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I INTRODUCTION

Digital computer simulation programs are continuously
being developed, or simplified in some manner, to incorporate the
interactive computer graphics terminal system to obtain graphic dis-
plays as a portion of their output results. These displays are ideal
for data analysis, reduction and retention purposes, as well as for
inclusion within technical reports and presentations. However, the dis-
plays require annotations and labelings such that they can be identified
at some future date for reference purposes. Certain difficult problem
3 areas are encountered with the annotations and their placement on the
f interactive graphic displays.

This technical report, therefore, fully documents for the inter-
active computer graphics terminal system user some of the more difficult
problem areas, techniques and methods for their solution, and available
subroutines which have been developed for interactive graphic display
annotations and control. A discussion of the difficult problems of
graphic display annotations is contained in Section II of this technical
report. Section III presents a possible technique and method for the
solutions to the problems. Subroutine subprograms, which have been
developed and placed in the system library, for graphic display annota-
tions and control are completely documented in Section IV along with
examples of their usage. Section V contains an application program which
; illustrates the utilization of the graphic display annotation and control
& i subroutines. The results, conclusions, and recommendations for future
| study and application are contained in Section VI.

These simulation programs and subroutine subprograms are presently
being used on the interactive computer graphics terminal system [1,2]
located in the Guidance and Control Analysis Simulation Facility of the
v US Army Missile Command's Guidance and Control Directorate at Redstone
# Arsenal, Alabama. This simulation facility is described by Jolly et al.

[2]. Familiarity with digital computer system operations and some knowl-
E; edge of computer programming languages, in particular, Fortran IV [3-10],

‘ has been assumed.

i. STATEMENT OF THE PROBLEM

This section contains a discussion of some of the more diffi-
cult problems associated with the annotating and controlling of the
graphic display plots by the interactive computer graphics terminal
system. First of all, the input/output (I/0) done by the terminal con-
! trol system (TCS) Plot-10 software is performed by two subroutines,

f RD7611 for input and WT761l1 for output, respectively. A description of
3 the TCS Plot-10 software is presented in reports by Tektronix, Inc.
[11,12]. Alternate entry points for the two subroutines are TINPUT and
TOUTPT for input and output, respectively. These routines are system-
dependent and must be provided for each digital computer system.
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Their function is simply to input and output American Standard Code for
Information Interchange (ASCII) characters (see the ASCII Table in
i Appendix A). The data are transferred to and from the Xerox Sigma 5
f analog coupler driver system and the Tektronix model 4002A graphics com-
| puter terminal by the Xerox model 7611 character-oriented communications
f (COC) controller on a character-by-character basis; for output, the
character is contained in the rightmost byte of the word (i.e., byte 3).

Secondly, the Extended Binary-Coded-Decimal Interchange Code (EBCDIC)
is used by the Xerox Sigma 5 analog coupler driver simulation facility,
where there are four characters or bytes per word. Therefore, this pre-
sents a problem of conversion from EBCDIC to ASCII for graphic display

1 output and from ASCII to EBCDIC for input. Additionally, only certain
_ characters may be converted from EBCDIC to ASCII and vice-versa by the
b subroutines and function subprograms provided in the COC I1/0, control,

and utility software package. The particulars pertaining to the char-
acter code conversion processes can be found in Appendix A.

Finally, the characteristics of, and strappable options available
and provided with, the Tektronix 4002A graphic computer terminal effect
the annotations and control of the graphic display output. Some of the
more important characteristics and options are as follows:

o TR RS s

a) 39 lines of 85 normal size or italic characters in the main h
display area. One line of 84 characters in the scratch pad area.

b) A 94 upper and lower case printing character (ASCII code) set.

i c) The optional character rotator card module, which is installed
in the drawer unit of the Tektronix 4002A, provides for the rotation of
displayed characters in increments of 90 deg in a clockwise direction.

d) The optional horizontal tab feature permits insertion and
removal of horizontal tab positions and shifting the,6start of the dis-
played line to any selected tab position.

b These characteristics and options have the following affects upon
i; the graphic displays:
P“

|

a) If a line of output characters greater than the 85 allowed is
| attempted, the output is jumbled on the right side of the cathode ray
tube (CRT) display screen area.

[ b) If more than the 39 allowed number of lines is attempted, the
{ output is returned to the "home'" position (top left of the screen) and
{ the output is continued until completion. This causes overlapping and
l overprinting of output on the display area.

A S g P ¢ e 8

, Appendix B presents a standard operating procedure for "turning=-on"
i the Tektronix 4002A graphic computer terminal each morning. This proce-
: dure should help in eliminating the difficulty usually encountered in
obtaining the first graphical displays from a digital computer program
when the Tektronix 4002A terminal is first "powered-up."
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. SOLUTION OF THE PROBLEM

The obvious solution to the difficult problem areas is to
develop generalized subroutine subprograms for handling the annotations
and control of graphic displays. These generalized subroutines have
been developed and placed in the system library of the Xerox Sigma 5
analog coupler driver simulation system facility, If any of the sub-
routines are required by a user's application program, the subroutines
are loaded at load time by the overlay loader "OLOAD" processor of the
hybrid real-time batch monitor (HRBM) operating system. These subrou-
tines have been written in the extended Fortran IV programming language;
however, the subroutines are compatible for usage with application pro-
grams written in the Fortran IV-H programming language and/or with the
macro-symbol assemblier language,provided the proper linkage is estab-
lished, Thus, the subroutines are easily accessed by all application
users of the interactive computer graphics terminal system.

The objective of this report is to describe the function and usage
of these graphic display annotation and control subroutines. The func-
tional description and examples for usage of the annotation and control
subroutines for graphic displays are contained in Section IV. Section V
presents a typical application program for the interactive computer
graphics terminal system which makes use of the graphic display annota-
tion and control subroutines.

For comparison purposes only, Appendix C includes four programming
examples which illustrates the various methods and techniques of anno-
tating and controlling the interactive graphic display plots.

. THE SUBROUTINE SUBPROGRAMS

A. Subroutine CHARRD

This subroutine enables a user to interactively control
the generation and hard copy output of CRT displays. Cecntrol is pro-
vided by characters input via the Tektronix 4002A keyboard. These con-
trol characters enable a user to obtain ahard copy of a graphic display,
to redraw the current display(s), or to step to the next program func-
tion. The control characters are upper case; i.e., the shift lock key
of the CRT keyboard should be depressed prior to selecting a control
character. The control characters and their functions are as follows:

C — Continue to the next program function (Fortran
statement, assumed) following the call to subroutine
CHARRD.

D = Produce ahard copy of the current display and wait
for further control characters to be input.

R = Return to the statement label specified in the
calling sequence.

5
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f All other characters are ignored; however, the program loops (waits) in
i this subroutine until one of the preceding control characters is input.

Calling Sequence:
| CALL CHARRD (&LAB)
where:

E The calling argument (&LAB) is a statement label by which control
is transferred upon detection of the R control character.

A normal return (to the statement following the call to CHARRD) is
made when the C control character is detected.

-

External Subprograms Required:

; BELL

b - HDCOPY
E NDIG

E NSTCK

3 RD7611

Example of Usage:

105 CONTINUE 3

CALL CHARRD (&105)

-
.

i A listing of the subroutine CHARRD is shown in Figure 1.

H SJ3RIJTINT ZA4ARD(#)

Y B SALL T RERL

¢ 1201 ZA_L V7611(1,174ARIFLAT)

: IPC1T AT wuTe 0) GY TS 1291

¢ 12D IF(NSTIC(]) «3%e &) G3 TSI 1232
: IZ24AR1 = NDIS(IZ4AR12=1))

- S(IZ4A1 eZ73e 67) RETIRNN

H F(IZ4AR1 e AR) ZALL AHDZ35Y
: S(I174AR1 ¢Z7e 8P) ITTIIN 1

: 3 Ty 1293

: N

R S S S A
; PR v

Figure 1. Listing of subroutine CHARRD.
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Input:

The execution of control character selected for input from the Tektronix
4002A keyboard as subroutine CHARRD depends upon the expected output results.
output results. The possible inputs have already been described pre-
viously as: 'C' = to continue, 'D' — to make a hard copy, and 'R' -
to transfer control to a Fortran statement label of the calling routine.

Qutput:

e A

The output resulting from the execution of subroutine CHARRD is
dependent upon the control character selected as input from the 4002A
keyboard (see preceding input).

i

B. Subroutine HITLES

Subroutine HITLES enables a user to output specified
character strings for graphic plot display annotations. The user must
specify position and character orientation for the character strings,
where position specifies the starting position for the first character
of the string (specified in screen coordinates). Orientation specifies
that the character strings shall be output either as a horizontal string
read in a left to right manner, or a vertical string with each character
rotated 90 deg counterclockwise such that the character string is read
from bottom to top, i.e., assuming the bottom of the CRT display is the
i horizontal axis.

Calling Sequence:
CALL HITLES (LS,MH,MV,NC,HLAB)

where:

LS = An integer variable with a value of 1 or 2. A value of
1 specifies that the character string is to be output
1 horizontally and a value of 2 specifies that the character
string shall be output vertically with the 90-deg counter-
‘ clockwise rotation.

Rt e

FRgees

MH -~ An integer variable that specifies the screen coordinates
in the X-direction from the lower left corner of the CRT
display for the first character of the string.

An integer variable that specifies the screen coordinates
' in the Y-direction from the lower left corner of the CRT
4 display for the first character of the string.

S T P St g
AT e

NC = An integer variable that specifies the number of char-
acters in the character string to output.




HLAB = An array containing the EBCDIC character string to be
output to the CRT graphic display. The calline program
(main/subroutine) may generate this string by filling the
array with Hollerith constants or by specifying a Literal
constant.

External Subprograms Required:

HLABEL
MOVABS
NASCII
NSTCK

RVTITL

Example(s) of Usage:

Example No. 1. DLepleting Hollerith constant data.

.

CALL HITLES(1,150,75,26,26H INDEPENDENT
VARTABLE LABEL)

CALL HITLES(2,60,640,24,24H DEPENDENT
VARIABLE LABEL)

Example No. 2. Containing Hollerith and Literal constant data.

{ .

: DIMENSION LABH(7) ,LABV(6)
: DATA LABH/'INDEPENDENT VARIABLE LABEL '/
' DATA LABV/24HDEPENDENT VARIABLE LABEL I

CALL HITLES(1,150,75,26,LABH)
CALL HITLES(2,60,640,24,LABV)

;& Example No. 3. With Literal constant data.
| . g

- CALL HITLES(1,150,75,26,"' INDEPENDENT VARIABLE LABEL')
CALL HITLES(2,60,640,24, 'DEPENDENT VARIABLE LABEL')

| :

A listing of the subroutine HITLES is shown in Figure 2.

——————— v
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1 SJ3RDIITING AIT_E3(_SsM4»vVaNTe4_A3)

2 [NTEGZR 4LA3(N2)

3 INTE3ER 4_(R2)

42 29 29, I = 1,NE

5: 4.(1) = NASZIT(4_A3,1)

6: 20 ZANTINJE

7 23 TS (32,42)s LS

Y 30 ZA_L M3IVA3Z (U4, MY)

3 CA_L HLA3T_(NZ,H4L)

103 53 T8 13

11 49 ZTA_L VTIT_(M4sMVaNT»HL)

122 10 IS(NSTCL(I) «5Ze 3) G9 T3 1D

13: RITIRN

142 —\D

Figure 2. Listing of subroutine HITLES.

Output:

The output to the CRT display resulting from subroutine HITLES
execution is dependent upon the parameters passed within its calling
sequence. For the simple examples previously given, the output appear-
ing on the CRT display screen is shown in Figure 3.* Other illustra-
tions, which contain calls to subroutine HITLES and its resulting out-
put, are shown in other subsections and in Section V of this report.

Input:

None, the parameters that are required 'of subroutine HITLES are
passed within the calling statements.

C. Subroutine RVTITL

The subroutine RVTITL outputs to the CRT display character
strings specified by ASCII integer values in the vertical manner with
each character rotated 90 deg counterclockwise. Then, the character
string is read from bottom to top. The user must specify the starting
position for the first character of the string alsc, as well as the
number of characters to be output.

*This figure was output from program example number 4 in Appendix C.
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Calling Sequence:

CALL RVTITL(MH,MV,NC,LABRV)

where:

MH — An integer variable that specifies the screen coordinate
in the X-direction from the lower left corner of the CRT
display for the last character of the string.

MV = An integer variable that specifies the screen coordinate
in the Y-direction from the lower left corner of the CRT
display for the last chaiacter of the string.

NC = An integer variable that specifies the number of char-

acters in the character string to output.

LABRV = An array containing the ASCII integer values of the
character string to be output to the CRT display.

External Subprograms Required:

ANMODE
MOVABS
NSTCK

TOUTPT
WI7611

Example(s) of Usage:

DIMENSION LABRV (26)
DATA LABRV/73,78,68,69,80,69,78,68,69,78,84,32,
186,65,82,73,65,66,76,69,32,76,65,66,69,76/

CALL RVTITL(MH1,MV1,NC1,LABRV(3))
CALL MOVABS (MH2,MV2)
CALL HLABEL(26,LABRV)

A listing of the subroutine RVTITL is shown in Figure 4.

11
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1 SJ3IRIIJTINT IVTITL(MH,MVINCIRV_AD)Y
2 INTESSR vLAl
3: JIMENSIIN IIV_A3(NC)
43 TA_L MIVA3IS(M4,MV)
58 “A_L ANMIDE
6 TA_L AT7611(21)
H CA_L AT7511(21)
H TA_L AT7511(21)
- )9 10 J = 1.N2
103 < = (NC+1) =
118 TA_L AT7611(V_A3(K))
i2: CA_L TAITOT(R)
132 TA_L T9JTOT(19)
148 20 IF(NSTZL(]1) o35 3) 33 T3 290
15:¢ 19 Z9NTINJE
163 TA_L AT7811(21)
17 RITIRN
183 =\ND

Figure 4. Listing of subroutine RVTITL.

Input:

None, the parameters that are required of subroutine RVTITL are
passed by the calling statement.

OQutput:

The output to the CRT graphic.display area resulting from subroutine
RVTITL execution is dependent upon the parameters contained within its
calling statement. For the simple examples previously given, the output
appearing on the CRT display area is shown as in Figure 5. Heretofore,
it has been the customary practice to make the following statement calls:

CALL MOVABS (MH1,MV1)

CALL VLABEL(NC1,LABRV(3))
CALL MOVABS (60 ,600)

CALL VLABEL(20,IDVL)

.
.

to obtain the CRT display as shown in Figure 6 on the Tektronix 4002A
graphic computer terminal screen.
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Program example number 3 (Appendix C) was used in obtaining the
output results contained in Figure 5. This is, in reality, Figure 3
redrawn to a different scale. Figure 6 is the output resulting from the
execution of program example number 2 statements in Appendix C. Notice
that this is the customary practice for obtaining the grid lines and
tick marks on the graphical display plot. However, the user may control
these options by including various calls to routines to handle these
functions as described in References 11 and 12 and as shown in the pro-
gram listings of Figure 10 and Figure C-2 in Appendix C. These subrou=- { 4
tine calls include the following:

CALL XFRM(2)
CALL YFRM(2)
CALL XMFRM(2)
CALL YMFRM(2)

Also, the form of the line, as well as the size and shape of symbols,
can be chosen by the user making the subroutine calls:

CALL LINE (14)
CALL SYMBL(4)
CALL SIZES(2.0)

WARNING

Serious consequences can result from including these calls within
the user application program. This can be demonstrated by including
the following call within the program of Figure 10,

CALL VBARST(4,46,25)
instead of the call

CALL VBARST (4,46,0)

as shown., These subroutine calls are not recommended to the novice
programmer of the interactive computer graphics terminal system,

D. Subroutine INTCRT

Subroutine INTCRT performs the initialization function
for the interactive computer graphics terminal system. Subroutine INTCRT
contains call statements to other subprogram routines which initiates
the hardware components by resetting the Xerox Model 7611 COC controller

14 1
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and checking that it is switched on. External interrupts 6 and 7 are
centrally connected and various software counters are initialized.

Also, calls to subroutines are performed to initialize the Tektronix
Model 4002A graphics computer terminal hardware and the Plot-10 software
system; The one call to subroutine INTCRT within a main program or a
subprogram routine replaces the three necessary (required) calling
statements to subprograms ST7611, INITT, and BINITT. A message is out-
put to the CRT display screen that the program is ready and that a 'C'
control character is required as input from the display keyboard to
continue.

Calling Sequence:
CALL INTCRT (KAG2) ;
where:
KAG2 = An integer parameter (variable or value) denoting

that the advanced graphing II software package is tc be
initialized.

PR

Example of Usage:

CALL INTCRT(1)

Input: ;

None,

Output:

The output resulting to the CRT display screen as a consequence
of executing subroutine INTCRT is shown in Figure 7,

Ny

[ External Subroutine Required:

P

BINITT ERASE INITT ﬁ
g CHARRD HITLES ST7611

' A listing of the subroutine INTCRT is shown in Figure 8.

!
:
!
!
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e T T

1t SJ3RIUTINE INTZIT(<AG2)
2% JIMENSIIN _A34(5)
3: JATA _A34 / 'TYPE 2 T3 TONTINJZ. ¥ 7/
A:Cﬁ&.nnn.p......»io..uuilnb;c..n.....ol
5 C wne JSZR INITIALIZATION A 1 2 3 T 5 ew
6 C nwe 3Y: _AIMIN 5. 1393V baw
7: C wee 1 MARZAH 1374 ‘en
: c BEN % R R R R xR RN B R EE R R E R RFE R OE R R R # * 8 & gegs
: 10 CA_L ST7411
103 CA_L INITT(12D)
118 IT(<A32 oNZe 2) ZA__ 3INITT
12: CA_L AIT_S5(15200040202465 42224 123TS 233344 TAIY, ' )
132 CA_L HAIT_25(1020003720130_434)
143 SALL SHARRDI(X1D)
153 ZA_L ZRAST
163 RITIIN
170 C #ku o % % # % % % % % # % % F % % % K ¥ B ¥ K F F E 6 8 % B % % & puswe
18: C wee JST TINA_TIZATIIN 37 1 C 5.7 2 ‘e
190 C #4s % % % % & % % % % # % % B ® B ¥ 8 B ® E B E B O®E ¥ B & ¥y B B8 geas
20: INTRY ZRTTIN
218 20 ZA__. ZRAS3T
22 CA_L 4IT_T5(142900422037, 149224 12573 333349 ZIMILETI), ' )
238 CA_L HIT_25(142000372212,_A34)
242 CA_L THARRD(X29) .
258 CA_L ZTRAS3E
26 CA_L TINITT(D,749)
27: ZA__ 477511
283 RETIRN
293 N\ND

Figure 8. Listing of subroutines INTCRT and CRTFIN.

E. Subroutine CRTFIN

Subroutine CRTFIN performs the terminating function for
the interactive computer graphics terminal system, A message is output
to the CRT display screen that the program is completed and requires a
'C' input from the keyboard to continue. The CRT display is erased
(cleared) and the cursor moved to the home (0,740) position. The I/0
activity from/to the keyboard/display through the Xerox Model 7611 COC
controller is terminated and the centrally connected interrupts (6 and 7)
are disconnected.

Calling Sequence:
CALL CRTFIN

Parameter(s) Entered:

None.




Example of Usage:

CALL CRTFIN

External Subprograms Required:

CHARRD
ERASE

FINITT
HITLES
HT7611

Qutput:

The output to the CRT display screen as a consequence of subroutine
CRTFIN is shown in Figure 9.

The calling statement to subroutine CRTFIN in the main program or
a subprogram routine replaces the necessary (required) three calling
i statements to the subroutines HOME or MOVABS, FINITT, and HT761l1. Sub-
i routine CRTFIN is an entry point in subroutine INTCRT.

Input:

None.

A listing of the subroutine CRTFIN is shown in Figure 9.

; V. AN APPLICATION PROGRAM AND ITS EXECUTION

‘ This section presents a typical user application program which
uses the interactive computer graphics terminal system for a portion of
the output result. This program illustrates the usage of the graphic
display annotation and control subroutines that have been developed and

I discussed in Section IV. Most of the examples given in Section IV have

| been used within the main program contained in this section. Other
examples have been included, for comparison purposes only, to compare
these techniques and methods with the customary practice used to anno-

tate and control graphic displays heretofore. A listing of the main
program, which contains the calling stafements to the annotation and

control subroutine subprograms, is shown in Figure 10.

!
f
'
¢
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53¢
Sk
553
56:

T VR e

100
190

15
20
25

39

TAL#8 IOV, IINOM2. E1

JIMENSIIN YNJM(15)» XDAT(15)

JATA YNJM 7/ 15#0.0 /

DATA XJAT / ©3¢50023¢00¢=2¢300+24200=1¢500=1200=3¢50¢9¢0+0¢50,
1 1¢0051¢5252600+2¢50s 3202 330 /

IX = 1209

2RINT 15

ORINT 20

29 19 1 = 1,1000

CALL RANDU(IXs1Y,RNIML)

IFCI ouEe 25) PRINT 25,14IXs1Y,NIM]

CALL RANDJ(IX21Y,RNIM2)

£1 = DSIRIT(=2e0D0#I_3G(INIML))#DZ235(6283185307230#NIv2)
IF(T oLEe 235) PRINT 25,12IXs1Y,3W042,21

ERN = SN3L(Z1)

XLLIM = =3.25

XJLIM = «2475

29 102 J = 2,14

IF(ERN o_Ts =3425) YNJM(1) = YNJM(1) ¢+ 1.0

IF(ERIN o3Ee 3¢25) YNIM(15) = YNJM(15) ¢ 1,0

IF(ERIIN o3¢ XLLIM eANDe ZRN oiTe XJLIM) YNJUM(J) & YNJIM(J) + 1e)
XLLIM & XLLIY ¢ 0Oe3

XJ I = XJ I ¢ 065

CONTINJE

CONTINJE

SRINT 15

23 11 N = 1,15

SYINT 30, N XDAT (NI YNIM(N)

CONTINJE

PRINT 15

CONTINJE

S.9T THE DJATA www

CA_L INTZRT(1)

CALL NPTS(13)

CALL LINE(2)

CA_L XFM(2)

CALL YFRMV(D)

CA_L xMTMv(2)

CALL xM73IM(2)

CALL VBAXIST(4,46,0)

CA_L CHEZC(XDAT,YNUM)

CALL DSPLAY(XDAT,YNIM)

CALL LINE(14)

CALL CPLOT(XDAT,YNJIY)

CALL HITLES(15,300030,24»'AN3E 37 ANV NJM3IEIS. )
CALL AITLES(2,25,600025,'FREQIENZY IF DISTIIIIJITIAONY)
CALL HAITLES(1,200273043%," HISTI3AY 9F WUNIIM VUM3ER 3ENERATIONY)
CALL FRAvE

ZALL Z4ARRD(X%12)

GALL CRIFIN

CA_L T3SILS('3v ')

CALL EXIT

S9IMAT (1410/07)
TOIMAT(14X,141,5%X024IX019X0241Ys6Xs134AND3Y NJV3ZR)
FOIMAT(1IXs»15,117221122231565)

FIRMAT(1IXs»13,221545)

£ND

Figure 10. Listing of the main program.
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The primary purpose of this program is to generate a series of
random variables (in this case, 1000) and to plot the output result in
the form of a histogram (see Reference 13 for a discussion of a histo-
gram plot). The program uses a random number generated with a uniform g
distribution by a subroutine to obtain a random number with a Gaussian
distribution (zero-mean, unity-variance) using the Box-Muller transfor-
mation technique. The random number generator is subroutine RANDU.
Subroutine RANDU generates random numbers with a uniform distribution
in the closed set [0,1]. The listing of the subroutine RANDU, which is
based on the recurrence formula or multiplicative method, is shown in

Figure 11.
b I+ SJ2RFJTING R_ANDI(IXSIYeYTL)
2 RTIA_%R YT
3 [Y = TX#45333
4 IF(ly) 242605 ?
S 3 1Y = [Y+2147483647+1 -
63 6 YR = TY
7 YT_ =2 YT _¥e46554132=3
%3 X = 1Y
9 RET JRN
10 IND

Figure 11. Listing of subroutine RANDU.

All programs that are written for and executed on the Xerox Sigma5
analog coupler driver simulation facility are under control of the HRBM
operating system. The necessary job control commands that are required
by the HRBM operating system are shown in order in Figure 12. The main

1J0B RANDOM,NUMSERTEST
'FORTRAN SI,LS,58,BC(25),NS

FRRRRBERRRRRRERERBERERREXERRRRRRERERRRRRRRTRRERRERRERRRRRERERRRERRR

*% . * %
e USER®S APPLICATIBN PROGRAM *e
g AND 5UBRBUT INES P
e GB HEE. e
* % %

BEBRRBRRRRBRRBRRERRREFERERERAFRERBRERRRRRRERRLRRRRRRRERBRERBRTE RN

|
! PASSIGN (MsLO,LPAO2),NOVFC
TASS | GN (MsLL,LPAO2),NBV™C
‘ 19LAAD (TEMP, 450, (UNCR, 1), (FORF 2300, (L1B,USER ,SYSTEM) , (MAP)
<ROOT C(FILE,BT,GOLEODY, CFILF ,06,MOCA G BO,EBD), CFILE ,06,4G2F |LBO,EOD)
$ASSIN (F16,LPAO5)
175
1ROV
IF IN

BN gy @ ¢ e s a

Figure 12. Listing of job control commands.
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program and subroutine RANDU are compiled by the extended Fortran IV
compiler, loaded by the system processor overlay loader "OLOAD" from the
"GO" file onto the "OV'" file along with the required TCS Plot-10 files,
MOCAG2BO and AG2FILBO, and the library of subroutine subprograms. Then,
the program is executed in the foreground area of cocmputer memory. The
resulting outputs from the execution of the program are shown in

Figures 13 through 17. Figures 13, 14, and 15 are the outputs to the
Tektronix 4002A CRT display area. The output listings to the foreground
line printer are shown in Figures 16 and 17.

An alternate form of the graphic display for the same basic data
may be obtained by making a few modifications to the Fortran statements
shown in Figure 10. These modifications are:

a) To statements 40, 41, and 42.

40: CALL HBARST(4,37,0)
41: CALL CHECK (YNUM,XDAT)
42: CALL DSPLAY (YNUM,XDAT)

b) To statements 44, 45, and 46.

44 CALL CPLOT (YNUM,XDAT)

45: CALL HITLES(1,300,30,25, 'FREQUENCY OF
DI STRIBUTION')
46: CALL HITLES(2,25,600,24, 'RANGE OF RANDOM
NUMBERS. ') 1

The resulting output to the CRT display area will appear as shown in
Figure 18.

vi. RESULTS, CONCLUSIONS, AND RECOMMENDATIONS

{ This section presents the conclusions and commeiits concerning

’ the annotation and control subroutines for graphic displays previously
discussed in Section IV of this report. The graphic display output -

f resulting from the execution of a typical user's application program ]

using these techniques and methods has already been described in

Section V; however, their use and application extends directly to the

larger graphic display utilization of application programs such as the

CLGP, PATRIOT (SAM-D), and SIG-D.

s L R

—
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HISTOGRAN OF RANDOM NUMBER GENERATION

!
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RANGE OF RANDOM NUMBERS.

Figure 14. A CRT display of the random number histogram.
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PRSP 3%

OO WVWI EXEENNIPPIPANNFE F DDV

1T x

559391907
3313225390
1749477909
H33915704
7725197004
176223440
1857242715347
2115632414
XxA4131304
1723137112
Tah1Er944
RAGD24426
11428939774
1774252840
PS417485490
25939344
1179375074
13)24774%9
P1146456312
1484155 D
12774517114
1R76440137457
15927901734
4221902
14371567414
209995748
126437090
1476114504
14493421742
148431272
743493759
1193977414
ANNDNNEIT 4
1972161512
473>0u9
9117”7938 )R
1123968070
723954148
AIRARY 44
1533955464
13931376454
17951117324
POTIRTT 152
1277192440
18415357309
17733467841
X7 Ie470D
PAVIHTHA
W2 7764878
1656491944

Figure 16.

1y

£9559390 )1
293225 )N
176494999010
AR 18004
772519224
1062138440
1822429567
PN1IHA3PRT L
%9413394
1723139112
44 IRI3INN
R4 4D
1142831974
1N7A73PREAN
PR ITRAH
475510344
1172037324
19924774 <"
M 1hLAKIYD
166445, D
1277483314
1H744037 )2
181927021 314
AP EPEERE]
1440162614
BT R By N
196K 7PT52
147P611K5)4
144921757
14,8%31272
7496313745
1159797414
MNPV L
1572169512
473224n
911°25369°F
11297438 3D
799704148
AoRARY 4L
1533198544
1393574554
1999111344
TM7R431340
1277102440
1841694360
1713347840
w787
PPATKRT AN
Sx7766%2
1454491944

RANDIIM Jvi=

¢ 10519)=91
1KLY AN
e 2397) 9N
¢235%4) 9"
¢ 359713) I
474973 I
.71?’3\ b1
e 134690 3N
41636091
e¥D4IY AN
e 43679 N
414423 9N
enk149) Y
«SNELTD D)
¢11363Y 99
e239299) 99
eH659) 91
eALRLDY 9)
e IK535) )
077533 )=
e11396) 10
03272845 99
eHi145Y )
eh1217) 1)
«65337% 17
¢ 179779
LR ERR DL
0644933 30
¢e4A73113) 90
¢731762%=91
e 187641 91
eH34N1 7Y 99
¢13227) 99
e732117) 99
e79436% 9"
424349 M
e3RP41KY V)
¢ 13K94) 91
eNI275) )
+71335) 71
e AL%IY) )
o4 K294 9N
e N57R5Y 91
¢594719Y 49
e “47358Y 91
¢79313) )
e N IS4 Ve
e 17439 99
«27337) A
¢£7730) H)

«117739
177120
e 142729

«731599

«R15229
=e11992)
*e11774)
=e514630
*e5R64D)

¢ 150789

«71762)
*e47R73)

o734 29
“e372R03D

e 772490

= ¢134999

LY Talekcl BT

*e31107
¢ 5956239
©e35299)
*eJ911239)
*=e?1179
e 14RAD)
«177799

*=e719135)

1
29
M
19
.
7

o

19
29
1
b
11
33
11

1

oh)
1M
9
19
ekl
M

1

Line printer listing of the random numbers.
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1 =¢3500)% 01 3009292 22
2 =¢33027Z 71 *1220%Z J1
3 =e252002 M1 +11000Z 02
4 =¢20202E 21 *33399E 02
> =+13202% 01t «7300%Z 02
5 =¢19200% 91 0125012 03
7 =¢323002€ 29 ¢16795Z 03
8 *322392E 22 «23509E 03
3 *59202% 09 01659792 23
10 e 190098 01 - «12899%% 03
1 ¢1530%% 01 «53000Z 02
12 «23202% 01 +23000Z 02
13 ¢235002€ 901 +12009Z 02
164 *39200¢ O1 «1290n< 01
15 * 352022 21 «09332= A2

Figure 17. Line printer listing of the
random number histogram data.

As can be observed from the application program presented in
Section V, it can be concluded that graphic displays may be annotated
and controlled more easily by the techniques and methods- presented in
this report than has been possible within past programs. Additionally,
these methods and techniques produce no affects upon the output
resulting from the execution of user's application programs written
in the past that utilizes the interactive computer graphics terminal
system. However, the use of these subroutines would lessen the cost
and shorten the time frame for obtaining properly annotated graphic
displays., It is recommended that these programming practices and pro-
cedures be adopted in future user application programs which involve
the interactive compute graphics terminal system.
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Appendix A: CHARACTER CODE CONVERSION

This appendix addresses the problem and the process of character
code conversion between the ASCII character codes for the Tektronix
4002A graphic computer terminal and the EBCDIC for the character codes
of the Xerox Sigma 5 digital computer. The primary purpose of this
appendix is to show that conversion from ASCII to EBCDIC can be per-
formed, and vice-versa, as well as to determine what character codes in
ASCII/EBCDIC are converted to what EBCDIC/ASCII character codes by the
CoC software package. :

Table A-1 presents the possible 128 ASCII character codes and their
functions for the Tektronix 4002A graphic computer terminal in the
various formats; such as binary, decimal integers, and graphical alpha-
numerics. Figure A-1 depicts the output to the CRT display area result-
ing from these 128 character codes being transmitted to the display area
by the Sigma 5 digital computer. The line printer listing of these same
128 character codes upon being converted from ASCII to EBCDIC are con-
tained in Table A-2, These outputs and code conversions were accom-
plished by executing the main program as shown in the listing of
Figure A-2 with the aid of the Tektronix Plot=-10 and the COC software
packages. It should be readily observed that a majority of the ASCII
character codes are converted to the EBCDIC code for a blank space
(4016 or 6410) by the COC software package; also, that the results

; returned from the Fortran function call to "NEBCD" is contained in the
last byte (rightmost) of the word.

In a similiar fashion, the 256 possible EBCDIC character codes were
converted to ASCII character codes by the COC software package, trans-
mitted through the Xerox Model 7611 COC device by the Sigma 5 digital
computer, to the Tektronix 4002A CRT display screen. The resulting

i output to the CRT display area is shown in Figure A-3, while Table A-3
1 presents the line printer output listing for the program execution.
§ Again, it is observable that a majority of the EBCDIC character codes ]
P i are converted by the COC software package to the ASCII character code
i of 0016’ which is a "NUL" character. The main program to accomplish

this EBCDIC to ASCII conversion is depicted as the listing shown in
Figure A-4. Observe that not all alphanumeric symbols displayed on the
CRT display area are printable on the line printer.

!
:
?
H
}

R
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TABLE A-1. 4002A GRAPHIC COMPUTER TERMINAL

ASCIl CODE FUNCTIONS

8y [ [ [ # [ 1 1 1
.
oy [ ] ' 1 [ ] [ ! 1
|
sits o3 d ! d 1 [ ] 1 ]
CONTROL HIGH ORDER LOW ORDER LOW ORDER
84 % 87 8, Xay X
WUt P|DLE 16 32 a8 o4 7] 96 n2 |
glo|s SP |
' CL!AR TAB * @ P p
p SoH ilocr w2 ) 33 1 49 65 81 97 n3
‘ .
STR 2jocz 18] o 34 s¢g 66 82 98 ne
I*]']* 2 B [ R | b |r
ETX 3joca 19 3s sif ¢ o7 83 99 ns
] 1 CLEAR
d s i G £ c 5
Eor 4|oca 29 36 $2 68 84 189 1ne
1
o M i kg 200 $ |4 D | T d ¥
NG S|NAK 20 37 $3 69 8s T nz
‘ ; ' ! ROTATE % s E U ‘ u
ACK 6|SYN 22 3s sS4 78 86 192 n"s
glrir g & 6 F \"4 ¢ v
{ BEL 7jevs 23f 39 - 55 7 87 193 ne
IEER
. BELL HARDCOPY G w 9 w
38 8|CAN 24 a9 8 $6 72 88 g4 12¢
|
. ‘ ' SACKKSPACE ERASE ( H x h x
L] 9|EM  2s 4 P s7 73| . 89 195 F]
] ) DOUBLE H
gle TAR SIZE ) 1 Y (| Y
Lé ig[sus 26 42] | S8 74 o9 186 122
| 1
o ¢ LINEFEED * Y J = j z
Vi njesc 27 @l , 59 75 9 197 123
Ll 5 i & K | C k {
1 { FE 12[¢s 28 R 4" < [Y) 76 92 g8 124
V| ;
‘ ’ CACE POINT PLOT L \ l I
’ P <R 13[s 29 45 61 M 77 93 189 } 128
1| 1 - =
% | RETUAN VECTOR IcLeaR TaBS ] m ALT MODE 2
s ) 14iRs 3@ 46 > 62 78 94 ng 126
1| e
£ ’ TaLiC INC PLOT N A n N
! 5l 15{us N 47 63 79
L BN RESET
3 COMPOSE * / ? o
2 ==—n
$ GRAPHIC
l- * PRECEDED BY ESC INPUT
1PRECEDED BY SELECTION OF COMPOSE MODE

27TY TRANSMIT ONLY
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18 DATA LDI31Z «» 37950000207 /
< - JATA INZ / R700000001 /
3: C
4 5 ZONTINJE
5% CALL INTCRT(1}
6. C
7 CA_L ZRASC
_: . CA_L v3VA3S5(92,709)
94 CALL NEALIN ]
10: SINT 20
118 CA_L ANMInE
i 124 SALE D3LS1Z
132 “Dla & JYIGED
145 C
15:¢ D9 101 = 1,128
16 CHR = NZ3TO(LDIG»4)
173 DTG = SOCHR
18: PRINT 15,013,016, CHR,<II35
E. 19: IF(] o53Ts 32) ZALL AT7631(.D13)
E 20 IF(] «EJe 32) ZALL NZWLIN
E 218 IF(] ¢Z3. 32) 2INT 2D
5 22 IF(] eE3e 64) TALL NEALIN
23 IF(I «E3Je 64) 2RINT 20
242 IF(] «E3s 35) ZALL NEALIN
258 IS(1 «E3s 268) PAINT 20
i 26% IF(] «EJe 128) ZALL NEW_IN
| 27 IF(I «EJe 128) ORINT 20
28 D15 = 2135 ¢+ INC
29 10 CONTINJE .
30 CA_L NIM3IZ {
31 ZA_L CHARIRD(XS)
Ja: C
33 CA_L ZRTEIN
i 34 C
B 35¢ CA_L S3%_3('9v ')
B 368 TA_L "XIT
E 37 15 TIIMAT(1IX,1323X»Z2s3X072,A4)
E | 3R 20 T9MAT(L141,7/0/47)
E i 39: ZND
i l Figure A-2, Listing of main program for ASCII/EBCDIC
; \ character code conversion.
:
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: JATA L DJI312 «# 822000239 /
H JATA INZ / 2725070092201 /
3¢ S ZNTINSE
45 C
5% SALL. INTSAT (1)
Lo
74 TA_L ZTRA3Z
8 SA_L vIVA3S(D,700)
9 TA_L NEA_TIM
10:¢ CALL ANMIDZ
11¢ . s T
122 SR G e SO E |
138 2INT 2D |
s C %
154 39 13 I = 1755 ‘
168 _CHR = NASZIT(_D1G,4)
17 <M S = D15
18¢ IF(LCHAR oZ2e _DI51IZ2) KO15 = 44
19:¢ IRINT 15,L0155.01G, .24, <013
204 ALl wWT7611¢_T4R)
21+ IF(] «S3e 32) ZAaLL NEALTIN
27 17¢1 e~ 3Je 32y HIINT 29
23! I(] «=2e &4%) TALL NEALTM
242 17(1 e~ Ve ALY DPIINT 29
i 253 IF(] o=« 36) ZALL NZA_TN
i 26 IT(] «Z73s 3&) 2INT 20
27: IF(] 53¢ 128) ALl NEZu_IN
2R 1(1 «S3s 121y D/AINT 29
29 IF(] oS 1567) Cal. NEA_TIN
308 [S(0 oEde 167y 2YNT 29
318 IS(] o533 192) ZAL_ NZA_IN 3
3P4 IF(] eE3e 129) 22LNT 29
; 33¢ IS(] o= 224) Zal. NE#_IN
3 34 [€(] eEJe 224) 2JINT 29
,; 358 If(] #530s 256) CALL NEZw_TV
| 364 IS(] «£2s 23%) OINMT 2)
| 37: 313 8 313 1IN
: 384 19 ZNTIVJE
R 39 SA_L NRMY51?
i ‘ 40 TA_L ZHARRI(\3)
E 41t C
s | Y- chal =NIEEN
‘r? ¢3¢ C
g 4 CA_L TOH®I_S('9Y 1)
& 45! Sa_L IxIT
£ 46" 15 SS1AT(L1IXs 135 3Xs2243X2722A4)
3 478 27 TAIMAT(L410/0707)
13 GRS =N\ND
» Figure A-4. Listing of the main program for EBCDIC/ASCII
character code conversion.
41
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Appendix B. STANDARD OPERATING PROCEDURE FOR TEKTRONIX
4002A GRAPHIC COMPUTER TERMINAL TURN-ON

When first '"powered-up'" each day, the Tektronix 4002A graphic com-
puter terminal user usually has difficulty in obtaining the first graph-
ical display from a Xerox Sigma 5 digital computer program. To obtain
this graphical display, the program has to be reexecuted, which is time
consuming. To eliminate this difficulty in the future, it is suggested
that the following standard operating procedure be adopted for "Turning-
On" the Tektronix 4002A graphic computer terminal for the first time
each day.

1) Turn the power switch ON, vertical to horizontal — clockwise.
Allow to "Warm-Up" a few minutes,

2) Set the "On Line-Local'" rocker switch to Local.

3) Set the "Direct-Scratch Pad" rocker switch to Scratch Pad.
4) Press the following keys:
a) Home.
b) Erase.
c) Space bar, to enter the scratch pad mode of operation.
d)  Full, to clear the scratch pad area.

e) Enter information into the scratch pad area by pressing
the desired keyboard keys.

f) Send, to send the information to the CRT (Cathrode Ray
Tube) screen.

g) To enter a full CRT screen of information, enter Line Feed
and Return while in the scratch pad mode of operation; press and hold

down the Space bar and Send keys while repeatedly pressing the Repeat
key.

5) When Item 4 has been completed, press the following keys:
a) Space bar, to enter scratch pad mode.
b) Full, to clear the scratch pad area.
c) Home, to exit the scratch pad mode.
d) Erase, to clear the CRT screen.
e) Set the "On Line-Local" rocker switch to On Line.

f) Set the "Direct-Scratch Pad" rocker switch to Direct.

6) The Tektronix 4002A graphic computer terminal system is now
ready for operation by an application program from the Xerox Sigma 5
digital computer.




7) I1f hard copies are to be obtained, turn-on the Tektronix 4601

Hard Copier Unit.
8) When the program has ‘been completed, the CRT screen should be
erased and the cursor beam returned to the home position.
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Appendix C. COMPARISON OF PROGRAMMING METHODS BY EXAMPLES

This appendix compares the programming methods for annotating and
controlling interactive graphic display plots. The main application
program is contained in Figure C-l1l. This program contains essentially
four identical graphic displays. Each display is annotated by a differ-
ent technique and is produced by subroutine PLOTSD, which is shown in
Figure C-2. The first programming example of the main program produces
Figure C-3, which is the graphic display output produced by subroutine

PLOTSD. It contains no annotations except for those output by the sub-
routine DATER.

Programming example number 2 of the main program is the Fortran
statement numbers 40 through 56 of Figure C-1. This example is the
customary manner in which interactive graphic displays have been anno-
tated in the past. Observe that a large number of Fortran dimension
and data statements are required as well as calls to subroutine MOVABS
in order to annotate the graphic display by this example. Also, observe
that the vertical annotations have not been rotated as they are in other

examples. Figure C-4 shows the CRT display output from program example
number 2.

Program example number 3, Fortran statements 58 through 72 of the
main program, is almost identical to programming example number 2. How-
ever, it calls the subroutine RVTITL to rotate and place the vertical

annotations. The resulting output to the CRT display area is contained
in Figure C-5.

The program example number 4 of the main program is Fortran state-
ments 74 through 83 of Figure C-1. This example uses the calls to sub-
routine HITLES to place the annotations on the interactive graphic dis-
play plots. This method is recommended in the future for all programs
which contain outputs to the CRT display area, because no dimension and
data statements are required in the main program. Figure C-6 is the out-

put to the CRT display screen area resulting from the execution of pro-
gram example number 4.

Although these four programming examples have been lumped together
within one large application main program, they do represent the various

techniques of graphic display annotations and the amount of programming
effort involved.

1) No annotations, no effort involved by example 1.

2) Annotations by example 4, some effort involved, but not as
much as required by examples 2 and 3.

3) Annotations by examples 2 and 3, the maximum amount of effort
involved.

R




Notice that by removing the Fortran statements for each programming
example along with the required dimension and data statements, four
separate and distinct programs could be developed from these four
examples.

Finally, Figure C~7 shows a listing of the subroutine DATER. The |
CRT display output as a result of a call to subroutine DATER is con- |
tained in Figure C-8. |

Additionally, the calls to subroutine CHARRD in the main program
permit the user/operator to perform adjustments on the Tektronix 4002A
graphic computer terminal and/or the 4601 hard copier unit. The contrast
control on the 4601 hard copier unit may be set too low (light), produc-
ing a copy as shown in Figure C-9, or set too high (dark), producing a
copy as shown in Figure C-10. Likewise, the intensity control on the
Tektronix 4002A graphic computer terminal may be set too low or too
high, producing similiar resulting copies as shown in Figures C-9 or
C-10 also, Further, the supply of 4601 hard copy paper can be depleted
while an application program is executing. Subroutine CHARRD allows
the program to continue without hard copies being made, and/or the paper
supply replenished in the 4601 hard copier unit.
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128
138
143
153
168
17¢
18¢
193
208
218
22:
23t
248
258
26!
278
28:
29:
308
318
328
338
348
358
368
373
38:
39:
408
013
428
43¢
']
458
#6s
478
483
#9:
50%
513
523
533
548
558
563
573
583
593
60¢
618
628

OO0 0

(g}

*ee
L2 2]
e
L2 2]
*he
"he
e

10

99

20

98

LK R T N N AN TR B N B B 2 B B BN Y JEE NN NN JNY BEY NN BNY ONY NE Y B R L B B B 1 1 J

s

A DEMONSTRATIOIN PRIGRAVM FIR _LAIELING GRA24IZ DISPLAYS, soe
3Y: LAIMHN Se I53v aoe

1 BCTIBER 1976 2 “on
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[ 25K 2K JEE JEE JNE JEN K I B EE R N R JEE DN TN TR NN JEE NN JEE JNE BB BN BN NN BN B 2 B B B 1 1 J

; DIMENSION STATEZYMENTS
DIMENSIIN I53DT(14)s ICGTST(14), LABV(S)s _A34(7)
DIMENSION IV_(14)s IDVLI(20)s I4_(358)s _A3RV(26) -
DATA STATEMENTS

JATA _A3RV / 73,78+68,69:80059,78+98,59078,84032,86,65:82073,5%»
1660760690321762465056059,76 7/

DATA IDVL 7/ R6,59276079057073084583032,40070059062084047+83,69,67,»
1 #6041 /

IATA VL 7 8407307705903204008308%2057073,78068,83,41 7/

DATA MH1/ 30 /) MVIZ 649 /o NT1/7 2% /9 My2,%427 530 300 7/

DATA |LA34 / 'INDEPENDENT VARIA3 _T AR v /

JATA _A3V 7/ 2440EPENDENT VARIA3_E LABZ, 7/

JATA IGDT 7/ 'GRASHICAL JISP_AY 97 DIPINIINT VERSYS INIEPENDENT DAY
{1Ae ! / ¥

DATA ICSTST(1) 7/ 4+EXAM /p IZ3TST(2) 7/ '">_ES' /s12GTST(3) /7 &4 OF
1 /s ICZ3TST(4) 7 '"ANNI' /, IC3TST(3) 7/ &4TATI /o ICGTST(6)/ 'IN A
2 /s IC3TST(7) 7/ 4+4ND T /p ICZ3TST(8) 7/ '"INTR' /, ICITSYT(9) /4490 J
3 /s 1C3TST(10)/ 'SAGE' /, IZ3TST(11)/ &4 F9R 7/, I1C37TST(12) / ' GR
4AY /,1C3TST(13)/ &4PHIC /» IZ3TST(14) 7/ 'Se ' 7/
ICGTS INITIA_LIZATIIN STATIMENTS

CALL ST7s11

CALL INITT(120)

CALL 3INITT

29 19 I = 1,55
I4L(1) s NASZII(ICETST,I)
CONTINJE

PIV3IAM EXAMI_T NJIMIER 1.
CALL 2L9TSD(36,140)
CALL ZHARRI(X1D)
; PRIIRAM EXAMI_E VJIM3IER 2.
CONTINJE
CALL 2L3TSD(36,1475)
CALL vIVA3S(v41,4V1)
CALL VLABEL(NZ1,LABRV(3))
CAaLL v3VA35(60,5600)
CALL VLABEL(20,10V0)
CALL v3vABS(200,10)
CALL HLABEL(55,14L)
CALL v3VA3S(362,30)
CALL HLA3EL(26,_ABRYV) ’
CA_L 4v3VA3S(430,50)
CALL HLABEL(14,1IV0)
CA_L v3VA3S(209,72))
29 20 J = 1,55
CALL HLASEL(1,NASCII(IGIT,J))
CONTINJE
CALL ZHARRD(X39)

PROGIAM EXAMI_E NJMIER 3
CONTINJE
SA_L 2L8TS)(36,1425)
CALL VTITL(M-1,MVIaNCL,LA3RV(3))
CALL VTITL(60,600,20,10V0)
SALL vBVA35(200,10)

Figure C-1., Listing of application main program.
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Stk atand

<3

532
642
651
LLY
LY
682

70:
71:
72:
73:
74
75:
76
77:
78:
79:
80
813
%28
833
542
358
B6:
87:
58
592
30
212
32:
33°

(8]

(@]

(@]

(8]

32

37

ZALL 4LA3E_(55,14L)

CA_L “Y3VA335(369,30)

CA_L H4LA3E_(26,_A8RV)

ZA_L v3VA33(432,59)

SA_L H4LA3E_(14,1vL)

ZA_L 49VA3S5(290,722)

J3 35 J = 1455

SA_L 4.A3T_(1,VASCII(IGIT,J))

ZONTINJE

ZA_L =4ARI(KIR)

P934 EXAMI_T NJMIZR 4.

ZINTINJE

CA_. 2L9TS)(36,1e5)

TA_L AIT_S5(1,35%2030,26s_A34)

CA_L HIT_S5(2,37,640,24, _A3V)

CA__ AIT_E5(9,430030,514,'TIME (SZ2IND3)')
CA_L <IT_E3(2, 600620520 'VE_IZITY (FZZT/SEZC.) ")
CA_L HIT_E5(1+2000722555,'3IA241Z2AL JISA_AY 3F DEPEINDINT VERSJIS IN
1JDE2ENIENT DATAL! )

CA_. HIT_S3(1,2992010,53,123TST)

CA_L ~HARIDI(K37)

SA_L ~HARRI(51D)
ISGTS TINA_IZATIIN STATIMINTS
ZASE
CA_L TINITT(D,7569)
CA_. 477611

CA_L T3EILS('3v ")
ZA_L =XIT

Figure C-1. (Concluded).
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18 SJ3RIJJTINE 2.9TSD(NIP,S57)
EH JIMENSIIN X(101), S9IX(192),29%x(12I)
3 JIMENSIIN CZIx8(100), S9%x3(122)
'Y JIMENSION I4_(36)
5 JATA 140 7 32,42+8407205303257108208508007207305705507%032,68073,,
6: 1 B3s8)2 760550890320 71073069083032072053082069046,42,32 /
7 JATA IG) 7 J /
H AMIN 3 +103000.0
: 3MIN & AMIN
10: AMAX s =19030¢0
11: 3vAX = AMAX
12: IF(I3D eNEe 2) 539 T3 11
13 I1GD = 1
142 X(1) = Do)
15:¢ D)9 12 1 = 1,N9°
16 Z9x3(1) = Z3S(x(1))
173 SOX3(1) = SIN(X(1))
18: X(I1+#1) = X(I) + De2617394
193 X(I) s X(1)#57429577351
20 19 ZONTINJE
218 11 ZONTINVJUE
22 D9 12 I = 1.N932
23: 29X(I) s SF#Z3x3(1)
242 S9X(1) = 3Fw59x3(I)
25: 12 ZONTINJE
26 CA_L =ZRASES
27¢ X CA_L FRAvS
28: CA_L NPTS(N3D2)
29 X CA_L xFv(3)
30! X CA_L YFIV(5)
318 X CA_L XMTM(3)
32: X ZA_L YMFRIM(D)
; 33: SA_L LINE(D)
i 348 CA_L SYM3_ (D)
358 SA_L MNMX(XsAMIN,AMAX)
362 SA_L INMIX(Z3x,39IN,3VAX)
37: CA_L MNMX(S3Ix,3MIN,3IMAX)
38¢ CA_L JCIMX(AMTN, AMAX)
39: ZA_L D.IMY(3vIN,3MAX)
40 CA_L ZHEZK(XaZ3X)
“1 CA_L ZHEZC(Xs533X)
: 423 ZA_L I52_AY(Xs33X)
432 D9 15 I = 1,N92
- (Y% CA_L MIVEA(X(I)NZOX(I))
g .53 TA_L ANMIDZ
: | 462 CALL HoA3E_(1.140(1))
47 16 IF(NSTCK(I) <3¢ 3) 39 T3 15
E | 488 15 CONTINJE
A 49: CA_L DATER
[ i 30¢ RETIRN
51¢ ZND
Figure C-2. Listing of subroutine PLOTSD.
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18 SJ3R9JTINE DATER
2 JIMENSIIN NAMZ(29)s IDAT(22)
38 JATA NAME / 6R,R82)635,87,78032055,83058032,75,46+32083046232» 73
42 183,739,777 /
52 JATA IDAT / 4R8,6508406903823255652320730570%4479066059082,32,49,
6 157+55,54,32:,32 7
7° JATA NIN, NZD /7 204 22 /
8% € 3JTRJT NAuT
9: CA_L M3IVA3S(1000,550)
103 SA_L ANMIOE
E 118 AL AT7811(21)
4 12: 39 11 Il & 1,NZV
‘ 133 CALL WAT7611(NAME(I]))
11 143 TALL AT7511(8)
: 153 ZA_L AT7611(10)
163 19 IF(NSTZK(II) «3Ze 3) 39 T3 1)
173 11 ZONTINJE
3¢ € QJT2JT DATE
19: AL vM9VA35(375,500)
20: SA__ ANMIDE
21 AL aT7811(21)
22: 9 21 JJ = 1,N2)
23: TALL AT7811(1DAT(JJ))
24 ZA_L AT7611(8)
25 ZALL WNT7811(10
26 20 I€(NSTZL(JJ) «35. 3) 33 19 2)
27 21 ZONTINJE
28¢ CALL AT7611(21) e v
29: SACL WTZ81 1021
30: ZALL W TT7as 1001
313 C
32 RETJRN
33 'p)

Figure C-7. Listing of subroutine DATER.
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DRAMN DY L. S . gTson
DATE: @ oOCvYTOBER 19>

Figure C~8. CRT display output produced
by subroutine DATER.
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*y31y 003 39s L3ISud3ur/3Iserjuo) °(QI-D 2and1g

BIEIE 0 0 2 X 0 3 3 B¢ 9 3 22 X X X 3 3 XN X 0 3¢ 3 3 3 X 0 3¢ 3¢ 3¢ 3 3¢ 3¢ 3¢ ¢ 3¢ % B¢ 3% X X
BRNE I 3 3 X030 X X R XX 7k X A X% XK XX X 00 X 5 36 K 3 93X 3 3 X
20000 X 0K 3 3¢ I 3 0 X3 R 3KM 30 XX XN 0K 03 % 3 X X6
B30 0 CICHE 20 X XX X0 XX 3 30 K X3 0K 306 X XX 3¢ 0K 36 3 36 3 3 X 3¢ 3 3 3¢ 3¢ 3¢ 3¢ ¢

« ‘xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
1 xxxxxxxxxxxxxxxxxxxxxwxxxxxxxxxxxxxxxxxxxxxxux

FOEIR S0 36 33 3¢ 303X 38 3 3¢ 3 3 X 5 X X X 3 XX X 3 X X 3 X3¢ X 3 26 X X 3 3 X 3 X 3 3 X 30 3¢ XX %X
EIEE I MM MK XXX XK XK XKRRHK KN KKK XN KR KKK XK

RN NA KNI XK XK KKK KK KRKKRAXKHXH XXX KR KK KK KK
.xxxxxxxxxuxxxuxxxxxxxxxxxxxxxxuuxuxxxxxxxxxxxxx
et b TP R RT A TPITRT SRS FIITELFEF 383383 ¢4 ¢
B33 36 3 5 30 3¢ 3¢ 3¢ 3¢ 3¢ 3 3 3 X 3 3 X 3 3¢ 3 3¢ 3 3 3 3¢ 3¢ 3 3 3 3 B¢ 3¢ X 3 XX 3¢ 3 3 33X 3K ¢ 3K

C30 30 D000 303 330X XX 2026 X X B XK XXX I MM AHA KN NXNRKARA XX
303030200 3¢ 3 36 3¢ 36 3¢ X 3¢ 3¢ 3 3¢ 33 333X 3 3¢ 330 HCIE I 3 2 33 X0 3 I M HH N NN

RMARMRRIHMK N KK KN KK NN XN HKRHK KRN HNKKN KRR ARARUN
t I PTTPSIATT PRI PETTET 433348834383 83 38344347
RAMAMHAHKH KKK KN XK K KKK KRRKUKAK NN RKRKRAKNNAR
RRKHIOIRMHKK KKK KK NHK KK RN HHXRRXRRK KRN RKKRARRKNK
KRNI R KKK NN KKK KKAKRHK N KK HRK NI INAXAXRRRARK
RAHMMANKRNHXXKRRHHXNKKHXRRXREXRRNRXRARXRRRRNK

BRER MCIIHI NN KK AHHAXKNX KRN XRBAARXAAXARNBNRARRRRXNK

IR0 JEICICH 99 303 3 33 KK XK 3 XX 3K H AN MM KR KARRWARK

SR SOCICING 3 3030 ¢ 30 X 23X XM X X IR MNICHNINNN KN NIRNARRNNK
RRRW XARHRXXKXKARKXRRXARK LR XK AKARRARKKRNMR

: IR KM K HHHIIH X KKRANKKXHMA KR NXAARHURNNK
RXRIIRRIKHAXKHARXRHAXAHNKHAXRRNRXRRRRRXNRRRRXRKAA
LN HNK KK KR KN KK KIIKRNMKA NI N A MU MMKARRRANR
RAKARANNKHNNKXXKKXXRAXKKARHXXRKXXARXRARARBAWARARK
REARRRRIKKINXN XK XK KRNI ANININKHRIARINMAUANRBUMRRINN
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