a simple INTEGER*U variable, the type code
by 7 I

and address field ar=:

DC X832 ,AL3{IBCD)

If IBCD is an INTEGER*4 vector, the type cods and address

field are

DC ¥*'927,AL3(STARTY)

where START11 is the name of the star routine for IBCD. If
TBCD is of type REAL*4, the type code is X'84' for a simple
variable and ¥194°? for a vector. If IBCD is a character

constant such as 'QUOTE ', the argument list entry is

DC X'097,AL3(DOPT1)

where ¥'09?' is the +type code for a character constant and

DNP11 occurs in the program's data area as follows.

DoOP 11 DC X*06',AL3(labal for the character constant)

The address field contains the address of the character
coustant. The character constant occupiass 2 words of

storage and is in the following foram.

Examples 1in Chapter 3 showed the code ganerated by the

WATSL macro when sinple variables and vector names ara used



oa=2
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as arguments. The following example illustrates the
produced when a character constant 1s among the 1list of
argqunents,

The macro call

WATSL SYMBCL,,SAVE, (84,34,84,9,84,82),10,

generates the fcllowing code.

USING R111,11

CHOP 0,4

STH 14,11,12(13)

BAL 11,XENTSPEC(0,12) BRANCH 70 XENTSPEC RTN.
R111 DC H'0',CLA?SYHMBOLY

NC A (SAVE)
%  THE #ODEL ARGUMENT LIST IS CREATED.

DC X'841,AL3 (LOCTT)

DC X'847,AL3(LOCT2)

DC Y'847,AL3{LOCT3)

DC X709',AL3{(DOP11) ADDRESS OF DOPE VECTOR

DC X'847,AL3 (LOC15)

DC X'827,AL3(L0OC16)

DC X*'107,AL3{0)
% GENERATING THE O0S-TYPE ARGUMENT LIST T0O BE USED BY
* THE SUBPROGRAMN.
ABLS RAL 1,%+4%7

DC X'00?!,AL3(LOCTT)

Ui
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NC X'00',AL3 (LCC12)
DC X'007,AL3 {L0OC13)

D0P51 DC X100, AL3 (D) DOPE VECIOR IS FILLED
DC ¥100!',AL3(LOC1TS) IN AT RUN-TINE

DC X'807,AL3{L0OC16)

* GENERATING THE STORAGE LOCATICNS FOR THE
* CALL-BY-VALUE ARGUHENTIS.
BC 15,%+4% {7-0-1)

.oC11 LS F

LOC12 pDs ¥

LOoC13 nDns ¥

LOC15 DS F

LOC16 Ds F

The Macro generates the code for the character

constants treating them as if they were call-by-location
arguments. The dope vector for the character constant shown
in the example above, is located in the O0S-type argument
list creatsd for the assembler subprcgram. The dope vector
is filled with zeroes at conpile time since the length and
address of the character constant are unknown +to the
subprogram at that time. However at run-time when control is
passed to the subprogranm, the dope vector of the calling

argument list is available. The following two instructions

Lo2,1240,1)



MVC DOP11(1),0(2)

place the length of the character constant in the length

field of the subprogram!s dope vector. Those two
instructions are executad prior to executing the

subprogram?s entry seguence code. When the entry seguence
code 1is executed, the run-time error checking routine
XENTSPEC checks that +the twe character constants are the

same length. They are found to be exactly +the sams of

course, and then the address of the character coustant 1is

placed in the address field of the subprogram's dope vector.
This 1is the technique used to pass character constants to a

SULProgram,

One should note that in order +to save a storags
location, the dope vector is placed in the 0OS-type argument
iist for the called subprogram. This may he a problem for
subprograms which check for the end of the argument list. If
a character constant greater than 127 characters 1is passed
to a subprogram, the dope vector?!s sign bit will b=
interpretad as being set on. This 1s Dbecause the length
field is occupying the Dbyte of storage which normally
contains X'C0°*. Por exaanrle, a character constant

consisting of 129 characters would have a ¥'81% storad in

it

dops vector. This word would Dhe

i

it

n

the length fizld o
interpreted as being the end of the 0S-type argument list.

If this is the case, this byte should be set to zero by a

o
«d



MYI DOP51,X¥00?

quencs code. Since SYHNBO0L does

7

instruction after the entry s

{

not check for the end of the argument 1list, this byte is not

rodified,

{

If the IBCD argument in the SYMBOL call is a vector of

%]

type INTEGER*L or REAL*4, an additional problem 1

ancountered. Since this vector can be of any length, WATFIV
axpects a dimensioning variable to be passed to the
subprogram in addition to the vector. This is not the cass
when a call o SYMBOL is made with the original version that
was compilad by +the FORTRAN ¢ and H compilers. In that
case, the address of the vactor is tine only information
passed ahout the vector. WATFIV requires the dimensioning
variable in order +t¢ construct a star routine in the
subprogram for this vectcr. This dinensioning variable i3

not available in a call of the form

CALL SYMBOL (XPAGE,YPAGE,HEIGHT,IBCD,ANGLE, NCHAR)

which is the calling form of the original version. One

solution +ried was to attach this dimensioning variable to

+h2 end of the argument list as an extra argument. This

]
W

approach works in practice. A plotting progranm containing a
call to SYMBOL with the extra argument attached +to the
rgument list would run with WATFIV and would also rumn with

the FO

)

1 TRAN

G

and H ccmpilers since the SYMBOL routine
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ignores the extra arqgument at the end of the argument 1list.

The disadvantags with this approach 1s that a progranm

W

written for the FORTRAN

o

or H ccupiler that does not use
the extra argument for the SYMBOL calls, will not work when
run  with WATFIV. Therefore the approach used was to leave
the arqgument list as it was and to obtain the vector length
at run-time from *the actual argument list. This list
contains an entry for the IBCD vector wihose address field
contains a pcinter to the vectcr's star routine. This star
routine contains a 4 byte word containing the vector's
length. When contzcl enters the SYMBOL routine at ran—-time,
the following dinstructions are executed +to obtain this
vector length and copy it into a storage location whose
address is placed in the star routine for the dummy vector
argument found in the <called subprogram?s argument 1list.

These instructionsg are:

L 2,1200,1) IBCD?’S STAR ROUTINE
L 2,12(0,2) OBTAIN THE VECTOR'S LENGTH

sT 2,TPST1

The star routine for the dummy vector for IBCD contains

a word containing the address of the dimensioning variable.

The macro generates this storage location. It is called
TPST1 in this example. These instriuctions are executed
before the entry sequences code 1s executed. This approach

Ut
O




allows a vector +to be used as an arguaent with the full
powcr of variable dimensioning but without the additional
argument to serve as its dimensioning variable. This
technique is used again for the SCALE, LINE, and AXIS
routines.

The two types of calls to SYMBCL are the ‘Ystandard?
call and the 'gpecialf call. The 'standard?® call is used to
draw text such as titles while the ?'special?! call is us=d to
draw special centered syambols for plotting data points. A
call dis a ‘'special?! call if and only if the last argument
has a negative value. The fourth argumant {ie. INTEQ on
page 11 of (7)) in the argument list for SYMBOL is always
treated as ap INTEGER*4 varjable for 'special?! calls. For a
1

standard? call, the argument {ie. now called IBCD) may be

a sinple variable (INTEGER¥*4 or REAL*4), a vector

th

one  ©
{INTEGER*4 or REAL*4), or a hollerith string. Consaguently,
the IBCD argument may be one of five different types. Since
the subprogram has to accommodate each different +type of
argument it is expecting, the approach taken was to modify

the entry saguence code at run—-time according to the type of

the SYMBOL call and +fthe IBCD argument. The type of the

’D

SYMBOL call is determined by examining *the last argument in
the actual argument list. The type of the IBCD argument 1s
Asterminad by examining the type code of the corresponding

actual arguaent.
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The fcllowing flow chart illustrates the program logic

instructions which modify the entry

fuid
o
[¢)]

required to execute

i

saguence code appropriately.

[op
—d



"Obtain contents of the last arqumengl

(Is it a 'special® call?}~
Yo Yes
[obtain contents of IBCDJ

\

[

(Is it a hcllerith string?}
5 Yes No
Execute instructions to modify the entry seguence code

hollerith string

wvhere IBCD is a
|

Y A

2

C
(Is it a vector? )
Yes No

(Is it of type INTEGER*4? )
No

) Yes

3
Execute instructions to modify the entry sequence code

-3

where IBCD is a vector of type INTEGER*Y
3

1
Execute instructions to modify the entry seguence code

3

where IBCD is a vector of type REAL*Y
g |

]
(Is it of type REAL*&?}
Yes No

A
Execute instructions to modify the entry sequence code

-
)

whers IBCD is a simple variable of type REAL*Y
I

{
Execute instructions to modify the entry sequence code

[}

where IBCD is a simple variable of type INTEGER*Y

Y
IExecute the entry sequence codﬂ




SYMBOL calls the SIN and C0S functions. These fuanctions
occur as entry rpoints in the THCSSCN control section. The
original SYMBOL routine «calls the SIN and COS subprogranms
that are stored in the FORTRAN IV library. These library
subprograms use 0S subprogram linkage conventions. In order

to call the SIN and CCS functions in the WATFIV library, a

WATFIV calling sequence has to b2 set  up. This calling

z

(]

sequence for a library subvprogram is different from that

i

us=d to call WATFIV subkprograms. Therefore the SIN and COS
routines from the FORTRAN IV library were modifisd so that
they could be called hy SYHROL using OS-subprogram linkage
conventions. This involved removing an 2rror messags reguast
which refersenced the two entry points THCERRM and IBCON#
which were not available in the WATFIV library. These =ntry
points handle error message reguests for subprograms written
using OS subprogram linkage conventions. This error message
request was repoved and a call was made to the WATFIV
subprogram called EERCR1T to print out an error messag=. The

error message fcllows,

AEXERROR®¥%* ABS(SIN CR CO5 FUNCTION ARGUMENT) >= PT *2%x%x18,

The entry points for the modified TIHCSSCN control
section were changed to SINT and €C0OS1T so that no confusion

would occur witl YATFIV SIN and C£OS library subprograns.

(e
[S9]



The

argqunents

SYMBOL

e
K

*#

3

b3

SYABOL routine

Was

The cods inserted into
erent types of <calls

ST

EXTRH

BA
us
CHECKING
L
L
LT
BC

IT WAS A

DETERMINING

A VECTOR

TH

3C

TH

BC

IBCD IS5

allowed is

ART 0
SINT
cos1
PLOT 1
SYMB1
LR 9,0
ING *,9
TYPE OF

2,20 (0, 1)

2,0 (2)

TR 2,2

4, INTS

*STANDARD?

CALL

the

and

1llustrated

MAD

CALL

WHETHER IBCD

, OR A HCLLERITH

2(1)

1, CHARK

,X1097
12 (1) ,X790°"
12, NEXTY

A VECIOR

modified %o

SYMBCL routine to handle
tha different types

below.

SINT AND COS1 ARE THE

SIN AND COS FUNCTIONS

O5-TYPE ENTRY POINT

CS-TYPZ ZNTRY POINT

E TO SYMBOL

ADDRESS OF ICODE

OBTAIN CONTENTS OF ICODE

IS IT A 'SPECIAL' CALL

BRANCH IF SO

I5 A SIMPLE VARIABLE,

STRING.

HOLLERITH STRIAG ?

YES

VECTOR?

N, IT IS SIMPLE VARIABLE

call SINT and COS1.

the

of



L 02,12(0,1) ~ IBCD'S STAR ROUTINE
L 3,4{0,2) THE CALLING VECTOR
Lo2,12(0,2) YECTOR LENGTH OF ARGUMENT

IT IS STORED IN A LOCATICN REFERENCED BY THE STAR

* ROUTINRE FOR THE DUMMY ARGUMENT REPRESENTING IBCD.
ST 2,TPST
% STORTNG THE VECTOR ADDRESS IN THE OS-TYPE
* ARGUMENT LIST.
ST 3,DOPE
LA 2,STAR ADDRESS OF STAR ROUTINE
ST 2,IBCD STORING THIS ADDRESS
% DETERAINING TYPE OF IBCD ARGUMENT
TH 12(1),1'027
BC 1,INTY
MVI LBCD,X'Ou4t IS REAL*4 TYPE
BC 15, ENTSEQ
INTY MVI IBCD,¥X'92? IS INTEGER*Y4 TYPE
3C 15,ENTSEQ
* IBCD IS A HCLLERITH STRING
CHARK L 2,12(0,1) ADDRESS OF DOPE VECTOR
*  HOVING THE VECTOR LENGTH INTO THE DOPE VECTOR
* LENGTH FIELD OF THE DUMMY ARGUMENT FOR IBCD.

MYC DOPE (1) ,0(2)

LA 2,DOPE



oo 7
3 b

s LBCD

i3

MYT IBCD,X'09?

3C 15, ENTSED
% HAVE A 'SPECTAL? CALL

ST 2,SPECFLG
*IBCD IS A SIMPLE
NEXTY LA 2,TPsT

ST 2,IBCD

"
% CHECKING FOR A 'SPECIAL?
1L 2,SPECFLG
LTR 2,2
BC 2,ISINP1
% DETERMINING TYPE OF IBCD
TN 12 (1) ,X°04°
BC 12,ISINP1
MYI IBCD,X*84"
BC 15, ENTSEQ
ISTHP SR 2,2

MVI IBCD,X1827

DEOP 9

VARIABLE

Ho

ADDRESS OF DOPE VECTOR

SETTING THE TYPE CODE FOR

I3CD ARGUMENT

1

SETTING TH

Py

t

SPECTAL FLAG ON
IBCD IS TREATED AS BEING

A CALL-BY-VALUE ARGUMENT

CALL
IT WAS A f*SPECIAL' CALL

ARGUMENT

IS REALX*4 TYPE

RESETTING THE

TSPECIALY

FLAG

IS INTEGER¥Y TYPH
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o)

)
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ENTRY

SEQUENCE CODE

JSING RES1T1, 11

CNOP O,U

STH

BAj

bC

DC

MODEL

bC

)
)

o)
P

~

DC

~

lw»]
)

GENERATI NG

BAZ

bC

bl

DC

BAL

14,11,12(13)

11,¥YENTSPEC{0, 12) BRANCH TO XENTSPREC RTN.

H'0',CLA"SYHXBOL!?

A (SAVE)

ARGUMENT LIST IS CREATED

Y1841 ,AL3 (XPAGE)

L1847, AL3 (YPAGE)
Xt341, AL3 (HRIGHT)

X100t ,AL(0) FILLED IN AT RUN-TIHE
X841 ,AL3 (ANGLE)

X*130%,AL3 (NCHAR)

THE OS-TYPE ARGUMENT LIST

jae}

1,%+2
Y1007 ,aL3 (XPAGE)
£100',AL3 (YPAGE)
X?'00!,AL3 (HRIGHT)
X¥000 ,AL3 (D) FILLED IN AT RUN-TINE
¥1007,AL3 (ANGLE)
X301, AL3 (NCHAR)

R 8,0

USING *,8

BC

15,SYHBOL2



JSING OS

5YMB1 ST4 14,12,12(13)
LA 3,4
SR 15,3
LR 8,15

9,SAVE

5T 9,8 (13)
ST 13,SAVE+4
LR 13,9

LA 2,1
ST 2,BENTFLG
SYMBOLZ2 LA 9,LINK
SYNR1 represants an ent
by any calling routine usi
conventions. Ths plotting rout

this entry point whenever it

SYMBOL appears in Appendix B.

NUHBER

The NUMBER routine con
variable or a real constant 1o
number. The symbols used to

are plotted by calling the SV

The calling statement 1is

-TYPE LINKAGE CORVENTIONS,

0S~-TYPE ENTRY POINT

=)

EADJUSTING THE BASE

REGISTER

REG 15 MUST CONTAIN THE
ADLCRESS OF SYMBI
SETTING THE ENTRY TYPE

FLAG T0O ONE

LOAD LIRNK

FOR

PLOT

ry pcint which can be accaessed

ng 0§ subprogran linkage
ine NUMBER discussed next uses
calls SYMBCL. A 1listing of
verts +the contents of a real

an appropriately formatted

represent the formatted number
BOL routine.

illustrated below.



CALL NUMBER{YPAGR,YPAGE,BRIGHT,FPN,ANGLE,NDEC)

e
t*-w'

The argument FPN represents the nuaber that 1s to be
converted and plotted. The argument NDEC controls the

precision of the couversion. The other arguaents ara

©

described in (7).

The NUMBER routine reguired very little modification.

D

The 0S type linkage code was replaced by the WATSL macro

@

call
YATSL NUMBER,S,SAVE1, (84,84,84,84,84,82),10,

to generate WATPFIV subprogranm linkage code. In place of the
call to SYMBOL, a call to the SYMB1 =ntry point was made. An

Assemblaer listing of the code is found in Appendix B.

The SCALE routine examines the REAL*4 data values
passed down to it in a vector to determine a starting value
and a scaling factor. This allows the range of the data
values to be properly represented in the vector so that they
fit in a given plottinﬁ ar@a. The starting value is referred
to as FIRSTV while the scaling value 1is referred to as
DELTAV. Both these variables are referred to as the scaling
parameters.

The calling saguence for SCALE is

fway
0



CALL SCALE{ARRAY,AXLEN,NPTS,INC)

where
ARRAY is a vactor containing the REAL*4 data values,
AXLEN is the length of the axis that the data 1is to ba
scalad to,
NPTS is the total number of data valuses in the array
INC is a number used as an increment in selecting data

values in the vactor.

The storing of FIRSTYV and DELTAV in the unused elements
of the vector presents a special problen for any
modification o©of the SCALS routine for WATFIV use. The size
of ARRAY pust be at least two larger than the number of data
values since FIRSTV is stored in the NPTS5+1 location of
ARRAY and DELTAYV is stored in the location NPTS+2. If INC>1,
then FIRSTV is stored in ARRAY (NPTS * INC + 1) and DELTAV is

stored in ARRAY (NPTS % INC + INC + 1). The problen

encounteraed is similiar to the one in SYMBOL regarding the

]

I8CD argument when it is a REAL*4 or INT GER*¥U4  vector.
WATFIV must have an extra argument passed to the subprogram
+o serve as the dimensicning variable for the ARRAY vector.
Since SCALE was not written in Assembler code, the length of
ARRAY cannot be obtained at run-time using the same

tzchnigue used in SYNBOL.

The fcllowing technigue was used to implement a WATFIV

70
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+

s
2]

version of SCALR that has the same argument 1list a
original version. An Assembler prograr called SCALE was

} AXLEN, HNPTS

2]
e
-

written containing the four arguments ARR
and INC. It contains the necessary Assembler instructions to
obtain the length of ARRAY at run-time and move a copy of it
to the subprogram?s entry seguence code. This entry sequence
cods is present to check the subprogjram linkage to ensure
that the four argumants are passed down correctly. The name

of the originmal SCALE subprogram is changed to SCALE1 and is

ALWays compiled by WATFIV. Since a WATFIV <compiled
subprogranm contains its own entry seguence code, the

modified SCALE routine sa2ts up code for a WATFIV calling

sequence to call SCALE1, An actual arguament 1ist is set up

f‘u‘

in SCALE which includes an extra argument to reprasent the
dimensioning variable for ARRAY. An extra argument called NT
is added to +the dumny argument list of SCALEl. NT is the
dimensicning variable for the ARRAY vector in the SCALE1

subprogram. The desclaraticn statements for SCALET are

illustrated below.

SUBROUTINE SCALET (ARRAY,AXLEN,NN,INC,NT)

DIMENSION ARRAY (NT),SAVE(7)

A check is made in the SCALE1 subprogram to ensure that
there is adequate storage space to store the contents of the
scaling paramseters. If the space isntt availables, the
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following =rror message is printed out hefor2 control

raturns to the calling progran.

#%%*ERROR®%®  THE VACTOR USED MUST BE DINENSIONED LARGER

THAN THE NUMBER OF LDATA VALUES USED IN S5CALE.

The SCALE and SCALE] subprograms are listed in Appendix

B.
AXIS

The AXIS routine is called to draw an axis line at any
desired angle. It divides the line into 1 inch intervals

with a number which has been appropriataly scaled and drawn
below the division marks. The axis line drawn 1is also
janelled with an appropriate title.

The calling seguence for AXIS is shown balow.
CALL AXIS (XPAGE,YPAGE,IBCD,NCHAR, AXLEN,ANGLE,FIRSTV,DELTAV)

The arquments are described in (7). The argument called IBCD
requires the same spacial attention as it did in the SYMBOL
routine. TIBCLC mwmay be a sinmple variable ({INTEGER*4K or
REAL*4) , a vector (INTEGER*# or REAL*H), or a hollerith
string. The approach taken to handle it in this routine 1is
similiar to that taken in the SYMBOL routine. Appropriate

code is set up to modify the entry sequence code at run-time

according to the different calling argument types passed *o
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it from the calling prograns.

The WATFIV version of the AXIS routine is iamplemented
by creating an Assembler subprogram called AXIS whose
function 13 +to provide the appropriate entry ssquence code
to accommodate the different calling argument types. Upon
snecessful sxecution of the entry sequence code in AXIS, the
AXTS1 routine is called. The original version of the AXIS

1

routine now ccapiled by WATFIV was renamed AXIST. This

/

'—'o

subproqgram reguired very little modification to run with

WATFIV. The calling

i

agquence used is the same one used for
the Assembler subprogram AXIS with the exception that the
dummy arqument for IBCD is always treated as an INTEGER*Y
vector containing only one element.

The purposs of the Assembler subpregram is to set up
the appropriate entry saguence code for any allowed calling
argument list and to pass on to AXIS1, the address of the
first storage location of the set of alphamsric characters
to be plotted. The AXIS routine obtains this address atter
its entry seguencs code is executed in the following way. If

th

v

actual arqgument for IBCD is a simple variable, the
address of the storage location in AXIS is used for the
correspoading call-by-value dummy argument. If the actual
argument for IBCD is a vector, its starting address is found
in the star routine for the dummy argumant for IBCD. IL the

actual argument for IBCD is a hollerith string, the address
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of the first character is in AYXIS in the dope vector for the
dummy vector for IBCD,
Once the address of +the alphameric characters 1s

1 on to  the AXIS1 routine in  the

0]
(@

obtalned, it is passe
following way. & WATFIV calling s=quence 1s set up to call

AXIS1. The calling statement in FORTRAN would be

CALL AXIS1(XPAGE,YPAGE,IBCD,NCHAR,AXLEN,ANGLE,

1FIRSTV,DELTAV)

s  an INTEGER*4 vector containing only one

f=de

where IBCD
elament. The following FORTRAN statements illustrate the

code used in coding the AXIST subprogram.

SUBRCUTINE AXIST(XPAGE,YPAGE,IBCD,NCHAR,AXLEN,ANGLE,
1FIRSTV,DELTAV)

DIMENSTION IBCD{1)

The address of the alphameric characters is stored in the
star Troutine set up for the calling argument for IBCD in
AXIS. When the call is made and the entry sequence coda 1is
exacuted in AXIS1, the prclogue copies the address of the
calling argument for IBCD into the star routins in AXIS1 for
its dummy argumant correspording to IBTCD.

The address in the star routine for IBCD in AXIST is
passed on to the SYMBOL routine in the following way. The

following FORTRAN statemant calls the SYHUBOL routine.

T4



CALL SYMBOL(XT,Y¥T,0.14,IBCD,ANGLE, KN)

The SYMBOL routine examines the calling argument lis®t and
appropriately modifies its entry seguence code to allow
proper subprogram linkage to take place. WATFIV's prologue
passes the address of the alphameric characters to the star
routine set up in SYMBCL for dits dummy argument
corresponding to IBCD. SYMBOL then ases this address stored
in this star routine as the address specifying the location
of the first symbol to be plotted. SYMBOL ignores the rest
of the informaticn found in this star routine. IBCD was
passed in the calling argument list for AXIS1 with a length
of only one element just so that the star routine would be

usad to pass the address of the set of alphameric characters

down to SYMBOL.
Errors may occur when calling SYHBOL whean nors

characters are to be plotted than are available. The user
must ensure that this does not happen. No error messages are
given. SYMBOL will plot the desired number of syabols, but
it plots a special symbol if it recognizes an invalid symbol

occurring in the list of symbecls to be plotted.

jet
{bed

-
23!

B

The LINE subprogram is used to draw a plotted line

using pairs of data values passed to it in the vectors
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YARRAY and YARRAY. Thess vectors contain data values

representing the ¥ and y coordinates of the data points. The

joy)

scaling parameters, stored in thess vectors, are used to
‘scale the data values before drawing an actual plot, so that
they will fit within the desired plotting range.

The calling s=2quence for LINE is as fcllows.

CALL LINE{XARRAY,YRARBRAY,NPTS,INC,LINTYP,INTEQ)

These argquments are

0]
f‘{\
U
9]
i
ot
o
]
peT]
[
oo}

———
~J

—
A

The original version of the LINE subprogram c¢an b2
correctly compiled by WATFIV but it will not eaxecute
properly. This is because of the convention concerning ke
nethod of storing the scaling paramaeters after the data
values in ths two vectors XALRRAY and YARRAY. For proper
WATFIV execution, a dimensicning variable for XARRAY and for
YARRAY is reguired. These dimensioning variables do not

occur in the argument list of the original version of the

H

LINE subprogram. This variabls dimensioning problem ogccurred
before when modifying the SYWBOL, SCALE, and AXIS
zubprograms. The problenm encountersd with the LINE
subprogram was resolved by writing an Assembler subprogranm
called LINE which is an interface between the original
version of +the LINE subprogram and the HATFIV calling
program. The original version of the LINE subprogram was

renamcd LINE1. A WATFIV plotting program calls LINE which in



+urn calls LINE1. The LINE1 subprogram contains ths 3Six
argumerts which are passsd to LINE plus two additional
arqgurents. The lengths of the YARRAY and YARRAY vectors are
obtained at run-time in the Assembler subprogram LINE and
are passed to the LINE1 subprogram as the two additional
arquments. They are called DINM1 and DIMN2. These dinmensioning
variaples are usad in the DIMENSION statement when declaring
YARRAY and YARRAY in the LINE1 subprogram.

The subprogram declaration statements for LINET1 ars

illustrated below.

SUBRONUTINE LINRE1(XARRAY,YAERAY,NPTS,INC,LINTYP,INTEQ,
1DTH1,DIN2)

DIMENSION XARRAY{(DIN1),YARRAY (DIMN2)

The rest of the subprogram required no further
modifications. A 1listing of LINE and LINE1 appears in

Appendix B.

SIMBLE_AND AXISI

The modifications to SIMBLE and AXISI are very similiar
to those performed on SYHMBOL and AXIS. Listings of these

outines appear in Appendix B.
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Chapter 5

Since the FORTRAN G and ¥ cenmpilers 4o not allow tha user to
patch plots together, the plotter tape only contains one
nlot. Batching of plots has the advantage that more than one

s much

FJ-

o

plot may be stcred on a plotter tape. This approach
more efficient and can greatly improve turn around time for

the user who has several plct jobs to run. WATFIV does allow

1

batching of programs and the Calccmp plot routines have baen
modified to accoamodate this type of processing.

There is one problem using the Calcomp Plot rountines in

4

this kind of =anvironment. The possibility exists that one

v

may accidently or intentionally write on another user’'s
plot. The user has control over the pen position when he
closas +the tape. When there is more than one plot written
on a plotter tape, there is no operator asgsistance to set
the paper between different plots. The closing pen position
of one plot will also be the starting pen position for the
next plot. It is important that the user leaves the pen in
an appropriate position before closing the tape or he nmay
plot on somecne else’s grplot or have his ouwn plot results
ovarwrittan.

The problem has been approachad in the following way.

Fach plot is associated with a plot region on the paper in
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which it is drawn. The starting pen position is the leftwmost
point of the plot region. The rightmost x coordinate
position is taken to repressnt the rightmost point of the

plot region. The user should position the pen beyond this

(]

point befors or as he closes the tape,.

The PLOT routine keeps track of this plot «ragion
through tha use of several variables. The leftmost x point
is set at zero initially and no x coordinate point is
allowed +o be plotted +c the left of it. The rightmost ¥

point is updated appropriately to represent the rightmost

point plott=2d for a given rlot. Since the size of a plot is

O

actually measured in pleotter steps {ie. 1/100 of an inch),

Y

all +these variables keep track of the nuaber of plotter
steps used by a plot. Every +time a new origin point is
raquested, the variables are updated to raflect the change.
When the last call to PLOT is detected, a check is nade
to ensure that the closing x position of tha pen 1is beyond
the riqhtmost ¥ point plotted so far. If i+ disn?’t, the
rightmost point of the plot region is extendad to the rigat
by 2 inches and a warning flag is set. If an attempt was
méd@ to plot left of the leftmcst point of the plot region,

an error messags flag is set. Control immediately returns to

]
W

+he calling program. These warning and 2rror messag are
printed out froam the WATFIV subprogram called ERROR1. These

messages are printed out just before the tape is closed.
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The warning message 1s illustrated belovw.

CLOSING ¥ CCORDINATE POSITION SHOUD BE

FRK AR INGH %%

BEYCND RISHTMOST X POINT PLOTTED.
The error message is illustrated below.
¥kkERRORK%% ATIEMPT TO MOVE LEFT FURTHER THAN PLOT REGION

ALLOKS. MOVE FLOT ORIGIN(S) AN APPROPRIATEL

NIIMBER OF FOSITIGNS TO THE RIGHT.
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Conclusions
In order o illustrate that
routines produce the same graphic

the modified Calcomp plot
rlots as the original

Calcomp plot routines, the sanple program illustrated in (7)
¥as run using both sets of routines. A listing of *hese
FORTRAN programs 1s found in  Appendix € along with the
graphic plot produced. The plot results producsd vuers
identical 1n Dboth cases. The <¢biject of this thesis was
accomnplished.

Graphical plotting routines using the FORTRAN 5 and H
compilers arse available at the University of Manitoba. At
pressnt, nost studants are taught programming and
progrananing techniques through the use of FORTRAN IV with
the WATFIV compiler. A se of graphical plot routines
described in {7} are presently supported by HWATFIV at this
aniversity but these are not ccmpatible with the Calcomp
plot routines, The University of ¥Waterloo also has some
Calcomp plotting routines which run ander HATFIV (10).
Howrever, these routines are not totally compatible with the

basic set of Calcomp plct routines

and H. This thesis was wnotivated
students access to the more uni
routines using the WATFIV conmpiler

81

which run under FORTRAN G

e

hy the desire to allow

versally used Calcomp plot

with which they are more




familiar.

If entry points are provided at a later date for tha
XENTSPEC, Yal, and XRET routines, the resferencing techniques
used would only require slight modifications. A request of
this pature will be forwardsd to the WATFIV compiler peopls
who are presently werking cn updating new versions of the
compiler at Waterloo, Ontario.

e feel a logical extensicn to this thesis 1is to
provide an envircnment independent approach to graphical
plotting. At present, a graphical plot can only be displaved
by drawing it cn paper with the Calccmp plotter. Graphics
facilitiss could be provided tc display a graphical plot on
an on-line graphics display terminal. Users would be able to
ses their plot before reguesting a drawing of it made. The
Calcomp plotter would only be used to draw final versions of
plots and would not have to b2 used as the plot 1is being

developed.




APEENDIL A

This appendix contains a program listing of the WATSL
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T CODE  ADORL ACDRZ ST4T  SOURCS STATEMENT 20 SEP 73
' 1 MACRO -
2 £TP WATSL ENAME,EBASC,ESAVE, EARGLIST,ERTNTYPE , EARRAY
3 e
4 .*********W***%*********#*********#*#***********#*#&*******&*******#t#
5 % ,
5 .% THIS MACIO GENERATES WATFIV ENTRY SEQUENCE CODE IN AN ASSEMBLER ‘
7 % PROGRAM. IT CAN HANDLE CONSTANTS, SIMPLE VARIABLES, ONE
8 .+ DIMENSTIMAL ARRAYS, AND A HOLLGRITH STRING AS SUSPROGRAM
9 .% ARGUMENTS.
10 .*
11 .+ ENAMT - NAME OF THE SUBPROGRAM
12 .+ EBASE - BASE REGISTER TO BE USED, MAY BE LEFT BLANK
13 .% GSAVE - NAMZ OF THE SAVTAREA
14 .%* EARGLIST - LIST NF PARAHMZTERS CODE IS TO BE GENERATED FOR.
15 .% ERINTYPE — TYPE OF THE RIUTINE -
16 .= 10 - SUBRIUTINE
) 17 % 20 - FUNCTION
18 .= EAPRAY - USED AS A FLAG TO CAUSE SPECIAL CODE TO BE GENERATED.
19 .* , ,
20 .##*#*ﬁ#ﬂ*ﬁ****&********&#*#*************#****tt#***#**#*********t#**$
21 .% .
22 GBLA EGBSE
23 LCLA ETEMP,ELABEL,ESTPTR, EKTNVECs ETEMPL ; EDUNMY
24 LCLA EAPTR(20),ETEUP2
25 LCLA &DOPE(30)4EKTHNDDP :
26 LCLC EADDRESS(30),ELACATIO(30), ETEMPC, ETEMPCL
27 LCLC £LOC,ESTAR,ELST»EDOP
28 .*
29 .****t*******#*#*V******#**ﬁ**##***********************ﬁ##*******t*!*&
30 % : ‘
31 .= SETTING THE TEMPORARIES AHD COUNTERS.
32 %
33 .*****t******a**********#ﬁ******3***‘*********#*********‘*ﬁ*#******#**
34 % -
35 EGBBE  SETA £GRBE+]
36 ETzZMP SZTA &GBBL
37 &L0C SETC *LOCEG3BE"
38 ESTAR  SETC 'STAREGBBE®
39 ELST SETC *LSTEG3BE®
4Q &00P SETC *'DOPEGBBE?
41 % : :
42 .#********#***#**##t*ﬁ***tt***#*****l*************************t**#****
43 % : :
44 .% THE WATFIV ENTRY SEQUENCE CODE IS BEING GENERATED.
45 o
46 .****##******k##******#*******#%*#********************3***************
47 %
48 USING RI1ETEMP,11
49 CNOP 0v4 ,
50 TP STM 14,11,12(13) 13 CONTAINS CALLING SAVE AREA'S ADDRESS
51 BAL 11,XENTSPEC(0,12) BRANCH TO XENTSPEC ROUTINE
52 R1I1ETEMP DC HT'*O',CLE*ENAMES® .
53 DC A{SAVE) ADDRESS OF A 24 WORD SAVE AREA
54 %

56 kFkfbriddckirkhfokkdokkrdrie ke kkdknddokr ik Rtk hikk ke ko bk o x o hikrg
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T copE ADDR1 ADDRZ STMT  SOURCE STATEMINT 20 SEP 73
N 56 % ‘
57 %  THE MOJSL ARGUMENT LIST IS CREATED
58 .«
59 .#**t#t***#*********###*****#**#*****t****#*#****#******t******#*****t
60 o*

&1 JAGAIN ANOP
62 ELABEL SSTA ELABEL+1

63 ATF (ELABEL GT N'EARGLIST).EN
64 ETEMP SETA EARGLIST(&LABEL) ' IT HAS
65 ALF (ETEMP GT 200).VARE AN INDICATOR CODE
66 AIF (ETCMP ZQ B2 OR ETEMP EQ 84).VAR A STIMPLE VARTABLE
67 : AIF (ETEMP EQ 92 OR ETEMP EQ 94).VECTOR A VECTOR
68 AIF (ETEMP EQ 9).EAP A HOLLERITH STRING
69 MNOTE *INVALID TYPE FOUND - NO CODE GENERATED FOR LTEMP!
70 AGO LAGAIN '
71 % .
T2 .*************#***#****#**t**###***##*#***#***#**#*******#t***#*t$**#t
73 %
74 .% CODE 1S GENERATED FOR A HOLLERITH STRING
75 o
T6 .*****t***#*******#**‘***$**1##*#*#**#*t*##**#*#***###*##*ﬁ****&#t*t*t
7T L%
i 78 .EAP ANOP
79 EXTNDOP SETA EKTNOOP+l
80 DC X'09¢,AL3{EDOPEKTNDOP) ADDRESS OF DOPE VECTOR

81 &STPTR SZTA &STPTR+1
82 EADDRESS(ESTPTR) SCTC *EDIPEKTNDAP® 70 BE LATER CHANGED AT RUN~TIME
83 EDOPE(EKTNDOP) SETA ESTPTR

- . 34 AGO .AGAIN
85 % . :
86 .**#*#*##**tt*k*t*#t#*t###*****###t*##*t**t#**t***##t*#tt*#t*##*#t*#**
87 % :
89 .+ AN INTEGER USED AS A VARIABLE DIMENSION ELEMENT 1S FOUND.
89 .* ADDITIJNAL PROCESSING IS PZRFORMID TO KEEP TRACK OF THE ARRAY
90 .* NAME THAT IS TO BE ASSICIATED WITH THIS VARIABLE DIMENSION
91 .* ELEMENT. :
92 o*
Q3 ,***********t*******t*#***ti**t*t************#***#*##***t*#**t*****ttt
94 %
35 LVARE ANQP

- 96 ETEMP1 SETA'1

97 .AZPO ANOP
98 ETEMP2 SETA EARGLIST{ELABEL+ETEMPL)
99 AIF (ETEMP2 LE 200).ECE
100 ETEMP1 SETA &TEMPlel
101 AGJ .AEPO
102 .EEF AN3JP
103 EDUMMY  SETA EDUMMY+ATEMPL
104 % .
105 ,*#******##*****t****#***##*#**#**********t#**t**********************#
106 .*
107 .* LABZL NOIW POINTS TO THE ARGUMENT TYPE.
108 % : .

109 SRRk Rk R KRR SR R R R KRR R R R R R R AR RE Rk R EE
110 %



T CODE

ADDRY ADDR2 STHMT

111
112
113
114
115
116
117
118
119
120
121
122
. 123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
14C
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165

SOURCE STATEMENT

ETEMP2 SETA EGLABEL

ELABEL SETA GLABCL+LTEMPL

<ATET ANJP
ETEMP SETA ETEMP-200

ETEMPL SETA EAPTR(ETEMP)

CLOCATIO(ETEMPL) SETC *E&LOCELABEL®

ETZEMP2 SETA ELTENMP2+1

ETEMP SETA EARGLIST(ETEMP2)

AIF (ETEMP2 LT &LABEL).AEET

X
.#**#*t#*#***###*****##*t***k*t*#***#*********t**************#**#*****
%
+% CODE 1S GENERATED FOR A SIMPLE VARIABLE
¥ :
.******#***#*****##*****t**t****#ﬁﬁ*******ﬁﬁ*****##t*##**##t#t**t*tt*#
¥

«VAR DC XtETEMPY,AL3(ELOCELABEL)
ESTPTR SETA ESTPTR+1

EADDRESS(ESTPTR) SETC *&LOCELABEL®

AGO AGAIN

¥ .
.#**ﬂ$&***4**2******&*****t***t*t****#****##**&**t**#*******#*********
. i

.% CODE IS GENERATED FOR AN ARRAY NAME
° = .
,**#t***v#*#****#t**t*#*****#*##*#**#*****ﬂ****#******##*t*****#***#tt
o %
.VECTOR  ANOP
EXTNVEC SCTA GKTNVEC+L
ESTPTR  SETA &STPTR+1
EAPTR{ELKTNVEC) SETA &STPTR
EACDRESS{ESTPTR) SETC "ELSTEKTHVEC®
DC X'ETEMP*,AL3{ ESTAREKTNVEC)

AG3 . AGAIN
«EN DC X'ERTNTYPE',AL3(0)
¥

R R R R AR R R O R R Rk R AR AR AR E KRR R KRR SR RER KRR E R TR ARk Rk Kk
o : .
o% TFE MODSL ARGUMENT LIST HAS BEEN SCT UP

=

.

CREAAA AL ERARRERE R AR R R AR E kAR R EERF TR AR SR TR R R A LR R R ARk

o ¥ .
AIF (EKTNVEC EQ O).REGLIST
AIF (N'£ARRAY EQ O0J.FLA
o
PR At A L TR L L AL A L e R L et S S bl b bbbt b bbb
X
.% GENERATING A TEMPORARY STORAGE LOCATION TO 8€ USED BY A STAR RTN.

& . .
.**#*****t#*##i***#*********#********t********##**********************
o ¥

8L 15,%+8
TPSTEGBBE OC F'O?
SFLA aN0P
o ¥
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[s]a] ADCR1 ADDR2 STHT

166
167
168
169
170
171
172
173
174
175
174
177
178
179
180
181
182
183
184
185
185
187
138
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
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SOURCE STATEMENT 20 SEP 73

R e P g R T L e e R et R b e b
o% ‘
‘ .
#  GEMERATING CODE FOR THE STAR ROUTINES FOR THE ARRAY NAMES
*
L] t .
.*#*#*t**#*##*****t*k*****t&***#t*************#**#***#*t#****#*#****t*
o ¥
E€TEMPL  SETA 1
. TR2 BC 15,%+32
CNOP 2,4
DC CL&® ¢ THE ARRAY NAME IS UNKNOWN AT THIS TIME
£STARETEMPL BAL 15,XA1({0,12) BRANCH TO XAl
ETEMP SETA EAPTR(ETEMPL)
%  THE NEXT THREE ADDRESSES ARE CREAFED AT RUN-TIME BY THE WATFIV
* PROLDOQUS.
€ADDRESS(ETEMP) OC AL1(0),AL3(0) LST__ 1S THE ADDRESS OF THE ARRAY
DC AL1(2),AL3(0)
DC ALO)
AIF (N'EARRAY EQ 0).ADL
DC X140%,AL3(TPSTEGEBE)

AG3 .F11D
«AD1 DC X'40° ,AL3{ELOCATICIETEHP))
LF110 ANDP .

ETEMP1  SETA £TEMP1+1

AIF (ETEMP1 LE EXKTNVEC).TR2
o ¥
.t****#**##t*******#####tt**********#***#*##*t*****ﬂt**ttk***tkttt*kt*
.t . .
.% FINISHED GENERATING STAR ROUTINES
o
_**#**#**#********tt*#**tt##*t*****t*******#***t****t*******t#*t##*##*
¥ )
-REGLIST ANOP

AIF (N'GARGLIST EQ 0).TP2
¥
.#*#**#*tt****#*#****t****t****{*tt*****t*Q*tt******#k***#*#*t#*t**ttt
¥
% . .
&  GENSRATING THE O0S-TYPE ARGUMENT LIST TO BE USED BY THE SUBPROGRAM
* . .
o* : ’ ' .

LEdr kR Ra Rk Aok Rk R Rkl Rk R ok kR Rk K Rk kR gk ok KRRk ROk Rk R kR k&
¥ )

&LABEL SETA ELABEL-ELDUMMY

ABLEGEBE BAL 1l,*+4%ELABEL AN IN-LINE ARGUMENT LIST IS USED.
ETZMP SETA 1

.TP1 AIF (&TEMP GT ELABEL-1).EP3

ETCMPC SETC *EADDRISS{ETEMP)
AIF {'ETEMPC*(1,3) EQ *D0P').EP4&
AIF ('STEMPCT(1,3) =Q ¢LST*}.GAB
DC X*00°* ,AL3{EADDRZSS(ETEMP))
AGO .GAB1 :
GAB DC X*00°%,AL3(0) FILLED IN LATER BY A MVC INSTRUCTION.
" AGD .GAS1
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.~ CODE ADDR1 ADDR2 STMT SOURCE STATEMENT " 20 SEP T3
221 EP4 ANOP
222 ETEMPC DC X*20',AL3(0) DOPE VECTOR - FILLED IN AT RUN TIME

223 .GAB1 ANIP
224 ETEMP SETA LTEMP+1

225 AGD .TP1 .
226 JZP3 DC X80, AL3(EADDRESSIETEMP))

227 o*

228 wmokksosdok Sk dokodok kb d oo dokokok e gk ok Aok kAol s ok o ok ot g et dok A0 e ok o ko o ek e o
229 o%

230 +* THE ARGUMENT LIST HAS BCEN CREATED ONCE,

231 .* HOWEVER THE ARRAY ADDRZSSES ARE INCORRECT.

232 .* THE FOLLOWING CODE MOVES THE ARRAY ADDRESSES
233 .* TD THE APPRIPRIATE PLACES IN THL ARGUMENT LIST.

234 %
235  ¥ddktdktkkdk gk bk kb kb kb d kR bk ek R kT ok a k kb kR bk
236 o .
237 AIF (EKTNVEC EQ 0).ACCF
238 =
239 & A MVC INSTRUCTION MOVES AN ARRAY ADDRESS INTO THE OS-TYPE ARGUMENT
240 =  LIST AT RUN-TIME.
241 %
242 ETCMP SETA 1
. 243 ETEMPC1 SETC °ABLEGBRE®
244 JAEEP ANOP
245 ETEMPC  SETC *EADORESS(ETE4P)®
246 AIF ($GTEMPC*(1,3) NE ‘LST'}.ABB
247 MVC ETEMPCL+4%ETEMP+1{3],ETEMPCH]
248 JABB AN3P
- , 249 ETEMP SETA ETEMP#+]

250 AIF (ETCMP LT ELABEL).AEEP
251 % ' : ]
252 o¥ukFdbhkdkbkRhohhkfrkkhkhhhFh b otk khk kb kb kb kR kR kg krkk kg gk pakkkxk
253 . . :
254 .% FINISHED MOVING ADORESSES ARCUND
255 %
256 JHEAEX RPN A ST ISR e A RS AR F X TR T F AR AR TR AT R e A gk ko ko kk ok k&
257 %
258 . CNIP 0,4
259 .ACCF ANDP
260 .

- ISR A IR T TR PR TR TR T TR e T R Y R I E TR T TR T

' 262 .= .

263 .* THE ARGUMENT LIST HAS NOW BEEN COMPLETED
264 %
265 *  GENERATING THE STORAGE LOCATIONS FOR THE CALL-BY-VALUE ARGUMENTS.
266 *
267 ,*‘**.***'4***t**#******t#******t*******t#*#*#***********#******##***t**#
268 o*
269 &TEMP SETA 1
270 BC 15,%+4%(ELABEL-EKTNVEC-EXTNDOP) |
271 .AD0 ANDP
272 ETEMPC  SETC 'EADDRESSI{ETEMP)!
273 AIF {'ETEMPC*(1,3) 5Q *LST*}.AGB
274 AIF ('E&TEMPC*(1,3) EQ *DOP').AGB

275 &TEMPC DS F
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©T CODE ADDRI ADDRZ STMT  SOURCE STATEMENT . ' 20 SEP 73
276 .AGB ANOP , '
277 £TEMP SETA ETEMP+1
278 AIF (&TEMP LT ELABFL).ADO
279 o
280 .***#*****#****t#4!#****#*****##3&*#*###**#*##*#*#***#**#*t*##****t*t*#*
281 o%

282 .* THE STORAGE LOCATIONS HAVE BEEN GENERATED

283 %

284 ,******tt#t**#t*#‘*t******#*k**********************#*******#******t#***
285 .*

286 .% CFECKING TO SEE IF CODE FOR A BASE REGISTER ASSIGNMENT HAS TO BE
287 % GENERATED.

288 .*

289 _‘*#**!&**#**#t***********lt**#******#$***#****************##**tt*****#**
290 .*

291 .TP2 ANOP

292 AIF (N'EBASE EQ O).END

293 DR3P 11

294 =

285 =

296 BALR E3ASE,0

297 USING #,EBASE

298 LEND HEND



PAGE 7

.7 CODx: ADDR1 ACOR2 STMT SOURCZ STATEMENT 20 SEP 73
300 PLATS START 0 = PRODUCT NJ. 18600 VERSION V097 DATE SEPT 1967
301 = COPYRIGHT 1967 CALIFORNIA COMPUTER PRODUCTS INC. PLOT0020
302 * FOR IBM SYSTEM 360 OS CALCOMP 750/500 SYSTEM 800 8P1 9-TRACK PLOTO0030
303 *
304 % THESE CALCOMP PLOT ROUTINES HAVE BEEN MODIFIED AT THE UNIVERSITY
305 = 0F MANITOBA TO RUN WITH WATFIV PROGRAMS.
306 * o
307 * PLOTO0040
308 #*##***#**#***#***#**t##******#*#***##**#*#******* Ak ks dEk iyl xgkak PLOTOQO0S50
309 * : & PLOTO060
310 * FORTRAN LINKAGE FOR PLOT RGUTINE % PLOTI070
311 % * pPLOT008O
312 * | ENTRY PLOTS ) PLOT0090
313 * CALL PLATSUIBUF,NLOC,LNEV) % PLOTO100
314 % IBUF 1S THE FIRST LNCATION IN A WORK AREA % PLOTO110
315 = NLOC 1S THE NUMBER OF WORDS IN THE WORK AREA & PLOTO0120
316 =* _ LDEV 1S NOT USED IN THIS SYSTEM ’ * PLOTOL30
317 * . * PLOTO160
318 . ENTRY PLOT WATFIV TYPE ENTRY POINT ’ . PLOTOLTO
319 ENTRY PLOTL 0S-TYPE ENTVTRY POINT
320 : EXTRN ERROR1L WATFIV ERRDR MESSAGE ROUTINE.
321 * CALL PLOT(XPAGE,YPAGZ, IPEN) * PLOTO0180
322 % : {XPAGE,YPAGZ) IS THE PLOTTER PAGE CODRDINATES IN INCHES* PLOT0190
323 * IPEN 1S THE PEN INDICATOR (LEGAL VALUES ARE * PLOTQ200
324 * 213’12113122t231999"21‘31’12'~13) # PLOTO210
325 * . % PLOTO220
326 ENTRY FACTOR PLOTO0230
327 * CALL FACTOR(FALT! ) . % PLOT0240
328 % EACT IS A MULTIPLICATIVE FACTOR FOR ENTIRE PLOT ‘% PLOTO0250
329 * ’ %= PLOT0260
330 - ENTRY HWHERE . ’ PLOTO270
331 ¥ CALL WHERS(RXPAGE,RYPAGE,RFACT} % PLOTO280
332 * (RXPAGE RYPAGE) 1S THE CURRENT PEN' LOCATION % PLOT0290
333 * RFACT 1S THE CURRENT FACTOR * PLOTO300
334 % . : . ' % PLOTO0310
335 ENTRY OFFSET . PLOTO0320
336 * CALL OFFSET(XOFF YFCT,YOFF,YFCT) ' - ’ %= PLOTO330
337 * XOFF 1S THE XPAGE OFFSET % PLOTO340
338 =* XFCT IS THE XPAGT FACTUR » * PLOTO350
339 * YOFF 1S THE YPAGE OFFSET * PLOT0360
340 * YFCT IS THZ YPAGD FACTOR ' ) * PLOTO370
341 * ‘ : = pLOTO380
342 ***********#********#***##**#*¥#***#************#**#k****************** PLOTO390
343 *
344 %
345 % THESE INSTRUCTIONS REFER TO DISPLACEMENTS IN THE STARTA ROUTINF.
346 * THEY ARE TO BE UPDATED IF THZ STARTA ROUTINE IS MODIFIED CAUSING
347 * THOSE DISPLACEMONTS TO BE CHANGED OR IF THESE ROUTINES ARE MADE
348 * INTO ENTRY POINTS AT SOME FUTUREZ DATE.
343 *
350 XENTSPEC EQU 245
351 XRET EQU 1124
352 XAl EQU 1592
353 *

354 %



CODE ADDR1

00C

OFé&
‘D3DEE3R240
€4

- 2¢
i58

038

1404040
638

00
100
»30
158

1044
100
158

303D B029 00045

3054

3245 BOS4 0025¢
31246 RO5& 00248
3054 3540 COCS5C

2035

ACDP2

0000C
000F6

€0040

00638

0004C

30031

00¢SsC

0CasC
0005C
0C548

2C035

PAGE 8

STHT SNURCE STATCHEINT . 20 SEP 73
355 =
356 ¥
357 WATSL PLOTS,+SAVE,(92,201,82),10,
358+ USING R11l,11
359¢ CN3P 0.4
360+ STH 14,11,12(13) 13 CONTAINS CALLING SAVE AREA®S ADDRESS
3&1+ BAL 11, XENTSPZC(0,12) BRANCH TO XENTSPEC ROUTINE
362+R11l oC HYO' CL6!PLIATS
363¢ oC A(SAVZ) ADDRESS OF A 24 WORD SAVE AREA
364¢% THE MODEL ARGUMENT LIST IS CREATED
365¢ oC X*92¢,AL3(STARLIL)
366+ oc X829 ,AL3(LOCL3)
367+ nc X*10',AL3(0)
368+%¥ '
349¢* GENERATING CODE FOR THT STAR ROUTINES FOR THE ARRAY NAMES
370+% .
371¢ BC 15,%¢32
372+ CNIP  2¢4
373+ DC CL&6% ' THE ARRAY NAME IS UNKNOWN AT THIS TIME

374+STARL1 BAL

15:XA1(0,12}) BRANCH TO XAl

375+% TEE NEXT THREE ADDRESSES ARE CREATED AT RUN-TIME BY THE WATFIV
376¢%F PROLOJQUE. ' )

377¢LST11 2] AL1(O),AL3(0)} LST__ IS THE ADDRESS OF THE ARRAY

378+ BC ALL1(2),AL3(0) 7 .

379+ oc A(0)

380¢ oC X¥40% yAL3(LOCL3)

381+%

3824% GENTRATING THE 0S-TYPE ARGUMENT LIST TO BE USED BY THE SURPRIGRAM
3B3e+% . . .
384+A8L1 BAL 1,2+4%3 AN IN-LINE ARGUMENT LIST IS USED.

385+ DC X*00¢,AL3(0) FILLED IN LATER BY A MVC INSTRUCTION.
386+ oc X*80,AL3{LOC13)

8T+ : '
38Bex A MYC INSTRUCTION MOVES AN ARRAY ADDRESS INTO THE 0S-TYPE ARGUMENT
389¢% LIST AT RUN-TIME,

390+%

391+ “yC ABL1+4%141(3),L5T11+1

392+ CN2P 044

393+% _ .

394+% GEMERATING THE STORAGE LOCATIONS FOR THE CALL-BY-VALUE ARGUH4ENTS.
395+%

396+ .BC 15, %4 4% (3-1-0)

397+L0C13 DS F

399 AXFZ BCR 0,0 T9 BE MODIFIED TO PREVENT REENTRY

400 . 8CR 0,0 !

401 CNIP 044

402 %= THIS INSTRUCTION MOVES CNODE TO ALLOW ENTRY YO THE OS-TYPE ENTRY TO
403 * PLOT - '

404 MYC PLOT1(2),AXFZ '

405 MVC ALIZ{4)sAXFZ ALLOWS EXECUTION OF THE WATFIV ENTRY TO PLOT
406 . MYC AXFZ(4),AGBZ MIDIFIES CODZ TO PREVENT REENTRY TO PLOTS
407 * FIX LXP AT =~ .53

408 LA 3,53

409 ENR 3,3



~CT CODE ADDR1

854C
BAOC
BSAO
B59C

B574
B578
857C
f580
B584
1000
85CC

BOBA

4000

85DE

BORA

B5E0 B558 QO5SES
: B508

8246

¢ 3000
1 ASR4

)

. D0OC

' COFA

. 1CEC1C3E3DEDT
. 104E4

1I30F8
VMOOO

) BO1C
ID0F8

} B024

ADDR2

00554
00Al4
005A8
00544

0057C
00580
00584
00588
0¢s8c
€0000
00504

000C2
€0000
005E6
ogocz
005F0
0C5EQ
0024E

€00300
00802

0000C
000F6

000F4

Q00FC

STMT SOURCE STATEMENT
410 ST 3,LXP.
41} Le 0sSTPSZ
412 MZE 0, FACT
413 STC Q9 FACSZ FACSZ=FACT*STPSZ
414 SR 0s0
415 - ST 0,NPX NP X=0
416 ST 0sNPY NPY=0
417 ST 0,ICOLD ICOLD=0
418 ST 0, X0LD X0LD=0
419 ’ ST 0,YOLD YOLD=0
420 LM 204901(1) LOAD LINKAGE
421 ’ N 2+ ADDMSK REMOVE ANY HIGH ORDER BITS
422 LTR 3,3 TEST FOR THREE ARGUMENTS
423 8C 4y NODEV IF THREE,
424 L 450(0.4) PICK UP THIRD ARGUMENT
425 CH - 49N999 _CHECK IF RESTRICTIONS EASED
426 . BNE NODEV RESTRICTIONS
427 MVC CHECKX s XMAX EASE RESTRICTIONS
428 STH 4, LGLDEV STORE AS LOGICAL DLCVICE
429 NODEV LA 10,ALIZ SET UP NEW BASE REGISTER
430 DROP 11 -
432 USING ALIZ,10
433 L 3,0(0,3) . PICK UP COUNT
434 B8C 15,0PTAP BRANCH TO OPEN TAPE
435 DRJP 10
437 *
438 terEnak R kR ARKRRARER KRR R SR R SRR AR E R TR RE AR KRR KRR R R
439 * : *®
440 % FACTOR *
441 * : *
44D REEERBEREEERTFFRRFRKAREE XK KK E ERAREFRAFRRRRRFLEERERLRKFEE SRR AR LR ERRER
443 *
444 FACTOR WATSL FACTORs9,SAVE,(84)4+10,
465+ USING R112,11
4464 CNOP 0,4 :
44 T7+FACTOR STM 14,11,12(13) 13 CONTAINS CALLING SAVE AREA'S ADDRESS
448+ BAL 11,XENTSPSC{0,12) BRANCH TO XENTSPEC RAOUTINE
4494+4R112 oc H*O',CL6YFACTOR?
450+ nC A(SAVE) ACDRESS OF A 24 WORO SAVE AREA
451+% THE MODEL ARGUMENT LIST IS CREATED
452+ o] X184% 4,AL3(LIC21)
453+ . ocC X*10%,AL3(0)
L4+ %

455+%  GENERATING THE JS-TYPE ARGUMENT LIST TO BE USED BY THE SUBPROGRAM
4554% ' : :

45T+ABL2 3AL 1,%+4%2 AN IN-LINE ARGUMENT LIST IS USED.
458+ oC X¥80¢,4L3(1L3C21)
459¢+%

4604% GENERATING THE STORAGE LOCATIONS FOR THE CALL-BY-VALUE ARGUMENTS.
4H1+%

4E2¢ BC 15¢*+4%{2-0~0)

463+1L0C21 DS F

464+ DROP 11
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PLOT 0480
PLOT 0490
PLOTOS500
PLOTOS530
PLOT 0540
PLOTOS550
PLOTO560
PLOTOS5TO
PLOTOS580
PLOT 0590
PLOTO600
PLOTO0610
PLOTO0620
PLOTO630

PLOT 0640

PLOTO0670
PLOTO0680
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1 CODE APDR1 ADDR2 STMT SOYRCE STATEMCNT 20 SEP 73
4E5¢%
4EG6+
46T+ BALR 9,0
468+ USING *,9
0000 0200 470 L 2,011} LOAD LINKAGE PLOTO730
2000 €0000 471 LE 0,0(0,2) PICK UP FACTOR PLOTO740
G4AA 0C5A8 472 LE 2, FACT . . : PLOTO750
e 473 DER 2+0 PLOTO760
474 LER 442 PLOTOTT0
9488 00538 475 ME 2¢X0LD PLOTOT78O
C48A ) 00588 476 STE 24 XOLD XOLDO=XOLD*(O3LD FACTOR/NEW FACTOR) PLOTO790
. 948E 0058C 477 ME 4,Y0LD . PLOTOB0OO
. 648E 0058C 478 STE 44,Y0LD YOLD=YOLD*(OLD FACTOR/NEW FACTOR) PLOTO810
S4AA 00548 479 STE O«FACT STORE FACT PLOTO820
9616 00Al14 480 ME 0,STPSZ PLOTYO0830
Q406 00544 481 STE Oy FACSZ FACSZ=FACT*STPS2 : PLOTO0840
482 % A WATFIV TYPE RETURN
C464 00464 483 BC 15,XRST{0,12) BRANCH TO XRET RTN.
L£EL DRQP 9
f
486 %
- LHEBT Fokthtphd rb et khkt kRkdRG Ak k bk kh kR kk kh kR x G TR ko r ek kR p ke kg R ARk g
488 » &’
489 % WHERE . %
490 * #*
491 I R R 323222212223 I S22t lds sy
492 *
- 493 WHZIRE WATSL WHCRZ¢94SAVE(84,84,84)410,
494+ USING R113,11
495+« CNIP 0,4 . . .
DoocC 0000C 495¢WHIRE STM 14,11,12(13) 13 CONTAINS CALLING SAVE ARLA'S ADDRESS
COF6 Q090F6 49T+ . ~ BAL 11, XENTSPZC(0,12) BRANCH TQ XENTSPEC ROUTINE
€C8C5D9C540 498+R113 DC H'O' ,CLOYHHERE?
%4 499+ [a]od A(SAVZ) ADDRESS OF A 24 WORD SAVE AREA
500+% THE MODEL ARGUMENT LIST IS CREATED
1568 501+ DC X184%,AL3(LOC31)
16C 502+ . oC X*84°, AL3(LOC32})
170 503+ 2] X184¢,AL3{1L0C33}
000 _ 504+ De X*10*,AL3(0)
s . . 505+%
506+% GENERATING THE OS~-TYPE ARGUMENT LIST TO BE USED BY THE SUBPROGRAM
: 507T+% :
BO2C 00164 508+ABL3 BAL 1,%44%4 AN IN-LINE ARGUMENT LIST IS USED.
7168 . 5G9+ 3103 X100*,AL3(LIC3IL)
16C €10+ . oC X100°*,AL3(LOC32)
170 . 511+ nc X'80'5,AL3(L0OC33)
512+%
S13+% GENERATING THE STORAGE LOCATIONS FOR THE CALL-BY-VALUE ARGUMENTS.
. 514+% .
BO3C 00174 515+ BC 154 %+4%(4-0-0)
516+113C31 0s F
517+L3C32 DS F
518+L0C33 DS F

519+ DROP 11



" CODE ADDR1 ADDR2
1000 0co00
012 o0188
1432 005A8
+C00 00000
1412 a€588
'000 00000
3000 00600
(464 00464
)00C 0000C
LOFA jaZalslol
\C6C6E2CSES
oo
.D8
,DC
(EO
F&
)00
1034 00104
.08
ine
.EO
€4
1048 O01E8

STHMT SOURCF STATEMENT

520+%

521+%

522+ BALR 9,0

523+ USING %,9

524 LM 244,011} LOAD LINKAGE

525 LTR 3.3 TEST FOR THREE ARGUMENTS

526 BC 4y NOFACT IF THREE,

527 L 59 FACT PICK UP FACT AND

528 ST 5+0(094) STORE AS THIRD ARGUMENT

529 NOFACT M 4959 X0LD PICK UP XNLD AND YOLD

530 ST 4490(0,2) STORE XOLD AS FIRST ARGUMENT

531 ST 5,0(0,3) STORE YOLOD AS SECOND ARGUMENT

532 * A WATFIV TYPZ RETURN

533 BC 15.XRET(0,12) BRANCH TO XRET RTN.

534 DROP 9

536 * '

537 PG A et ATk e R Rk kR kR ko ke koo Rk bk ke ok kk ke kg xh ok kR
538 * *
539 % OFFSET *
540 * %

541 *#*###*****&***#***&***#*tt********k******?****tt******#********&#*t$*

$42 *

543 DFFSET
544+

545+

546+ 0FFSET
474
548+P114
549+

WATSL
USING
CNOP
STH
AL
o]

DC

OFFSET+9sSAVE.(84+844+84,84):10,

R114511

015

14411512¢(13) 13 CONTAINS CALLING SAVE AREA'S ADDRESS
11,XENTSPEC(O,12) BRANCH TO XENTSPEC ROUTINE
H*O*,CLG'OFFSET! )

A{SAVE) ADDRESS OF A 24 WORD SAVE AREA

550+% THE MODEL ARGUMENT LIST IS CREATED

551¢
552+
553+
554+
555+
556+%

3]
oc
o] o4
oc
DC

557+% GENERAT ING

5584%
5S59+ABLSL
560+
561+
562+
563+
S64+%

BAL
DC

. DC

0C
DC

565+% GENERATING

S566+*
56T+
568+1L0C4]1
569+L0C42
S70+L3C43
571+L0C44%4
572+
57T3¢%*
ST4+%

8C
0s
0s
DS
[
DR3P

X*'84%,AL3(LIC4])
X984°%,AL3(LIC42)
X*84%,AL3(LIC43)
X*84°%,AL3(LICS4)
X*10',AL3(O0)

THE OS-TYPE ARGUMENT LIST TO BE USED BY THE SUBPROGRAM
1y*+44%5 AN IN-LINE ARGUMENT LIST IS USED.

X300, AL3(LIC4Y)

X*00°*,AL3{LOC42)

X*00* s AL3(LOC43)

X*80%,AL3(LOC44)

THE STORAGE LOCATIONS FOR THE CALL-BY-VALUE ARGUMENTS.

15, %44%(5-0~0)
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PLOTO910
PLOTO0920
PLOTO0930
PLOT0940
PLOTO950
PLOTO960
PLOTO970
PLOTO980



y00C

:0F6
7D3D6E34040
(33

240
144
248 .
00

t464
502C

T Conz ADDR1 ADDR2
.000 00000
000 00300
1000 C0C00
+000 00000
1000 €0000
.on2 0028C
464 00464

2000C
00JFb

0024C

00464
0027A

STMT SOURCE STATEMENT

575+ BALR 9,0

576+ USING #,9

577 LM 295,0(1} % LOAD LINKAGE

578 L 2400042} #= PICK UP XOFF

579 |8 3,0(0¢3) * XFCT

580 L 490(044) * YOFF

581 L 5900451} * . YFCT

582 STM 2y 54 XIFF % STORE XOFF,XFCT,YOFF,YFCT

583 BC 15,XRET(0,12) BRANCH TO XRET RTN.

584 DROP 9

587 * .

588 oot e ok sk e g ok ok ek ok e e ok o B oK ok ok ok e kR R e ek Rk kR R R R R Rk R R kR
589 % ) '

590 =* PLOT

591 = ,

892 P i e s e T T T e I T eI I 22 e 33283 203 2223 32 22t 2ttt
593 = i .

594 PLAT HWATSL PLOT10,SAVE,(84,84,82),10,

$95+ USING R115,11

556+ CNIOP 044

597+PLOT STH 14,11,12{13) 13 CONTAINS CALLING SAVE AREA*S ADDRESS
598+ BAL 11, XENTSPEC(0,12) BRANCH TO XENTSPEC ROUTINE
S99+R115 hle HYO!, CLO6'PLAT?

600+ DC A{SAVE)} ADDRESS OF A 24 WORD SAVE AREA

601 +=% THE MODEL ARGUMINT LIST IS CREATED

602+ DC - X'84',AL3(LOCE1)

603+ - oC Xt84¢,AL3(LOC52)

604+ - oC X827, AL3(LIC53])

605+ oC X*10*,AL3(0}

606+%

607+% GENERATING THE OS~TYPE ARGUMEMT LIST TO BE USED BY THE SURPROGRAM
608+* : ’

603+A8LS BAL 1,%+4%4 AN IN-LINE ARGUMENT LIST IS USEOD.

610+ oC X*00*,AL3(LIOCS51)

611+ oc X'00',AL3(LIC52) -

612+ o] X*80°,AL3(L0OCS3)

613+% .

614+x% GEN“RATING THE STORAGE LOCATIONS FOR THE CALL-BY-VALUE ARGUMENTS.
615+% : :
616+ 8C 15,%4¢4%(4-0-0)

617+L0CS51 DS F

61841 0C52 [ F

619+L0C53 DS F

620+ DROP 11

621+%

622+%

623+ BALR 10,0

624+ USING *,10

€25 * MODIFIED BY PLOTS TO ALLOW TNTRY TO PLOT.

626 ALIZ BC 15,XRET(0,+12) BRANCH TO XRET ROUTINE

627 8C 15,PLOT2 BRANCH ARQUND THE OS-TYPE ENTRY POINT.
628 =

629 * CODE FOR AN OS-TYPE ENTRY POINT
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PLOT1050
PLOT 1060
PLOT1070
PLOT1080
PLOT1090
PLOT1100



T CODE

rooc
¢008

A296
0008
A29A

0001
p2F6
1000
2000
3000
4000
£35E
A324

£38C
AQA4L

A38BE
207¢
r38C
AD6C
2072
AD76
LOTA
AQAG
2000
)000
2000
3000

A390
AQ092
L32A
238F
AQAS
A394

A32A
0003
2271
2336
£0OF8B
A335
p3BA
LOEB
£0Cs

. £6D5
[-X-38-

.} AODO
e p6D4

ADDOR1

00578

02437

ADSR2

0000C
00008

004E4
0co08
004E8

00001
00544
00000
00000
00200
02600
005AC
00578

0CSDA
002F2

005DC
oe2cC
00SDA
0028C
002C0
002C4
0C2Cs
002F2

005DE
002E0

00z0C
002F2
00552

00578
00003

00584
00335
00584
00508
00336
00316
00923
0086C
0031%
00322

STMT

630
631
632
633
634
635
636
637
638
639
640
641
642
643
644
645
546
&47
648
549
650
651
652
653
£54
€55
656
657
658
659
£60
661
662
663
664
665
666
667
668
669
670
671
672
673
674
675
676
&77
678
679
€80
681
682
€83
684

SNURCE STATEMINT

*
PLOTL

PLOT2

& CODE

XIFF
XFCT
YOFF
YFCT
%%
1CGT20

1CGT30

TESTIC

MV PNUP

8RR 14

STM 14412,12(13})
LA 3,8

SR 15,3

LR 10,15

LA 9y SAVE

ST 948(13)

ST 13.,SAVE+4

LR 13,9

LA 2,1

ST 2,ENTFLG
LM 244+0(1)

LE
LE
L
LM
ST
LPR
CH
B8C
FOR

cH
8C
SH
SE
DE
SE
DE
8C
ocC
ocC
DC
ocC

CH
8C
o1
SH
8C
STH
LNR
ST
LA
MVI
C
8cC
ST
CH
8C
8C
1C
LH
8C
IC

0,0(0:2)
2,000,031}
450(0.+4)
1,3,84FID
4o NEWIC
4e4

4, TEN

4, TESTIC
OFFSET ENTRY
4y THTY
10,1CGT20
4o TEN

0y XOFF

Q¢ XFCT

2+ YOFF

29+ YFCT
15.TESTIC
£E¢0.0°
c*1.0*
E*D.O*
€01.0°

# 0 B BB RS

&y THTY
10,ICGT30
NEWIC,X*80°
4y THTY

15, TESTIC

4 ¢ BLKN

e

4 ¢ NEWIC
4'3
CLSHT+1+X*FO*
4, 1COLD

B8, TESTX

4y ICOLD

44 THD

4, TESTX

2 + MVPNUP

9, PNDNCD

83 PNDNCT
15,STPEN

9, PNUPLCD

MODIFIED BY THE PLOY ROUTINE

REGISTER 15 MUST ALWAYS POINT TO PLOTL

USING OS-TYPE SAVE CONVENTIONS

SETTING THE ENTRY SEQUENCE FLAG NEGATIVE

ENTFLG IS THE ENTRY SEQUENCE FLAG
LOAD LINKAGE
PICK UP X
PICK UP Y
PICK UP IC IN R&
LOAD BUF INFORMATION
NEWIC=IC
IC=ABS(IC)
Is IC Lss 10
YESsBRANCH TO TEST IC

15 I1C LSS 20

NO,B8RANCH 70O IC GT 20

YES,IC=1C-10
X=(X~XaFF)/XFCT

Y=(Y-YOFE)/YFCT

GO TO TEST IC
OPTIONAL FOR OFFSET ENTRY

1S IC LSS 30
NO,BRANCH TO IC GT 30
YES,SET SIGN BIT ON,BUT LEAVE NEWIC
1C=1C-20
GO TO TEST 1IC

8LKN=IC

NEWIC=-1C
1C=3
SST CLOSE SWITCH ON
TEST IC
IF IC=1COLD,BRANCH TO TEST X
ICoLo=IC

IF IC LSS 2¢BRANCH 7O TEST X
IF IC GTR 2,BRANCH TO MJVE PEN UP
IFf IC = 2,L0AD CD=PEN DOWN CODE
LOAD CNT=PEN DOWN COUNT
GO TO STORE PEN
LOAD CD=PEN UP CODE
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PLOT1240
PLOT1250
PLOT1260
PLOT1270
PLOT1280
PLOT1290
PLOT1300
PLOT1310
PLOT1320
PLOT1330

- PLOT1340

PLOT1350
PLOT1360
PLOT1370
PLOT1380
PLOT1390

PLOT1400

PLOT1410
PLOT1420
PLOT1430
PLOT 1440
PLOT1450
PLOT1460
PLOT1470
PLOT1480
PLOT 1490
PLOT1500
PLOT1510
PLOT1520
PLOT1530
PLOT1540
PLOT1550
PLOTLS560
PLOT1570
PLOT1580
PLOT1S590
PLOT1600
PLOT1610
PLOT1620
PLOT1630
PLOT1640
PLOTL1650




PAGE 14

“CT CODE ADDR1 ADDRZ STMT  SOURCE STATEMENT 20 SEP 73
A620 0CB6E 685 tH 8, PNUPCT LOAD CNT=PEN UP COUNT PLOT1660
.1000 20000 686 STPEN STC  9,0(0,1) STORE CD IN BUF PLOT1670
BOEO 00325 667 BXLE 1,2,7STPCT INCREASE BUF AND BRANCH IF NOT FULL PLOT1680
A4BO O06FF €88 BAL 11,WBUF WRITE BUF IF FULL
AOE4 00332 689 BC 15,SVPME BRANCH TO SAVE PEN CODE PLOT1700
A0DO 0031€ 690 TSTPCT  BCT  8,STPEN DECRECASE COUNT AND BRANCH IF NOT 0 PLOT1710
A396 005E4 691 SVPME STC  9,PMOVE SAVE CURRENT PEN CODE PLOT1720

692 TESTX SR 4.4 DX=0 R4-DX PLOT1730
693 5R 6¢6 K=0 R6~K  PLOT1740
A33A 00588 694 c= 05 XOLD 1S X=XOLD PLOT1750
A1es 00406 695 8C 8, TESTY YES,BRANCH TO TEST Y PLOT1760
A33A 00588 696 STE  0,XOLD NO, XOLD=X PLOTLTTO

. 697 LPER 4,0 PLOT1780
£356 co5a4 698 ME 49 FACSZ X=X*FACSZ PLOT1790
A39A 00SEE 699 ce 4, CHECKX CHECK SIZE OF X
A12E 0037C 700 BNP  ROUNDX SIZE OK

701 WTO  ¢X PLOTTER LIMIT EXCEEDED®
702¢ CNOP 0,4
2126 00374 703+ BAL  1,IHBOO06A BRANCH AROUND MESSAGE
' 704+ nC AL2(28) TEXT LENGTH
705+ o £¢0000000000000000°¢ MCS FLAGS
D7D3D5E323C5 706¢ oC C'X PLOTTER LIMIT EXCEEDED®
707+ IHBO006A DS OH
708+ svC 35
709 ABEND 100 X LARGER THAN 100 IN.
710+ DS oH
i 0064 00064  Tile LA 1,100 LOAD PARAMETER REG 1
n T12+ SVC 13 LINK TO ABEND ROUTINE
' 352 00SA0 713 ROUNDX  AE 4 ¢ RNDCON ROUND AND FIX X
1 A3LA 00593 714 AW 45 FXCON PLOT1810
I A342 ces590  T15 STD  4,TEMP PLOT1820
) A346 00524 716 L T TEMP+4 PLOT1830
) 717 LTER 0,0 PLOT1840
) £146 00394 718 8C 11,CALCDX PLOT1850
; 719 LNR 7.7 PLOT1860
720 * .
721 ¢ THIS CODE ENSURES THAT N3 WATFIV PLOT BATCH PROCESSING CONVENTIONS
722 = ARE VIDLATED. ERROR FLAGS ARZ SET IF ANY ARE. THE USER MUST
723 & nNOT PLOT TO THE LSFT OF HIS STARTING POSITION AND MUST FINISH THE
724 = PLOT WITH THE PEN SITUATED FURTHER RIGHT THAN THE RIGHTMOST POINT
725 = PLOTTED IN THE PLOT.
726 % o
727 * BASE - LOCAL X ORIGIN PIINT )
723 * GBLPT — ACTUAL PLOT PISITION MEASURED IN PLOT STEPS (IE. 100/INCH)
729 = LCLPT - PLOT POSITION RELATIVE TO CURRENT ORIGIN. ' :
730 REGISTER USAGE
731 = @ - CONTAINS GBLPT.
732 % 8 - WORK REGISTER USED IN SETTING ERROR FLAGS.
> 4302 00550 733 CALCDX L 9,BASE
' 734 AR 9,7 GBLPT = BASE + LCLPT
) A271 004BF 735 CLI CLSWT#1,X'FO*  CHECKING FOR 'END OF PLOT!
) ALT6 po3C4 735 BNE CKNIRG NJ. CHECK FOR NEW ORIGIN
737 % DETERMINIMG FINAL Y COORDINATE POSITION
D A2FE 0C54C 738 LE 2,TTHWO
2 733 LNSR 2,2



¥ CODE

“-A30A
A16E
09201
A312
A3DA

9190
AlA4
A32A

- A1B%
A302
2306
£198

0001

A30F
2274
A304
ALB%
A304

A32E
£32E
A188
6001

£33E
A224
A 33F
£356

£33E
R1FE

£1F6

7D3D6E3E3CS

001€
" a352
£34A
5342
28346

£216

8332

AJDR1 ACDR2

00558
0038C
20001
00560
00558

00130
003F2
0Cs78

00202
00550
00554
003E6é
00201
0055C
004C2
€0s558
003F2
00558

0057C
0057C
00406

00001

0058C
0C478
0058C

005A4

00:LC
0044C

00444

0CO1E
G05A0
00598
0(590
00594

00464

00580

STMT SOURCE
740
741
742
743
744
745 *
746 D11
747
748 CKN3JRG
749

150

751

752 TESTL
753

754

755

756

757 TESTuP
758

759

760 NZXTDX
761

T€62

763

T64

765

766 TESTY
767

768

769

770

771

772

773

774

775+

T76+

T77+

778+

779+
780+1HBOOOSA
781+

782

783+

T84+

785+

786 P.OUNDY
787

788

789

790

791

792

793 CALCDY
794

STATEMENT

€ JF4RXP

BC 11,011
LA 8,1

ST 8,WNFLG
L 9,RXP

LA 7+400(0,9)
BC 15,NEXTDX

L 8yNEWIC

LTR 848

BC 11,TESTL

ST 9yBASE

C 9.,LxpP

BC 11,TESTUP
LA 8,1

ST 8,ERFLG

BC 154EXIT

C 94RX?

BC 13,NEXTDX
ST 94RXP

LR 4,7

S 4,NPX

ST TeNPX

BC 10,TESTY
LA 691{0,6)
LPR bo4

SR 5¢5

CE 2,YOLD
8C 8, TESTDX
sTE 2,Y0LD
LPZR 4,2

ME 44FACSZ
CE 4 9CHICKY
8NP ROUNDY

CHECKING IF (GBLPT >= RXP}
YES.

SET WARNING MESSAGE FLAG

DETERMINING COORDINATE LOCATION TO CLOSE FILE AT.

CHECKING FOR A NEW ORIGIN
IS NEWIC NEGATIVE

NJ.

BASZ = BASE + LCLPT

IS GBLPT < LXP ?

NO.

SETTING ERROR FLAG.
RETURN WITHOUT DOING PLOT
IS GBLPT > RXP ?

NO. . :

RXP = GBLPT

DX=X-NPX
NP X=X :
IF DX IS POSITIVE.BRANCH TD TEST Y
K=K+1
DX=-DX
DY=0
IS Y=Y3LD
YES,BRANCH TO TEST DXDY
NO,s YOLD=Y

R5-DY

Y=Y*FACSZ
CHZCK SIZEZ OF Y
SIZE OK

WT) Y PLOTTER LIMIT EZXCEEDED'

CN3P 0.4
BAL 1, IH30009A BRANCH ARQUND MESSAGE
3] AL2(28) TEXT LENGTH
219 B8*000G000000000000* " MCS FLAGS
cc C*Y PLOTTER LIMIT EXCEEDED®
DS OH
. SVC 35
ABEND 30 Y LARGER THAN 30 IN.
DS oH
LA 1+30 LOAD PARAMETER REG 1

svC 13 LINK TO ASEND ROUTINE

AR 4+ RNDCON
Av 44 FXCION
sTD G TEMP

L T+ TEMP+4
LTER 2,2

BC 11,CALCDY
LNR Ts7

LR S5e¢7

S S59NPY

ROUND AND FIX Y

DY=Y~NPY

sl U
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PLOT1890
PLOT1900
PLOT1910
PLOT1920
PLOT1930
PLOT1940
PLOT1950
PLOT1960
PLOT1970
PLOT1980

PLOT2000

PLOTZ2010
PLOT2020
PLOT2030
PLOT2040
PLOT2050
PLOT2060
pPLOT2070




T CODE

4332
p22A
6002

A246
- A3A6

6004
- A3A6

A324
p274
A32¢
2332
A336
‘A33A
A33E
A274
L4RO
A3D6
2544

£35¢

ARF6
2292

A2F5
_A29A
" pooc

 Cabh

3000
C464
2000
G000
0000
2000
0C-00
n000
0000
0000

ADDR1

00578

ADDR2

€0580
00478
00002

00494
005F4

00004
005F4

004C2
0057C
00580
00584
ocsas
ocs8C
004C2
0O06&FE
0C624
00792

© J05AC

00544
C04%0
00544

004ES
0000C

00464

00464

STMT

795
756
797
798
759
800
801
802
803
804
805
806
807
808
809
810
811
812
813
Bl4
815
816
817
818
819
820

822
823
824
825
826
827
328
829
€30
e31
832
833
834
835
836
837
838
839
840
841
842
843
844
845
846
847
848
849

SOURCE

TESTDX

ENDIC

CLSHT

XIT

A WATFIV RETURN.

* A WATFIV TYPE RETURN

WATRET

SAVE
ENTFLG
AGBIZ
TTHO
BASE
Lxe
RXP
ERFLG
WNFLG
ADERR
EMN

STA

ST

TEMENT

TNPY

10, TESTDX
692(0+6)
5e5

Tet

Ts5
B84ENDIC
11,PLTALG
Te&

445

5+7
694(0,6)
15,PLTALG
0:0
NEWIC,X*FF?
B EXIT

0 NPX
OyNPY
0,1C0OLD
0y X0LD
0,YOLD
44EXIT
11,WBUF
11y WBLK
0,CLTAP

1,3,8U71ID

NPY=Y '

IF DY IS POSITIVE,BRANCH TO TEST DXOY
K=K#2

DY=-0Y

IF DX AND DY ARE BOTH ZERO
BRANCH TO ENDIC

IF DX GEQ DY,BRANCH TO PLOT ALG
CTXCHANGE DX AND DY

K=K+4

BRANCH TO PLOT ALG

RETURN FROM PLOT ALG

IF SIGN BIT OF NEWIC IS OFF

BRANCH TO EXIT

NPX=0

NPY=0

1COLD=0

X0LD=0

YOLD=0

IF NEWIC IS POSITIVE BRANCH TO EXIT
WRI1TE PARTIAL BUFFER

WRITE BLOCK ADDRESS

IF CLOSE SWITCH IS ON,BRANCH TO CLOSE

SAVE BUF INFORMATION

OR AN 1S-TYPE RETURN

A WATFIV RETURN DR AN OS-TYPE RETURN

L3
LTR
BC
SR
ST
L1
(]
BR

8C
DS
DS
oC
BC
oC
oc
DC
oC
DoC
DC
cc
o]

¢ ENTFLG

343

8y WATRET
3.3
34 ENTFLG
3ySAVE+4
14,12,12(13)
14

15,XRET(12)
oF

24F
F‘ol
15,1124(0,12)
E'11.*
F'Ol
Flol
F'ol
F'a'
FOO'
A(ERIORL)
FCOI

£
F 3
* DECIDING WHICH PETURN SEQUENCE TO USE
E3
*
*

TESTING THE ENTRY SEQUENCE FLAG.
IF FLAG 1S ZERO
BRANCH TO WATFIV RETURN SEQUENCE

RESETTING FLAG TO ZERO

USING OS-TYPE RETURN
BRANCH TO XRET RTN.

CONSTANTS AND VARTABLES
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PLOT2080
PLOT2090
PLOT2100
PLOT2110
PLOT2120
PLOT2130
PLOT2140
PLOT2150
PLOT2160
PLOT2170
PLOT2180
PLOT2190
PLOT2200
PLOT2210
PLOT2220
PLOT2230
PLOTZ2240
PLOT2250
PLOT 2260
PLOT22T0
PLOT 2280
PLOT2290

_ PLDT2300

PLOT2330

PLCT 2340
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¥ CODE BDDR1 ADDRZ2 STMT SJURCE STATEMEINT 20 ste 73
850 SVR3 DS 3F : . PLOT2400

000 851 NZwWlC cc FeO* PLOT2410

coo B52 NPX DC FeOr “PLOT2420

000 853 NPY 0C FeO* ’ PLOT2430

poo 854 1COLD oC FsQe PLOT 2440

000 855 X3JLD oC FeQ* . ) PLOT 2450

000 856 YOLD 3108 FeQ? . ’ PLOT 2460

00000000000 857 TEMP DC D1'O* . PLOT2470

06600000000 858 FXCON 219 X14£00C000C0000000° PLOT2480

000 859 RNDCON oC £t0.5° PLOT2490

[§¢1¢] 860 FACSZ ocC E*0.0° PLOT2500

000 861 FACT oC £1.0° : PLOT2510

~..-00100000001 862 BUFID [aled 3F*] 1-NEXT LOC IN BUFFER,1-ONE,3-LAST LDC IN BUFFER PLOT2520
- /00100000001 863 BUFA ocC 4F¢1¢ ININTIAL BUFID AND BUFLK VALVES FOR 1ST BUFFER PLOT2530
001 864 BUFLK cc Fele STARTING LOCATION OF NEXT RECORD ) PLOT2540

por 865 BUFFL DC Felce FIRST DATA LDCATION IN NEXT RECORD PLOT 2550

001 866 BUFCNT oC [ COUNT FOR LAST RECORD WRITTEN PLOT 2560

FFF 86T ADDMSK oC X*OOFFFFFF?! . PLOT 2570

8638 TWO DC He2¢ PLOT2580
869 TEN pC H'10* PLNT2590
870 TWIY [2]08 H®20° PLOT2600
871 THIY DC H*30°? : PLOT2610
872 LGLDOEV bC HY11e : PLOT 2620
373 BLKN oC H*'1°* ’ PLOT2630
874 FMJVE js108 H*O? . PLOT2640
. 875 K959 oC H1399"

aco BT76 CHICKX ocC £¢10000.° MAX SIZE OF X*100

co0 877 CHICKY o £¢3000.1 MAX SIZE OF Y*100

20C 873 XMAX oC £*100000.° XMAX=1000 IN. :

879 == ' ’ PLOT2650
889 * CODE FOR 8 VECTOR ROUTINES WITHOUT NOP ' PLOT2660
881 PLTALG LR 94 NC=DX R4=NC PLOT 2670
882 LR 8¢5 NR=2#DX R5=CBCO PLOT 2680
883 LR T4 NA=DX R6=MJCD PLOT 2690

0001 00001 S84 SLDA 8y} NT=2#DX : RT7=NA PLOT2700

A6DLC 3032C 885 1C 5¢CMBCD(6) CBCD=CMRCD(J) RB8=NR PLOT 2710

A6DS 0C3I24 :3:17 1C 64 MAJCDLE) MJICD=MAJCDIJ)} R9=NT - PLOT2720

1000 00200 887 STLOJP STC 6+0(0,1) STORE MJCD IN BUF ) X PLOT2730

A3Cé 0Cée14 888 BXLE 7+8,STBF NA=NA+NR, IF NA LSS NT,BRANCH TO STBF PLOT2740
. 889 SR T+9 NA=NA-NT PLOT2750
1000 G0200 890 STC S590(0,1) STORE CBCD IN BUF PLOT 2760

A3CE i Gds1C 891 STBF BXLE 1,2,%+8 TEST FOR FULL BUFFER . PLOT2TT0

ALBO OCé&FE 892 BAL 11 WBUF WRITE )

A3R8 00606 893 BCT 44 STLOOP NC=NC-1,1F NC GTR 0,BRANCH TO REPEAT ~ PLOT2790
U246 00434 894 BC 15;,ENDIC EXIT . PLOT2800
- 895 %% - . PLOT 2810

A35C Q05AC 896 WBLK STH 1,3,BUFID SAVE BUF INFORMATION PLOT2820

A394 005¢€2 897 tH 3+ BLKN ’ ) PLOT2830

p342 00590 898 cvD 3, TEMP CONVERT BLKN TO DECIMAL : PLOT2840

3001 00001 B9 La 3,1(0,3) . PLOT2850

2334 305€E2 200 STH 3, BLKN INCREASE BLKN 8Y ONE PLOT 2860

A34e 00594 901 L 2. TEMP+4 PICK UP DCCIMAL BLKN PLOT2870

0004 00004 c02 © SRL 214 SHIFT OFF SIGN : PLOT2880

0004 . 00004 303 SRDL 294 SHIFT UNITS DIGIT AND PLOT 2890

.7:0018 00018 904 SRL 3,27 DOUBLE PLOT2900



“IT CODE

2626
8679
0008
A676
0004
0018
2626
A&T3
. 0108
2670
0004
0018
i 626
{ B66D
0008
LE6A
A63A
2622

A4SE
2000

PRl

2000

2600
000C
0006
one
£030

AL46
1008
£034

- 492
3000

298C

osg2

oqgao
0008
FO30

24TE
1008
. E034

ADDR1 ADDR2

Q0874
ocsec?
00008
003C4
00004
00018
00874
acsCl
00008
0C38E
00004
30018
00874
00388
00908
00sBs
[eJe2-2:3:]
00370

00648

0000C

J0006
70008
00030

0C694
00008
00034

CC6ED

00008
00030

005CC
03008
00034

STMT SOURCE STATEMINT

905
906
907
208
909
910
91l
912
913
914
915
216
917
918
919
920
S21
922
923
924+
925+
926+BLKLCB
927+
928+
Q29+
930+
931+
932+
933+
9344 "
935+
936+
937+
938
©39+
9404
S4l1+
942+
943 WDUMCB
G4 4+
945+WDUMC Y
046+DUMCB
94T+
948+
949+
950+
51+
952+
953+
954+
955+
9556
95T+
958+
S59+

LH
STC
SRL
STC
SRDL
SRL
LH
STC
SRL
STC
SROL
SRL
tH
STC
SAL
STC
LA
LH
WRITE
CNDP
BAL
ocC
oc
oC
nC
bC
oc
oC
ST
STH.
L

L
BALR
CHECK
LA

L

L
BALR
WRITS
CNOP
BAL
DC
39
oc

2 1of
+]
oC
DC

BALR
CHECK
LA

5, BKTAS(3) PICK UP CODES FOR UNITS DIGIT
59BKNO+15
5+8 AND STORE CODES IN BLOCK RECORD
S+BKNO#12 )

2v4 SHIFT TENS DIGIT AND

3527 DOUBLE

5y BKTAB(3) PICK UP CODES FOR TENS DIGIT
5¢BKN3?9
5¢8 AND STORE CODES IN BLOCK RECORD
5 BKN3+6
294 SHIFT HUNDREDS DIGIT AND

3,27 DOUBLE

5¢BKTAB(3) PICK UP CODES FOR HUNDREDS DIGIT
S¢BKNI+3 s .
548 ~ AND STORE CODES IN BLOCK RECORD
5+ BKNJD )
449 3KCO LOAD ADDR AND COUNT FOR WRITE
59 BKCNT

BLKCBsSFoPTDC B, (434 (5])
Dy4

1,%+24 LOAD DECB ADDRESS
F10* EVENT CINTROL BLOCK

X¢00¢ TYPE FIELD

X*20° TYPZ FIELD

AL2(0) LENGTH

A({PTDCB) DCB ADDRESS

A{0) AREA ADDORESS
A{0) RECORD PJINTER WIRD
4,12(1,0) STIRE AREA ADDRESS
5¢6(1,0) STORE LENGTH

15,8(1,0) LJAD DCB ADDRESS
15,48(0,15) LJAD RDWR ROUTINE ADDR
14,15 LINK TO ROWR PROUTINE

BLKCS

1, 8LKCB LJAD PARAMETER REG 1
14,8(0,1) PICK yP DCB ADDRESS
15,52(0,14) LIAD CHECK ROUT. ADOR.
14,15 LINK TO CHECK RIUTINE
DUMCB,SF,PTDC3,SYCD,10
0+4

1,%424 LOAD DECB ADDRESS
Fe0* EVENT CONTROL BLOCK

X*00* TYPE FIELD

X*20' TYPE FICLD

AL2(10) LENGTH

A{PTDCB) DCB ADDRESS

A{SYCD) AREA ADDRESS
A{0) RECORD POINTER WORD

15,8(1,0) LOAD DCB ADDRESS
15,48(0415) LOAD RDWR ROUTINE ADDR
14415 LINK T3 RDWR ROUTINE
DUMCB

1,DUMCB LNAD PARAMETER REG 1
14,8(0,1) PICK YP [CB ADDRESS
15,52(0514) LOAD CHECK ROUT. ADDR.
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PLOT2910
PLOT2920
PLOT2930
PLOT2940
PLOT2950
PLOT2960
PLOT2970
PLOT2980
PLOT2990
PLOT3000
PLOT3010
PLOT3020
PLOT 3030
PLOT3040
PLOT3050
PLOT3060
PLOT 3070
PLOT 3080
PLOT 3090

PLOT3100

PLOT3110

PLOT3120



T CNDE ADDR1

A35E

£3EA

A31E

. A4DO

A512
1009
L F034

A4BF
L36A
A3TE

1000
ABES
4000
4009
A4DE
4000
4002

00700

5000 00000

A6CE 00000

A3TA

£382
L3TA
A382

A526
2000

39RC
3000

-2000
2 000C

| €006
0008
F030

A36A
A31E

. 0001

ABDR2
005AC

00588

0056C

0071E

00760
30008
00034

00588
005CC

00000
00334
30000
00C09
oo72C
00713
0GJ0A
00sce
00500
005C8
‘00500

00774

a000cC
00006
00008
00030

30588
0056C

00001

STHY

960+
9561
962
963
964
965
966
S67
968
Q69
970
971+
972+
973+
974+

975 BUFNC MVI BUFCK+14+0

976
977
978
979
980
g81
982
993
o84
985
986
987
993
989
990
991+
932+

E 2
W8

8y

WS

SOURCE STATEMENT

BALR 14,15 LINK TO CHECK ROUTINE
LM 1+3,BUFID CSTORE BUF INFORMATION
BCR 15,11 EXIT

uF c 1,BUFA . IF PIINTER IS AT FIRST LOC IN BUFFER
8CR 8,11 THEN EXIT i
STM  4,64SVR3 SAVE R4=6
LR 3,1 SET POINTER TQ
BCTR 3,0 LAST LOC FILLED IN BUFFER
FCK 8C 15, BUFNC BRANCH IF CHECK FLAG OFF
CHECK BUFCB
LA 1,BUFCB LOAD PARAMETER REG 1
L 14,8(0,13 PICK UP DCB ADDRESS
L 15,52(0,14) LOAD CHECK ROUT. ADDR.

BALR 14,15 LINK TO CHECK ROUTINE
SET CHECK FLAG ON

L 1,BUFA SET TO FIRST LOCATION IN BUFFER
L 4 ¢ BUFFL SET TO FIRST DATA LOC IN OUTPUT
SR 696

TR 1c 6,0(0011}

LA 5:CDTAB(6)
MVC O({NO8+41+0(51)
LA 44N3BLO.4)
BXLE 1,2,yWSTR

MVC O(NOE,4)sENDPL MOVE END PLOT CODES INTO BUFFER

LA 4,NOE(0:4)

S 443 BUFLK CALCULATE LENGTH OF RECORD

ST 4 ¢ BUFCNT AND STORE |

t 44 BUFLK LOAD ADDRESS AND COUNT FOR WRITE
L 54, BUFCNT

WRITE BUFCBsSFPTOCB, (4)¢(5)

CNOP Qo4

BAL  1s%+24 LOAD DECB ADDRESS

993+ BUFC3 DC F'O' EVENT CONTROL BLOCK

934+
995+
996+
997+
9c8+
ag9+
1000+
1001+
1002+
1003«
1004+
1005
1006
1007
1008
1009
1010
1011
1012
1013

bl X*00° TYPE FIELD

oC X*20* TYPE FICLD

oC AL2{0) LENGTH

DC A(PTDCB) OCB ADDRESS

2198 A(O) AREA ADDRESS

oC A(0) RECORD POINTZR WORD

ST 4412(1,0) STIRF AREA ADDRESS
STH 5,6(1,0) STIRE LENGTH

L 15,8(1,0) LOAD NCB ADDRESS

L 15,48{0,15) L73IAD RDWR ROUTINE ADDR
BALR 14,15 LINK TO RDOWR ROUTINE

(R 1,3,BUFA LOAD BUFFER CONSTANTS
LM 4469SVR3 RESTORE R4=-6

BCR 15,11 EXIT

CNOP 244

THIS CODE GEMERATES ERRJOR MESSAGES OCCURING WHEN PROPER
BATCH PROCESSING PLOTTING CONVENTIONS ARE NOT FOLLOWED.
MUST POSITIIN THE PEN TO THE RIGHT OF HIS PLOT AND MUST
NGO ATTEMPTS TO PLOT TO THE LEFT OF THE INITIAL STARTING

1014 CLTAP LA 441

WATFIV
THE USER

HAVE MADE

POSITION.
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PLOT3130

PLOT3150
PLOT3160

PLOT3180
PLOT3190
PLOT3200
PLOT3210
PLOT 3220

PLOT3230
PLOT3240
PLOT3250
PLOT3260
PLOT3270
PLOT 3280
PLOT3290
PLOT 3300
© PLOT3310
PLOT3320
PLOT3330
PLOT 3340
PLOT3350
PLOT 3360
PLOT3370
PLOT3380

PLOT 3390
PLOT3400

PLOT 3420



T CODE

£30E
ASGE
0002
A31lA

AS56A

A316

568
eloly)

..booc
0001

ADDR1

A312 .

ASBA
0Co3
A31A

ASSC
DooC

£592
C

0910
0000
0004
000C
2764
ATaA

A2T74

0002
B524
‘ASCH
A624
TATRAC

2000

0036

4Q0A

CooA
p364

A3TA

1000 00982

ADDR2

0055C
0078C
30002
00568

00788
00564

0000C
a0001
00560
0C708
00003
00568

00744
0900C

oCc7C0

000190
30000
00204
23000C
00000
0C9938

004C2

00002
00872
0C314
00872
OC3FA
00000
00036
0000A

0C20A
00588

005Cs8

2000 A&694 00000 OO03sE2

STMT

1015
1016
1017
1018
1019
1020
1021
1022
1023
1024
1025
1026
1027
1028
1029
1030
1031
1032
1033
1034
1035
1036

SOURCE

STATEMENT

C 4,ERFLG IS ERROR FLAG ON?

BC 7+ WARN+4 NO

LA 5,2 YES

ST 5,%MN STORING ERROR MESSAGE NUMBER
* SETTING UP RIGISTERS FOR THE CALL TO ERRORI1

LA 1447APN LOADING RETURN ADDRESS

caLtLl

L 15,ADERR

BALR 1

115

% THE CALLING ARGUMENT LIST
DC X*32°,AL3(EMN}

oC X'1

0t 4AL3(0)

ADDRESS OF ERROR ROUTINE

& CHECKING FOR A WARNING MESSAGE

WARQN

LY 14,
LA 4,1

C 4,WNFLG

BC 7sF
LA 5,3
ST 5,E

11+12(13)

INI%+4

MN

CHECKING FOR A WARNING MESSAGE
NO WARNING MESSAGE

STORING WARNING MSG NUMBER

*# SETTING UP REGISTCRS FOR THE CALL TO ERROR1

FINI

1037+

1038+
1039+
1040+
1041+
1042
1043
1044
1045
1046
1047
1048
1049
1050
1051
1052
1053
1054
1055
1056
1057
1058
1059
10660
1061
1062
1063
1064
1065
1066
1067
1068
1069

ke
OPTAP

BAL 1l4,CALLL

LY 14,
CLOSE
CNDOP
BAL

oC

ocC

svC

L 1,16
t

t

L

MVC
LA

svC

8C

LPR
SLA
cH -
8C
LH
STH

LA

LA
LA

5]

LR

s’

LA

DR

ST

AR

ST
MvVC
BCTR

11,12(13)
(PTDCB)
0s4

BRANCH TO WATFIV CALLING INSTRUCTION

1,*+8 BRANCH AROUND LIST
AL1(128) OPTION BYTE

AL3(PTDCB) DCB
20 ISSUE CLOSE

1,0(1)

1,4(1)

1,12(1)
JOBNAME(8),01(1)
1, HTOMSG ’
35

15,EXIT

3,3

302

34 BLKMAX
12,%+8

34 BLKMAX
3,PTDCB+62
T+0(3,2)
44ND3S(0,0)
4¢NOE(D,4)
314 ’
5’3

4e 4
3,NOB+1(0,0])
4493

2y BUFA

2+5

2y BUFLK
0(NDOS,2).SYCD
2:0

ADDRESS
svC

TCBP ADOR
TCB ADDR
TIOT ADOR
JOB NAME
-> MSG
ISSUE WTO

CHANGE COUNT TO BYTES
COMPARE AGAINST MAXIMUM

IF TOO LARGE REPLACE WITH MAXIMUM
SET LRECL PARAMETER IN DC8
SET TO LAST LOC IN BUFFER
CALCULATE
THE NUMBER
OF BYTES
IN THE
FIRST BUFFER
AS FOLLOWS )

K= {COUNT~-NOE~NTS) /{NOB¢1)
BUFA(1)=BUF

BUFLK=BUF+K
MIVE SYNC CODES INTO BUF+K
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| PLOT3440

PLOT3450
PLOT3460
PLOT3470
PLOT3480
PLOT3490
PLOT3500
PLOT3510
PLOT3520
PLOT3530
PLOT3540
PLOT3550
PLOT3560
PLOT3570
PLOT3580
PLOT3590
PLOT3600
PLOT3610
PLOT 3620
PLOT3630
PLOT3640.



CODE ADDR1 ADDR2

372
037
37F

60A

306
364

274

56

Bl

F3

81

F3

81 -
9000009000
6300006300
]

‘9000009000

1630C00063C0
9000003000
6300006300
)

<0200
©..0090

4812123636
‘3F1B512D3F
10200003100
1D20JCOF3C0
1F3000002C0
iF300000200
1020000020
131000002C0
. 1R100000200
718102000200

005C0
00037
005CC

20858

00624
00588

004C2

STMTY

1070
1071
1072
1073
1074
1075+
1076+
1077+
1078+
1079+
1080
1081
1082
1083
1084
1085
1086
1087
1088
1089
1090
1091
1092
1093
1094
1095

. 1096

1087
1098
1099
1100
1101

SOURCE STATEMENT

1102

1103
1194
1105
1106
1107
1108
1109
1110
1111
1112
1113
1114
1115
1116
1117

1118

1119
1120
1121
1122
1123
1124

ST 2,BUFA#8 BUFA(3)=BUF+K~1
LA 2,NOS+1{0,2)
ST 2,BUFFL BUFFL=BUF +K+NOS
*%
OPEN (PTDCB,OUTPUT)
CNIP 0.4
BAL  1,%+8 LOAD REGL W/LIST ADDR.
DC AL1(143) OPTION BYTE
DC  AL3(PTDCB) DCB ADDRESS
SVC 19 ISSUE OPEN SVC
BAL  11,WBLK WRITE BLOCK ADDRESS 1
LM 1,3,BUFA LOAD BUF INFORMATION
%
8C  15,EXIT EXIT
¥k .
* &
DS OF
ADPLT  OC A(PLOTI)
PNOENCT  DC  Hf18" NO. OF PSN DOWN CODES
PNUPCT  DC  He03* NO. OF PEN UP CODES
BKCNT . DC  H'114° LENGTH OF BLOCK ADDRESS RECORD
BLKMAX DC  H*32767° MAXI4UM RECORD LENGTH
NOS EQU 54 NO. OF SYNC. CODES
NDZ LQU 10 NO. OF END PLOT CODES
NOB EQU 9. BUFFER SPLIT FACTOR
BKTAB  OC  X¥90909081° BLOCK ADDRESS CODES- 0 1
DC  X*90D290F3* 2 3
oC  X*B19JB1B1* 4 5
DC  X7BlD2B1F3¢ 6 7
. DC ~  X°®D290DZ2B1° 8 9
BKCD OC  8X'900200° BLOCK ADDRESS RECORD
oC 7X?630000°"
DC  X'210000°
BKNJ oc 6X? 903000
DC  X*210000°
DC  7X?630000°
sYCD DC  10X*900000" SYNC CODES FOR DATA RECORD
DC  7X*630000°
oC  X'420000¢ -
ENDPL  DC  X"9000000200' END PLOT CODES
bC X* 0063000090
PNUPCO  OC  X'00! PEN UP CODE
PNONCD DC  X'09° PEN DOWN CODE
* CODE TABLES FOR VALUES OF J= *FOR J=0 THE
* 01234567 =*=CODES ARE
MAJCD  DC  X02448244812123636°¢  +X
CMBCD DC X*1BS512D3F1R51203F " +X+Y
CDTAB  DC  X*D20000D20003B10000¢ COMMANO FOR-PEN UP
DC  X'D20000D20300F30000° PEN DOWN
js193 X*N20000F30000020000° +Y
3108 X'F30000F30000D20000" +Y+X
DC X' F30000020000020000° ’ +X
DC  X*F30000813000020000" .
)]0 X*D20000810000D2C000° -Y
0C . X*B10000B10J03D20000° ~Y-X
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PLOT3650
PLOT3660
PLOT3670
PLOT3680

PLOT3720
PLOT3730
PLOT3740
PLOT3750
PLOT3760

PLOT3770
PLOT3780
PLOT3790
PLOT3800
PLOT 3810
PLOT3820
PLOT3830
PLOT3840
PLOT3850
PLOT3860
PLOT3870
PLOT3880
PLOT3890
PLOT3900
PLOT3910
PLOT 3920
PLOT3930
PLOT3940
PLOT3950
PLOT3960

. PLOT3970

PLOT3980
PLOT3590
PLOT 4000
PLOT4010
PLOT4020
PLOT4030
PLOT4040
"PLOT4050
PLOT4060
PLOT&0T0
PLOT4080
PLOT4090
PLOT4100
PLOT4110
PLOT4120
PLOT4130



" CODE ADDR1 ADDR2

"\p20000D 200
}E330000200
0200000200

JOODTD3D6E3

10000000000

!

121

E363C1D7C5

101

100
101

STHT SOURCE STATEMENT

1125
1126
1127

1128 WTCMSG
1129 JO8NAME
1130 PTOCB

1132+¢%
1133+=%

11344PTDCB
1136+%

1138+
1139+
1140+

1142+*

1144+
1145+
1146+
1147+
1148+

1150¢%

1152+
1153+
1154+
1155+

1157+%

1159+
1160+
1161+
1162+

1164+%*

1166+
1167+
1168+
1169+
1170+
1171+ N
1172+
1173+
1174+

DC -
oC
s [

DC
£QU
ocB

oc

DC
oc
ale

oc
oC
oC
ec
oC

o
oc
oC
ocC

nc
oc
ocC
DC

oC
oc
o]
oC
nc
oc
bC
3193
8]

X'810000020000020000¢
X*810000F30000020000*
X*D20000020000026000°¢
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-X PLOTA140
+Y=-X PLOT4150
NOP PLOT4160

OF'0*,H'34,0',CL30°PLOT COMPLETE FOR JDB®

HTIMSG+26

PLOT4A180

DSORG=PS ¢ MACRF=H, DDNAME=PLOTTAPE,RECFM=U,NCP=3,BUFNO=1,0XPLOT4170

EVD=TA

DATA CONTROL BLOCK

OF*0' ORIGIN ON WORD BOUNDARY

MAGNZTIC TAPE DEVICE INTERFACE

BL16°0' NERRS,NOISE,UERRS,BLKCT

8119000009C0"

8L3'000000000000000000000000* DEVT . DEN

COMMON ACCESS METHOD INTERFACE

AL1(1) BUFN]
AL3(1) BUFCB
AL2(0) BUFL

81.270100020000000000°¢

A(1) I08BAD

DSORG

FOUNDATION EXTENSION

3L1'00000009°
AL3(1) EODAD
BL1'110C0000"

AL3{0)} EXLST

BFTEKsBFLNyHIARCHY

FOUNDATION BLOCK

CLB*PLOTTAPE®
AL1*00000010°"
BL1'00000000*

8L2*20600000000100000* MACR

BSAM-BPAM—QSAY INTERFACE

3L 1*00000000"
AL3(1) CHECK,

A(l) SYNAD
H*0°* CINDL,

AL2(0) BLKSIZE

F10' WCPO, WCPL, OFFSR, OFFSH

A(1l) 10BA
ALL1(3) NCP

AL3(1) EOBRy Z0BAD



. CODE

101

01
100

ADDR1 ADDR2

PAGE 23

STMT  SOYRGF STATEMENT : 20 SEP 73
1176+% BSAM-BPAM INTERFACE

1178+ DC Al1} EDBW

1179+ OC ~ H'O* DIRCT

1180+ DC AL2{0) LRECL )

1181¢ oc A{1) CNTRL, NOTE, POINT .

1182 STPSZ DC £1100." NO. OF PLOTTER STEPS PER INCH PLOT4190
1183 END PLOT4200



PAGE 1

CT CODE ADCR1 ADDR2 STMT  SOURCE STATEMENT 20 SEP 73
SYMBOL  START O CALL SYMBOLUXsYsHGT;1BCDoTHoN) vi27 SYMB00OO
&

% THIS SUBPROGRAM 1S THE WATFIV IMPLEMENTATION VERSION OF THE CALCOMP
%  PLOT ROUTINE CALLED SYM30L. LT IS CALLED TO DRAW TEXT SUCH AS
%  TITLES AND TO DRAW SPECIAL CENTERED SYMBOLS. '
&
"EXTRN SINL SIN1 AND COS1 ARE THE SIN AND COS FUNCTIONS.
EXTRN COS1
EXTRN PLOTY 0S-TYPE ENTRY POINT TO PLOT ROUTINE.
ENTRY SYMB1 0S-TYPE ENTRY POINT TO SYMBOL ROUTINE

Bt et pd gt Pt ot ok s Pt " .
VONOCOVNPWNEHOLDONT VN HWN -

*
.
# THESE INSTRUCTIONS REFER TO DISPLACEMENTS IN THE STARTA ROUTINE.
# THEY ARE TO SE UPDATED IF THE STARTA ROUTINE IS MODIFIED CAUSING
% THESE DISPLACEMENTS TO BE CHANGED OR IF THESE ROUTINES ARE MADE
* INTO ENTRY POINTS AT SOME FUTURE DATE.
M -
XENTSPEC EQU 246
XRET EQU 1124
20 XAL EQU 1592
21 =
22 *
) 23 BALR 9,0
24 USING %59
25 =*
26 *  CFECKING TYPE OF CALL MADE TO SYMB3L
27 =
) 1014 00014 28 L 2,2000,1) LOAD ADDRESS OF ICODE -
: 2000 00000 29 L 2,000,2) OBTAIN CONTENTS OF I1CODE
' : - 30 LTR 2,2 1S IT A SPECIAL CALL
) 906C ~ 0006E © 31 BC 4, INTS BRANCH IF SO
32 *+ IT WAS A *STANDARD' CALL.
33 *
34 %  DETERMINING WHETHER IBCD IS A SIMPLE VARIABLE, A VECTOR, OR A .
35 *  HCLLERITH STRING.
3¢ %
y 100c  0000C 37 TM 12(1),X*09" HOLLERITH STRING ?
) 9052 00054 38 BC 1,CHARK YES
> 100C 0000C 39 TM 12(11,X*90° VECTOR 2
3 9074 - ooct6 40 BC 12,NEXTY NJ. MUST BE SIMPLE VARIABLE
41 %
42 % 18CD IS A VECTOR
43 % ‘ _
3 100C 0000C 44 L 2,1210,1) OBTAIN ADDRESS OF IBCD®S STAR ROUTINE
) 2004 00004 45 L 3,4(0,2) OBTAIN ADDRESS OF THE CALLING VECTOR )
'3 200¢C 0000C 46 L 2,12(0,2) OBTAIN THE VECTOR LENGTH FOR THE ACTUAL ARGUMENT
: 47 # IT IS STORED IN A LOCATION REFERCNCED BY THE STAR ROUTINE FOR THE
48 = DUMMY ARGUMENT REPRESENTING IBCOD.
) 93FE . €0400 49 ST 2,TPST STORING THE VECTOR LENGTH
S0 * STORING THE VECTOR ADDRESS IN THE JS-TYPE ARGUMENT LIST.
) 90F6 000E8 51 ST 3,00PE
3 93¢A 003C 52 LA 2,STAR OBTAIN ADDRESS OF THE STAR RTN. FOR ARRAY
3 90C6 000C8 53 ST 2,18CD PUTTING THIS ADDRESS IN THE MODEL ARGUMENT
LIST.

wnwm
wn
#



ECT CODE

onNDdON

oONG coo ao owvoco

"mNoONO SO W

0
8
o]

100C
904A
90C6
90AbL
90C6
90A6

100C

90E6
°0E6
90C6
20C6
90A6

0001
9402

93FE
F0C6
S0DE6

9402
G09A

100C
90A0
90Cé
90A6

9402
S0Cé

poocC
COFé6

200C

ADDR1

0000C
ooocs
000Cs8

000ES8

000Cs8

0000C

000Cs

000C8

DE2EBD4C2D6D3
~ €0980 :

ADDR2

0004C
000A8

000A8

0000C

€0000
0COES
000Cs8

J00A8

00001
00404

CC&00
[eJeTe]ok:]
ooot8

00404

0009C

C00A2
000A8

00404

oo000C
000F6

STHT

56
57
58
59
60
61
62

64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
75
30
81
82
83
84
85
86
87
88
89
50
91
92
93
94
95
$6
97
53
99

100

102
103
104
105
106
107
108
103
110

PAGE 2

SOURCE STATEMENT 20 SEP 73
# OQETERMINING TYPE OF I8CD ARGUMENT
TM 12(1).X'02°
BC 1,INTV
MVI IBCD,X'94° IS REAL®%4 TYPE
BC 15,ENTSEQ .
INTY MVI I8CD,X"92° IS INTEGER®4 TYPE
" BC 15,ENTSEQ
%
# 18CO IS A HOLLERITH STRING.
&
CHARK L 2,12(0,1) OBTAIN ADDRESS OF THE ACTUAL DOPE VECYOR FOR 1BCO
% MOVING THE VECTOR LENGTH INTO THE DOPE VECTOR LENGTH FIELD
* (OF THE DUMMY ARGUMENT FOR I1BCD. :
MVC DJPE{1),0(2)
LA 2,D0PE :
ST 2,IBCD STORING ADDRESS OF DGPE VECTOR
MVI IBCD,X°09° SETTING THE TYPE CODE FOR THE IBCOD ARGUMENT
8C 15,ENTSEQ
-3
% HAVE A °SPECIAL" CALL
*
INTS LA 2,1
ST 2,SPECFLG SETTING THE SPECIAL FLAG ON.
*
* IBCD 1S A SIMPLE VARIABLE.
&%
NEXTY LA 2,TPST 18CD IS TREATED AS A
ST 2,18CD CALL-BY-VALUE ARGUMENT.
ST 2,00PE
% .
# CHECKING FOR A *SPECIAL® CALL
. :
L 2,SPECFLG
LTR 2,2
BC 2, ISIMP IT WAS A *SPECIAL® CALL
% DETERMINING TYPE OF THE IBCD ARGUMENT.
TH 12(1).X104*
8C 12,ISIMPL
MV] IBCD,X'84¢ WAS REAL*4 TYPE
8C 15,ENTSEQ -
1S1MP SR 2,2 RESETTING THE $SPECIAL® CALL FLAG
ST 2,SPECFLG
ISIMPL  MVI IBCD,X'82° WAS INTEGER*4 TYPE
DROP 9
#  THE ENTRY SZQUENCE CODE FOLLOWS
-3
USING REG1l,y11
CNIP 0,4
ENTSEG  STM 14,11,12(13) .
BAL 11,XENTSPEC(0,12) BRANCH TO XENTSPEC ROUTINE
REG11 DC HY0',CL6* SYMBOLS
GC AUSAVE)
# THE MODEL ARGUMENT LIST 1S CREATED



:CT CODE

~'>203D0

303D4
J0308
20000
J030C
303R0
33000

)

BO44

30300
0304
. )0308

70000

3030C
JO3EQ

)

WU W W W W T W) v

D

T AN W W W W M W 1A e

8026
DOOC

0004

888A
0008

888

0001
8886

832A
831A
€001
1000

83F5
834A
7000

8058
5000
8C7A
5000
807A
5003

8066
83F5

ADDR1

004EB

00000

004E8B

ADDR2

00CF4

0011C
0000C

00004

€0980

ccoos
00984

0Co0l
0Q3AC

C0420
00410
00001
00000

0GC440
00000

0014E
00170
00000
00170
00063

CO15C

STNT

111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127

129
130
131
132
133

135
136
137
138
139
140
141
142
143

145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164

. 165

SOURCE STATEMENT

18CD

&

ccC
bcC
(219
DC
oc
ocC
bc

X184° ,AL3(XPAGE)
X€84* yAL3(YPAGE)
X*84" JAL3(HEIGHT}
X*00*,AL3(0)
X184*; AL3(ANGLZ)
X*82' , AL3(NCHAR)
X*10°',AL3(0)

FILLED IN AT RUN TIME

* GENERATING THE OS-TYPE ARGUMENT LIST TO BE USED BY THE SUBPROGRAM.

E

DOPE

SYMB1

SYMBOL2

NNTPOS

NMTHD

BAL
cc
2]
cc
DC
pC
oc

BAL
ust
BC

ST™

LA
SR
LR
LA
ST
ST
LR
LA
ST
LA
L
LA
LM
LTR
BC
MVI
LE
L
LTR
BC
™
BC
t
8C
LA
AR
ec
MVI
LR
SR

1,%¢28
X*100*,AL3(XPAGE)
X°00*,AL3(YPAGE)
X*00* ,AL3(HEIGHT)
X*00*,AL3(0)
X*GO* s AL3LANGLE)
X*80°, AL3(NCHAR)

R 8.0
NG *,8
15,SYMBIL2

14912,121(13)

344

15,3

8+15

99 SAVE
9,3(13)
13,SAVE+%
13,9

241

2+ ENTFLG

9. LINK
10,ADPLOT
0,1
2+7,0(1)
T+7
11,EREXIT
IC+3,3
-6+ SEVEN
T+0(047)
Ts7
13,NNTPOS
O(5)X*FF?®
T,NPOS
5,0(0:5)
15,NPOS
593(0,5)
T+0
11,KMTWO
1C+3,2
7.0

1,1

FILLED IN AT RUN TIME

BRANCHING AROUND OS-TYPE ENTRY
* AN ENTRY POINT USING OS-TYPE LINKAGE CONVENTIONS.

OS-TYPE ENTRY POINT.

READJUSTING THE BASE REGISTER CONTENTS
REGISTER 15 MUST ALWAYS CONTAIN

THE ADORESS OF SYMBl.

PERFORMING AN OS~TYPE:- SAVE OPERATION

SETTING THE ENTRY SEQUENCE FLAG TO ONE

LOAD LINK FOR PLOT
LOAD ADDRESS OF PLOT
SET CONSTANT 1
LOAD LINKAGE

TEST FOR CORRECT
LINKAGE

1C=3
DIV=T7

PICK UP N

IS N GREATER 0

YES

TEST FOR DOPE VECTOR
YES
LOAD ADD FROM VECTOR
BRANCH TO NPOS o o

BCD=BCD+3 o e
IS N LESS -1

YES NO

1C=2 .

N=1 o o o

@ 060 & © 0 © o

# R

4
Q

R7 - N3 OF CHAR

R8 BASE
FO - XC
F2 - YC

F4 - SCRATCH
F6 — SCRATCH

e 0 ¢ @ 0

[
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SYMBO120
SYMB0130
SYMBO140
SYMBO150
SYMBO160
SYMBO170
SYMB0180
SYMBO190
SYMB0200
s5YMB0210
SYmso212
SYMBO214
SYMB0220
SYMBQ222
SYMB0224
SYMBO230
5YMB0240
SYMB0250
SYMB0260
SYMBO270



2CT CODE

O BWOWO N OO T OO0 ~ODNBO OO

oococoooo

wWoOBOo0OO0DO

5000
82D6

BOTA

834E
4000

80DE
891A

6000
8366
80A6
8362
80DE
8362
8002
E362
8366
8352
836A
832¢
831E

836F
8326
8322

B364A
8312
8246
8312
2G30
8356
80FA

837A
83AE

8 3DA

83E2
3000
8356
8116

837A
83AE
83Dk
83E¢6
83E2
83E6
5000
833¢
0002
83F6

2DDR1

00A10

ADOR2

£06000
003CC
00170
00444
00000

001D4

00000
0045C
oc19cC
00458
001D4
00458
colcs
00458
0045C
00448
0C460
0041C
00414

00464
0041C
00418

00460
00408
0039C
00408
cooo0
0044C
C01FO

0C470
00444
0604D0
004D8
00000
0044C
0020C

00470
004A4
004D4
0040C
00408
0040C
Goooo
0042C
00002
004&C

STMT

166
167
168
169
170
171
172
173
174
175
176
177
178
173
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
20¢
207
208

- 209

210

211

. 212
213
214
215
216
217
218
219
220

SOURCE STATEMENT

NPOS

STRTH

GTCALC

HNEG

%

S

XNN

E
%*

YHNN

NXTCH

1C
CH
BC
LE
Le
LTER

‘8C

MVI
DER
LE

BC
STE
8C
STE
STE
ME
STE

LA

L
BALR
STE
LA

L
BALR
STE
STM
BAL
LM
LE
CE
8C
CE
8C
SE
AL
STE
STE
LE

”
[

B8C
CE
BC
SE
SE
STE
STE
LE
LE
1C

SLL
L

1,0{0,5)
1y THRTN
2, NPOS
69 FOUR
2:010:4)
292

13, HNEG
STATE,1
296
0;0{0,6)
0, THETA
T STRTH
2+FACT

8 HNESG
29 FACT
15,GTCALC
22 FACT

0 THETA
0sRADCO
0¢ INCC
1, ADANG
15,ADSIN
14,15

0, INCS
1+ ADANG
15, ADCOS
14,15

0, INCC
2+3,SVXYL
44 CALC
2939SVXYL
0,0(0,2)
Oy NNN
084 XNN
0,y MZRO
89 XNN

Oy XA+8
0sYA+S
0y X0

04 XC
240(043)
29 NNN

0B YNN
2¢MZRO
89 YNN
2+XA+8
2)YA+8
2,Y0
2,YC

04 XC
24YC
3,0(0,5)
3, CHMSK
3,2

43 TABLE(3)

K=CONTENTS OF BCD
IS K GREATER 13
NO YES
Dlv=4 .
PICK UP HGT o o o = o
IS HGT ZERO OR LES
NO
STATE=1
FCT=HGT/DIV
PICK UP ANGLE
IS ANGLE=THETA
YES
IS FCT=FACT
N
FACT=FCT
GO T2 CALCULAYE OFFSETS
FACT=FCT o o
THETA=ANGLE
CHANGE TO RADIANS

CALL SIN
INCS=SIN{THETA}

CALL COS
INCC=COS(THETA)

CALCULATE OFFSETS

o 8 2 o o

NO

PICK UP X

IS X EQUAL TO 999.0

NO YES

1S X==0.0 R

NG YES

X=X-XA(2)+YAL2) .

x0=X -

XxC=X .

PICK UP Y . e e

IS Y EQUAL TO 999.0

NO YES

IS Y=-0.0 .

NO YES

Y=Y~XA(2)-YA(2) o
.

Yo=Y .

YC=Y .

X=XC e o o

Y=YC

K=CONTENTS OF BCD
K=K MODULG 128
SET UP K FOR INDEX

3

6 0 e ® 6 o @ ® O o & O €6 5 O o0 0 ¢ [NTe & © © o 6 MM

SET LOC TO ADDRESS OF OFFSETS

w

w
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SYMB0280
SYMB0290
SYMBO300O
SYMBO310
SYMp0320
SYMB0330
SYMBO0340
SYMB0350
SYMBO360
SYMBO370
SYMB0380
SYMB0390
SYMB040O
SYMBO410
SYMB0420
SYMBO430

" SYMB0440

SYMBO450
SYMBO460
SYMB0O470
SYMBO480
SYMB04S0
SYMBOS00
SYMB0510
SYMB0S520
SYMBO530
SYMB0540
_SYMBOS50
SYMBOS60
SYMBO570
SYMBOS580
SYMB0590
SYMB0O6&0O
SYMBO610
SYMB0620
SYMB0630'
SYMB0640
SYMBOE50
SYMB0O660
SYMBO6T0
SYMB0O680O

SYMBO690

SYMBOT00
SYMBO710
. SYMBO720
SYMBO730
SYMBO740
SYMBO750
SYMBO760
SYMBOTTO
SYMBOT780
SYMBOT790
SYMBO80O
SYMBOS810
SYMB0820



ECT CODE

COOOWOUUOUON TP UODONNOONNNOO TGO NWRG

MOOOCWOWo

ocooooooNOO

833A
83F7

8000
0004
8206
81C4
0002
8372
83A6

0004
0002
83A6
8372
83EA

B3EE.

83F5
83E2
83F6

e13e
838E
83C2
83F5
83€2
83E6

811E

8886

81BC

8886
88BE
poocC

88BA
C464
0004

829E
8244

820E

ADDR1

004EB

004EB

ADDR2
00430
004ED

00000
00004
003CC
002BA
00002
0C468
0049C

00004
00002
0049C
00468
0C4E0
004C4

0c4aD8
acaDC

0022E
0C484
0C4B8

00408
0040C

00214

0094C
00282
009AC

0G984
0000C

cG3IBO
00464
00004

00394
00340

00304

STMT

221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250
251
252
253
254
. 255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271
272
273
274
275

SOURCE STATEMENT

N 49 THBYT

SR 656

IC 6y TABLE®1(3)
NXTOF SR 292

IC 2¢0(4,8)

SRBL  2+4

CH 2¢THRTN
8C 10, SPCDE

SLA 242
AE 0y XAL2)
AE 2¢YAL2)
SR 2¢2
SLDL 244
SLA 242
SE 0eYA(2)
AE 29 XAL2)
STE 0s XT
STE 2:¥YT
LR 1,9
LR 15410
BALR 14,15
MV I1C+342
LE 0¢XC
LE 2,YC
GTNOF AR 440
BCT 6y NXTAF
AE 0y XA+28
AC 2:YA+28
GTNCH MV I€C+3,3
STE 0y XC
STE 29YC
AR 590
8CT TaNXTCH
#*
% RETURNING TO THE
*
EREXIT L 3,ENTFLG
LTR 3,3
BC 8,WATRET
SR 3,3
ST 3,ENTFLG
L 13,SAVE+4
LM 14,12,12(13)
BR 14 )
* A WATFIV TYPE RETURN
WATRET LA 13,5AVE
BC 15,XRET(0,12)
SPCDE SR 292
SLDA 2+4
SR .20

8C 49 PNUP
8C 84 SUPSC

SR 2,0
BC 8,5UBSC
SR 230

&

CALLING

FOR CHARACTER K
SET J TO NUMBER OF OFFSETS

FOR CHARACTER K

PICK UP OFFSETS FROM LOC
SET I TO X-OFFSET

IS 1 GREATER 13

NO

SET UP I FOR INDEX
X=X+XALI)

Y=Y+YA{I)

SET I TO Y-OFFSET
SET UP I FOR INDEX
X=X-YAUI}
Y=Y~XA{I)

XT=X

YT=Y

CALL PLOTIXT,YT,IC)

IC=2

X=XC

Y=YC

INCREASE LOC TO NEXT OFFSET PAIR
J=J-1, IF J IS NOT ZERO REPEAT NXTOF
X=X+XA(T)
Y=Y+YAL(T)

1C=3

XC=X

YC=Y .

INCREASE 8CD TO NEXT CHARACTER
N=N-1,IF N IS NOT ZERGQ REPEAT NXTCH

PROGRAM

LOAD THE ENTRY SEQUENCE FLAG

- TEST FOR LERO

*&

BRANCH 7O WATFIV RETURN SEQUENCE

RESETTING FLAG TO ZERO
USING OS-TYPE RETURN

BRANCH TJ XRET RTN.
DECODE Y-OFFSET
SET I TO Y OFFSET

If I=1y GO TO SUPERSCRIPT CODE

IF 1=2, GO TO SUBSCRIPT CODE
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SYMB0830
SYMB0840
SYMBO850
SYMBOE60
SYMBO8TO
SYM80880
SYMB0O890
SyMB0S00
SYMB0910
SYMB0920
SYMB0930
SYMB0940
SYMB0950
SYMB0960
SYMBOSTO
SYMB0O980
SYMB0990
SyMB1000
SYMB1010
SYMB1020
SYMB1030
SYMB1040
SYMB1050
SYMB1060
SYMB10OTO
SYMa1080
SYMB1090
-SYMB1100
SYMB1I1l1l0
SYMB1120
SYMs11i3o
SYMB1140
SYMB1150

SYMB1200
SYMB1210
SYMB1220
SYMB1230
SYMB1240
SYMB1250
SYMB1260
SYMBL2TO



ECT CODE

OV UOCOWNOOOOOUOONLUOO UL OO OOrOUUTANUOOUGHUMN~OODOLUOOHBODOO

81F2

8190
838E
83C2
8190
83DA
83Dc
83D6
8382
B83DA
83DE
8190
BI1A
8190
823A
B91A
8362
835E
8362
82AA
8386
8382
8190
891A
83AE
837a
8282
8914
8190
8276
8914
8362
835E
8362
82AA
83AE
8372
8190
891A
83B6
8382
83E2
83E6
8362
835F
8362
82AA
8190
83F5
8182
8362

B36A
836E

ADDR1

00Al0

00A1l0

00AlQ

00A10

00A10

C0AlO

004EB

ADDR2
002E8

00286
00484
GCaB8
0C286
004DO
00404
004CC
0Ca98
00400
004D4
00286

00286
00330

00458
00454
00458
CO3A0
004AC
00478
00286

0C4A4
00470
00378

00286
0036C

00458
00454
00458
003A0
004A4
C0470
00286

004AC
26478
00408
004DC
0C458
00454
00458
003A0
00286

00278
00458

00460
004564

STMT

276
277
278
279
280
281
282
283
284
285
286
287
288
289
290
291
292
293
254
295
296
297
298
299
300
301
302
303
304
305
306
307
308
309
310
311
312
213
314
315
316
317
318
319
320
321
322
323
324
325
326
327
328
329
330

SOURCE STATEMENT

BCKSP

CRET

sussc

SUBER

SUPSC

SUPER

SUA

PNUP

CALC
CALCA

MVY

cLy

MVI
LE
DE
STE
BAL
SE
AE
8C
MVI

STE
STE
LE
MC
STE
BAL
BC
M1
8C
LE
LER
ME
Mz

8,CRET
20

T+ GTNCH
0y XA+28B
20,YA#28
159 GTNCH
04 X0
2,Y0

0o YA+48
29 XA+48
0¢ X0
29Y0
154GTNCH
STATE.1
4o GTNCH
B8y SUBER
STATE,1
0, FACT
0, FCTR
0y FACT
4y CALCA
Oy YA+16
29 XA+16
15,GTNCH
STATE, O
Oy YA+S
2+ XA+B
15,SUA
STATE.1
29 GTNCH
84 SUPER
STATE,.1
0, FACT
0.FCTR
Oy FACT
44 CALCA
0o YA+SB
2+ XA®8
15, GTHCH
STATE,2
Oy YA+LE
2y XA+16
09 XC
2+YC

04 FACT
0,FCTR
0y FACT
4,CALCA
15, GTNCH
IC#3,3
15, GTNOF
O¢ FACT
2,0

0 INCC
25 INCS

ik

&

¥

x ¥

* &

* ¥

IF I=3, GO TO CARRIAGE RETURN CODE

IF ¥=5, SKIP TO NEXT CHARACTER
X=X-XA(T)

Y=Y-YA{T)

BRANCH TO GET NEXT CHARACTER

X

x0=X
Yo=Y
BRANCH TO GET NEXT CHARACTER
TEST STATE
IF 0, BRANCH TO GET NEXT CHARATER
IE 1, BRANCH TO SUBER
IF 2, RETURN TO NORMAL MODE,STATE=1

FACT=FACT/FCTR

CALCULATE OFFSETS
X=X+YA{4)
Y=Y-XA(4)
BRANCH TO GET NEXT CHARACTER
CHANGE TO SUBSCRIPT MODE,STATE=0
X=X+YA(2)
Y=Y-XA(2) ,
BRANCH © o o o o o
TEST STATE
I1F 2, BRANCH TO GET NEXT CHARACTER
IF 1, BRANCH TO SUPER
IF 0, RETURN TO NORMAL MODCZ,STATE=1

FACT=FACT/FCTR

CALCULATE OFFSETS

X=X-YA(2)

Y=Y+XA(2)

BRANCH T2 GET NEXT CHARACTER

CHANGE TO SUPERSCRIPT MODE,;STATE=2
X=X~YA( 4}

Y=Y+XA{4)

XC=X . o o v o e @
YC=Y

FACT=FACT*FCTR

CALCULATE OFFSETS

BRANCH TGO GET NEXT CHARACTER
RAISE PEN, IC=3

BRANCH T0O GET NEXT OFFSETY
CALCULATE OFFSETS

X=FACT¥*INCC
Y=FACT*INCS

e 8 & 5 8 & 4 ¢ s 0 6 0 » 0 o ¢
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s5YMB1280
SYMB1290
SYMB1300
SYM81310
SYMB1320
SYMB1330
SYMB1340
SYMB1350
SYMB1360
SYMB1370
SYMB1380
SYMB1390
SYMB1400
SYMB1410
SYMB1420
SYMB1430
SYMB1440
SYMB1450
SYMB1460
SYMB1470
SYMB1480
SYMB1490
SYMB1500
SYMB1510
SYMB1520
SYNB1530
SYMB1540
SYMR1550
SYMB1560
SYMB1570
SYMa1580
SYMB1590
SYMB160O
SYMB1610
SYMB1620
SYMB1630
SYMB1640
SYMB1650
SYMB1660
SYMB1670
SYMB1680
SYMB1690
SYMB1700
SYMB1710
SYMB1720
SYMB1730
SYMB1740
SYMB1750
SYMB1760
SYMBL1TT0
SYMg1780
SYMB1790
sSyMB1800
SYMB1810
SYMB1820



ECT CODE ADCR1 ADDRZ

833E
8372
B83A6

828C
83E2
B3ES

ODfOONG I HWNG

0
040404040
0 Ce38
07000
CC0o00
CO000
€0400

€0G00
€5000
c0000
C0460
004E0
004E4

478
00C7F
OOFFF
00004
00004
Cd030
. C0000
~GG000
77010
LET000
--:C0000
-33333
€G000
‘00000
coo00
30000
9300000000000
€0C0C000GO000
‘00000
100000
0000

00434
00468
0049C

00382
00403
0C4DC

0C638

STMT

331
332
333
334
335
336
337
338
339
340
341
342
343
344
345
346
347
348
349
350
351
352
353
354
355
356
©357
358
359
360
361
362
363
364
365
366
367
368
369
370
371
372
373
374
375
376
377
378
379
380
381
382
383
384
385

SOURCE

CALCSB

THRTN
XPAGE
YPAGE
REIGHT
ANGL =
NCHAR

STAR

TPST
SPECFLG
SVXYL
ADFLOT
ADSIN
ACCOS
ADANG
LINK

CHMSK
THBYT
MFOR

SEVEN
FOUR
RADCO
NNN
MZEJ
FCTR
FACT
THETA
INCC
INCS
XA

YA

X0

YO

xC

STA

LER
LER
[ ]
STE
STE
AER
AER
BXL
LE
LE
8CR
oC
DS
DS
s
DS
ns
CNO
DC
BAL
oC
DoC
oc’
ocC
DS
DS
DS
oc
bC
DC
DC
)]
bcC
[
DC
cC
DC
ocC
[
nc
i
cc
cc
2]
oc
oC
ocC
DC
ocC
cc
oC
oC
cC
oC

oc

TEMENT
490 XI=X
652 Yi=Yy
1y 3,MFOR I=1
Oy XAL1) XA{I)=X e o
2y YALL) YALLI)=Y
004 X=X+X1
246 Y=Y+Y}
E 1,2,CALCE I=I+1 AND REPEAT UNTIL I IS 12
0,XC X=XC
2.YC Y=YC
1544 RETURN
Hel3e %% CONSTANTS AND VARIABLES
£ i
F
F
F
F
P 2v4
CL6? * NI ARRAY NAME
15,XA1(0,12) BRANCH TO XAl

AL1(0),AL3{0}
ALL(2),AL3(0}
A(0)
X140° ,AL3(TPST)
F
F
2F
ALPLOT1)
A(SINL)
Atcos1)
ACINCC)
ALXT)
ALYTY
x*80°
AL3(IC)
Fe127e
X*O0000FFF*
Fl[,l
Fl4'
FU48¢
 ETT7.0¢
E'4.0°
E'0.0174533"
£'999.0°¢
X*80000000°
E'0.7"
€10.0°
£°0.0°¢
E'1.0°
£70.0°
13F*0°
13F00"
g0
Fupe
Flo.
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SYMB1830
SYMB1B40
SYMB1850
SYMB1860
SYMB1870
SYMB1880
SYMB1890
SYM81900
SYMB1910
SYMB1920
SYMB1930
SYMB1940

SYHB1960

SYMB2000
SYMB2010
SYMB2020
SYMB2030
SYMB2040
SYMB2050
SYMB2060
SYMB2070
SYMB2080
SYMB2090
SYMB2100
SYMB2110
SYMB2120
SYMB2130
SYMB2140
SYMB2150
SYMB2160
SYMB2170
SYMB2130
SYMB2190
SYMB2200
SYMB2210
SYMB2220
SYMB82230
SYMB2240



5
r
e
7
,1
5
3
T

WD 2 e 00 WD U7 T NW SN PR UT U R W S U W WY W T R T A 0 e O e e e T e e e

ADDR1 ACDR2 STHT

386
387

388

389

006EC 390
006F3 391
COSFE 392
00703 393
c0709 394
0070F 395
00715 396
co713 397
0720 398
co727 399
€072D 400
00703 401
00734 402
0073F 403
008C6 404
00766 405
00742 406
00378 407
0689 408
00744 409
co8D9 410
€0974 411
00752 412
00744 413
008E1 414
C097C 415
00SE3 416
CGS15 417
. 0922 418
00923 419
0928 420
0928 421
06938 422
00941 423
0944 424
00953 - 425
cosel 426
0cs64 427
00959 428
€0970 429
0C97D 430
00986 431
00885 : 432
c098D - 433
00999 434
C09A2 435
00978 436
00979 437
008F3 438
008E5 439
'0075A 440

SOURCE
YC
XT
YT

TABLE

STATEMENT

cc FrQe

oC Fr0

DC Fege

DC Feoe

MVI  S0,08
MVI  S1,12
‘MVI 52,06
Mvl  §3,07
MVI 54,07
MVI  S5,07
MVI 56,07
MVI  S7,06
MVI  $8,08
MVI  §9,07
MVI  SA.l4
MVI  S3,13
MVI  SC,06
MVI  SD,04
MVI  SE,06
MVI  SF,02
MVI  $G,02
MVI  U4,01
MVI  SL,03
MVl  S4,08
MVI  SK,05
MVl U3,01
MVI  SM,08
MVI  SN,08
MVI 50,02
MYI  US,0L
VI TL,02
MVI  NH,08
MVI  NJ,06
MVI  NK,03
MVI  NL,06
MVI  NL.13
MVI  NM,09
MVI  NN,09
MVI  NP,09
MVI  NQ,06
MVI  NR,12
MVI  NS,12
MVI  NT,10
MVI  NU,07
MVI  NV,09
MVI  NW,07
MVI N0, 14
MVI  NX,12
MVI  NY,09
MVI _NZ,08
MVl Ul,01
MVI  U2,01
MVI  SV,05
MVI  SW,14
MVI  SB,06

VO~NONDWN -0

MEP PP DL D PPV BOWWWWWUWWNNNNNN RN N N o et bt 0 0o s s e
OVONOCUVPUNHOOVDI~NCVPUNFHOOENCVHIWNHOOONTVMPWUNRO

HEX=00
HEX=01
HEX=02
HEX=03
HEX=04
HEX=0S
HZX=06
HEX=0T
HE X=08
HEX=09
HEX=0A
HEX=08
HEX=0C
HEX=0D
HEX=0E
HEX=0F
HEX=10
HEX=11
HEX=12
HEX=13
HEX=14
HEX=15
HEX=16
HEX=17
HEX=18
HEX=19
HEX=1A
HEX=18
HEX=1C
HEX=1D
HEX=1E
HEX=1F
HEX=20
HEX=21
HEX=22

‘HEX=23

HEX=24
HEX=25
HEX=26
HEX=27
HEX=28
HEX=29
HEX=2A
HEX=28
HE X=2C
HEX=2D
HEX=2E
HEX=2F
HEX=30
HEX=31

HEX=32

CENTER SQUARE
CENTER OCTAGON
CENTER TRIANGLE
CENTER PLUS
CENTER X

CENTER DIAMOND
CENTER UP ARROW
CENTER BAR X
CENTER 2

CENTER Y

CENTER SQUARE X
CENTER ASTERISK
CENTER DOUBLE BAR X
CENTER VERTICAL

‘STAR

HORIZ VECTOR
VERTICAL VECTOR
#% BACKSPACE
CARAT

EQUIVELENCE

RIGHT ARROW

*% CARRIAGE RETURN
NOT EQUAL

PLUS MINUS
UNDERSCORE

=& NULL CHARACTER
OVERSCORE
INTEGRAL

IMPLIES

OR

RIGHT BRACKET
LEFT BRACKET
MU '
PI

PHI
THETA
PSI
CHI
OMEGA
LAMBDA
ALPHA
DELTA
EPSILON

ETA

#& SUPERSCRIPT

& SUBSCRIPT 1
SUMATION

DIVIDE

LESS THAN OR EQUAL
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SYMB2250
SYMB2260
SYMB2270
SYMB2280
5YMB2290
SYMB2300
SYMB2310
SYMB2320
SYMB2330
SYMB2340
SYMB2350
SYMB2360
SYMB2370
SYMg2380
SYMB2390
SYMB2400

T SYMB2410

SYMB2420
SYMB2430
SYMB2440
SYMB2450
SYMB2460
SYMB24T70
SYMB2480
SYMB2490
SYMB2500
SYMB2510
_SYMB2520
syMp2zs3o
SYMB2540
SYMB2550
SYMB2560
SYMB2570
SYMB2580
SYMB2590
SYMB2600
SYMB2610
SYMB2620
SYMB2630
SYMB2540
SYMB2650
SYMB2660
SYMB2670
SYMB2680

_ SYMB2690

SYMB2700
SYMB2710
SYMB2T20
SYMB2730
SYMB2740
SYMB2750
SYMB2760
SYMB2T7T0
SYMB2780
SYMB2790




SCT CODE

AN VWO ORI N W O 00 wd 5 OV O B UV U P U G U000 O B OV SN @ T UTUTUI U OB WU R

8668
8802
866E
8670
8679
88Ceé
871D6
8800
880D
881A
£827
8TDE
€708
€8€1
E6TE
8687
8694
868D
8072
8672
8694
86°E
86A4

86AA

8688
£664
86C1
8657
86C5
86C7
8602
8607
866F
86DE
8651
86£8
86F7
86E8B
86F7
€701
8713
BT1F
&727
8685
8728
871F
867C
8730
eT1l
86D1
ET3E
86E3
8679
8741
£746

ADDR1 ADDR2

0075C
COB8F8
00764
00766
0076F
008FC
oosCC
00903
00903
00910
C0910
00804
00801
ceor7
00774
00770
C078A
00783
0C763
00768
0078A
00794
CG73A
CO7A0
00781
007524
00787
0074D
00788
co780
007cC3
007CD
00765
20704
00707
007DE
007CD
007E1
007ED
007F7
€c809%
co815
co8lo
007AB

00821 -

00815
00772
00826
0c8C7
007C7
00834
Qo709
Q076F
cce3v
0083C

STMT

441
442
443
444
445
446
447
448
449
450
451
452
453
454
455
456
457
458
459
460
461
462

463
464
465
466
467
468
469
470
471
472
473
474
4175
476
477
478
479
480
481
482
483
484
485
486
487
488
489
490
491
492
493
494
495

SOURCE STATEMENT

MVI
MVi
MVI
MV1
MV1
MVI
MVI
MVI
MVI
MV1
MV1
MVI
MVI
MV]
MVI
MVI
MVI
MVI
MVI
MVI
MVI
¥VI
MVI
V1
MVI
MVI
MV ]
MVI
MVI
MVI
MVI
MVl
MV1
MVI
MYI
MVi
MVI
MVI
MVI
MV
MY
MVI
MVI
MVI
MVI
MVI
MVI
MVI
MVI
MY1
MVI
MVI
MVI
MV I
MVI

$X,06
SZ+04
T0,04
SF:04
73,02
15,07
T6,05
T7.10
T7+13
78,05
N1,05
SI.05
SHe 05
uo,01
TA,09
TBs12
TC.08
10,07
T2,07
T2,06
7C,10
TH, 06
TI,06
TE,11
TG,05
58,03
T9:0%
$S,05
SQ+02
SR.10
TJ+05
TK 07
T1,03
TH.05
TN, 04
TOs12
TP,07
TQ,12
TP,410
ST.07
TRs12
TX,08
NA, 04
TFel2
NByO3
TX,02
T4+02
TSe12
TT.04
TU,06
TV,03
TH405
T3,05
TY»05
TZ.07

= 51
= 52
N= 53
N= 54
= 55
= 56

N= 58
N= 59
N= 60
= 61
= 62
= 63
N= 64
= &5
= 66
N= 67
= 68
= 69
= 70
= 71
= 72
N= 73
N= T4
= 75
N= TS
= 77
= 78
N= 79
= 80
N= 81
= 82
= 83
= 84
= 85
N= 86
= 87
N= 38
N= B9
= 90
= 91
= 92
N= 93
= 94
= 95
= 96
= 97
N= 98
= 99
N=100
N=101
N=102
N=103
N=104
N=105

HEX=33
HEX=34
HEX=35
HEX=36
HEX=37
HEX=38
HE X=39
HEX=3A
HEX=3B
HEX=3C
HEX=3D
HEX=3E
HEX=3F
HEX=40
HEX=41
HEX=42
HEX=43
HEX=44
HEX=45
HEX=46
HEX=47
HEX=48
HEX=49
HEX=4A
HEX=4B
HE X=4C
HEX=40
HEX=4E
HEX=4F
HEX=50
HEX=51
HEX=52
HEX=53
HEX=5%
HEX=55
HEX=56
HEX=57
HEX=58
HEX=59
HEX=5A
HEX=58
HEX=5C
HEX=5D
HEX=5E
HEX=5F
HEX=60
HEX=61
HEX=62
HEX=63
HEX=64
HEX=65
HEX=66
HEX=6T
HEX=68
HEX=69

GREATER OR EQUAL
DELTA

LEFT BRACE

RIGHT BRACE
REVERSE SLASH
GAMMA

SQUARE ROOT

LEFT ARROW
TIMES

UP ARROW
DN ARROW
BLANK

LEFT PAREN
PLUS
VFRTICAL
AMBERSEND
3

Z’D‘UO:;IP‘R

EXCLAMATION
DOLLAR SIGN
ASTERISK

RIGHT PARLENTHESIS
SEMI COLON

NOT

MINUS

SLASH

MERELSTHW

PAGE 9

20 SEP 73

SYMB 2800
SYMB2810
SYMB2820
SYMB2830
SYMB2840
SYMB2850
SYMB2B60
SYMB2870
SYMB2880
SYMB2890
SYNB2900
SYMB2910
SYMB2920
SYMB2930
SYMB2940
SYMB2950
SYMB2960
_SYMB2970"
SYNB2980
SYMB29S0
SYMB3000
SYMB3010
SYMB3020
SYMB3030
SYMB 3040
SYMB3050
SYMB3060
SYMB 3070
SYMB3080
SYMB3090
SYMB3100
SYMB3110
SYMB3120
SYMB3130
SYMB3140
SYMB3150
SYMB3160
SYMB3170
SYMB3180
SYMB3190
SYMB3200
SYMB3210
SYMB3220
SYMB3230
SYMB3240
SYMB3250
SYMB3260
SYMB3270
SYMB3280
SYMB 3290
SYMB3300
SYMB3310
SYMB3320
SYMB3330
SYMB3340



PAGE 10

JECT CODE ADCR1 ACDR2 STMT SOURCE STATEMENT 20 SEP 73
11 e7BF 00885 496 MVI NO,17 N=106 HIX=6A INFINITY SYMB3I350
)6 £§68B8 00781 497 MVI TG.06 N=107 HEX=6B COMMA SYMB3360
JE €740 00843 498 MVI NCyl4 N=108 HEX=6C PER CENT SYMB3370
)2 875B 00851 499 MVI ND» 02 . N=109 HEX=6D DASH SYMB3380
)3 8668 Q0761 500 MVI SY.03 N=110 HEX=6E GREATER THAN SYMB3390
D 8704 007FA 501 MVI SU.13 - N=111 HEX=6F QUESTION MARK SYMB 3400
)9 86FB 007E1 502 MVI TQ,09 N=112 HEX=70 0 SYMB3410
)5 875D 00853 503 MV] N1:05 N=113 HEX=T1 1 SYMB3420
)8 8762 00858 504 MVI N2,08 N=114 HEX=T2 2 SYMB3430
D ET6A C0860 5C5 MVI N3.13 N=115 HEX=T3 3 SYMB3440
:7)8 81178 00871 506 MVI N4,08 N=116 HEX=T74 4 SYMB 3450
)9 8783 c0873 sC7 MVI N5,09 N=117 HEX=T75 5 SYMB3460
)8 8770 00866 508 MVI N6,11 N=118 HEX=T76 6 SYMB3470
)5 8T78A co880 509 MVI N7505 N=119 HEX=77 7 SYMB 3480
L0 E72€ c0824 510 MVI N8:16 N=120 HEX=T8 8 SYHB83490
)C 878F OQEES 511 ) MVI N9,12 N=121 HEX=T79 9 SYMB3500
)B 8685 C07AB 512 MVI TFsll N=122 HEX=TA COLON SYMB3510
)8 €798 00851 513 MVI NEs11 N=123 HEX=T78 POUND SYMB3520
10 8746 o089C 514 MVI NFs16 N=124 HEX=TC AT SYMB3530
Y4 BTB6 00BAC 515 MVI NG, 04 N=125 HEX=TD APOSTROPE SYHB3540
)5 865C 00752 516 MVI SM,05 N=126 HEX=TE EQUAL SYMB3550
19 8786 008AC ’ 517 MVI NG,09 N=12T7 HEX=TF QUOTATIONS ’ SYMB 3560
240400404424 518 SO bC X*22240400404424° SYMB3570
2414C301103041 519 Si ‘ DC X%2224140301103041433424° SYMB3580
14014124 520 S2 DC X12224014124¢° SYMB3590
2420220242 521 S3 o] X*222420220242° . ) SYMB3600
}440220044% 522 5S4 oC X*220440220044° SYMB3610
2472204224 523 S5 oC X9222402204224° SYMB3620
2024024224 524 S5 oc X9222024024224° SYM33630
10440440 525 S7. oC X*2200440440° SYMB3640
+40444C04000 526 S8 oC X*22440444C04000° SYMB3650
1422442220 527 59 DC X*220422442220° ) . SYMB3660
14331304131100 528 SA pC X$22443313041311001131403133° . SYM83670
14044000 ’ 529 sC DC X*2244C44000° : SYMB3680
1620 530 sO [+ X*222420° . SYMB3690
16 531 S6 [+]9 X'2226° SYMB3700
5TF06525F0 532 SJ nc X*2767F06525F0° SYMa3710
:3F0 533 SN 3] X'2363F0° SYMB3720
13462666 534 SS oC X*444B462666"% . SYMB83730
14F06626F03357 535 SM o] X*2464F06626F03357* ) SYMB3740
1664F0 536 S8 ocC X*682664F0°* . SYMB3750
13F0 537 SX DC ‘X*6323F0* SYMB3760
1628 . 538 SY DC X*246628° : SYMB3770
i 533 T0 oc X*69° SYMB3780
: . - 540 T1 DC X297 SYMB3790
2 541 SF oC X12262¢ . SYMB3800
1192656262262 542 T2 oC X169292656262262° . . SYMB3810
»2F0 543 T3 2] X'2962F0° ’ ’ SYMB3B820
9 544 T4 bC X12269¢ SYMB3830
15652528395968 545 TA oC X1222565252839596862° ’ SYMB3840
155€265657 546 TB | oC X¥63655€626566T7° SYMB3850
192922526368 : 547 TD oC X168592922526368* SYMB3860
}9392823325263 548 TC DC . X?*68593928233252636555° SYMB3870
1926666562 549 TH oc X*$222926666962" . SYMB3880

1242493959 ' : 550 TI bC X*325242493559°¢ . o SYMB3890



ECT CODE ADDR1 ADOR2

7372624335364

5464535F0
233434231
B5362

A
7384558252433

2526369
22569F 04762

. 345

-2
‘2466269
3F0

..3392823325263

3596867562656
2F0

35232F 0444656
3

2F02353646556
5456327452367
33322

5374

7
2392827365665
269

1424769
32262F03556
3293633F06922
3

3423252
1596866242262
75¢€686756
5656352322328
1645453524262
25263655626
3684342
2526368593928
545357566625
1473635445465
55657F0372939%
1463727161524

L 3464554€4T7576

11372268632

Y424ATA

54
13375749

©.35€5475

362

1

\
5F03334444333
(5E2ATA

17212
74842485968
1345444483858

STHT

551
552
553
554
555
556
557
558
559
560
561
562
5€3
S64
565
566
567
568
565
570
571
572
573
574
575
576
577
578
579
580
581
582
583
584
585
586
587
5883
585
530
5391
592
593
594
595
596
597
598
593
600
501
602
603
604
605

TE
TF
T6
T9
SQ
SR
TU
T4
TK
™
TN
TH
10
10
TP
ST
SuU
1T
TR
TX
NA
NB
N8
TS
TV
TY
TZ
NC
ND
N1
N2
N3
NS
N4
N5
N7
N9
NE
NF
NG
NO

SE
T6
SH
S1
SK
SL
SO
TL
SH
SvY
SZ
T5
T7

SOURCE STATEMENT

DC
ocC
oC
[
[>]
DC
‘cC
bC
oC
DC
ocC
[+
bc
oc
ples
cC
DC
] o
oC
DC
oC
oC
oC
]9
oC
oC
oC
3%
oC
DC
jolst
oC
ocC
DC
oc
ocC
DC
oc
cc
oC
oC
oc
[s]08

olol

oc
o]
oc
bC
pc
2]
bC
DC
oC
DC
DC

X'€6573725624335364F 042487
X*3536464535F0°
X*423233434231°

X'69585362°¢

X*212A°
X'62373849582524334364°

X¢29¢

X12332526369°
X'29222569F04762°

X1222945°

X®6962°

X'2922466269°

X*4T769F0° '
X1685939282332526368FC4462°
X122295968675626556562°¢
X®4944F0°
X?32435232F04446566768593928°
X*2969°*
X*4942F0235364655636273868°
X42565455327452367°
X*29383322¢°

X*257574°

X'5667°
X*6859392827365565635232232536°
X*294269°

X*2947424769°
X123632262F03656°
X*$3828293938F06922F05363625253°
X*1575¢°. '
X*3849423252°
X82839596866242262°
X*233953686756°
X®365€6563523223283G55968°
X12924645459524262°
X123325263€556267
X02969684342"
X*233252636859392825355566°
X' 24545453575€6625353733°¢
X165574736354454656758382724335364°
X'57495957F037293937°
X¢6T757463727161524"
X*344546455464T75T667°
X*325372268532°

X'2334424A7A°

X*423454°

X*4249375T749°

X'1575565475°*

X1224662%

X*1181°

X*1ABA?
"X'1565F03334444333F03637474636°
X*T7121562A7A

X*12477212°

X128394842485968"
X$42443454444838584849463656°
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SYMB3900
SYMB3910
SYMB3920
SYMB3930
SYMB3940
SYMB3950
SYMB3960
SYMB3970
SYMB3980
SYMB3990
SYMB400O
SYMB4010
SYMB4020
SYMB4030
SYMB4040
SYMB4050
SYMB4060
SYMB40OTO
SYMB408O
SYMB4090
SYMB4100
SYMB4110
SYMB4120
SYMB4130
SYMB4140
SYMB4150
SYMB4160
_SYMB4170
SYMB4180
SYMB4190
SYMB4200
SYMB4210
SYMB4220
SYMB4230
SYMB4240
SYMB4250
SYMB4260
SYMB4270
SYMB4280
SYMB4290
SYMB4300
SYMB4310
SYMB4320
SYMB4330

. SYMB4340

SYMB4350
SYMB4360
SYMB4370
SYMB4380
SYMB4390
SYMB4400
SYMB4410
SYMB4420
SYMB4430
SYMB4440



:CT CODE ADDR1 ACDR2

14341575
L3142495A6A79
IF02763
465665727
256
535536374F076
1424556474A38
142453647T4A58
7344353646764

127675753

©33443545666F0

TIFO
5243353646657

-5F026365363

1334447445364
14563F 02245

1374€56€656453
1363443€3F065
14€3446576652

30000

STHMT

606
607
608
603
610
611
612
613
€l4a
615
616
617
€18
619
620
621
622
623
624
625
€26
627
628
629
630
631
632
633
634
635

SOURCE STATEMENT

T8
NH
NI
NJ
NK
NL
NM
NN
NP
NQ
NT
NR
NS
NU
ud
Ul
u2
u3
U4
us
NV
NW
NX
NY
NZ

ENTFLG
SAVE
STATE

oC X°1536341575°

oc X11221314245546A79°

oc X*2367F027€3"

3] X*245465665727"

oC XY2£4266°

boc X*14253553€374F0766555372716°
oC X*21314245564T4A3828°

[s]9 X16151424535474A5B868°

bc X1223734435364676473°

oc - X®333727675753°*

bc X 26363443545666F0°

DC X*4248F0°

oC X*¥372624335364665737F01575°¢
oC X*2366F025365363"*

oc XeFO*

DC XtF1? ENTER SUPZRSCRIPT MIODE OR LEAVE SUBSCRIPT.
oc X*F22 ENTER SUBSCRIPT MODE OR tEAVE SUPERSCRIPT.
0C X*F3 CARRTAGE RETURN.

oC X*F4° BACKSPACE CHARACTER.

oC XYF5* NULL CHARACTER

[s]o8 X*272433444T44535467°
DC X'28374563F02245°

DC X'584837465665645343343546°
DC X'674736344353F06525°¢
o]} X*t2637463446576€£52°%
DS OF
0C F10*
0S 24F
95 ¢
END
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SYMB4450
SYMB4460
SYMB44TO
SYMB4480
SYMB4490
SYMB4500
SYMB4510
SYMB4520
SYMB84530
SYMB4540
SYMB4S50
SYMB4560
SYMB45T0
SYMB4580
SYMB4590
SYMB4600

l

SYMB46)0 .

SYMB4620
SYMB4630
SYMB4640
SYMB4650
SYMB4660
SYMB46TO
SYMB468BO
SYMB4690

SYMB4T10
SYMB4720



3JECT CODE

820
820
222
740

109
710
19¢
7C0

320
630
820

020
030

120
220

1014
2000

906¢C

100C
5052
100C
9074

100C
2004
200C

G426
90E6

9412
30Ce

ADDR1

0000C
0000C

ACDR2

00014

00000 °

0GG6E

00054

00076

009J0C
c0004
ocooc

00428

000E8
00414

J00C8

STMT

VOGN DWN

PAGE 13

SOURCE STATEMENT 20 SEP 73
SIMBLE START O CALL SIMBLE(XsY HGTIBCDyTHyN) v viz7t
*
%  THIS SUBPROGRAM IS THE WATFIV IMPLEMENTATION VERSION OF THE CALCOMP :
%  PLOT ROUTINE CALLED SIMBLE. 1IT IS CALLED TQ DRAW TEXT SUCH AS
#  TITLES AND TO DRAW SPECIAL CENTERED SYMBOLS.
*
EXTRN SIN1 SIN1 AND COS1 ARE THE SIN AND COS FUNCTIONS.
EXTRN COS1
EXTRN PLOT1 0S~-TYPE ENTRY POINT TO PLOT ROUTINE.
%
*
# THESE INSTRUCTIONS REFER TO DISPLACEMENTS IN THE STARTA ROUTINE.
% ThEY ARE TO BE UPDATED IF THE STARTA ROUTINE IS MODIFIED CAUSING
= THESE DISPLACEMENTS TO BE CHANGED OR IF THESE ROUTINES ARE MADE
*  INTO ENTRY POINTS AT SCME FUTURE DATE.
*
XENTSPEC EQU 246
XRET EQU 112%
XAl EQU 1592
3
x
BALR 950
USING #,9
I3
# CFCCKING TYPE OF CALL MADE TO SIMBLE
k-3
L 2,20t0,1) LOAD ADDRESS OF ICODE
L 2,0{0:2) OBTAIN CONTENTS OF 1CODE
LTR 2,42 . IS 1T A SPECIAL CALL
BC 4, INTS BRANCH IF SO
* IT WAS A *STANDARD® CALL.
&
%  OETERMINING WHETHZR IBCD IS A SIMPLE VARIABLE, A VECTOR, OR A
%  HOLLERITH STRING.
x
TM 12(13,X'09° HOLLERITH STRING ?
8C 1,CHARK YES
T™ 12(1},X*'30° VECTOR ?
BC 124,NEXTY NO. MUST BE SIMPLE VARIABLE - R
&
* IBCD IS A VECTOR
% .
L 2+12(0,1) OBTAIN ADDRESS OF IBCD*S STAR RQUTINE
L 3,410,2) OBTAIN ADDRCESS OF THE CALLING VECTOR
L 2,12(0,2) OBTAIN THE VECTOR LENGTH FOR THE ACTUAL ARGUMENT
% IT IS STORED IN A LOCATION REFERENCED BY THE STAR ROUTINE FOR THE

% DUMMY ARGUMENT REPRESENTING IBCD.

ST 2,TPST STORING THE VECTOR LENGTH
% STORING THE VECTOR ADDRESS IN THE OS~TYPE ARGUMENT LIST.
ST 3,D0PE
LA 2,STAR JBTAIN ADORESS OF THE STAR RTN. FDOR ARRAY
ST 2,1BCD PUTTING THIS ADDRESS IN THE MODEL ARGUMENT
x LIST.
#*
*

DETERMINING TYPE OF IBCD ARGUMENT



B8JECT CODE

<102
710
254
7F0
292
7F0

-820

200

© 120
220
209
7FC

120
220

120
D20
220

700
JEB
580

100C
9044
90Cée
90A6
90C6
90Ab

100C

ADDR1
0000C
000Cs

000Cs8

90L& 2000 00CES

90E6
sCCe
90Cé
S0A6

0col
942A

9426
Q0C6
[0L£6

9428

9094

100C.

S0AD
90C6
90AG

942A
90C6

000C
COF6

000C8

0000C

ooocs

ooocs

JO0E2C9LC4C2D3C5
20C€0390

30003F8

ADDR2

0co4C
0CCAB

00JA8

0030C

0300
800&E8
002C8

0GOAS

00001
0042C

00428
000C8

J00ES8

0G042C

0009C |

JCOA2

- 000A8

0042C

0000C
000F6

STNT
56

58
59
60
61

63
64
65
66
67
68
69
70
71
72
73
74
15
76
17
78
19
80
81
82
B3
e4
85
86
87
88
89
90
91
92
93
94
95
56
97

99

10l

103
104
105
106
107
108
109
110

SOURCE

INTV

I18COD

*
*
%
CHARK
*
*

STATEMENT

T™ 12(1),X*02°
BC 1,INTV

MVI IBCD.X'94"
8C 15,ENTSEQ
MVI IBCD,X'92°
BC 15,ENTSEQ

IS A HOLLERITH

L 2,1210,1) OBTAIN ADDRESS OF THE ACTUAL DDPE VECTOR FOR IBCD
MOVING THE VZCTOR LENGTH INTO THE DOPE VECTOR LENGYH FIELD

IS REAL*4 TYPE

1S INTEGER*%4 TYPE

STRING.

OF THE DUMMY ARGUMENT FOR 18CD.

-3

=  HAVE A
%

INTS

*

= 18CD
*

NEXTY

%

MVC DOPE(1),0(2)
LA 2,D0PE )
ST 2,18CD

MVI IBCD.X°09°
BC 15,ENTSEQ

*SPECTAL® CALL

LA 2,1
ST 2,SPECFLG

STORING ADDRESS OF DOPE VECTOR
SETTING THE TYPE CODE FDR THE IBCD ARGUMENT

SETTING THE SPECIAL FLAG DNW.

IS A SIMPLE VARIABLE.

LA 2,TPST
ST 2,18C0
ST 2,D0PE

IBCD IS TREATED AS A
CALL-BY~VALUE ARGURENT.

% CHECKING FOR A SPECIALSY CALL

*

L 2,S5PECFLG
LTR 242
B8C 2,1SIMP

IT WAS A

*SPECIALS®

% DETERMINING TYPE OF THE 13CD ARGUMENT.

ISIMP

ISIMP1

TH 12(1),X*04"
BC 12,1ISI%P1
MVI IBCD,X*84°
BC 15,ENTSEQ
SR 2,2

ST 2+SPECFLG
MVI IBCDyX*82°
DROP 9

WAS REAL#*4 TYPE

RESETTING THE ®SPECIAL® CALL FLAG

WAS INTEGER*4 TYPE

* THE ENTRY SEQUENCE CODE FOLLOWS
102 *

ENTSEQ

REG11

* THE MODEL ARGUMENT LIST IS CREATED

USING REGILl,11
CNOP 0o4
STM 14,11,12(13)

BAL. 11, XENTSPEC(0,12)

DC H'O0',CLO6'SIMBLE®

CC A(SAVE)

DC X*B84°,AL3(XPAGE)

CALL

BRANCH YO XENTSPSC RTN.
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20 SEP 73
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BJECT CODE ADCR1 ACDR2 STHMT SOURCE STATEMENT 20 SEP 73
.~ 40003FC 111 DC X'84°%,AL3{YPAGE)
4000400 112 DC X184, AL3(HEIGHT)}
0602000 113 I8CD DC X*00°,AL3{0) FILLED IN AT RUN TIHME.
4000404 114 DC X*84°',AL3(ANGLE) .
2000408 115 DC X*'82',AL3(NCHAR)
0C000C0o 116 ' DC X*10°',AL3(0) N
117 * .
118 # GENERATING THE OS-TYPE ARGUMENT LIST TO BE USED BY THE SUBPROGRAM.
. 119 %
510 BO44 000F4% 120 BAL 1,%+28
"O00003F8 . ) 121 DC X'00',AL3(XPAGE)
CO003FC : 122 DC X°00*,AL3(YPAGE}
0000400 . 123 DC X*00¢,AL3{HEIGHT)
.0000000 124 DOPE DC X'00°,AL3(0) FILLED IN AT RUN TIRE
0000404 ' 125 DC X*00',AL3(ANGLE)
0000408 . 126 DC X*80',AL3{NCHAR)
530 ) 128 BALR 8,40
129 USING *,8
190 834A 00440 130 LA 95LINK
BAO 8334 C0430 131 L 10, A0PLOT LOAD ADDRESS OF PLOT # R8 BASE SYMB044D
100 0001 00001 132 LA 0.1 SET CONSTANT 1 = FO - XC SYMBO44E
827 1000 306000 133 LM 2+7,0(1} LDAD LINKAGE ® F2 - YC SYMBO44F
134 % LTR Te7 TEST FOR CORRECT # F4& — SCRATCH SYMBO44G
135 » 8C 11,ERCXIT LINKAGE + F6 = SCRATCH - SYMBO44H
1203 8415 00508 136 MVI IC+3,3 IC=3 SYMBO44I
‘360 836A 00460 137 LE 64 SEVEN DIv=7 : SYMBO4S
370 7€00 cJ000 138 B 8 7.0(0,7) PICK UP N ’ SYMBO4SA
2717 139 LTR T+7 IS N GREATER 0 SYMBO458
“7D0 8032 . po128 140 8C 13,NNTPOS YES NO . SYMBO45C
11FF 5000 C0000 141 ™ 0{5)+X*'FF? TEST FOR DOPE VECTOR ° SYMB045D
:770 8C54 0014A 142 8C TyNPOS YES NO ° SYMBO45E
350 5000 €C000 143 L 540{0,5) LOAD ADD FROM VECTOR - ° SYMBO45F
;TFO 8054 . G0l4A 144 8C 15,NPOS BRANCH TO NPOS o o « - SYMBO456
:15G 5003 30003 145 NNTPOS . LA 533(045) 8C0=8CD+3 o ese o o SYMBO4SH
A70 146 AR 740 IS N LESS -1 - SYMB0451
-780 BG40 GOl136 147 8C 11,AMTHO YES NO ° SYMBO46
1202 8415 00508 148 MVI IC+3,2 1C=2 ° ° SYMBO46A
87¢C 149 NMTWO LR 740 N=1 o o @ ° SYMB0O468B
B11 150 SR 1,1 ° SYMBQO46C
310 5000 00000 151 Ic 1,0(0+5} " K=CONTENTS QF BCD - SYMB046D
~:910 8296 0038C 152 CH 1s THRTN IS K GREATER 13 - SYMBO46E
)720 B8C54 0014A 153 8C 23;NPOS NO YES - SYMBO46F
'860 B36E 00464 154 LE &y FOUR DIV=4 - - SYMBO46G
~'82C 4000 00000 155 NPOS LE 240(0,4) PICK UP HGT o o o o o = SYMBO46H
1222 ) 156 LTER 242 IS HGT ZERO DR LES SYMBO461
700 8OBS8 . 001AE 157 8C 13,HNEG NGO YES SYMBO&T
1201 BABA 00880 158 MVI STATE, 1 STATE=1 ° SYMBO4TA
1026 . 159 DER 246 FCT=HGT/DIV - SYMBO4TB
'8CQ0 6000 G0000 160 LE 0+0(0+6) PICK UP ANGLE . SYMBD4TC
'S00 8386 0047C 161 CE 0,THETA IS ANGLE=THETA . SYMBO4TD
»770 8080 00176 162 BC T4 STRTH YES NO . SYMBO4TE
'920 8382 . 00478 163 ce 29 FACT . IS FCT=FACT - ° SYMBO4TF
»780 8088 001AE 164 8C 8y HNEG NO ° YES SYHMBO4TG
° SYMBO4TH

/7020 8382 00478 165 STE 2+ FACT FACT=FCT



PAGE 4

3JECT CODE ADDR1 ADDR2 STMT SOURCE STATEMENT 20 SEP 73
“-TF0 80AC 001A2 166 BC 15,GTCALC GO TO CALCULATE OFFSETS = ° SYMBOATI
320 8382 00478 167 STRTH STE 29 FACT FACT=FCT o o o . SYMBO48
200 8386 0047C 168 STE 0y THETA THETA=ANGLE ° SYMBO4BA
~00 8372 00468 169 Mg 0+RADCO CHANGE T3 RADIANS ° SYMBO488
J00 8384 00480 170 STE 0y INCC ° SYMBO48C
110 8346 G043C 171 LA 14 ADANG ° SYMB0O48D
3F0 B33E 00434 172 L 15,ADSIN o SYMBO4BE
SEF 173 BALR 14,15 CALL SIN ° SYMBO4SBF
)00 B838E 00484 174 STE 0+ INCS INCS=SIN(THETA} - SYMBO4BG
110 8346 - 0043C 175 LA 1+ADANG ° SYHMBO4BH
3FO 8342 00438 176 L 15,ADCOS . SYMBO481
5CF 177 BALR 14,15 CALL COS . SYMB0O49
300 8384 . 00480 178 STE 0y INCC INCC=COS(THETA) . SYMBO49A
~2323 B2FA CO3F0 179 GTCALC STM 29 3,SVXYL . SYMBO498
340 8266 0035C 180 BAL 4,CALC CALCULATE OFFSETS ° SYMBO49C
323 82FA ’ 003Fo0 181 LM 29 39SVXYL - SYMB0O49D
360 2000 €GCG00 182 HNEG LE 0,0(0,2) PICK UP X o o o SYMBO4SE
100 8376 C046C 183 c O NNN IS X EQUAL T3 999.0 SYMBEO49F
780 80D4 : 001CA 184, BC 08¢ XNN NQ YES SYMBO49G

) 185 = CE =~ 0,MIRO IS X=-0.0 o SYMBO49H
136 * BC 8¢ XNN NO YES SYMBO491
300 8394 0C490 187 SE Oy XA¢+8 X=X-XA(2)+YA(2) ° ’ SYMBOSO0
100 83CE 0C4Cs 188 AE Qe YA+B ° SYHMBOS0A
100 83FA CO4F0 189 STE 0, X0 X0=X - SYMBOS508
100 8402 0C4F8 190 STc 09 XC XC=X ° SYMBOSOC
120 3000 ¢CC0o0 191 XNN LE 2+,0(0,3) PICK UP Y e o o ) SYMBOS50D
120 8376 ) 0046C 192 CE 29 NNN IS Y EQUAL T0 999.0 SYMBOSOE
80 8CFO ) 001E6 193 BC 089 YNN NJ YES SYMBOSOF
. 154 * Ce 2yMZROD IS Y=-0.0 ° SYMBOS506G
195 * 8C 8¢ YNN NO YES SYMBOSO0H
120 839A 00490 196 SE 21 XA¢+8 Y=Y=-XA(2)-YA(2} . o SYMBOSOIX
120 B83CE 004C4 197 SE 29 YA+ . SYMBOS51
)20 B3FE 0C4F4 198 STE 29Y0 ’ Yo=Y ° S5YMBOS1A
120 8406 004FC 199 STE 2. YC Y=Y : . e SYMBG518
300 8402 O04F8 200 YNN LE 0,y XC X=XxC . ° o o SYHMBOS1C
120 B406 0G4FC 201 LE 2+YC Y=YC SYMBO510
130 5000 - CCCO0 202 NXTCH 1cC 3,0(045) ® K=CONTENTS OF 8CD SYMBOS1E
»30 8356 0044C 203 N 3,CHMSK ®=K MODULO 128 SYMBOS1F
130 0002 00002 204 St 3,2 SET UP K FOR INDEX . SYMBOS16
143 B416 00s0C 205 L 4y TABLE(3) SET LOC TO ADDRESS OF OFFSETS SYMBOS1H
‘40 835A 00450 206 N 4y THBYT FOR CHARACTER K SYMBOS11
66 207 SR ° 646 SET 4 TO NUMBER OF OFFSETS SYMBOS52
1163 8417 . 00500 208 1C 6y TABLE#+1(3) FOR CHARACTER K SYMBOS2A
122 209 NXTOF SR 292 & SYMB0OS52B
i24 80CO CJG00 210 IC 2:0(458) PICK UP OFFSETS FROM LOC SYMBO52C
.20 0004 00004 211 SRDL  2+4 SET I TO X-OFFSET . SYMB0OS2D
120 8296 0c3s8C 212 CH 29 THRTN IS 1 GREATER 13 . SYMBO52E
'AQ Bl84 0027A 213 8cC 10,SPCOE " NO SYMBOS52F
i2C 0002 00002 214 SLA 242 SET UP I FOR INDEX : SYMB0OS526
.02 8392 . 0C488 215 AE 0y XA(2) X=X¢XA{I} ) SYMBOS2H
22 83Cé 0048C 216 ) AE 2:YAL2) Y=Y+YA{I)} SYMBO521
122 217 SR 242 SYMBO53
120 C004 0C004 218 SLDOL 2,4 . SET I TO Y-OFFSET SYMBOS3A
20 €002 06002 219 SLA 292 SET UP I FOR INDEX SYMB0538B

02 83C6 . 0Ca4BC 220 SE 0sYAL2) X=X=YALI) SYMBOS3C
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3JECT CODE ADDR1 ADDR2 STMT SOURCE STATEMENT 20 SEP 73
-rA22 8392 00488 221 AE 29 XAL2) Y=Y-XA(I) . SYMBO53D
©J00 8404 0C500 222 STE 0y XT XT=X SYMBOS3E

320 840E 0C504 223 STe 29YT YT=Y SYMBOS3F

319 224 LR 1,9 SYMBOS536

3FA 225 LR 15,10 SYMBOS53H

5EF 226 BALR 14,15 CALL PLOT(XT.YT,IC} SYMBO531

202 8415 c0508 227 ’ MVI IC+3,2 IC=2 SYMBOS4

800 8402 0C4F8 228 LE 0, XC X=XC ) SYMBO544A
320 8406 004FC 229 LE 2.YC Y=YC SYMBO548

A4D 230 GTNOF AR 450 # INCREASE LOC TO NEXT OFFSET PAIR : SYMBOS4C
-550 B112 0C208 231 BCT &6y NXTOF J=J-1, IF J IS NIT ZERO REPEAT NXTOF SYMBO540D

L00 83AE 004A4 232 AE Oy XA+28 X=X+XA(T) SYMBOS4E

A20 B3E2 00408 233 AE 21 YA#28 Y=Y+YALT) . SYMBOS4F
~:203 E415 00508 234 GTNCH MVI IC+3,3 * IC=3 SYMBO546G

300 8402 004F8 235 STE 0,XC ’ XC=X SYMBOS4H
320 8406 004FC 236 STE 2,YC YC=Y SYMBO541

A50 237 AR 5.0 INCREASE BCO TO NEXT CHARACTER - SYMBO55

570 BOF8 OO01lEE 238 BCT ToNXTCH N=N-1,1F N IS NOT ZFRO REPEAT NXTCH SYMBOS55A

239 % .
) 240 * RETURNING TO THE CALLING PROGRAM

. 241 *

InC €294 €0390 242 EREXIT LA 13,SAVE

TFO C464 00464 243 BC 15,XRET{0,12}

322 244 SPCDE SR 252 . ®#¢ DECODE Y-OFFSET - SYMBOSSF

20 0004 . 30004 245 SLDA 244 SET I TO Y OFFSET SYMBOS5SG

320 246 SR 290 SYMBOSSH

740 825F . 00354 247 8C 44 PNUP SYMBOS551

780 8204 00300 248 BC 8,SUPSC IF I=1, GO TO SUPERSCRIPT COOE _  SYMBOS6

320 249 SR 250 SYMBOS6A

780 B1CE 002C4 250 8C 8,SUBSC IF I=2, GO TO SUBSCRIPT CODE SYMBO568

320 . 281 SR 2+0 ) SYMBO56C

78C 81B2 00248 252 [=]o 85 CRET IfF I1=3, GO TO CARRIAGE RETURN CODE SYMBO56D

320 A . 253 SR 2+0 . SYMBOS6HE

770 8leA . 00260 254 BC T,GTNCH IF 1=5, SKIP TO NEXT CHARACTER - SYMBOS6F

300 83A¢ 004A4 255 BLKSP SE 0y, XA+28 & X=X-XA(7) SYMBO566

320 83E2 004D8 256 SE 2¢YA+28 Y=Y-YA{T)} SYMBOS6H

7F0 B1l6A €0260 257 BC 15, GTNCH BRANCH TO GET NEXT CHARACTER SYMBOS561

300 83FA CC4F0 258 CRET Le 0, X0 *¥k SYMBOS7

320 83FC 0C+F4 259 LE 2+Y0 ' SYMBOSTA

A00 B83F6 Q04EC 260 AE 0sYA+48 X SYMBOSTB
7320 83C2 00488 261 SE 29 XA+48 SYMBOSTC
)00 B3FA C04F0 262 . STE 0+ X0 X0=X SYMBOSTO
)20 B3FE 004F4 263 STE 2+,Y0 Yo=Y SYMBOSTE

7FO 8164 00260 264 8C 154 GTNCH BRANCH TO GET NEXT CHARACTER SYMBOSTF
5301 BABA 00BBO 265 suBsC CLI STATE,1 ** TEST STATE . SYMBOSTG

740 816A 00260 266 8C 49 GTNCH IF O, BRANCH TO GET NEXT CHARATER SYMBOSTH
780 81FA CO2F0 267 8C 8+ SUBER IF 1, BRANCH TO SUBER SYMBOS571

201 BABA [os1:3:1¢) 268 MVI STATE,1 IF 2, RETURN TO NORMAL MODE,STATE=1 SYMBOS58

300 8382 i 0C478 269 LE 0sFACT SYMBO5BA

200 837t 00474 270 DE _ 0+FCTR FACT=FACT/FCTR SYMBO588 -

500 8382 00478 271 STE 0, FACT SYMBO58C

340 8264 €0360 272 BAL 45CALCA ’ CALCULATE OFFSETS SYMBOS8BD

A00 83D¢6 004CC 213 AE O:YA+16 X=X+YA{4) ’ SYMBOSBE

320 83A2 00498 274 SE 24 XA+16 Y=Y-XA{4} SYMBOS8F

]FQ'BléA 00260 2715 . 8C 15,GTNCH BRANCH TO GET NEXT CHARACTER SYMBOS58G



‘00
00
20
£0
01
20
80
01
00
00

00
40
“FO

02
00

20
00
20
oc
00
00
40
FO
03
FO
00
20
06
20
40
62
13
01
21
04
26

12
00
20

CF4
oD

30

4040404040

. .JECT CODE

8ABA
B3CE
839A
8242
8ABA
81EA
8236
8ABA
6382
837E
8382
R26A
63CE
839A
816A
BABA
83D6
B83A2
8402
8406
§382
837F
8382
826A
6164
£415
815¢C
8382

838A
838E

835E
8392
83Cé6

827C
8402
84C6

=0 Cé638
2C0000
200000

ADDR1

c08BO

008BO

ADDR2

004C4
€C490
00338

00260
0032C

coBBO

00880

00508

00478
00474
00478
00360
004C4
€0490
00260

004CC
00458
004F8
004FC
00478
00474
00478
00360
00260

00252
00478

€0480
20484

00454
€C488
0048C

00372
004F8
004FC

00638

STNT

276
277
218
279
280
281
282
283
284
285
286
287
288
289
290
291
292
293
294
255
296
297
298
299
300
301
302
303
304
305
306
307

308

309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
325
326
327
328
32¢
330

SOURCE STATEMENT

SUBER

SUPSC

SUPER

SUA

PNUP

caLc
CALCA

CALCSB

THRTN
SAVE
SVXYL
XPAGE
YPAGE
HEIGHT
ANGLE
NCHAR

STAR

MVI STATE,O
AE Oy YA+B
SE 23 XA+8
8c 15,SUA
cL!I STATE,1
BC 2+ GTNCH
BC 84y SUPER
MVI STATE, 1
LE 0y FACT
DE 0, FCTR
STE 0, FACT
BAL 4yCALCA
SE O, YA+8
AE 2¢XA+8
BC 159 GTNCH
MVI STATE,2
SE O,YA+16

AE 29 XA%16
STE 04 XC
STE 2+YC

LE 0, FACT
ME 0.FCTR
STE 0sFACT
BAL 44CALCA
BC 15, GTNCH
MVI IC+3,3
BC 15,GTNOF
< Oy FACT
LER 2,0
Mz 0, INCC
ME 2+ INCS
LER 490
LER 692
LM 19 3yMFOR
STE. 0y XA(L1)
STE 2,YA(1)

AER O0v4
AER 296
BXLE 1,2,CALCB
LE 04 XC
LE 2,YC
BCR 1544
oC H*13°
DS 24F
DS 2F
DS F

DS F

DS F

0S F

DS F

CNOP 204

DC CL6* ¢

BAL 15,XA1(0,12)
DC AL1{0)},AL3(O)

DC AL1(2),AL3(0}

%%

%

* %

CHANGE TO SUBSCRIPY MODE,STATE=0

X=X+YA(2)
Y=Y-XA{2)
BRANCH
TEST STATE
IF 2,
IF 1,
IF O

FACT=FACT/FCTR
CALCULATE OFFSETS

X=X-YA{2)
Y=Y+XA(2)

BRANCH TO GET NEXT CHARACTER

BRANCH TO GET NEXT CHARACTER
BRANCH TO SUPER

RETURN TO NORMAL MODE,STATE=1l

CHANGE TQO SUPERSCRIPY MQODE,STATE=2

X=X~YAl4)
Y=Y+XA{ %)
XC=X
YC=Y

FACT=FACT*FCTR

CALCULATE OFFSETS

BRANCH TO GET NEXT CHARACUTER

RAISE PENe IC=3
BRANCH TO GET NEXT
CALCULATE GFFSETS

X=FACT®INCC
Y=FACT*INCS
XI=X

Yi=Yy

I1=1

XA(I)=X
YA(I)}=Y
X=X+XI
Y=Y+YI

I=1+1 AND REPEAT UNTIL I IS 12

X=XC
¥=YC
RETURN

OFFSET

£+ CONSTANTS AND VARIABLES

NO ARRAY NAME

BRANCH TO XAl

® 8 @& © 0 0 3 ¢ © 4 ¢ ¢ o 0 O O

PAGE 6

20 SEP 73

SYMBOSBH
SYMBOS8I
SYMBOS9

SYMBOS9A
SYMBOS98
SYMBOS9C
SYMBO59D
SYMBOS9E
SYMBOS59F
SYMBOS9G
SYMBOS59H
SYMBO591
SYMB0O6O

SYMBO60A
SYMB060B
SYMB0O60C
SYMBO60D
SYMBO6OE
SYMBOGOF
SYMBO&OG
SYMBOSOH
SYMBO6OI
SYMBOG1

SYMBO&1A
SYMBO618B
SYMBO61C
SYMBO61D
SYMBOG1E
SYMBOGLF
SYMBO61G
SYMBO6YH
SYMBOG611
SYMBO62

SYMBO&2A
SYMBO628B
SYMB062C
SYMB062D
SYMBO62E
SYMBO62F
SYMB0626G
SYMBO62H
SYMBO621
SYMBO63

SYMBO&3B



.. 3JECT CODE

3000000
3000428

3 C0000
30€6000
3060000
100480
3000500
30C0504

)

30508
)JOO0O07F
" JOOOFFF

773000004

)0C0004
J000030
17C3000
14CC000
F4TTD1D
33E7000
;0c0000
1833333
2€C0000
J0CaC00
1103000
2000000
3€¢2¢000C000000

20C000CCCCCoa0

1606000
3063000 |
3€06000
3CCC000
3600000
30C0000
7000600

208
20C
2C6
207
;207
207
207
206
208
207
208
20D
206
204
206
202
202
201
~..203

8516
861D
8628
8620
8633
8639
863F
8645
8644
8651
8657
862D
8664
8669
89ccC
86390
866C
8ABB
89E4

ADDR1 ACDR2

0

0070C
00713
O0T71E
c0723
00729
CO72F
00735
00738
C07490
C0747
C074D
€0723
00754
0075F
00AC2
Q0786
00762
ooBsl

" 00AGA

STHMT

331
332
333
334
335
336
337
338
339
340
341
342
343
344
345
346
347
348
349
350
351
352
353
354
355
356
357
358
359
360
361
362
3é3
364
365
366
367
368
369
370
371
372
373
374
375
376
377
378
379

380

381
382
383
384
385

SOURCE STATEMENT

TPST
SPECFLG
ADPLOT
ADSIN
ADCOS
ADANG
LINK

CHMSK
THBYT
MFOR

SEVEN
FOUR
RADCO
NN
MZRO
FCTR
FACT
THETA
INCC
INCS
XA

YA

X0

Y3

xXC

YC

xT

A\

ic
TABLE

DC A{(O)
DC X'40',AL3(TPST)

DS F
DS F
DC
bcC
oc
319
oC
3]0
219
oc
Dc
219
oc
ocC
DC
v
oC
oc
bDC
]9
DC
oC
o]
£c
oC
oc
oC
2]
[
oc
ocC
ocC
oC
ocC
MVI
MVI
MVI
MVI
MVI
MVI-
MVI
MVI

MVI |

MVI
NV1
VI
MVI
MVI
MVI
MVI
MV1
MVI
MVI

A{PLOTL)
A(SINLY
A(COS1)
ATINCC)
AUXT)
ALYT}
X80
AL3(IC)
Fr127°
X*GOOOOFFF®
F1g®
£e40
Fe4Be
E*T.0°
E'4.0°
E*'0.0174533°
E?999.0°
X*8C000000°
E'0.7°
€°0.0°
€'0,0°
E®*1l.0°
E*0.0°
13F0°
13F*0°
F'OY
Fro0
Froe
Frot
F1Q
F100
FeO
50,08
S1,12
S2406
$3,07
S4407
S5,07
S6,07
$7+06
S8,08
$9,07
SAs 14
S3,13
sSC,0¢6
SD,04
SE,.06
SFe02
$G,02
U4,01
SLe03

[
OOVWNONDWNMO

11
12
13
14
15
16
17

18

HEX=00
HEX=01
HEX=02
HEX=03
HEX=04
HEX=05
HEX=06
HE X=07
HEX=08
HEX=09
HEX=0A
HEX=08
HEX=0C
HEX=0D
HEX=0E
HEX=0F
HCX=10
HEX=11
HEX=12

CENTER
CENT ER
CENTER
CENTER
CENTER
CENTER
CENTER
CENTER
CENTER
CENTER
CENTER
CENTER
CENTER
CENTER
STAR

SQUARE
OCTAGON
TRIANGLE
PLUS

X
DIAMOND
UP ARROW
BAR X

z

Y

SQUARE X
ASTERISK
DOUBLE BAR X
VERTICAL

HJIRIZ VECTOR
VERTICAL VECTOR
** BACKSPACE

CARAT

PAGE T
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SYMBOG3F
SYMBO0&3G
SYMBO&3H
SYMB0631
SYMBOb6S

SYMBOG64 A
SYMBO648
SYMBO&4C
SYMBO64D
SYMBOG64E
SYMBOG4F
SYMBO64G
SYMBO64H
SYMBO64I
SYMBO6S

SYMBO6S5A
SYMBO658
SYMBO&5C
SYMBO65D
SYMBOG&SE
SYMBO6SF
SYMBOSSG
SYMBO6SH
SYMBO6SI
SYMBO66

SYMBOG6A
SYMB066B
SYMBO66C
SYMBO&6D
SYMBOGGE
SYMBOG6F
SYMBO66G
SYMBOG66H
SYMBO66T
SYMBO67

SYMBO&TA
SYMBO678
SYMBOSTC
SYMBO&TD
SYMBOGTE
SYMBOGTF
SYMBO6TG
SYMBOGTH
SYMBOGTI
SYMBOG6S

SYMBOGBA
SYMB068B
SYMB068C



BJECT CODE

7208
205
201
20€
208
202
201
202

208
206

203

205
200

1209
209

209
206
20C
20C
204
207
209
207
208
20C
209
208
201
201
205
20k
206
206
204
204
204
205
207
205
20A
20D
235
20F
205
. 205
201
211
213
20D
20F
200
20D
20F
20F
2907

866¢E
890F
8ABA
867C
8674
89E7
8A8BC
89L9
8Al8
8A32
EA38
BA3B
gA3R
BA48
8451
BASA
BA63
8AT1
BAT4
8A69
8ABO
8ABD
8A96
8988
8ASD
BAA9
8AB2
8A88
§A89
89F9
89ER
8684
8683
B9FE
868E
869C
8699
eA02
6902
eA09
BAOS
8A16
8A23
B89DA
8907
8A87
8687
86C8
8608
B6ES
86FT
8704
8711
£720
872F

ADDR1 ADDR2

007¢&4
00ADS
€0880
c0772
0076A
O0ACD
00B82
O00ADF
00811
c0B23
00B2E
coB31
COB31
00B83%
00847
COB50
coB59%
00867
00BEA
00BSF
00876
00883
oo88C
00AB1
00893
0083F
00BAS
00BTE
00B7F
OOQAEF
00AE1L
00774
0077E
00AF4
00784
0C786
C078F
00AFS
00ACB
OOAFF

QOAFF |

0080C
00819
COADO
00ACD
00B7D
007AD
00782
007D1
007CE
0OTED
007FA
008C7
[4:1:3 5]
00825

STMT

386
387
388
389
390
391
392
393
394
3¢5
396
397
398
399
400
401
402
403
404
405
406
407
408
409
410

411

412
413
414
415
416
417
418
419
420
421
422
423
424
425
426
427
428
429
430
431
432
433
434
435
436
437
438
439
440

SQURCE STATEMENT

MVI
MVI
MVI
MVI
MVI
MVI
MVI
MVI
MVI
MVI
MVI
MVI
MVI
MVI
MVI
MVI
MVI
MVI
MVI
MVI
MVI
MVI
MVI
HMv1
MVI
MVI
MVI
MVI
MVl
MVl
MVI
MVI
MVI
MVI
MVI
MVI
MVI
MVI
MVI
MVI
MVI
MVI
MV1
MV1
MVI
MVI
MV1
MV1
MVI
MVI_
MVI
MVI
MVI
MVI
MVI

$4,08
SK05
u3,01
SM,08
SN+08
50,02
Us,01
TL,02
NH,08
NJ, 06
NK,03
NL,06
NLg13
NM,09
NN,O09%
NPy 09
NQ,06
NRs12
NS,12
NT,10
NU, 07

NV.09

N®;07
NOs14
NX,12
NY,09
NZ,08
Ul,01
Uz2,01
SV,05
SHsl4s
SB,06
SX,06
SZ,04
T0,04
SFs04
73,05
T5,07
T6,05
T7.10
T7,13
18,05
NI.15
S1,05
SH,05
uo,01
LA,17
LBsl19
LCs13
LD,15
LEs13
LF,13
LGy15
LHs15
Li,7

19
20
21
22
23
24

= 25

26

= 27

28
29
30
31
32
33
34
35
36
37
38
39
40

42
43
44
45
46
47
48
49
S0
51
52
53
54
55
56
57
58
59
50
61
62
63
64

HEX=13
HEX=14
HEX=15
HEX=16
HEX=17
HEX=18
HEX=19
HEX=1A
HEX=18
HEX=1C
HEX=10
HEX=1E
HEX=1F
HEX=20
HEX=21
HEX=22
HEX=23
HEX=24
HEX=25
HEX=26
HEX=27
HEX=28
HEX=29
HEX=2A
HEX=28
HEX=2C
HEX=2D
HEX=2E
HEX=2F
HEX=30
HEX=31
HEX=32
HEX=33
HEX=34
HEX=35
HEX=36
HEX=37
HEX=38
HEX=39
HEX=3A
HEX=38
HEX=3C
HEX=30
HEX=3E

EX=3F
HEX=40

EQUIVELENCE

RIGHT ARROW

*% CARRIAGE RETURN
NOT EQUAL

PLUS MINUS
UNDERSCORE

#%* NULL CHARACTER
OVERSCORE
INTEGRAL

IMPLIES

OR

RIGHT BRACKET
LEFT BRACKET
MU

[

PHI

THETA

PSI

CHI

OMEGA

LAMBDA

ALPHA

DELTA

EPSILON

ETA

*% SUPERSCRIPT
=% SUBSCRIPT
SUMATION
DIVIDE

LESS THAN OR EQUAL
GREATER OR EQUAL
DELTA

LEFT BRACE
RIGHT BRACE
REVERSE SLASH
GAMMA

SQUARE ROOT

LEFT ARROW
TIMES

UP ARROHW
DN ARROW
BLANK
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SYMB068D
SYMBOG68BE
SYMBO68F
SYMBO68G
SYMBO68H
SYMBO68BI
SYMBO69

SYMBO69A
SYMBO&98B
SYMBO69C
SYMBO69D
SYMBOG9SE
SYMBOGYF
SYMB0O69G
SYHNBO69H
SYMBO69I
SYMBOTO

SYMBOT0A
SYMBQ708
SYMBOTOC
SYMBOT0D
SYMBOT7O0E
SYMBOTOF
SYMBOT0G
SYMBOTOH
SYMBO701
SYMBOT1

SYMBO71A
SYMBOT718
SYMBO71C
SYMBOT1D
SYMBOT1E
SYMBOT1F
- SYMBOT16
SYMBOT1H
SYMBO711

SYMBOT2A
SYMBO728
SYMB072C
SYMBO720
SYMBOT2E

SYMBOT72G
SYMBOT2H
SYMB0721



PAGE 9

3JECT CODE ADDR1 ADDR2 STMT  SOURCE STATEMENT 20 SEP 73
208 €736 0082¢C 441 MV TE,11 N= T4 HLCX=4A CENT SYMBOT3I
205 €757 00840 442 MVI  EX,05 = 75 HEX=48 PERIOD
203 8684 0077A 443 MVl $8,03 = 76 HEX=4C LESS SYMBOT4A
204 BT77 0086D 444 MVI  T9,0% N= 77 HEX=4D LEFT PAREN SYMBOT4B
20D 86A3 06799 445 VI PL,13 = 78 REX=4E PLUS
202 8718 00371 446 MVI  $Q,02 = 79 HEX=4F VERTICAL SYMBOT4D
217 8770 00873 447 ) MVI  SR,23 N= BO HEX=50 AMPERSAND
208 8794 0088A 448 MVI tds1l
212 879F 0CB9S 449 MVI LKs18
209 8781 008AT 450 MVI LL+09
215 B7BA 00880 451 MVI LMy 21
212 g7CF 00BCS . 452 MVI LNs13
20D 8751 00807 453 MVI 10,13
200 BTFE 008E4 454 MVI LP,13
213 BTFB 008F1 " 455 MVI 1Qs19
211 B8B8OE 009C4 456 MVI LRe17
200 8757 0084D 457 MVI  EX,13 N= 90 HEX=5A EXCLAMATION ,
20C 8831 00327 458 MVI  TR,12 ~ N= 91 HEX=58 DOLLAR SIGN SYMBOTSF
213 €830 €0933 459 MVYI  TX,19 N= 92 HEX=5C ASTERISK
204 8850 - 00946 460 MVI  NA,04 N= 93 HEX=5D RIGHT PARENTHESIS SYMBOTSH
20F 8747 00830 461 MVI  CM,15 N= 94 HEX=SE SEMI COLON
203 E854 0094A 462 MVI  NB,03 N= 95 HEX=5F NOT SYMBOT6
207 8680 00745 463 MVI  ND,O7 N= 96 HEX=60 MINUS
205 B69E 00754 464 MVI  T4,05 N= 97 HEX=61 SLASH
211 8859 C094F ' 465 MV1 LSs17
208 8F6A €0960 466 MVI LT,11
209 8875 00568 467 MVI LyU,09
20C BBTZ 00974 468 MV Lv,12
212 888A €0980 469 Mv1 LHy18"
215 889C 00992 470 MV LXy21
20€ 88R1 009A7 4T MVI LY, 14
211 88BF 00985 472 MVI LZe17
211 8988 00AB1 473 MVI  NO,LT N=106 HEX=6A INFINITY SYMBOTTA
209 8747 0083D 474 MVI  CM,09 N=107 HEX=68 coMMA
20E 88D0 009C6 475 O MVI NCyl4 N=108 HEX=6C PER CENT SYMBOTTC
207 BEBO CO7A6 476 MVI. ND.O7 N=109 HEX=6D DASH
203 8688 . 00781 417 MVI  SY,03 N=110 HEX=6E GREATER THAN SYMBOTTE
213 8764 C085A 478 MVI  QUs19 N=111 HEX=6F QUESTION MARK
219 88F0 00905 479 MVI NO,25 N=112 HEX=T0 0
208 BBF9 CO9EF 480 MVI N1,11 N=113 HEX=T1 1
20D 8904 009FA 481 MVI N2,13 2
.20F €911 OOACT 482 MVl N3,15 3
‘208 8920 COAl6 - 483 MV N4gll 4
. 20D 8928 coA21 484 MV1 N5,13 5
211 8938 00A2E 485 MV N6517 6
-~ 20D 8949 00A3F 486 MVI N7,13 7.
215 8556 00A4C 487 MVI N8, 21 8
20C 8968 00461 488 uv1 NO, 14 9
208 8751 00847 489 MVI  CO,11 N=122 HEX=TA COLON
208 8979 OOAGF 490 MVI  NEs11 N=123 HEX=T8 POUND , SYMBOT8H
210 8984 00A7A 491 MVI  NF,16 N=124 HEX=TC AT . SYMBOT81
205 8954 00ABA 492 MVI  NG,09 N=125 HEX=7D SINGLE QUOTE
208 8980 _ 0DAR6 493 MVl EQsll N=126 HEX=TE EQUAL
213 839D 00A93 494 MVI  GN,19 N=127 HEX=TF DOUBLE QUODTES

.V22404OO§04424 : 495 SO DC X¢22240400404424° SYMBO79C




. BJECT CODE

©224140301103041
224014124
22420220242
2044022004%
22402204224
22024024224
200440440
2440444CC4000
20422442220
1244321304131100
©244044000
22420
226
7€TF06525F0
‘363F0
448462666

464F06626F03357

82664F0

323F0

445628

$

q

262
9292656262262
942723929
232796922
454556566565747
5556756262435
£66684846F04565
543636545F04656
333585777792922
3536467584843F0
345757€36387879
245655646487879
3485€5777792922
454527276566559
5225259494535
657372624335364%
535464535F0
442525140506164
..565674T745F0

L 442626444FC
5656949465655
342525343F 04454
19535362

12A
4435344F0457579
424221276666959
555646272156671
349363525227273
43242¢434F03646
444425254F 06462
13535666683833F0
16666B383EF04575
[i344546368383747

ADDR1 ACDRZ

STMT

496
4397
498
499
500
501
502
503
504
505
506
507
508
509
510
511
512
513
514
515
516
517
518
519
520
521
522
523
524
525
526
527
528
529
530
531
532
533
534
535
536
537
538
539
540
541
542
543
544
545
546
547
548
549
550

SOURCE STATEMENT

DC
]9
cc
3]
oC
3]
bC
bC
o]
pC
oC
21
bcC
nC
oC
oC
s
oc
cC
o]
oc
oC
DC
DC
oC
oc
ocC
oc
DC
oC
DC
ocC
DC
bC
219
oC
DC
o
DC
pC
DC
oC
DC
DC
DC
oc
BC
Dc
Dc
bl
oc
2]
DC
ocC
3,94

X12224140301103041433424°
X*2224014124°

X*222420220242°

X12204402200644"

X*222402204224°

X1222024024224°

X*12200440440°

X122440444C04000°

X1220422442220°
X*22443313041311001131403133¢
X*2244044000°

X1222420°

Xt2226°

X*2T67F06525F0°

X*2363F0°

X*444B8462666°

X02464F06626F03357°

X*682664F0"

X*6323F0°

Xt246628°

X069

X*t29°*

X122€2°

X169232656262262°

X12962723329' BACK SLASH
X$2232796322°¢ SLASH
X'44545565665657474635354544° PLUS
X?1355567562562435% DASH
X14666684846F04565627279393626224245°
X'4543635545F06656584846F066692922727666°
X*33385857777929227274645333¢
X143536467584843F062737869232262°
X143457576363878792922727343°
X$4245€65664648T78792326363242"
X'434B858577779292272765655656343°
X1445452727656695955353929224244"
X'35325259494535" )
XVe5657372524335364F04248°
X13536464535F0°

X1444252514C5C516444F0% ENTER COMMA AND SEMI COLON

X*t4555674745F0% ENTER COLON
X'4442626444F0" LOWER ENTER EXCLAMATION,
X155556949465655¢ FINISHED

X'4342525343F044545577792927373868674544' QUESTION ?

X*69535362°
X*212A°

X'44435344F045757939362622727464§345F0466668#846'

X' 4424227276556959534344"
X'45556462727566T179696756363929224245°
X1434939352522727343"

X13432424434F0364657527279594838291912222736°

X15444425254F0646272756955392922323864°
X'33535666683833F02272792922°
X?*3665683836F045757929224245°
X153445463683837474353F06271817279292262°
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20 SEP 73

SYMBOT9D
SYMBOTSE
SYMBOT9F
SYMBOT9G
SYMBOT9H
SYMBOT9I
SYMBOS8O .
SYMBOBOA
SyYHB0O80B
syMso80C
SYMBOBOD
SYMBOSOE
SYMBOBOF
SYMBOBOG
SYMBOS8OH
SYMBOBOI
SYMB081

SYMBOS1A
SYMs081s
SYMB081C
SYMB0O81D
SYMBOBLE
SYMBOB1F
SY480816

SYMBO82F
SYMB0O82G

syMsos2l
SYMBOS83



3JECT CODE

- 555583836F04555
944F0
2435232F 0444656
969 '
942F02353646556
4435235463645566
9383322
57574
667
" 424227276363868
. 2626€65658787929
3392922727959%53
53929243252747S
1 429191322324352
1 565627275667T75
" 536392926353252
4777$2927373868
828293938F06922
515
634545636F02724
525226265454529
555692928585626
545432322626656
454526265565535
555532322626636
433535434F(3538
5425255666923927
533535535F03656
655583836FC2545
4564545357566626
5574736354454¢€5
555666949475756
625354€49292737
534646535F03666
7574€3T271641524
445464554647576
25872268632
334424A7A
23454
249375749
575565475
24662
181
- ABA

. 565F03334444333

121562A7A
2677212
3394842485968
244345444483858
53€341575
.2213142495A6A79
45 4636455666756
145465665727
164266
42535536374F076

551

552 .

553
554
555
556
557
558
559
560
561
562
563
564
565
566
567
568
565
570
571
572
573
574
575
576
577
578
579
580
581
582
533
584
SES
586
587
588
589
590
591
592
593
594
595
566
587
598
599
600
601
602
603
604
605

ADCR1 ADDR2 STMT |

SOURCE 'STATEMENT

]
.nC
oC
nC
£C
DC
319
DC

ocC -

bc
0c
bC
DC
3]
219
oG
. 0C
DC
o]
210
o]
o]
oc
DC
oc
o]
[s]0
o
DC
oC
DC
pc
oC
DC
o]
nC
[»]o
bocC
oC
oc
oC
DC
oC
oC
DC
3]
oC
3]
ocC
oc
DC
oC
bC
oC
oC

X'3656583835F04555527276666329224245°
X44944F0°

X*32635232F04446566768593928°¢

X?2969°¢ -

X4942FD235364655635273868°
X144435354€364556667555T4T46373645343344°
X129383322°

X257574°

X95667"* )
X'442422T72763€3868677779292565634344°
X14262665655787929284842°
X1333923227275595333°¢
X*$353929243252747959544335¢
X1242919132232435262737959534449393324°
X*453556272756677T965675646373929273625224245°
X'4535392926353252556669595645°
X13477792927373868672422727454533334°
X?382829393BF06922F05363625253°

Xt1575% ' OLD MINUS

ASTERISK

X'3634545636F027243353646758382TF0181322627378692918°

X*35252262€5454923283835¢
X?35656923285356262262633335°

X' 25454323226266565929284B462625°
X*2454526266565535392924"
X125555323226266363868692925°
X3433535434F03538484757592922626535°
X145425255666929273738585645°* :
X*3533535535F03656583835F0261512727566692926°
X*3656583836F02545425262692925°

X® 2454545357566£626363733°
X1665747363564454656758382724335364°
X'45556669494T575645% SINGLE QUOTE

X®362535464923273736F0665565767959576766° DOUBLE QUOTES

X1 3534646535F03666673736" EQUALS
X16T57463727161524°

X* 34454645546475766T°
X*325872268632°¢

X*2334424A7A"

X?423454°

X'4249375749°

X115755565475°

X*224662°

X*1181°*

X*1ABA?
X*15455F03334444333F03637474636°
XtT7121562ATA® :
X$12477212°

X128394842485968°
X'42443454444838584849463656
X*1536341575° .
X912213142495A6A79° )
X14454636455566675646373645343344° TIMES
X*245465665727° '
X?264266"
X*142535536374F0766555372716°
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SYMBO84A
SYMBO84B
SYMB084C
SYMBO84D

SYMBO84F
SYMBOB4G

SYMB0O8SC

SYMB086C
SYMBO86D

SYMBOB6&F
SYMB0OB6G
SYMBO86H
SYMBO86T
SYMBO87

SYMBOBTA
sYMBo878
SYMBOSTC
SYMBO8TD
SYMBOBTE
SYMBOBTF
SYMBO8TG
SYMBO8TH
SYMBOBTI
SYMBOE8

SYMBO8BA
SYMB0O88S

SYMBOSSBD
SYMBOSSE
SYMBOBSF



J3JECT CODE

7131424556474A38

1514245364T4A58
237344353646764
33727615753
5363443545666F0
248F0
726243353646657
366F026365363

W e

T e

7243344474453¢4
5374563F 02245

34B37465€6656453
74736344353F065
53746344£6576652

ADDR1 ADDRZ

STMT

606
607
6C8
609
610
611
612
613
614
615
616
617
618
613
620
621
622
623
624
625
626

SOURCE STATEMENT

NM
NN
NP
NQ
NT
NR
NS
NU
uo
ul
u2
u3
U4
us
NV
NW
NX
NY
NZ
STATE

plo
ocC
DnC
o]
p]%
cc
DC
DC
oc
oC
M
oc
DC
oc
oc
bC
2]
oc
DC
DS
END

X?21314245564T74A3B23¢
X16151424536474A5868°
X9223734435364676473"°
X¥333727675753°

X' 26363443545666F0°
X14248F0°
X937262433536466573TF01575°
X92366F026365363°

X'FQ!

X*F1Y ENTER SUPERSCRIPT MODE OR LEAVE SUBSCRIPT.
X'E2° ENTER SUBSCRIPT MOOE OR LEAVE SUPERSCRIPT.
XTE3" CARRIAGE RETURN.

XtF4e BACKSPACE CHARACTER.

X'FS5 NULL CHARACTER
X*272433444144536467°
X¢28374563FC2245°
X*584837465665545343343546°
X1674736344363F05525°

XY 2637463446576652°

c
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SYMBOBBG
SYMBOBSH
SYMBOSST.
SYMBOSB9

SYMBOB9IA
SYMBOBIS
SYMBOS9C,
SYMBOSYD
SYMBOBYE
SYMBOBYF
SYMBOB9G
SYMBOBYH
SYMBOB9I
SYMBOSO

SYMBO9OA
SYMB0908
SYMB090OC
SYMB090D
SYMBO9OE
SYMBOSOF
SYMB0OS0G



3JECT CODE  ADDR1 ADDR2

3.3 DOOC 0000C
330 COFs . 00JFE
390D52404C2C5D9

000188

000050
+UJ0054
*WJ0058
+J0005C
+0000560
2000 Co4
2u03000

510 8044 .0004C

113020050

3330054
3000058
»00305C
L. JSG0A0
T)20064

TFJ BOGO 00068

PAGE 7

STMT SOURCE STATTMENT 21 SEP 73
gg? 2UMBER START O CALL NUMBER(X,YoHGT FNUMy THETA,N) V097 NUMBOOOO
302 * THIS SUBPROGRAM IS THE WATFIV VERSION JF THE CALCOMP PLOT ROUTINE
303 * CALLED NU43ER. IT CONVERTS A REAL VARIABLE OR CONSTANT TO A FIXED
304 * NUMBER THAT IS PLOTTED B8Y THE SYMBOL ROUTINE.

305 *

306 EXTRN SyYMBl 0S-TYPE ENTRY POINT FUR SYMB3L ROUTINE

307 # i

308 =

3G9 * THES: INSTRUCTIONS RCFER TO DISPLACIMENTS IN THE STARTA ROUTINE.
310 * THIY ARS TJ BE UPDATZD IF THC STARTA RUJTINZ IS MIDIFIED CAUSING
311 * THESS DISPLACTMSNIS T3 B: CHANGzD 3R IF THESC ROUTINIS ARE MADE
312 * INTO ENTRY PJINTS AT SOMI FUTURE DATC. :

313 * .

314 XSNTSPEC EQU 246

315 XRET £EQU 1124

316 XAl EQU 1592 -
317 *

318 *

319 *

320 * N

321 WATSL NUMBER»BySAVEL 1(84984984+84+84482) 010,

322+ USING 111,11

323¢ CNOP 004 A .

324+ STM 14+11,12¢13) 13 CONTAINS CALLING SAVE AREA®S ADDRESS
325+ BAL 11, XENTSPCl0y12) BRANCH TO XENTSPLC  ROUTINE

325+R111 oC HYO? ,CLBP NUMBZER®

327+ o] A(SAVZ) ADDRESS OF A 24 WURD SAVE AREA —
323+% THZ MODEL ARGUMINT LIST 1S5 CRCATED

329+ bC X*84°%,40L3(L0OC11)

330+ oC X*34%,AL3(LIC1L2)

331+ oC X184, AL3(LIC13)

332+ [s]o8 X¢34t,AL3(LICL4)

333+ DC X'34%,AL3(LICLS) -
334+ [s10} X1821,AL3(LIC16)

335+ bc X110'AL3(0)

338+ %

337+% GENCRATING THZ 35-TYPZ ARGUMENT LIST TO BE USCD BY THE SUBPRDIGRAM
338+*%

339+A8L1 BAL 1o*#4%7 AN IN-LINZ ARGUMENT LIST IS USED.

340+ oC X000, AL3{LOC1L)

341+ - 0o X*00',AL3(LIC12)

342+ oc X*00*»AL3(LIC13)

343+ 8] X*'00*yAL3(LICLA)

344+ ol X¥J00',AL3(LOC15)

345+ olo8 XT'8UY ,AL3(LICLE)

346+ %

347+ % GUNZRATING THE STORAGSE LOCATIONS FOR THE CALL-BY-VALUE ARGUMENTS.
343+% .

343+ BC | 15,%+4#(7-0-0) -

350+1L0C11 0s F

351+410C12 DS F

352+19C13 DS 3

353+1L3C14 DS F

354+L3C15 CS F



1JECT (0DE

130

127
)28
320
;00
310
221
100
320
7C0
510
321
.00
520
220
420
720
3290
780
503
770
320
222
74C
=20
3F7

139
221
700
=200

530

220

248
1392

SFC
77C
130
TFO
548
779
530
200

740

1000
8loé
813~
5000
7000

8030
811C
8028
811C

817
8028

€132
8196
éle:
80¢4C
E136
80F8
8102

80F8
e18L
8108
€117
8117

807A
3001

206+
3001

‘8198

3000
8092
3001
8uR2
3000
809C

BOAS

818¢

818E

3000

ADDR1

06260

0C172
00181

00001

00901

c0000

Cc0000

AD3R2

00000
¢o1lpo

30200

00200
00300

00094
00186
Q092

392136

001E8
00092

001&C
02200
OUlF6
00086
OOLFB
00162
Q01FC

Jotez
O01F8
001F8
00181

000:4
00C00

00003
00172
000FC
a0col
000LC

VuUloe

ool12

STMT

355+1L0C16
356+
357+=%
358+%
359+
360+
3ol
362
363
364
365
365
367
368
369
370
371
372
373
374
375
375
377
378 MULT
373

330 NAEGA
381

382

383

384

395

386

387 FIRO
388

386

390

391

362

3%3

394

395

395 MVDIG
337

308

399 NNeGB
40¢C

401 ZRTST
402

403

404

405 NTIRO
406

£C7

498 NTPRD
409

# 4 4 % R

[
DROP

BALR
USING

LM
STY
LD
LE

LTR
8¢
CH
BC
LH
LR
ME
RCT
LPLA
AW
STL
BC
cLC
BC

LTR

" cvp

UNPK
01
LA
LTR
8cC
MVC
8CTR
BCT
MV I
LA
cLI
BC
LA
3C
CLI
BC
BCTR
LTER
B8C

SOURCE STATEMINT

£
11

350
*s8

24740(1)
2586, LINK
2FIX
0y0(0+51)
1,0(0,7)
241
13,NNEGA
2 NINZ
12.HULT
e NINZ
241

O+TCN

29 MULT
2+0

2+3AND
2,FIX

2, TEMP
8,FIR]
FIX{4),TEMP
79 ERRPRT
2¢TcMP G
2'2

4y CRAPRT
2y TENP
DEC{165),TEMP
OEC#15,C* 0"
3,00C+15
2'1
13,NHEGSB
1{1,31,0(3)
3.0
2+MVDIG
1(3),C*u
3vDCC
0€3),Ct0
ToNTZKO
3,110y 3)
15, ZRTST
0(331,C'."
T+NTPRD
340

0,9
11,FNP3S

= REGISTER USAGE
* Rl -~ N
& R2 ~ K{TEMP N)
®« 3 - 1
* R4 - M
* RB BASC

LOAD LINKAGE * FO - FNUM

SAVE LINKAGe TO SYMBOL #* F2 - AFN

CLEAR F2
PICK UP FNUM
PICK UP N
K=n

BRANCH If K IS NJT POSITIVE .

1S K GREATER THAN 9

YES NO
N=9 °
K=9 °

FNUM=FNUM¥10.0 . »

K=K=1, IF K GRrATER 0,REPEAT ABOVE

AFN=ABS{FuuUM) -
ROUND AFN=AFN+0.5

LDD FIX CONSTANT

SAVE FIXED AFN

SKIP LARGLE NUMBER TEST If ZERD

TEST FOR LARGE NUMBER

BRANCH TO =RRPRT IF TOO LARGE
PICK UP SINARY INTEGER NUMBER

TEST SIGN BIT

IF 8IT 1S 1, BRANCH TO ERRPRT

CONVERT NHUM3ER T3 OECIMAL
AND UNPACK INTO

D&C TD DEC+1S

1=15

K=N

PRANCH IF K IS NJY POSITIVE .

MOVE DIC+I TO DEC+1+I1
I=I+1

K=K-1,1F K GRIATER O,REPEAT ABOVE

MOVE "ot INTY DECe#1l+l
1=0
IS DIC+1 A *®0°
YUS N3
I=1+1
REPcAT TEST
IS DEC+I A .7 . o

YES NO
[=1=-1 °
IS FHUM NEGATIVE o
YES NO

o o ¢ o o

o & &
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NUMB 0090
NUMS0100
NUMBOL110
NUMBO120
NUMBOL30
NUMBO140
NUMBO150
NUMBO160
NUMABOL170
NUMRO180
NUMBO190
NUMB0200
NUMBO210
NUMBO0220
NUMBO230
NUMBD240
NUMBO250
NUMBO0260
NUMBO270
NUMBO0O280
NUMBO0290
NUMBO0300
NUMBO310
NUMBO320Q
NUMBO330
NUMBOD340
NUMBO0350
NUMBO0350
NUMBO370
NUMB0380
NUMBO390C
NUMB0400
NUMBO410
NUMB 0420
NUMB0430
NUMB0440
NUMBO0450
NUMB 0460
NUMB0470
NUMBO4BO
NUMBO490
NUMBO500
NUMBO510
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BJECT CODE ADDR1 ADDR2 STMT  SOURCE STATEMENT 21 sgp 73
630 410 BCTR 3,0 1=1-1 . NUMB0S20
250 3000 00000 411 MVI  3(3),C0-¢ MOVZ *—% INTO DEC+l . NUMB 0530
140 8119 00183 412 FuPOS LA 4,DLCH1T . NUMB0540
B43 413 SR 4,3 M=17-1 e .. NUMBOSS50
221 414 LTR 2,1 K=N NUMB 0560
790 80CA 00134 415 . 8C 13,NNEGC BRANCH IF K IS NOT POSITIVE o o o « « »  NUMBO570
04 818 DOlF8 416 STCNT ST 44 TEMP STORE M IN CALL TO SYMBO . NUMBOSS80
030 8172 0010C 417 ST 3,LINK+12 STORZ DEC+I (OR SUBSTITUTE) IN CALL .  NUMBO590
AF0 AL86 001F0 418 L 15,SY4AD TO SY“BOL . NUMB0O60O
110 B166 20100 419 LA LeLINK . NUMBO610
420 *
421 *  USING AN OS-TYPz CALL T3 SYMBOL THROUGH SY4B1
422 =
i5nF 423 BALR 14,15 CALL SYMBOLAX,YsHGT %k, THETA,*¢%) . NUMB0620
- ~ : 424 *  EXECUTING A WATFIV TYPE RETURN SEQUENCE.
TFO Céob : 00454 425 BC 15,XRET(0,12) BRANCH TU XENT RTN.
A%l 426 NNEGC AR 441 M=M4N e « «  NUMBOSTO
340 BL1A 00134 427 CH  4,INE NUMBO680
720 80B4 0011t 428 BC 2, STCNT IF M GREATER THAN 1, BRANCH TO STCNT . . NUHMB0690
740 80DE 00148 429 BC 4,STZRO IF M LESS THAN 1,BRANCH « « &+ o NUMBOT00
200 : 430 : LTZR 0,9 _ IF M CJUAL 1 AND FNUM IS NOT . NUMBOT10
730 8B4 2011 431 BC 11,STCNT NEGATIVE,BRANCH TU STCNT o o see » - o NUMBOT20
130 8104 00loL 432 STZRU LA 3,CoNST SET ADDRESS TO *=0° . NUMB0730
140 6002 00002 433 - LA 4,2 SET M=2 NUMBOT40
290 : 434 LTIR 0,0 IF FNUM IS NEGATIVE, NUMBO750
T4) 8094 0011L 435 8C %4y STCNT : BRANCH TO STCNT . . NUMBOT60
130 8105 : 0016F 4356 LA 3,CONST 1 SET ADDRESS TO #0° NUMBOTT70
140 0001 00001 . 437 LA 4ol ST M=l NUMROTRO
TR 8B4 0011L 438 BC 15,STCNT BRANCH TO STCNT o e = v o o o o = « o » NUMBOT90
130 e10e 20170 439 ERRPRT LA 3,CONST+2 SET ADDRESS TO s NUMBOB0O
143 G002 30002 440 LA 42 SET M=2 i NUMBOB10
TFD 80B4 0011E 441 8C 15, STCNT BRANGH TO STCNT o o « s o o s o s =« o « NUMBOB20
0795€5C 442 CCNST e Cr-Orxs - , NUMB0B30
. ' 443 DEC s 18C : NUMBOB40
a1 444 CNE oc Hi1e , NUMB0BS0
1009 445 NINE - OC HY9e NUMBOB60
: 446 SAVE es L8F NUMBOBT0
447 LINK DS 5F : NUMB0880
o 448 oc X'80* ' . NUMB08B90
WCO1F8 ' 449 o AL3{TEMP) ' NUMB09J0
:1A00000 450 TEN pC-  E£'10.0° NUMBOS10
.039C0C0 451 RND DC - £10.5! NUMB0920
10530600 _ 452 SYMAD DC a(symend - S
. : 453 TEMP . DS b - NUMB0940
2703000600000000 4£4 FIX DC X*4E00000000300000° ) NUMB0S50
: 455 SAVIl DS 24F :

456 END _ ] . ' NUMBO960



- ECT CODE ADDR1 ACDR2 STMT

NS ot b Pt oot Pl pmd b ek et Pk .
OVONOCWVMPUWNHHOOENCND WN W

NN
N D W

N
o

NN
o ~
O M b 3 o 3 S R g 4 3 3F 3 3 A 3 3O O W B % 3R #

w N
o w

w W
N

W W
VW

[GRVRT)
@~

0
¢ 1000 60000

W
o0

0000C
[o]alelor:]

200C
BOC6

oo’
B A ]
AU N -

46
47
48
%49
50

2000C
000F6

0

C DOOC

0 COFé6

0r 2C3C1D3C540
00C&4

52
53
54
55

00004
.000E8
©000EC
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SOURCE STATEMENT
SCALE START
EXTRN SCALEL

THIS ASSEMBLER SUBPROGRAM IS THE INTERFACE BETWEEN A WATFIV
CALLING PROGRAM AND THE ORIGINAL SCALE ROUTINE WHICH IS NOW CALLED
YSCALE1® AND WAS ORIGINALLY WRITTEN IN FORTRAN IV. A WATFIV
PROGRAM CALLS SCALE WHICH IN TURN CALLS SCALEl. THE ARGUMENT
LIST FOR SCALEl IS IDENTICAL TO THE ONE USED BY SCALE EXCEPT 1T
HAS AN ADDITIONAL ARGUMENT.

THE CALLING SEQUENCE FOR THIS ROUTINE 1S3
CALL SCALE(ARRAYAXULENyNPTS,INC)

THE SIZE€ OF THE ARRAY VECTOR IS TREATED AS BEING OF VARIABLE
DIMENSTION BUT NO VARIABLZ DIMENSION ELEMENT APPEARS IN THE ARGUMENT
LIST OF SCALE. SUBSEQUENTLY THIS ASSEMBLER SUBPROGRAM WAS

WRITTEN TO 2BTAIN THE LENGTH DF ARRAY AT RUN-TIME AND TO INSERT IT
IN ITS CALLING ARGUMENT LIST FOR SCALEl AS THE EXTRA ARGUMENT.

THE CALLING SEQUENCE FOR THE SCALEl ROUTINE ISs3
CALL SCALE(ARRAYAXLEN NPTSsINCoHN)

WHERE N IS THE VARIABLE DIMENSION ELEMENT FOR ARRAY.

THESE INSTRUCTIONS REFER TO DISPLACEMENTS IN THE STARTA ROUTINE.
THEY ARE TO Bt UPDATED IF THE STARTA ROUTINE 1S MIDIFIED CAUSING
THESE DISPLACEMENTS TO BE CHANGED OR IF THESE ROUTINES ARE MADE

INTO ENTRY POINTS AT SOME FUTURE DATE. )

XENTSPEC EQU 246
XRET EQU 1124
XAl EQU 1532
*
*
BALR 11,0
USING *,11
L 2,910,1) LOAD ADDRESS OF STAR ROUTINE FOR THE ACTUAL -

* ARGUMCNT CORRESPONDING TO ARRAY.
L 2,12(0,2) GET LENGTH OF ARRAY IN REGISTER 2.
ST 2,TPST11 LENGTH OF ARRAY 1S STORED IN A STORAGE

% LOCATION REFERCNCED BY THE STAR ROUTINE FOR ARRAY.

DROP 11

LSING R111,11

CNOP 044

STM 14,12,12(13)

BAL 11, XENTSPEC(0,12)

CC H'0* CL6*SCALE®

DC A(SAVELl)

* THE MODEL ARGUMENT LIST
DC X'94',AL3(STARLL}
DC X'847',AL3(LOCLL)
DC X*82°*,AL3{L0OC12)

BRANCH TO XENTSPEC RTN.
R111

THE STAR RTN. FOR ARRAY




ECT CODE ADDR1 ADDR2

"COOFO
cocoo

0 8044 0005C
0 BOAC 003C4
C00D4

Q00ES
000EC

~J00F0

-000C8
330000

0

0 C464 00464

00000
€0000

0C1D909C1E840

0 C538 00638
C0C0o0

GJ000

€oCGo

a00C8

STMT

56
s7
58
59

SOURCE STATEMENT

* SETTING UP A CALLING ARGUMENT LIST TO CALL THE SCALE1l SUBPROGRAM.

60 *

61
62
63
64
65
66
67
68
69
70
71
72

74
75
76
17
78
73
80
8l
82
g3
84
85
86
87
88
89
90
91
92
93
S4
95
96
ST

ICI
* A
SAVEL

ADCR
TPST11
*

BC X'827',AL3(LOC13}
DC X*10°,AL3(0)

LA 14,1CI RETURN ADDRESS

L 15.ADDR LOAD ADDRESS OfF SCALE
CNOP 2¢4

BALR 1,15 MAKING A CALL TO SCALEl.

DC X*94°,AL3(STARL1) USING STAR RTN OF SCALE TO MATCH
AGAINST THE STAR RTN. OF SCALEl.

DC X*84°,AL3(LOC11) ADDRESS OF AXLEN
DC X*82*,AL3(LOC12}) ADDRESS OF NPTS
DC X*82*,AL3(LOC13) ADDRESS OF INC
DC X*32° ,AL3(TPST11} TPST11l CONTAINS THE VARIABLE DIMENSION
DC X*10*,AL3(0} ELEMENT FOR ARRAY.
DROP 11
BALR 11,0 CCNTROL RETURNS FROM SCALEY
USING #,11
WATFIV TYPE RETURN
B8C 1S54XRET{0+12) BRANCH TO XRET RTN.
DS OF
DS 24F
DC A(SCALEL}
DC F'0°

* THE STAR ROUTINE FOR ARRAY.

2

STAR1l
LST11

*

DC H'O',CL6® ARRAY?

BAL 15,XA1{0,12) BRANCH TO XAl

DC AL1{O),AL3(0} FIXED BY PROLOQUE

DC ALL(2),AL3(0) LST IS ADDRESS OF ARRAY

DC A{0) FIXED BY PROLOQUE SINCE IT IS A VARIABLE DIMCNSION
DC X'40¢,AL3(TPST11) ADDRESS OF VARIABLE DIMENSION ELEMENT

* GENERATING STORAGS LOCATIONS FOR CALL-BY-VALUE ARGUMENTS.

*
LoC1l
Loc12
LoC13

DS F
DS F
DS F
END
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[SEER e NIRS]

S WUV

CT CODE

1008
9044
1008
9066

10C8
0004
200C
G15A
919E

S186
90A2
1008
903C
90A2

ADDR1

00008

00008

00008

00044

ACDR2

20046

00068

00008
00004
0030C
0015C
001A0

oo1i88
000A4

0003E

STMT

Pt ok ot ot Pb Pas (b ol ot et
VONCUVPHWNIO OO VSN

IR 2R 2R 2R IR AR IR AR R KN B SR IR 2R K b R 4

NN N
SO

~N
v

NN
W~

wWwwnN
WN -~ OO0

[REPRW
[V, I

ww
@~

o A A AR A
VRNOVPIWN-OO

(S RV V)]
N O

v,
W oHw
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SQURCE STATEMENT 20 SEp 73

AX1S START 0
EXTRN AXIS1

THIS ASSEMBLER SUBPROGRAM IS THE INTERFACE BETWEEN A WATFIV
CALLING PROGRAM AND THE JRIGINAL *AXIS® SUBPROGRAM WRITTEN IN
FORTRAN IV AND IS NOW CALLED 'AXIS1°. A WATFIV PROGRAM CALLS AXIS
WHICH IN TURN CALLS AXISl.

THE CALLING SEQUZENCE OF AXIS 1IS:
CALL AXISUXPAGEsYPAGE,IBCDyNCHARyAXLEN, ANGLE ¢ FIRSTV, DELTAV)

WFERE IBCD MAY BE A HOLLERITH STRING, A VECTORy, OR A SIMPLE
VARIABLE JF EITHER TYPE INTEGER*4 OR REAL*4. THE ADDRESS OF THE
IBCD ARGUMENT IS OBTAINED AND PASSED ON TO THE AXIS1 SUBPROGRAM
BY TREATING THE IBCD ARGUMENT AS A VECTOR,.

THZ CALLING SEQUENCE FOR THE AXIS1 SUBPROGRAM IS THE SAME AS -
FOR THE AXIS SUBPROGRAM EXCEPT IBCD IS ALWAYS AN INTEGER#¥4 VECTOR
CSNTAINING A SINGLE ELEMENT.

THESE INSTRUCTIONS REFER TO DISPLACEMENTS IN THE STARTA ROUTINE.
THEY ARE TD BE UPDATED IF THE STARTA ROUTINE IS MODIFIED CAUSING
THESE CISPLACCMENTS TO BE-CHANGED OR IF THESE ROUTINES ARE MADE
INTO ENTRY PJIINTS AT SOME FUTURE DATE.

XENTSPEC EQU 246

XRET EQU 1124 : -
XAl . EQU 1592
%
%
BALR 9,0
USING #,9
*
«  DETERMINING WHAT KIND OF ARGUMENT I8CD IS.
*

TM 8(1),X*09* HOLLERITH STRING ?

BC 1,CHARK YES

TM 8{1),X*90* VECTOR?

BC 12sNEXTY NO. PROCESS A SIMPLE VARIABLE

= IBCD IS A VECTOR ARGUMENT

*
L 2,8(0,1) OBTAIN ADDRESS OF IBCD®S STAR ROUTINE.
L 3,41(2) JBTAIN ADDRESS OF I8CD
L 2,12(0,2)
ST 2,TPST STIRING THE ACTUAL VECTOR LENGTH
ST 3,STAR12+4 PASS ADDRESS OF I18CD TO THE STAR ROUTINE OF THE
* CALLING SEQUENCE FOR AXIS1
LA 2,STAR11
ST 2,18CD STORING THE ADDRESS OF ITS STAR RTN.
TM 8{1),X'02°
BC 1,INTV 1S INTEGER*4 TYPE

MVI IBCD,X'324" 1S REAL*4 TYPE



- E ADCR1

00044

12600 GO160

00044

00308

000A4

000A4

1 £24040

ACDR2
3cc88
00088

oocos

cCGoo
00000
0C1AD
60160
000A4

ocaoss

0016C
000A%
00LAD
0cces

0Go38

0000C
003F6

STHMT

56
57
S8
59
60
61
&2
63
64
65
66
67
68
69
70
71
T2
73
74
75
76
17
78
79
80
81
82
83
84
85
86
87
88
89
S0
91
92
93
94
35
96
97
98
9g
100
101
102
103
104
105
106
107
108

PAGE 2

SOURCE STATEMENT , ' 20 SEP 73
' BC 15,ESEQ
INTV HVI 1BCD,X*92°
BC 15+ESEQ '
o :
= JBCD IS A HOLLERITH STRING.
&
CHARK L 2,8(0,1) DBTAIN ADDRESS OF THE ACTUAL DOPE VECTOR
+ MOVING THE ACTUAL VECTOR LENGTH INTO THE DUMMY DOPE VECTOR.

MYC DOPE(1),0(2)

L 2,0(2) OBTAIN ADDRESS OF THE HOLLERITH STRING.
ST 2,STAR12+4 STORE ADDRESS IN A STAR RTN.

LA 2,DJPE

ST 2,18CD STORING THE ADDRESS OF THE DOPE VECTOR

* SYORING THE TYPE CODE FOR THE DUMMY ARGUMENT OF IBCD

MVI IBCD,X'Q9*
8C 15,ESEQ

=

% IBCD IS A SIMPLE VARIABLE

=

NEXTY LA 2.L0C STORING THE ADDRESS OF A STORAGE LOCATION
ST 2,18CD FOR THE CALL-BY-VALUE ARGUMENT IBCD.
ST 2,5TAR12+4 STORING ADDRESS OF IBCD IN ITS STAR RTN.
TM 8{l},Xe02°

= STORING THE TYPZ CODE OF IBCD IN THE MOIDEL ARGUMENT LIST
8C 1+INTS IS INTEGZR*4 TYPE
MVI IBCD,X*84°% IS RzAL*4 TYPE
8C 15,ESEQ

IBCD IS A SIMPLE VARIABLE OF TYPE INTEGER%4 AND MAYBE THIS IS A
¢SPECIAL® CALL TO SYMB3L.

N BB

NTS ¥vl 18CD,x*82°*
DROP 9

THE ENTRY SEQUENCE COOE.

L

USING REG1ls11
CNOP 0.4
ESEQ STH 14+11,12(13)
BAL 115 XENTSPEC(0,12) BRANCH T3 XENTSPEC RTN.
REGLL CC H*'O*',CL6'AXIS?
€C A(SAavel)
# THE MDDEL ARGUMENT LIST IS CREATED.
DC X*'B4*! (AL3(XPAGE)
DC X84t ,AL3(YPAGE)
¥8CD CC X*00*,AL3(0} - FILLED IN AT RUN-TIME
DC X*82%,AL3(NCHAR)
DC X'B4*,AL3(AXLEN}
DC X9B4', AL3(ANGLE)
DC XtB4*,AL3(FIRSTV)
DC X*84',AL3(DELTAV)
DC X*10',AL3(0)
DROP 11

BALR 11,0 CONTROL RETURNS HERE



-.-.CT CODE ADDR1 ACDR2

) BODE 001A0

000F4
00134

) 8032
) BOCZ

0164
10168
1019C

©0 30170
30174
10178
1317C
;0180
;0000

) Ca4b64 00464

prelefele}
:0000

36000

') c638 00638

30000

- L0000

Cc000
. 2015C

D C638 0C638
00000
00( 04

0G001

STMT

111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130

132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
1€3
164

165

SOURCE

STATEMENT

USING *,11
MVI STAR1244,X°00°

STORING ZEROES IN THE STAR RTN.

* SETTING UP A WATFIV TYPE CALL TO AXIS1

LA 14,ICI
L 15,A0DR
CNOP 244
8ALR 1,15

* THE WATFIV TYPE CALLING ARGUMNET LIST

DC X'84',AL3{XPAGE)

DC X'849,AL3(YPAGZ)

CC X*92*,AL3(STARL2)
DC X'82',AL3{NCHAR)

DC X'84°%,AL3(AXLEN)

DC X*94¢,AL3(ANGLE)

DC X*84° (AL3{FIRSTV)
DC X'84°,AL3(DELTAV}
DC X?*10*,AL3(0)

DROP 11
IcI BALR 11,0
USING *¢11
# A WATFIV TYPE RETURN

BC 15,XRET{0,s12)

% DICTIONARY

SAVEL
TPST
DOoPE
XPAGE
YPAGE
Lac
NCHAR
AXLEN
ANGLE
FIRSTV
DELTAV
ADCR

*

* STAR
*

STAR11

DS OF
DS 24F
0C F*O°
BC F'O*
DS F
DS F
DS €
DS F
bS F
DS F
0S F
DS F
A

DC A(AXIS1)

RTN. .FOR- IBCD FOR THE CALLING ARGUMENT LIST FOR AXISl.

BAL 15,XA1(0,12)
0C AL1(0)sAL3(0}
DC ALI{2),AL3(0}
oC A(O}

DC X*40°,AL3(TPST)

POINTER TO STAR RTN.

CONTROL RETURNS HERE FROM AXIS1 -

BRANCH TO XRET RTN.

BRANCH TO XAl

RTN. FOR IBCD FOR THE ENTRY SEQUENCE CODE

BAL 15,XA1(2,12)
DC ALY(0)sAL3(0)
CC AL1(2).AL3({4)}
DC ALL)

END

BRANCH TO XAl

ADDRESS OF THE ARRAY IS FIXED AT RUN-TIME

FOR I8CD

LENGTH IS EXPRESSED IN BYTES
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6o aNoO

g oW

roNoO

ECT CODE

1003
9044
1008
9066

1008 |

C004
200C
g15A
G19€

9186
9042
1008
$03C
90A2

ADDR1 ADDR2 STMT

00008

00008

00008

00046

00058

00008
06004
J000C
G015C
001A0

ocl8es
050A4

0CO03E

000A4

VO NP W

R IR A 20 B B RN N NE R N N )

S

AXI

PAGE 1

OURCE STATEMENT 20 SEP T3

S1 START O
EXTRN AXISI

THIS ASS{MBLER SUBPRNGRAM IS THE INTCRFACT BETWEDN A WATFIV
CALLING PRIGRAM AND THE JRIGINAL *AXISI®* SUSPROGRAM WRITTEN IN
FORTRAN IV AND IS NOW CALLED *AXISIl®'. A WATFIV PROGRAM CALLS AXISI
WHICH IN TURN CALLS AXISIl.

THE CALLING SEQUZINCE OF AXISI IS:
CALL AXISTUXPAGS,YPAGHsIBCDyNCHARJAXLENJANGLL sFIRSTV,DRLTAY)

WHLRE IBCO MAY BE A HILLSRITH SYRING, A VECTOR, OR A SIMPLE
VLETABLL JF cITHER TYPZ INTIGUR¥4 OR RIAL*4. THE ADDRFSS OF THC
I8CD ARGUMSNT IS OBTATINCGD AND PASS=D UON TO THF AXISI1 SUBPPOGRAM
BY TR:zZATING THE IB3CD ARGUMINT AS A VICTOR.

THE CALLING STOUCNCE FOR THE AXISI1 SUSPPOGRAM IS THE SAME AS
FOR THT AXIST SU3PROGRAM £XCEPT IBCD IS ALWAAYS AN INTZGIR#4& VICTOR
CONTAIMING A SINGLE ELFEMENT.

THESE INSTRUCTIINS REFER TO DISPLACEMENTS IN TH: STARTA ROUTINE,
THEY AKZ T3 BE UPDATED IF THE STARTA ROUTING IS “IDIFIED CAUSING
TH: ST DISPLACHEMSHTS TO BE CHANGED OR IF THEST RUUTINES ARC MADE

INTO ENTRY PIINTS AT SOM:I FUTURE DATE.

XINTSPEC COU 246

XRZ
X&1
*
*

T SQU 1124
CQU 1592

BALR 9,0
USING #,9
DETCRMINING WHAT KIND 9OF ARGUMCNT IBCD 1S.
T4 8(1),X*03' HOLLERITH STRING ?
8C 1,CHARK YZES
TM 8(1)yX?20* VECTIR?
BC 12,NEXTY ND. PROCESS A SIMPLE VARIABLE .

IBCD IS A VZCTOR ARGUMENT

L 258(0s1) OBTAIN ADDRESS OF 18CD*S STAR RIUTINE..
L 3,42} O8TAIN ADDRLESS OF IBCD

L 2,12{042)

ST 2,TPST STURING THE ACTUAL VECYDR LENGTH

ST 3,STAR12+4 PASS ADDRESS OF IBCD TO THE STAR ROUTINE OF THE
CALLING SEQUINCC FOR AXISIM
LA 2,STAR11

ST 2,18C0 STORING THE ADDRESS OF ITS STAR RTN.
™ 8(1}),X*02°
BC 1,INTV IS INTLGER®4 TYPE

MVI IBCD,.X'S4' IS REAL*4 TYPE




E ADDR1

000A4

~2000 00160

000A4

000C8

0C0A4

- 000ASG

1:2€940

ADDR2
00088

00088

40008

oocoo
00000
001A0
00160
000A4

000838

0016C

0G0A4
CO01A0

00084

ooose

0000C
D00F&

STMT

56
£7
58
£9
60
61
62
€3
€4
6%
66
&7
68
69
70
71
72
73
I £
75
76
77
78
T3
80
e1
8z
83
E4
€5
86
87
88
8%
°0
91
92
<e3
ge
95
Q¢
7
2]
e9
100
101
102
103
104
105
106
107
108

110
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SOURCE STATEMENT - e 20 SEP 73
BC 15,&SE0 . . . . .- . e
INTV MVI 13CD,X'92°
BC 15,35£Q ; . e

#*

%= IBCD 1S A HILLERITH STRING.
*

CHAPK L 2.,8(0,1) OBTAIN ADDRESS OF THC ACTUAL DOPE VECTOR -
*  9IVING THE ACTUAL VECTOR LENGTH INTO THE DUMMY DOIPE VECTOR.
MVC DOPS(11,490(2) . ., -

L 2,002} DBTAIN ADDRESS OF THE HOLLERITH STRING.

ST 2,STAP12+4 STDE ADDRSSS IN A STAR RTN.

LA 2903PE

ST 2,13C0 STOIRING THE ANDPESS OF THE DIPE VECTOR -

* STORING TH_: TYPZ CODE FOR THC DUMMY ARGUMSNT OF 18CD
MVI 1B8LD,X'09°*
BC 15,2580
*
* 1BCD IS A SIMPLL VARIABLc
*
NeEXTY LA 2,L23C STORING THS ADDRESS OF A STORAGE LOCATION
ST 2,18CD FOR TH. CALL-BY-VALUS ARGUMEHNT IBCD.
ST 2.S5TAR12+4 ST3RING ADJR:ZSS OF IBCH IN ITS STAR RTN.
T 8(1).X'02°
* STORING THZ TYPZ CODE 9F [8CD IN THE MIDEL ARGUMENT LIST
BC 1, IN{S 1S INT GEP ¥4 TYPE
MVI IBZDeX'84' IS RIAL*4 TYPx
BC 15,7SEQ

I8C0 1S A SIMPLC VARIABLZ JF TYPZ INTEGER*% AND MAYBZ THIS 1S A
°SPECIAL® CALL TO SYMBOL. : .

’ - . -

Falk 3 20 2N 3

NTS MVI IBCD¢X*32°
. DROP °

® B

THE  ENTRY SEQUZNCE CODC.

USING REG11,11 : — i}
. CNOP 0,4

ESEQ STM 14911412(13)
BAL 11,XZMTSPEC(0,12) BRANCH TO XENTSPEC RTN.

REGL1 DC H'O',CLE*AXIST®
DC A(SAVEL)

*= THE MODEL ARGUMENT LIST 1S CREATED. o _ o
BC X184 4AL3{XPAGE)
NC X'347 ,AL3(YPAGE)

18CD DC X'00%4AL3(0) FILLED IN AT RUN-TIME
DC X?82%,AL3(NCHAR)
DC X*84*,AL3{AXLEN)
DC X'84%,AL3{ANGLE)
DC Xt24% ,AL3(FIRSTV)
DC X184 %, AL3(DELTAV)
DC X'10',AL3(0)
DROP 11

BALR 11,0 CINTROL RITURNS H:IRE



‘.ECf copx

) BODE

) B032
) BOC2

0164
0168
~3019C

- 30170

70174
30178
J017¢C
30180
J0000

) Cabh

o008
20000

00000

DC638
. 00000
00000
00000
0a15C

0 C638

0000

00004
06001

ADDR1

001AQ

AOCR2

0COF4
00184

00638

0C638

STMT

111
112
113
114
115
116
117
118
119
- 120
121
122
123
124
125
126
127
128
129
130

132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
lel
162
163
164

- 165

SQURCE STATEMENT

USING #,11
MV STAR12+4,X*00° STORING Z:ZROES IN THE STAR RTN.

* SETTING UP A WATFIV TYPE CALL TO AXISI1

1c1

LA

14,1C1

L 15,ADDR
) CHUP 244
BALR 1,15

£  THE WATFIV TYPZ CALLING ARGUMENT LIST

[o]9)
s
oC
Do
oc
219
bC
DC
0c

X184, AL3{XPAGT)

X847 ,AL3(YPAGS)

X1329,AL3(5TAaR12)
X182',AL 3(HCHAR)

Xt34%, AL3(AXLEN)

X154, AL3LANGLE)

Xt84% ,AL3{FIRSTV)
X184, ALI{DELTAV])
X'10°',AL3(0)

DROP 11

BALR 11,0
USING *,11
* A HWATFIV TYPE RETURN

BC

15,1124¢3,12)

*  DICTIONARY

SAVE1
TPST
DIPE
XPAGE
YPAGE
tac
NCHZR
AXLEN
AMNGLE
FIRSTV
DELTAV
ACOR

>

*  STAR
#*

STAR11

DS
0s
pC
ocC
DS
Ds
DS
DS
DS
DS
Ds
DS
cc

OF
24F
FeQe
Fl o.
F

F
F
[
£
F
£
£
A

(AXISIL)

POINTER TO STAR RTN. FOR 18CD

CONTROL RETURNS HERE FROM AXISI]

BRANCH TO XKET RTN.

&KTN. FOR IBCD FOR THE CALLING ARGUMENT LIST FOR AXISIl.

BAL 15,XA2(0,12)

[2]od
DC
DC
DC

AL1(0),AL3(0)
ALLI{2)4AL3 (0}
A{O)

X*40' ,AL3(TPST)

BRANCH TO XAl

RTN. FOR IBCD FOR THE ENTRY SEQUENCE CODE

BAL 155XA1{0,12}

DoC
DC
DC

END

ALLLO)2AL3(0)
ALL{2),AL3(4)
All)

BRANCH TO XAl
ADDRZSS OF THF ARRAY IS FIXED AT RUN-TIME
LENGTH IS EXPRESSED IN BYTES
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OBJECT CODE

0580

5820
5820

. 5020
. 5820
1 582¢C

» 5020

1000
200C

BOES
1004
200C

BOEA

ADDRL ADDR2

€JG600
0000C

000ES8
06004
0060C

000EC

STMT

n
%

ut
N

mwn
Wi

U’\J‘-bvbb“-b“J-‘-&‘J‘NWUWNWUN\»\UNNNNNNNNNNWD—'O—'HMHHH!—'M
o@m4om-a~wm-—-oomqm\n;\wmu—oomqmm‘bwmv—ocmqombmwwoomuoU!bwnud

o8

SOURCE STATEMENT

LINE

&
*
x
%*
*
*
*
*
*
-3
&
#x
*«
#
*
*
*
=
*
%
&
E-
*®
* T
®

*

&

*

XENT
XRET
XAl
%*

%

4% % 8

START
EXTRN LINEL

THIS ASSEMBLER SUBPROGRAM IS THE INTERFACE BETWEEN A WATFIV
CALLING PRIOGRAM AND THE ORIGINAL *LINE® SUBPROGRAM WRITTEN IN
FORTRAN IV AND IS NOW CALLED *LINEl'. A WATFIV PROGRAM CALLS
AXIS WHICH IN TURN CALLS AXISl.

THE CALLING SEQUENCE OF LINE ISz
CALL LINE(XARRAY, YARRAY;NNg INC,LINTYP, INTEQ)

THE ARGUMENT LIST OF TYHE LINC1 SUBPROGRAM CONTAINS THO

EXTRA ARGUMENTS. SINCE THE
DECLARED AS ARRAYS IN AXIS1

ARGUMENTS XARRAY AND YARRAY ARE
WITH VARIABLE DIMENSIONING, THE EXTRA

ARGUMENTS ARE USED T3 PASS DOWN THE VARIABLE DIMENSION ELEMENT

FOR ZACH ARRAY.

THE CALLING SEQUENCE FOR LINE1l ISz
CALL LINEI(XARRAY,YARRAY,NN.INC.LINTYP,INTEQ,DIMIqDIMZ’

WHERL DIM1 IS THE VARIABLE DiMENSION ELEMENT FOR XARRAY AN
DIM2 IS THE VARIABLE DIMENSION ELEMENT OF YARRAY. .

HESE INSTRUCTIONS REFER TO DISPLACEMENTS IN THE STARTA ROUTINE.

SPEC EQU 246
EQU 1124
EQU 1592

BALR 11,0
USING #,11

THEY ARE TO BE UPDATED IF THE STARTA ROUTINE IS MODIFIED CAUSING
THZSE CISPLACEMENTS TO BE CHANGED OR IF THESE ROUTINES ARE MADE
INTO ENTRY POINTS AT SOME FUTURE DATE.

PAGE 3
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L 2,0(0,1) LOAD ADDRESS OF ACTUAL STAR RTN FOR XARRAY
L 2,12(0+,2) OBTAIN LENGTH OF XARRAY

LENGTH OF XARRAY IS STORED IN A STORAGE LOCATION REFERENCED BY THE

STAR ROUTINZ FOR THE DUH4MY ARGUMENT CORRESPONDING TO XARRAY.

ST 2,TPST11

STORING THE VECTOR LENGTH

L 2,4(0,1) LOAD ADDRESS OF ACTUAL STAR RTN FOR YARRAY
L 2,12(0:2) : OBTAIN LENGTH OF YARRAY )

LENGTH OF YARRAY IS STORED IN A STORAGE LOCATION REFERENCED BY THE

STAR ROUTINE FOR THE DUMMY ARGUMENT CORRESPONDING TO YARRAY.

ST 2,TPST12
DROP 11

THE ENTRY SEQUENCE COOE.
USING R111l,11

STIRING THE VECTOR LENGTH



‘-~ OBJECT COOE ADDR1 ACDR2 STMT

© 0700 ' 56

90EC DOOC 0000C 57
4580 COF6 000F6 58
0000D3C9D5C54040 59
£0000C(84 60
61

940000F8 62
94000114 63
82000128 64
8200012C 65
82000130 66
82000134 .67
10030000 68
70

71

72

4120 BCS8 3007¢C 73
58F0 BOCO 000E4 74
0700 _ : 75
051F , 76
940000F8 A 77
78

94000114 79
82000128 ) 80
8200012¢C 81
32000130 82
82000134 83
820000€8 84
‘820000€EC ' © 85
1C600000 86
87

0580 89
30

: 91

4TFD C464 00464 92
, 93
C 94
- 00050000 95
00CC0C00 96
c0200000 97
98

99

100

0000ETC1IDIDICLES 101
45F0 C638 00638 102

i

103

) 104

00000000 105
020C0000 106
00CC0000 107
4GCO0CES 108
109

110

SOURCE STA

CNO
STH
BAL
R111 oc
ac
& THE MODE
oC
oc
oc
oc
oc
cc
ol

SETTING

#* 2

LA
L1
CNQO
eaL
oC
* AGAINST
oC
ocC
oc
819
cC
cc
ocC
3]
ORO

icI BAL
usI
# A WATFIV
8C
DS
SAVEL DS
ADDR 3o}
TPST11 oC
TPST12 o]
*

*
nc
STARIL 8AL

-3

LsT11 cC
oC
[»1od

%

TEMENT

P 0.4
14,12,12(13)

11 XCNTSPEC(0412)
HY0* CLOLINE?
A{SAVEL)

L ARGUMENT LIST
X194% ,AL3(STARLL)
X941, AL3ISTARLIZ)
X'82¢,AL3{LOC1Y)
X#82°%,AL3{L0OC12)
X*82%,AL3(LOC13)
X827 4AL3{LOCLS)
X*10*,AL3(0}

UP THE CALLING SEQUENCE FOR A CALL TO LINEL

BRANCH TO XENTSPEC RTN.

STAR ROUTINE FOR XARRAY
STAR ROUTINE FOR YARRAY
NN

INC

LINTYP

INTEQ

14,1C1 LOADING THE RETURN ADDRESS.

5. ADDR LOAD ADDRE
P 294

SS OF LINEl

R 1,15 MAKING THE CALL TO LINE1

X994, AL3(STARILD)

THE STAR RTN. OF THE CORRESPONDING DUMMY ARGUMENT IN LINE1

X194 ,AL3({STARL2)
X*82¢,AL3(LOC1Y)
X182 ,AL31L0C12)
X*827, AL3{LOCL3)
X*3829,AL3(L0C14)

X*82¢, AL3(TPST11)

X*32¢,AL3{TPST12)

X010°¢,AL3(0)

P11

USING THE STAR RTN. OF XARRAY TO MATCH

ADIORESS OF NN

ADDRESS OF INC

ACDRESS OF LINTYP

ADDRESS OF INTEQ

ADDORESS OF XARRAY®S LENGTH
ADDRESS OF YARRAY®S LENGTH

R 11,0 CONTROL RETURNS HERE FROM LINE1

NG #,11
TYPE RETURN
15y XRET(0,12}
OF
24F
A(LINEL)
FeQe
FrQr

HYO* s CL6* XARRAY®

BRANCH TO XRET RTN.

* THE STAR ROUT&NE FOR XARRAY.

154 XA110,12) BRANCH TO XAl
* THE NEXT THREE LOCATIONS ARE FILLED AT RUN-TIME BY THE WATFIV

PROLOQUE.

AL1{0},AL3(0} LST IS ADDRESS OF XARRAY

AL1(2),AL3(0)
A(O)

DC X'40',AL3(TPST1l) ADDRESS OF VARIABLE DIMENSION ELEMENT

* THS STAR ROUTINE FOR YARRAY.

PAGE 2

20 SEP T3



PAGE 3

. 3BJECT CODE ADCRY ADDR2 STHNT SOURCE STATEMENT 20 SEP 73
i 111 * .
JOOOEBC1CILICLES 112 DC H'C',CL6'YARRAY?®
45F0 (638 00638 113 STAR12 BAL 15, XA1(0,12} BRANCH TO XAl
114 * THE NEXT THREE LOCATIONS ARE FILLED AT RUN-TIME BY THE WATFIV
. 115 * PRCLJQUE. N
D00CO000 116 LST12 CC ALL(O),AL3LO) :
D20C0CCO 117 : DC ALL{2),AL3(0}
D3C00000 ) 118 DC A(O)
400000EC 119 DC X'40°,AL3(TPST12) ADDRESS OF VARIABLE DIMENSION ELEMENT.
120 * ’
121 =* GENERATING THE STORAGE LOCATIONS FOR THE CALL-BY-VALUE ARGUMENTS.
122 tLOCL} 0SS F

123 LOC12 DS F
124 LOC13 DS F
125 LOC14 0S F
126 END



17

18
19
20
21
22
23
24
25
26

27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48

49

50
51
52
53
54
55
56
57
58
59
60
61

1

2

Coeaso

3
&

11

12
13

14

SU%ROUTINEAXISII(XPAQF'YPAGZ'IBCD.NCHAR.AXLEN'ANGLEcFIRSTVcDELTAV)
THIS PRIGRAM 1S PART OF THE WATFIV IMPLEMENTATION RJIUTINES WHICH
PERFORM THL SAMZ OPZRATIONS AS THI CALCCMP PLOT ROUTING CALLED
AX1SI., THIS SUBPROGRAM 1S CALLED BY THE ASSEM3LER RAUTINE CALLED

AXISI.

MOGIFICATION FOR INTEGER AXIS ANMUTATION FOR NIN=SCIZNTIFIC AXSI0030
HISTAOGRAMS ETC. (GNLY CHANGE IS IN CALL T3 *NUMBER?) AXS10040
XPAGE,YPAGT COOPDINATES OF STARTINS POINT OF AXIS, IN INCHESAXSTI0OS50

I8C0 AXTS TITLE. AXSY0060-

. NCHAR NUMBER OF CHARACTERS IN TITLE. ¢ FOR C.C-W SIDE.AXSIOOTO
AXLEN FLOATING POINT AXIS LENGTH IN INCHZS. AXS10080
ANGLE AMGLE OF AXIS FROM TEE X-DIRECTION, IN DEGREES. AXST0090
FIRSTV SCALF VALUE AT THE FIRST TIC MARK, AXSI0100
DELTAV CHANGE IN SCALE BETHEEN TIC MARKS ONC INCH APARTAXSIOLI10

DIMENSTIIN 1BCO(1)

KN=NCHAR AXSIO130
A=1.0 AXS10140
IF (KN} 14262 AXSIO0150
A=-A AXSTI0160
KN=-KN AXSI10170
€£X=0.0 AXST0180
ADX= ABS (DELTAV) AXS10190
IF (ADX) 34743 AX510200
ALST ALLOW LARGFR (4 DIGIT) INTEGER NUMBERS AXS10210
IF (ADX- 9923.0) &6e4eé AXS10220
ADX=ADX/10.0 ) AX510230
EX=FX+1.0 AXS10240
6l 70 3 AXST0250
ACX=ADX*10.0 AXSI0260
EX=EX-1.90 AXSTI0270
IF (ADX=0.01) 5797 . - AXS510289
XVAL=FIRSTV=10.0%* (-EX]} A4LS513230
ADX= OLLTAV*10.3k%{-EX) AXS10300
STH=ANGL™*0.2174533 AXSI0310
CTH=COS(STH) AXST10320
STH=SIN{STH) AXS10330
0X8=-0.1 AXSI0340
DYR=0.15%¢A~3.05 AXSIO350
XN=XPAGE+DX3*CTH-DYB%STH AXST0360
YN=YPAGE+DYB&CTH¢DXB&STH . AXSIQ370
NTTC=8XLEN+1.0 : AXS10380
NT=NTIC/2 AXST2390
00 20 I=1.4TIC AXST10400
CALL MUMRTER{XNsYN,0.105,XVAL,ANGLI -1} AXS10410
XVAL=XVAL+ADX AXS10420
XN=XN+CTH AXST0430
YN=YN+STH AXS10440
IF (NT) 20411,20 AXSI0450
I=KN AXST10460
IF (EX) 12413.12 AXSI0470
I=7¢7.0 AXS12480
DXB=-,CT*Z+AXLEHN*0.5 AXS 10490
DYR=0,325%A-0,075 AXST0500
XT=XPAGE+DX3*CTH-DYB~ASTH AXSI10510
YT=YPAGS+DY3ACTH+DXB%*STH . AXS10520
CALL SYMBAL(XTyYT,0.14518C0,ANGLT,KN)
IF (FX) 14,20,14 ’ AXS10540
I=XN+2 ’ ' AXSTI0550
XT=XT+Z*CTH*0. 14 : AXSI0550




€2
&3
64
65
66
67
68
69
70
71
72
73
T4
75
76
17

78 .

79
80
81
82

20

30

YT=YT+2%STH*0.14
CALL SYMBOL{XT,YT,0.14,1550938112,ANGLE 3)
XT=XT+{3.0«CTH=-0.8*STHI*0.14
YT=YT+{3.0%STH+0.8%CTHY*0.14
CALL NUMBER(XT YT ,0.07:EXyANGLEw~1}
NT=NT~1
CALL PLOT{XPAGLC+AXLEN*CTH,YPAGE+AXLENS®STH, 33
DX8=~0.037T*¥A*STH
DYB=¢+D.07T*A%CTH
A=NTIC-1
XN=XPAGE+A%CTH
YN=YPAGE+A*STH
D3 30 I=1sNTIC
CALL PLOTI{XN,YH,2)
CALL PLOT(XN+DXB, YN+DYB,2}
CALL PLOTU{XN,YN;2)
XN=XN-CTH
YN=YN-STH
CONTINUE
RETURN
END

AXSI0570
AXSI0580
AXST0590
AXSI0600
AXS10610
AXSI0620
AXS10630
AXS10640
AXS10550
AXSI0660
AXSI06T0
AXSI0580
AXS10690
AXSI0700
AXSIOT10
AXS10720
AXSIOQ730
AXS10740
AXSI0750
AXSIO760
AXSIQ770



83

84

85

86
87
88
.89
- 90
91
92
93
94
o5
36
97
98
399
130
101
102
103
104
105
106
107
108
109
110
111
112
113

. 114

115
116
117
118
119
120
121
- 122
123
124
125
126
127

SUSRAUTINE SCALE1(ARRAY,AXLEN,NN, INC¢NT)

C THIS SURPROGRAM IS PART OF THE WATFIV IMPLEMEINTATION OF THE

ol CALCOMP PLOT ROUTINE CALLED SCALE. THIS SUBPROGRAM IS CALLED BY
C THE ASSEMBLEZR SUBPROGRAM CALLCOD SCALE.

Cevasne ARRAY MAME OF ARPAY CONTAINING VALUZS YO BE SCALED.
Cocese AXLREN LEHGTH N INCHSS OVER WHICH ARRAY IS TO BT SCALED.-
Cosaee NN NUMBER OF POINTS TO BE SCALED.

Cooases INC INCREMENT CF LOCATICON OF SUCCESSIVE POINTS.

Ceonece . NT LZYGTH 3F ARRAY.

DIMENSINN ARRAY(NT),SAVIL(T)
C THE ARRAY MUST BE DIMCNSICNED AT LEAST TWO LOCATIONS LARGER THAN
C THE ACTUAL NUMBER OF CATA VALUZS IT CONTAINS.
K=IARS({INC}
C TCSTING TO STE IF IT*S SIZEF IS LARGER
IF (NN*K+K+1 .LE. NT) GO TO 4
IT ISN'T LARGER
PRINT OQUT ERROR MESSAGE AND RETURN.
PRINT, *#%%ERF OR*** THE VCCTOR MUST BE DIMENSIINED LARGER THAN THE
1 NJMBER 7IF CATA VALUSS USED IN SCALE.?
PRINT,® SCALE IS NOT CXeCUTED.®
RETURN :
4 SAVE{l) = 1.0
. SAVE(2)=2.0
SAVE(3)=4.0
SAVE(4)=5.0
SAVI{5)=8.0
SAVE(6)=10.0
SAVE(T7)=20.
FAD=0.01
YO=ARRAY(1}
YN=YO
N = NN '* K
D0 40 I=1,NeK
YS=ARRAY(I)
1F (YO-YS) 23,20,10
10 Y0=YS$S
GD TO 40
20 IF (YS-YN) 40,40,30
30 YN=YS '
40 CONTINUF
FIRSTV=Y) .
IF (Y0O) 50,69,60
50 FAD=FAD-1.0
60 DELTAV={YN-FIRSTV)/AXLEN
IF (DELTAV) 180,130,70
70 1=ALOG1O(DELTAV)+1000.0
P=10.0**%{1-1000)
DFLTAV=DELTAV/P-0.01
DO 80 I=1,456 :
15=1
IF (SAVI(I}-DZLTAV) 80,90,90
80 CONTINUE
90 DELTAV=SAVE(IS)*P
FIRSTV=DELTAVEAINT(YO/DELTAV+FAD)
T=FIRSTVH(AXLEN+0.01)*DELTAYV
IF (T-YN) 1CJ,120,120
100 FIASTV=P#ATNT(YO/P+FAD)
T=FIRSTV+(AXLEN+.01)2DELTAV
IF (T-YN) 110,120,120

o0

0040
0050
0060
0070

0190

0120
0130
0140
0150
0160
0170
0180
0210
0220

0240
0250
0260
0270
0280
0290
0300
0310
0320
0330
0340
0350
0360
0370
0380

0390

0400
0410
0420
0430
0440
0450
0460
0470
0480
0490



128
129
130
131
132
133
134

135 °

136
137
138
139
140
141
142
143
144

110
120
130
140
150

160

170
180

IS=1S5+1

GO 10 90
FIRSTV=FIRSTV~AINT((AXLEN+(FIRSTV-YN)IDELTAV)/Z.O)*DELTAV
1F (YO®*FIRSTV) 130,130,140
FIRSTV=0.0

1F (INC) 150,150,160
FIRSTV=FIRSTV+AINT(AXLEN+.5I*0ELTAV
DELTAV=-DELTAV

N=NN#*K+]

ARRAY(N)=FIRSTV

N=N+K

ARRAY (N)=DELTAV

- RETURN

DELTAV=2,0*¥FIRSTY
DELTAV=ABS{DELTAV/AXLEN) +1.
G3 YO 70

END

0500
0510
0520
0530
0540
0550
0560
0570

0590

0610
0620
0630
0640
0650
0660



145

146
147
148
149
150
151
152
153
1S4
155

157
158
159
160
161
162
163
164
1€5
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183

184
1£5
186
187

10
20
30

40

50
60

70
80

90

100

110

120

SUBROUTINE LINEl(XARRAY,Y#RRAY¢NPTS.INC,LINTYP;INTEQ'IDIHIyIDIMZI
THIS SUBPROGRAM IS PART OF THE WATFIV IMPLTMENTATION 0OF THE
CALCOMP PLOT ROUTINE CALLED LINE. AN ASSEMBLER SUBPROGRAM
CALLED LINE EXISTS WHICH CALLS THIS SUBPROGRAM.

XARRAY MNAME OF ARRAY CONTAINING ABSCISSA OR X VALULS.
YARRAY NAME OF ARRAY CONTAINING ORDINATEZ DR Y VALUCS.

NPTS NUMBER OF PIINTS TO 8E PLOTTED.

INC [NCREMENT CF LOCATION OF SUCCESSIVE PDINTS.

LINTYP CCNTREQL TYPE OF LINE-—-SYMBOLS, LING, OR COMBINATION.
INTEQ INTSGZR EQUIVALTNT OF SYMBOL TO 32 USEDs IF ANY.
JoIM1 VARIABLT DIMENSION ELFMENT USED 3Y XARRAY.

IDIM2 - VARIABLT DIMENSION ELEMENT USED 8Y YARRAY.

DIMENSION XARRAY(IDIM1),YARRAY(1DIM2)
LMIN=NPTS*INC+]

LNX=LMINEINC

NL=LMIN=-INC

FIRSTX=XARFAY.(LMIN)

DELTAX=XARRAY{LDX)

FIRSTY=YARPAY(LMIN]

DELTAY=YARRAY (LCX)

CALL WHERE({XN+YN.OF)
DF:A&AXI(ABS((XARRAY(1)—FIRSTX)/DELTAX-XN)'ARS((YARRAY(I)—FIRSTY)/
EDELTAY-YN))
DL=AMEX1{ABS(LXARRAY{NL)—~FIRSTX)/DELTAX=XN}sABSC{VARRAVINL)-FIRSTY
£}/DFLTAY-YN)) :
IPEN=3

1CODE=~1

NT=IABS(LINTYP)

IF {LINTYP) 20+10,20

NT=1 )

IF (DF-DL) 40,40,30

NE=NL -

NA=((NPTS—1)/NT)UT+NT-(NPTS-1)

KK=-INC

GO TO SO

NF=1

NA=NT

KK=INC

IF (LINTYP) 60,70,30

1PENA=3

1CNOCA=-1

LSW=1

G3 T2 90

NA=LDX

IPENA=2

1CODEA=-2

LSW=0

DD 150 I=1,NPTS

XN={ XAPRAY {HF) ~F IRSTX) /DFLTAX
YN={YAFRAY(NF)}-FIRSTY)/DILTAY

1F (NA-NT) 1C0,110,120

IF (LSW} 130,120,130

CALL SYMBOL {XNyYN,0.08, INTEQ,0.0,ICODE)
CALL SYMBOL({XMsYN,0.08, INTEQ,0.0, ICODE)
NA=1

GO T2 140

CALL FLOT(XNgYN,IPCH)

0040
0050
0360
0070
0080
0090

0130
0140 .
0150
0160
0170
0180
0190
0200
0210
0220
0230
0240
0250
0260
0270
0280
0290
0300
0310
0320
0330
0340
0350
0360
0370
0380
0390
0400
0410
0420
0430
0440
0450
0660
0470
0480
0490
0500
0510
0520
0530
0540
0550
0560



188
189
130
191
132
193

130
140

150

NA=NA+]
NF=NF¢KK
ICODE=1CODEA
IPEN=1PENA
RETURN

END

0570
0580
0590
0600
0610
0620



194

195

196

1e7
198
199
200
201
202
203
204

205

206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239

. 240
24Y

OO0

Ceecen
Cesoee
Ceeoce
Conooe
[
Cavoee

Cecose

10

20

30

40

50

460
70

SURRNUTINU AXISl(XPAGEuYPAGEcIBCD:NCHAR.AXLEN'ANGLE,FIRSTV;DELTAV)
THIS PROGOAM 1S PART OF THL WATFIV IMPLSMENTATION RIUTINES WHICH
PERFIRM THE SAME OPERATIONS AS THE CALCCMP PLOT ROUTINE CALLED
AXIS. THIS SUBPROGRAM IS CALLED BY THE ASSEMSLER RJUTINE CALLED

AXIS.

XPAGE, YPAGE COORD!NATES.OF STARTING POINT OF AXIS, IN INCHTS

18CD
MCHAR
£XLEN
ANGLE
FIRSTV
DELTAV

AXIS TITLE.

HUMBER NF CHARACTERS IN TITLS. # FOR C.C-W SIDE.
FLOATING POINT AXIS LENGTH IN INCHES.

ANGLE 7F AXIS FROY THE X-DIRECTION, IN DEGREES.
SCALE VALUE AT THE FIRST TIC MARK,.

CHANGE IN SCALE BCTWECN TIC MARKS ONE INCH APART

DIMENSION IBCD(1)

KN=NCHAR
A=1.0

IF (KN) 10,20,20

A=—-A
KN==~KN
EX=0.0

ADX=ABS(DELTAV)
IF (ADX) 30,70+30
IF (ADX=-99.0) 60+40,40

ADX=ADX/10.0
EX=EX+1.0
G2 12 30
ADX=ADX%10.0
EX=EX~1.0
IF {ADX-0.01)

50,70.70

XVAL=FIRSTV¥*10.0¥*{-£X])
ADX=NELTAVX10.0* *#(-EX}
STH=ANGLEZ*0.0174533

CTH=COS(STH)
STH=SIN(STH)

©0X3=-0.1
DY3=0.15%A-2.05

XN=XPBGE +DX8*CTH-DYB*STH
YN=YPAGE+0YB®CTH+DXB &STH

NTIC=AXLEN+1.0

NT=NTIC/2

DO 120 I=1,NTIC
CALL NUMBEP(XN,Y430.105,XVAL,ANGLE,2)

XVAL=XVAL+ADX

T XN=XN+CTH

80

90
100

110

YN=YN+STH

IF (NT) 120,80,120

Z=KN

IF (ZX) 96,100,590

1=1+7.0

DXB=-,0T*Z+AXLEN*0.5
DYR=7.325%A-0.075

XT=XPAGE +DXB*CTH-DYB*STH
YT=YPAGE+DYB*CTH+OXB*STH

1TEMP = [BCD(1}

CALL SYMBOL(XTsYT40.145IBCD,ANGLE,KN)

Z=KN+2

1F (=X) 110,120,110

XT=XT+Z*CTH20.14
YT=YT+Z*STH0. 14
CALL SYMBOL{XTsYTy0.1451550538112,ANGLE+3)

0030
0040
0050
0060
0070
0080
0090

o110
0120
0130
0140
0150
0160
0170
0180
0190
0200
0210
0220
0230
0240
0250
0260
0270
0280
0250
0300
0310
0320
0330
0340
0350
0360
0370
0380
0390
0400
0410
0420
0430
0440
0450
0460
0470
0480
0490

0520
0530
0540
0550
Q570



242
243
244
245
246
267
248
249
250
251
282
253
254
255
255
257
258
259
260

120

130

XT=XT+{3.0¢*CTH-0.8%STH)*0.14
YT=YT+{3.0%STH+0.8*CTH)*0.14

CALL NUMBER (XTsYTy0.072EXsANGLE s ~1}
NT=NT~-1

- caLL PLOT(XPAGE*AXLEN*CTH.YPAGE*AXLEN*STH13)

DXR=-0,07*A¥STH
DYB=+0.0T*A*CTH
A=NTIC~1
XN=XPAGE+A*CTH
YN=YPAGE+A#*STH

09 130 I=1,N\TIC
CALL PLOTUXNsY'{s2)
CALL PLOT{XN+DXB,YN+DYB.2)
CALL PLOT(XNyYN,2)
XN=XN-CTH

YN=YN-STH

CCONTINUE

RETURN

END

0580
0590
0600
0610
0620
0630
0640
0650
0560
0570
0680
0690
0700
0710
0720
0730
0740
0750

0760 °



261 SUBROUTINE EFRORI(T)

262 GO TO (10,20¢30),1
263 10 PRINT, t#¥*SRRORE*% ABS(SIN OR COS FUNCTION ARGUHENRT) >= PI # 2
1%% 18,.°
264 RETURN
265 20 PRINT,t*%%CRFOR¥*x%x  ATTEMPT TO MOVE LEFT FURTHZR THAN PLOT REGION
1ALLOWS.®
266 PRINT MAVE PLOT ORIGIN{(S) AN APPROPRIATE NUMBER OF I
INCHES TO THE RIGHT.® ) -
267 RETURN
268 30 PRINT, '#¥&WARNING**¥ CLOSING X COORDINATE POSITIAN SHOULD BE BEYD
’ 1ND RIGHTMOST X POINT PLOTTED.®
269 RETURN
270 END
SENTRY
CNRE USAGE NBJECT CODE= 22760 BYTES,ARRAY AREA= 16236 BYTES.TOTAL AREA AVAILABLE= 8(
DIAGNDSTICS NUMBER OF ERRORS= 0s NUMBER OF HWARNINGS= 0, NUMBER OF EXTENSIONS;
COMPILE TIME= 2.21 SEC,EXCCUTICN TIME= 0.73 SSCyDATE= T73/263,TIME=213:47342

0SsTOP



.. C FOO8

% iCT CODE ADDR1 ADDR2 STMT

I
COVBNONHWNMW

LI K2R R

11

P o
HwN

16
17
18

20
21
22
23
24
25
26
27
28
29
30
31
32

' 34

D FOOB ‘0¢008 .35
. 36

t2 37
DooC 0030C 38

FOF3 O0OOF 3 33

€000 - 00G00 40

FO38 00038 = 41

O N

43
00020 44
45

DooC 0000C - 47
0000 | 00000 48
Foo8 000F3 43
E0CO Q0000 50
F020 00038 51
FODB 00OF3 52

S O00OK T

FODO 00028 54
FOD8 000FO - 55

ow

SOURC

THCSSCN

430

GRA
GRS
GRR
GRL
GRO
GR1
GR2

FRO
FR2
FR4
ON

OFF

cos1

scas

SINL

SSIN

SIGN

MERGE

E STATEMENT
CSECT
THIS ROUTINE WAS MOIDIFIED SO THAT THE SIN AND COS

FUNCTIONS MAY BE CALLED (USING THE NAMES SIN1 AND COS1) BY THE

IFIED CALCOMP PLOT ROUTINES WHICH RUN UNDER HWATFIV.

SINE~COSINE FUNCTICNS (SHORT)

1. DIVIDE MAGNITUDE OF ARG BY PI/4 TO FIND OCTANT

AND FRACTION.
2. IF COSINEs CRANK OCTANT NUMBER BY 2.

3. IF SINS, CRANK OCTANT NUMBER BY 0(4) FOR +ARG(-ARG).
4. COMPUTE SINE OR COSINE OF FRACTION®*P1/& DEPENDING

ON THE OCTANT.

5, IF OCTANT NUMBER IS FOR LOWER PLANE, MAKE SIGN -.

2S-TYPE ENTRY POINT
0S~TYPE ENTRY POINT
ERROR MISSAGE RTN.

ENTRY cosl
ENTRY SIN1
EXTRN ERROR1

EQU 1 ARGUMENT POINTER
EQU 13 SAVE ARcCA POINTER
QU 14 RETURN REGISTER
EQuU i5 LINK REGISTER

EQU (¢} SCRATCH REGISTERS
EQU 1

€QuU 14

GENERAL REGISTERS 2 AND 3 ALSO USED

€Qu 0 ANSWER REGISTER
EQU 2 SCRATCH REGISTERS
EQU &

EQU X¢FFe
EQU Xv00¢*

USING  *,GRL

BC 15,5C08 COSINE ENTRY

oC AL1(3)

o cL3'Ccas’

STM GRRyGRL,121GRS) SAVE REGISTERS

MVI CRANK¢3,X'02" FOR COSINE, OCTANT CRANK IS 2

L GR2,0(GRA) COS(X) = SIN(PI/2+X)

BAL GRL,MERGE ADJUST BASE REGISTER AND MERGE
USING  *,GRL

B8C 15,SSIN SINE ENTRY

DC AL1(3)

DC CL3'SIN®

STH GRR,GRL,12{GRS) SAVE REGISTERS

L GR2,0(GRA) OCTANT CRANK IS & IF =-ARG
MV I CRANK+3,X'00° FOR SINE, OCTANT CRANK IS O IF +ARG
™ O(GR2) ;X' 807 SIN(-X} = SIN(PI+X)

8C By#+8 ]

¥VI CRANK+3,X* 04"

LD FR&,ONE LOAD FR%4 DOUBLE WITH ONE

LD FR2, CRANK CLEAR L.O. FR2 AND LOAD WITH CRANK

PAGE 1

20 SEP 73

00020018

00030018
00040018
00050018
00060018
00070018
00080018
00090018
00100018
00110018

00310018
00320018
00330018
00340018
00350018
00360018
00370018
00430016
00440000
00460000
00480000
00486014
00492014

00510018

00530018
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0000

FOEC
FO9E
FOEO

F048

£0B4
FOB7
FOS8

0004
FOB7
F068

FOES8
FO72

F0CO
FOC4

FOC8:

FOCC

FOR7
FQO96

cooc

FO80
FOBS8

00004

ADCR1

000CF

. 000CF

000CF

ADDR2

00000
00104
00086
000F8

00060

000CcC
00070

00004

0G280

C0100
OCCBA

00008
000DC

COJEO

000E4

_000AE

0000C

000C8
000D0

STMT

586
57
58
53
60
61
62

64
65
66

68
69
70
71
72

74
75
76
77
78
75
80
81
82
83
84
8s
86
87
88
89
90
91
92
93

95

97
98

100
101
102
103
104
105
106
107
108
109
110

SOURCE STATEMINT

LDR FRO,FR2 CLEAR L.0. FRO
LE FRO,0{GR2) OBTAIN ARGUMENT
LPER FRO,FRO CONSIDER ARGUMENT TO BE POSITIVE
CE FRCyMAX _
8c 10, ERROR ERROR IF /X/ GRT THAN OR = pI#2%%18
™MD FRO,FIVPI MULTIPLY BY 4/PI (LONG FORM})
CER FRO FR4G '
BC 44 SMALL IF PRODUCT LESS THAN 1, JUNP
AWR FROsFR2 GIVE PROD CHAR OF 465 UNNORM, ADD CRANK
LER FR2,FRO INTEGER PART OF PROD TO FR2, UNNOIRM
SDR FRO,FR2 FRACTION PART OF PROD TO FRO, NORH
SMALL STE FR240CTNT SAVE GCTANT. LAST 3 BITS ARE MOD OCTANT
™ OCTNT+3,X°01° IF ODD OCTANT, TAKE COMPLEMENT OF
gc 8,EVEN FRACTION TO OBTAIN THE MODIFIED
SDR FROsFR& FRACTION R
LPER FRO, FRO
EVEN LA GR1,4 GRY = 4 FOR COSINE POLYNOMIAL
™ DCTNT+3,X?03° THIS 1S FOR OCTANT 2, 3, 65 OR 7
8C 4o%e8 GR1 = O FOR SINE SOLYNOMIAL
SR GR1,GR1 THIS IS FOR OCTANT 15 4y Ss OR 8
LER FR% 4 FRO LOAD FR4 WITH R FOR MULTIPLICATION
CE FRO,UNFLO
8C 2,546 IF R¥#2 LST 16%%-3, SET TO O
SER FRO, FRO THIS AVOIDS IRPSLEVANT UNDERFLIM
MER FRO,FRO COMPUTE SINE OR COSINE OF MODIFIED
LER FR2, FRO FRACTION USING PROPCR CHEBYSHEYW
ME FRO5S3(GR1) INTERPOLATION POLYNOMIAL
AE FRO,S2(GR1}
MET FRO, FR2
AZ FROsS1(GRL)
MER FRO4FR2
AE FRO,SO(GRL) SIN{R}/R DR COS(R) READY
¥ER FROsFR4 IF SINE POLYNOMIAL, MULTIPLY BY R
™ JCTNT+3,X* 04"
8C Be#t6 IF MODIFIED OCTANT IS IN
LNER FROsFRD LOWER PLANE, SIGN IS NEGATIVE
EXIT EQU %
L GFR,12(GRS)
* MVl 12(GRS) ¢ X'FF*  RETURN
BCR 15, GRR
%
* .
CNIP 2.4
-4
#* CALLING SEQUENCE CODE FOR ERROR1
*
ERROR LA 14,ICI LOADING THE RETURN ADMRESS
L 15,ADERR ADDRESS OF THZ CALLED RTN ERRORI.
BALR 1,15

% THE CALLING ARGUMENT LIST

DC X*82%,AL3(ITEMP)
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00730018
00740018
00750018
00760018
00770018
00790018
00810018
00839018
00850018
00870018
00890018

00930018
00950018
00970018
00990018
01010018

01050018
01070018
01090018
01110018
01133018
01150018
01170018
01190018
01210018
01230018
01253018
01270013
01290018
01310018
01339018
01350018
01370018
01390018
01410018
01430018

01643016
01651018

01685000



CT CODE ADCR1 ADDR2 STMT
10000 111

112

} FO96 000AE 113

115

116

10000 117

10001 118

3B368 119
J2F62 120
+ABBC 121
JOFDB 122

100600 123
212600 124
: 125
3000€00000000 126

¥SF306DC9C883 127

20060 128

JIOFDA 129

130

PAGE 3

SOURCE STATEMENT 20 SEP 73
DC X*10',AL3(0)
1C1 EQU ¥
BC 15,EXIT
OCTNT DS F 01801018
DS 0D 01802018
ADERR CC A(ERRORL}
ITEMP DC F*1?
s3 ncC X*8D258368° -0.00003595 SIN C3 01804018
s2 oC X*3EA32F62° 0.00249001 SIN C2 01806018
S1 ocC X*CJO14ABBC* -0.08074543 SIN C1 01808018
SO ] X*40C90FDB* 0.78539816 SIN CO 01810018
co oC X*41100000° 1.00000000 cos Co 01811018
. DC X*CcCc000000° 01812018
CNE £QU co 01813018
CRANK DC X1460030000C000000° 01814018
FOvPT DC X*41145F3060C3C883° 01815018
UNFLO DC X*3E100000° ) 01816018
MAX bc X*45C90FDA" pIx2%%18 01817018
END 02140000



APPENDIX B

This appendix contains rprogram listings of PLOTS,

SYMBROL, SIMBLE, NUMBER, SCALE, AXIS, AXISI, and LINE,



APEENDIX C

This appendix contains a listing of a sample program

run using both the WATFIV and FORTRAN G compilers. The

identical plot produced by these prograns is also included.



" EORTRAN IV G LEVEL 21 MATN DATE = 73263 22726728

[
C THE FORTRAN G VERSION OF THE CALCOMP PLOT RJUT INES

c
0001 DIMENSION IBUF(4000), XARRAY{25), YARRAY {26}
0002 caLL PLATS(IBUF,4000)
cCo3 RZAD 25, {XARRAY{(I},YARRAY{1),1=1,2%4)
0004 25 FORMAT(2F6.2)
0025 CALL PLOT{(O0.r~-5.9~3)
0006 ' CALL PLOT{O4ve5¢~3)
0007 . CALL SCALT (XARRAY,5.42451)
0008 CALL SCALZ (YARRAY,6.924,1)
' 0009 CALL AXIS(D.,0.921HTIME IN MILL I-SECONDS 3=2195.00.5 XARRAY(25) ¢
1 XARRAY(26)}
0010 CALL AXIS(O-'0-17HV0LTAGEV716.190.,YARRAY(25),YARRAY(Z6'§
0011 CALL LINF{XARRAY,YARRAY,24,1,244)
0012 CALL SYMBOL(.5+5.640.21,1€HPERFORMANCE TEST0.5160
0013 CALL SYMBIL{0.545.2+0.14516HRIF, NO. 1623-465045 16}
0014 CALL PLOTI(12.0,0.C,999)
0015 STaP

0016 END



PERFORMANCE TEST —

REF. NUO. 1523-UB6 5
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WATFIV

THE WATFIV VERSICH OF THE CALCCMP PLOT ROUTINES.

25

DIMENSION IRUF{4000),XARRAY(26),YARRAY(26)

CALL PLOTS{IBUF,4000)

READ 25, ({XARRAY(I) o YARRAY(I),1=1,24)

FORMAT (2F6.2)

CALL PLOT({O«y-5.9-3)

CALL PLOT(0.ye55-3) .

CALL SCALE (XARRAY15.42441)

CALL SCALL (YARRAY,6.524%441)

CALL AXIS(O4.90e92lHTIMZ IN MILLI~SECONDSy~2135.+0.9XARRAY(25),
1XARRAY (26))

CALL AXIS(0es04sTHVIOLTAGE 4 746.990.9 YARRAY(25),YARRAY{26))
CALL LINS({XARRAY YARRAY 4244514244}

CALL SYMBROL({.5+5.640.21¢154HPERFCRMANCE TEST0.,156)

CaLL SYMROL(0.545.2+0.14,16HREF. NO. 1623-46,0.,5156)

CALL PLOT(12.0+0.0,999)

STOP

FND
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PERFORMANCE TEST ,—

REF. NT. 1623-uUb
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