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Many computer simulation experiments involve the generation of large
quantities of output data, resulting in extensive tables. of numerical infor-
maticn. These tables are often difficult to interpret without considerable
effort on the part of the reader, particularly with respect tc the detection
of variable trend perturbations in long strings of data. To alleviate this
difficulty, a computer subroutine was developed to provide immediate printer
plots of data arrays generated in simulation program runs. These plots allow
the immediate examination of experimental run results, and provide the user
with an easy-to-read tool for determining requirements for additional computer
Tuns.

The program will plot up to five simultaneous data curves, with automatic
plot variable scaling on each curve to achieve maximum output resolution in
each instance. If the user wishes to plot any number of curves less than the
five maximum allowed on a given set of axes, it is only necessary to fill the
“unused arrays appearing in the call statement with some common constant value,
and the curve for this array or group of arrays will not be plotted. Similarly,
simulation program outputs with more than five variables can easily be
accommodated with multiple calls to the plotting program.

The plot routine was written in IBM 1130 FORTRAN, but should be acceptable
to any FORTRAN compiler with an. alphanumeric capability and provisions for a
DATA statement., In fact, the authors use the same program deck on both IBM
1130 and IBM 360/65 computer runs, with the only change required being the

appropriate selection for the FORTRAN logical unit mumber for the output printer.

A complete listing of the program appears in figure 1. -
The plotter is called from the data generation program with a statement of
the following form: o

CALL YPLOT(NPTS, A, B, C, D, E, X, IFLAG)

where: NPTS = scaler integer variable giving the number of
- points to be plotted. The subroutine presently uses
variable dimension. array allocation to conserve memory
requirements, and the reader should be aware that this
feature may cause difficulties in other FORTRAN imple-
mentations.

A, B, C, D, E, = one dimensional FORTRAN arrays of
length 'NPTS' containing the data points to be plotted.

X = one dimensional FORTRAN array of length "NPTS'

containing the values of the common independent variable
values for each of the five data curves.
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FORTRAN IV G LEVEL 19 YPLDT DATE = TL1T7? 14434724 PAGE 0OD1

0061 suunuurme vm_ut TN AR BDB4CC eDDEE 1 ZZ4RRD
. 0002 MENSION X{]
a0n3 mnsnsmu AA:m.aB(zn.cc:Zl,amzl.ee(znzz(n
o0k DATA BleAB.CeDeEyDUTRASHAE 3, AN 20, PO, 00, 0E Y T]d, P 0y .
3 FOLLOWING GARD SETS FORTRAN LOGICAL UNIT NUNBER FOR PRINTER. .«
J = &
0006 AMIN = AA(L)
0 MAX = AACL) .
0008 BMIN = BAC1) —
gong BMAY = BBI{1] .
0010 CHIN = CL(1)
oatl CMaX = CO(PT
0012 DHIN = DD{t1 =
5013 QHAX = DDIE}
[T EMIN = EE44)
0o1s Enﬁg = EC{j}
001E 10 555 Nx1,190
0017 555 XIN) = BL
D018 00 35 [=L:M i g . R
9 1F T_AALT} ~ AMA®) 10,11,11
0020 Ti AMAX = AALT? - o i T
on2t 10 ¢ CAALTY = AMINI 12,12,13
o022 12 AMIN = AA(T) -

ap33 t3 IF ¢BB(I) — BMAX) 20,21,21

024 = [BF) T
20235 20 _IF {BB(TI) ~ BMING 22,22,23

026 22 BMEN = BBII)

23 [F {CCCE) — CMAXY 24,25,25

0028 29 CMAX = CCin) o
9629 Z4 IF GCCCI] — CMINY 26426,27
a0 30 Zh CMIN = CCIT) -
27 IF ¢ OOCT) = OMAX) 26,29,29 . w
0032 29 DNAX = DD(I1)
Z8 IF _ipOtl} - DMINY 30,30,31

0034 30 DAIN = DO(I]
0035 3L IF [EEED) - EMax) 32.33,33
0036 BSERE-EHJ - -

7 {5} = EMIN) 34:36.35
0038 3% EM:N = EE([} -
0040 AH!D = AHMAX ~ AMIN - -
0041 BHID = BHAX_ =~ BMIN
0042 CHID = CHAX ~ CMIN - h
0043 QHID = DMAX =~ DMIN -
ChhG EWID = EMAX ~ EMIN
(L] AUNI; = AWID / t00.
LTI BUNLT = BWID 7 100,
DOAT. - CUNIT = CMID / 100.
0048 TUNIT ~ OWID 7 100. = i - S
obag Esmr =~ EWID ¢ 100. .
o050 n AWID 7 2. + AMIN -
Q051 BMID = BWED / 2. + BMIN
Q052 CHLD = CWID 7 2. + CHIN

DMIO = DWED / 2. +« OMEM

Figure 1. Plotter Program Listing {1 of 3)

FORTRAN 1V G LEVEL 19 YPLOT DATE = TL1¥7 14/34/24 PAGE 0002
0054 EMID = EWID / 2. + EMIN
on%s . HE 3 1
0054 0D 1000 L = LM
o052 ;o= |
ouss 1F (IL/10) = (Z/10.1} &0,&Ly40
0058 4] DO 223 ) = 1100
0060 223 X(LL) = DASH
a
0062 X125} « DOT
apns3 X(50% = AT
[ XC75} = QT
0083 ACMQ)= 00T
0064 1F (AUNITH 90.93,9¢ -
~087 90 KA = JAASLY x AMINI_ L AUNET
0063 LF (KA) 91,9%,92
QL KA = ) : _ _
u670 92 A(KA) = & i
F
072 94 KB % [BBILE = BHIN) 7 BUNIT
£073 IF IXR] 95.95,94
[X0) 93 KB = L T
0975 96 XIKB) = @ ) L. . _
nava 9% IF LCUNIT) 98,101,985 - i )
7 = -~ Gk IT
(R 1F {KC} 99,499,100 T
0ATy 99 KL = ]
oose 100 XIXCY = C
pOap L JE LOUNIT) 102,105,102 —
CITH 402 KD = ¢OOCLY ~ DMIN} / DUNLT - - .
0023 1F (kD) 103,103,104 . .
0084 103 #D = 1 s ' C .
onas 104 X[KOQ) = D . —
0n08a 105 1F [EURLTIL0&, 103,105 ’
—00RZ o106 KE » {EE(L) - EMIN} ¢ EUNET .
oD83 IF (KE) 107,107,108 B ) -
QUgY iDT KE = 1
0090 L0 X(XE) = E )
] 03 - S
0092 152 WRLTE (Jsl21] AUNIT, BUNST+ LUNET,OUNLT,EUNIT,

1__AMIN, AMID, AMAX,
2 BRIK, BMLO, BHAX,
3 CMIN; CMIDy LMaX,
4 DMIN, DMID, DHAX,
3

_EMINy EMIQ, CMAX
0093 111 FORMATL'LT +YEACH UNIT DN THE Y —AXIS = ¢

L _Fl0.5,*. F . R AKE L B 4 ‘23X

L FOR EQ. € R T 3N /1AL eFEB, B¢ FOR EQn O 7  fe3Xr

Flo.3:* F » £
5:!.!‘15 5-7‘5|F20.5'T‘?5 FaBe5le -
T109: "+ p s T10,10042 -4} _
4094 151 !IF MKI 155 156 v 155
M) g MM= ) R

A09& 116 FORMAT F1X; Th, u. 100417
0557 GO 10 TT

Figure 1. Plotter Program Listing (2 of 3) '0
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FURTRAN 1V G LEVEL

L9 ~ YPLOT TATE = 71177

PAGE 0003

0038 . 155
Q099 117

WRITELJ,L117]  ZZIL), (X{MM)4MM=1,L0D}
FORMAY (IX: FB,2,10081)

0lao 7T
algl 1]

TF L{L/10) = {Z/10.1] 45546445
CD &% Kt = E,000

aigz 47
0103 - 48

X{KL} = EL
1F{NK — 500 153,1%&4s)540

Olye lb4
0185 153

A = 0
NE = NK_+ 1

alds
0107 %08

1F [AUNIT) 400,40L 400

Aika} = BL

0108 401
2ipg 402

IF (BUNLT}
X(RB) = B

WB2,403,402

0110 403
0111 404

[F {CUNIT}
X{KC) = B

404,409,404

o112 ' 405
D113 408

IF (DUNTT)
XiK0) = 3L

406,407,406

olls «GT
cils 208

1F (EUNIT)
X{KE] = BEL

408,1000,408

dble 1000
OL17

CONTINUE
RETURN

0ild

Figure 1.

EACH UNIT DN THE Y —AXTS

END

Plotter Program Listing (3 of 3)

= 0-85410 FDR ZQ. A C.654256 FOR EQ- &

0.20000 FOR EQ. & =

314.59009
200,00000

D.2563]1  FOR FQ. T o 0.0 FOR FQ. E

357.29492
232471179

400,00000
265242358

100,00000
100,00000

109.99994%
112.8i585%2

“119.99989
125, 53135

L20.000C0
+

120.00000
+

120.00000
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Figure 2.

Plotter Output for Simulation Example
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IFLAG = scaler integer control variable. If set
equal to zero, the program will ignore the values

in the X array and print an integer count of the
data point numbers at the left of each row of the
output plot. If set equal to one, the program will
print the appropriate values from the X array at the
left of each row of the cutput plot.

To illustrate the use of the program in a representative simulation study,
consider the simple production-inventory system described in (1). The model
equations are given in the reference in the DYNAMO Computer Language format,
but may easily be converted to a state-variable differential equation following
the procedure outlined in (2). Assuming a state vector definition of the form:

' X1 Retail Inventory
X2 Factory Order Backlog
X = |X3] = {Averaged Retail Sales
X4 Production Ability
X5] - Retail Sales

the simulation model then becomes the fifth-order system:
L]

X = AX
with 0 0 0 1 -1
0 0 1 -1 0
A = |0 0 10 1
0 125 0 -.25 0
0 0 0 0 0

A state-transition matrix data generation program was used to exercise
the model with the initial conditions specified in the reference.over a time
frame of 0 to 49 units and a step size of 1 unit, giving a total of 50 state
vector output points of 5 components each. The state vector values were
incrementally loaded into the plot arrays .as the simulation progressed. The
plotter routine was called at the end of the mumerical processing, with the
results shown in figure 2. The first four curves, representing the first four
components of the state vector, were plotted with the characters A, B, C, and
D respectively. The minimum, maximum, and mid-point values for each curve
appear at the top of each page of the output in ascending order. Note that the
values for E are constant at a level of 120.000, indicating that the fifth state
vector component remained at this constant value throughout the run. This
aspect of program behavior is alsoc used when plotting less than the full com-
plement of five curves, as the data in a constant vector would plot as a = .
straight vertical 11ne and are deleted from the plot output to maximize -
readability. Also note that the plot in figure 2 used IFLAG = 0, and the data
point count generated by the plotter appears in the left hand margin.

A brief note about the scaling procedures employed by the program is in
order. -Under normal operating conditions, scaling is accomplished automatically
for each curve without user intervention. If, however, a common scale for each
of the five curves 1s required, the maln_program must be structured to supply
the upper and lower limits of each curve's plot scale in two entries. appended
to each data array, and to set the point counter to a value equal to the number

of the actual data points to be plotted plus two to force the scaling section

.to consider the supplied values. In order for this procedure to work properly,

the lower limit specified must be less than or equal to the smaller expected

data point, and similarly, the upper plot limit must be greater than or equal

to the largest expected data point. -
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