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One problem facing an academic program
in computer and information sciences is how
to teach the basic ideas of simulation with-
out being overwhelmed by the requirements of
presenting a complex simulation language.

It is usually true that the student taking a
simulation course has some prior knowledge
of computer programming, quite often FORTRAN.
Capitalizing on this fact, the Industrial
Engineering and Management Sciences Depart-
ment of Northwestern University has developed
SPURT: a Simulation Package for University
Research and Teaching. SPURT is written in
FORTRAN. It provides the novice with basic
subroutines required for simulation, and it
provides the more advanced user with consid-
erable capability. SPURT consists of a
collection of FORTRAN subroutines and func-
tions providing gemerators for various
probability distributions, matrix and
graphical output, list processing, and clock
functions for contrdling discrete time
simulation models. SPURT was developed
originally for the CDC 3400 and has been
converted to the CDC 6400 and the IBM
System/360.

This paper discusses the objectives and
design of SPURT and its features for
discrete simulation. Examples of the use of
SPURT for a typical freshman exercise, an
advanced, multiprocessor system simulation
and other applications are presented.

Development of SPURT

The development of SPURT was motivated
by two factors: the class time consumed in
teaching a simulation language and the non-
availability at Northwestern a few years
ago of the more popular languages. Features
from other systems, such as SIMSCRIPT, GPSS,
and GASP, were encoded into various SPURT
routines. Thus SPURT users are introduced
to some of the basic properties found in
larger simulation systems. SIMSCRIPT is
now available at Northwestern, but the use
of SPURT continues in freshman, upperclass
and graduate courses. Conversion of SPURT
to other computers is simplified because of
the adherence to USASI standard FORTRAN in
coding SPURT.

Structure of SPURT

SPURT provides several stochastic
generators with both pre-defined and user-
defined distributions. A few statistical
routines are included to calculate basic
statistics and to produce associated tables.
Output routines for displaying arrays and a
gimple graphical output to a typical plotter
device are included. A group of routines
provide a basic set for list-type processing.
A special list processing routine is coded
to act as a clock for controlling a discrete
time simulation model.

Stochastic Generators

POISSN

The stochastic generating functions
enable the user to generate samples from
various probability distributions and to
calculate sample values,

STOGN1 permits sampling from a discrete
empirical probability distribution
defined by the user.

enables the user to approximate a
continuous distribution by means
of a piece~wise linear distribution.

STOGN2

UNIFRM permits the user to sample real
values from a uniform distribution
in a defined interval,

RANDIN provides a uniform distribution of
integers in a defined interval.
NORMAL allows the user to obtain a random
sample from a normal distribution
with given mean and standard devia-
tion.

NEGEXP permits the user to obtain a random
sample from the negative exponential
distribution.

provides the user with a random
sample from the Poisson distribution.
ERLANG provides a random sample from the
Erlang distribution.
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permits sampling from a step
function describing a discrete
cumulative distribution of integer
values.

LINEAR provides the user with a random
sample from a cumulative distribu-
tion which is obtained by linear
interpolation in a non-equidistant
table of real values,

DRAW provides a boolean value of TRUE
or FALSE,

RANPER generates a uniformly distributed,
random permutation of the integers
1,2,..., M,

Statistical Computations

A number of subroutines are provided to
perform standard statistical computations.

STIX1,2,3 are three interrelated subroutines
to accumulate and print out a
frequency table and to produce a
Calcomp plot of a normalized
histogram of the table. Figures 1
and 2 show the frequency table and
histogram plot produced by the use
of these routines.

STIX4 evaluates the mean, standard devia-

tion, maximum value and minimum

value of an array of real numbers,

evaluates the correlation coefficient
between two arrays of real numbers.

STIX5

STIX6 ranks an array of real numbers and
produces the median and range of
the data within the array,

STIX7 produces a statistical description
of the data found in an array includ-
ing the sample size, mean, standard
deviation, standard error, minimum
and maximum values, range, and a
printer histogram plot. Figure 3
shows the histogram printer plot
produced by STIX7.

Matrix and Graphical Output

Output is facilitated through matrix
printing and graphical output.
ouT prints out a square matrix with
column and row headings.
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NSOUT prints out a non-square matrix with
column and row headings.
GRAPH produces two-dimensional graphs or

plots using a Calcomp plotter.
Figure 4 shows sample graphs pro-
duced by this routine.

Clock Generation

v

The CLOCK subroutine consists basically
of two ligts; a Master Time List, and a
Master Time Queue. "Events" can be stored
on either list. The Master Time List contains
events scheduled to happen in the future,
while the Master Time Queue contains events
which could not take place at the time they
were scheduled, and therefore, have been re-
scheduled, i.e., they have been 'blocked" and
are waiting in a queue. The purpose of the
CLOCK subroutine is to cause events to occur
in the proper time sequence.

The CLOCK subroutine, like SIMSCRIPT,
recognizes two basic kinds of events;
EXOGENQOUS and ENDOGENOUS., EXOGENOUS events
are those that are "external to the user's
routine, These are read from data cards by
the CLOCK, ENDOGENOUS events are those that
are "internal" to the user's routine. These
are generated dynamically and then maintained
by the CLOCK.

List Processing

A pumber of subroutines are provided for
list processing. Lists are n x m arrays.
Entries in lists are 1 x m arrays.

ADFIFO adds an entry at the bottom of the
list, which can be removed only
after all the elements presently
on the list are gone (builds first-
in, first-out list).

ADLIFO 4dds an entry at the top of the list
which will be removed before any
other entry presently on the list
(builds last-in, first-out list).
REMOVE removes the top (or first) entry
from a list.

PURGE destroys the contents of a list.

DISPL prints the contents of a list,

Additional subroutines provide the
capability to rank lists in ascending or



descending order, to search a list for
specific entries, and to delete and to insert
entries into lists.

SPURT as a Teaching Device

Many class problems have been assigned
using SPURT to illustrate the application of
simulation. The following example gives the
flavor of these assignments.

PROBLEM:
Y

2.0

For the figure below

1.0

X

!
S 0.5 1.0 2.0

find the shaded area by means of a Monte-
Carlo computer simulation. Use 500 points
for one determination of the area, and
calculate the area 20 times. Print out the
minimum, maximum and mean values of the area
determined.

Presented to freshmen at Northwestern
University, this problem is typical of those
assigned to engineering students enrolled in
a required FORIRAN programming course. Using
SPURT the student (1) calls upon a random
number generator to provide coordinate data,
(2) determines if the coordinate is within
the given area, and (3) sums appropriately.
Several runs are made and the areas of the
different runs are statistically analyzed by
a SPURT routine. Thus, the problem for the
freshman has been reduced to less than one-
third of the total programming effort which
would be needed if the entire problem were to
be solved using FORTRAN only. The concept
of simulation is not lost in the programming
effort.

SPURT as a Research Tool

SPURT has been used to facilitate simulg-
tion applications and statistical computations
for a number of faculty and graduate student
research projects. Representative applica-
tions are summarized below.

Simulation of Computer Organizations

An example of the more advanced capabili-
ties of SPURT is a model of a complex multi-
processor. The system modeled was described
by Aschenbrenner, Flynn and Robinson as
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"Intrinsic Multiprocessing"% A proposed
computer organization consists of N processors
sharing the arithmetic and storage resources
of the system. This sharing is done to effect
a much greater degree of efficiency than in a
conventional single processor organization.
However, due to sharing, an individual task
may be delayed because of resource conflicts.
The effects of this were simulated. The
model was originally coded in USASTI FORTRAN
for the IBM System/360-75 and converted, with
no trouble, to a CDC 6400. The primary
reason for the ease of conversion was the
existence of SPURT for both systems. The
SPURT routines constituted about 1300 cards
of code (comments excluded) and the simula-
tion model comprised about 1200 cards. Thus
the bulk of conversion was done before the
model was built., The model was able to call
upon more than two dozen routines encompass-
ing all major functions provided by SPURT.
Thus the job of building and debugging the
model was more than halved. The model con-
tained only the logical structure of the
system and used SPURT for number distribution
generation, event sequencing, list process-
ing, and data collection. Analysis has shown
that, at the FORTRAN statement level, FORTRAN
statements in SPURT are executed ten times
more often than the statements in the model
itself. Typical of the output facilities
used in the model is Figure 4. This shows
average task delay as a function of simulated
time in machine cycles. Utilization of the
arithmetic control unit (ACU) as a function
of time is also shown,

Simulation Report on Children's Memorial
Hospital

As a first step toward developing data
on occupancy of medical service, bed utiliza-
tion, hospital population and distribution,
etc., a model was developed to simulate
admissions to Children's Memorial Hospital.
The program was used to:

1. Determine service,

. Determine period for service.

. Assign length of stay for each person
admitted using an empirical discrete
distribution.

4, Determine number discharged.

5. Calculate total population of service

and hospital, total admissions for each
service, etc,

wN

SPURT was used to provide stochastic
generators and graphical output capability
for this application.



Spatial Structure of the City and
Household Travel

One research project in the Geography
Department utilized the statistical summary
routine STIX7 to summarize travel data con-
cerned with a study of the relations between
household travel and the spatial structure
of the city. The relationship between two
spatial point patterns defined by the loca=~
tions of 1) a sample of households and 2) a
sample of retail establishments was examined
in terms of the frequency distribution of
distances between the members of the two
point sets. For example, one may wish to
utilize, for a specified household, the
distribution of distances to all grocery
stores in the city. This frequency
distribution is generated from a data reduc-
tion routine which utilizes STIX7 to create
a histogram similar to the one shown in
Figure 3.

Implementation of SPURT

SPURT is available as a set of FORTRAN 1V

subroutines and functions. It has been
utilized with the CDC 3400, CDC 6400, and
IBM System/360.
have been compiled under the RUN and FORTRAN
Extended compilers. For the System/360,

For the CDC 6400, the routines
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SPURT routines were compiled using the
FORTRAN G and H compilers. A user's manual
is available at Vogelback Computing Center
that describes the SPURT routines in general
and the CDC 6400 version in particular.

Summary

SPURT, like other groups of supporting
programs, 1ls designed for a special purpose.
It allows a FORTRAN language user to simulate
without the need to test and debug most of
the routines needed to build a model. The
limited diagnostics provide assistance to the
programmer in performing this task.

The structure of SPURT is useful as both
a simulation teaching tool and as an aid to
performing simulations and simple statistical
computation. It has served us well as a
simulation package for university research
and teaching.

Reference
1, "Intrinsic Multiprocessing",
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DFPTH OF WATER IN TANK

ENTRIES IN TAALE MEAN ARGUMENT STANDARD DEVIATION
300 2000 5,050
UPPER OBSERVED PER CENT CUMULATIVE CUMULATIVF MULTIPLE DEVIATION CUMULATIVE
LIMIT FREQUENCY 0F TCTAL PERCENTAGE REMAINDER OF MEAN FROM MEAN  PROBABILITY
UNNEBFLOW 04000 9 3,000 97,000 04000 ~24970
+200 ] 0,000 w013 .
400 0 0,000 «027
+400 0 0,000 040
+800 0 0,000 +053
1,000 0 0,000 067
1.200 1 .333 +080
1.400 [ 04000 «093
1.600 0 0.000 «107
1,A00 0 04000 «120
2,000 1 333 «133
2.200 [] 0,000 167
24400 1 333 «160
2,600 0 0.000 173
2,800 0 04000 187
3,000 0 04000 200
3.200 0 04000 o213
34400 0 04000 2227
3,600 1 »333 op40
3.800 0 04000 +253
4,000 1 +333 o267
44200 1 +333 +780
4,400 0 0,000 +293
4,600 0 0,000 #3207
4,800 1 .333 *320
54000 0 04000 +333
5.200 1 »333 347
5.400 0 04000 «360
54600 0 04000 .73
54800 1 +333 94,000 .387
64000 0 0,000 94,000 400
6,200 0 0.000 94,000 o413
6,400 1 .333 93,667 427
64600 2 <667 93,000 o440
64800 0 0,000 93,000 »453
7.000 0 0.000 93,000 867
7,200 1 333 92,667 +480
T.400 El 1,000 91,667 +493
7.600 0 04000 914667 «507 ~14465 .07l
7.800 2 +667 91,000 o520 “1.426
R.000 o 04000 91,000 «533 ~14386
8,200 E] 1,000 90,000 547 «1.347
B+400 1 «333 79,667 +560 «1.307 <096
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94400 1 #333 12,333 874667 627 o134
94600 3 1,000 13,333 864667 1540 142
900 1 +333 13,667 860333 +453 152
104000 1 14,000 864000 667 «161
10,200 0 14,000 864000 «480 o171
10.400 2 14,667 #5,333 0693 o181
10,400 1 15,000 85,000 «707 192
10,800 1 15,333 84,667 +720 ~203
11,000 0 15,373 84,667 +733 214
11,200 2 16,000 84,000 747 226
11,400 3 17,000 83,000 +760 .238
114600 1 17,333 82,667 o773 +250
11,00 1 17,667 82,333 +7087 «263
12.000 3 18,667 a1,333 «800 «276
124200 1 19.000 13 290
124400 5 204667 27 303
12,600 1 21,000 R0 o317
3 22,000 «A53 .332
24,000 »R67 «3b
H it 880 1361
0 25,333 «893 376
3 26,333 391
13,800 s 28,000 <406
144000 3 29,000 o421
14,200 4 30.333 437
144400 3 31,333 «453
4 32,667 +468
[ 34,333 ohBe
6 36,333 +500
10 39,667 +516
7 42,000 «532
5 43,667 'S47
s 45,000 +563
a 47,667 o578
3 AR, 667 #594
3 50,667 «609
s 52,333 o624
5 54,000 +639
4 564000 o654
6 56,000 .668
5 59,667 2683
6 61,667 +697
9 64,667 71t
3 65,667 .72
5 67,333 +737
6 69,332 +750
9 12,333 W76
9 75,333 374
13 794667 +786
s 82.667 «797
13 87,000 .aog
13 91,333 -819
19 97,667 «829
7 2,333 100,000 -:29
OVFRFLOW  XXXXXXX2HY2BM 0 04000 100,000 *

Figure 1. Output from STIX1,2,3
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33,50000 ( 0) I 1 1 1 1 1 1 1 I 1
35,50000 ¢ ©0) 1 1 1 1 1 1 1 1 1
37.50000 ¢ 1) X 1 1 1 1 H 1 1 1 1
39,50000 ( 2} XX 1 1 1 1 14 1 1 1 1
41,50000 ( 2) XX 1 1 1 1 1 1 1 1 1
43,50000 ¢ 2) XX T 1 1 1 1 1 1 1 1
45,50000 ¢ 2) XX 1 1 1 1 1 1 1 1 1
47,50000 ( 6) XXXX 1 1 1 1 1 1 1 1 1
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51,50000 ¢ 6) XXXX 4 1 1 1 1 1 1 1 1
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55.50000 ( 13} XXXXXXX I 1 1 1 1 1 1 1 1
57,50000 { 16) XXXXXXXXX I 1 1 1 1 1 1 1 1
59.50000 ( 19) XXXXXXXXXXX 1 1 1 1 I 1 1 1
61,50000 { 23) XXXXXXXXXXXXX 1 1 1 1 1 1 1 1
63,50000 ( 17) XXXXXXXXX I 1 1 1 1 1 1 1 X
65450000 ( 423 XXXXKXXXXXXKXAXXXXXXXXXX 1 1 H 1 1 1 1
67.50000 ( 35) XXXXXXXXXXXXXXXXXXX I 1 1 1 1 1 1 1
69,50000 ( 57} XXXXKXXXXXXXXXXXKXXXXXXKXXXXKXXX 1 1 1 1 1 1
71450000 { 63) XXXXXXXXXXXXXXXXXXXXXXXKXXXXXXXXXX 1 1 1 1 1 1
T3.,50000 { 66) XXXXXAXXXXXXXAXXXXXXXXXXXXXXXXXXXXX 1 1 1 b4 1 1
75450000 { 65) XXXXXXXXXXXXXXXXXXAXXXXXXXXXXXXXXXX t 1 1 1 1 1
77450000 | 81) XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXKXXXXXXXXX 1 1 1 1 1
79.50000 ( 89) XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXKXXXXXXXXXXXXX I 1 1 1 1
81450000 {112) XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX I 1 1 1
83.50000 {109) XXXXXXXXXXXXXXXXXXAXXXXXXXXKXKXXXXXXXXXXAXKKXXXXXXKXXXAXXX 1 1 1 1
85,50000 (116) XXXXKXKXXXXXXKXXXXXXXXKXXXXXXKXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 1 1 1
A7.50000 (140) xxxxxxxxxxxxxlxxxxxxxxxxxxxxxxxmxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 1 1
89450000 (120) XXXXXXXXXXXXXXXXXXXXXXXXXXXKXXXXXXXKXXXXXNXXXXXXXXKXXXXXKXXXKXXX ~ 1 1
91,50000 {135} xxxxxxxxxxxxxxxuxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 1 1

93450000 (1R2) XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXRRXXXXXXKXXXXK XX XXX KXAXAXKKKXXXKXHX KKK XK KX XXX RXXXK XX XX
95450000 {144) XXXXXXXXXXXXXXXXXXKXXXXXXXXXXXXXXXXNXKKXXXKLXHXXXX KKK KAXXK KR XK XXXKK XK XXX XX KX 1
97,50000 {175} XXXXAXXXXXXXXXXXXKXXXXXXXXXXXKXXXXXXXXXXXXXAXKXXXRXKXXXKKXXXAXXXK XXX AXKXXXXXXKXXX XX XXX XX KK XKKKX

- -
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99450000 (153) XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXRXXKXXXXXAXKXXKNXRAXXNKAKXXRXXKKXKRXXXARKXXKXXK 1
101450000 (1510 XXXXXXXXXXXXXXXXXXKXXXXXXXXXXXXXXXXXXXXXXXAXXXXXXXXXKXXXXXXXXKXXXXXXXXXKXXXXKXKX L 1
10350000 (155) XXXXXXXXXXXXXAXXXXXXXXXXXXXXXXXXXXKXXXAXXXXXKXKRRXXXRKRAXXXXXRR XXX XXX XXX XX XXX XXX K I
105,50000 (152) XXXXXXXXXXXXXXXXXXXXXXXAXXXXXXXXXXAAAXXXXXXXKXXAXX XX KRR LXXKX XXX XLAX XXX XX XX XXX XKXX 1
107,50000 (149) XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXKXXXXXHXXAKKKXXXXKX KKK KX KK XX XXXRKX T I
10950000 (158) XXXXXXXXXXXXXXXAXXXXXXXXXXXXXXXXXXXXXXHXXXXXXXXXAXXXXXKXXXXXX XKL AXXXX XXX K XXX R KX XK XXX 1
11150000 (153) XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXAXXKXXXXKXXXAAXXAXXXXRXXAXXXK XKL X XXX XXX XXX XXX RRXK 1
113,50000 (126} XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXNAXXAXXXXXXXXKXXXXKXXXXXXXKXX 1 1 1
115550000 (1262 XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXAXXXAXXKXXXXXXAXXXXXXXXXXAK T 1 1
117450000 (124) XXXXXXXXAXXXXXXXXXXXXXXXXXXXXXKAXAKKKXXXRKKXXXX KK XKKXXXRXKRAXKXXRXXK 1 1 I
11950000 ¢ 91} XXXXXXXXXXXXXXXAXXXXXAXXXAXXXXXXXXXXXXXXXXXXXXXX T 1 1 1 1
121.50000 ( 7A) XXXXXXXXXXXXXXXXXXXXXXXXXAXXRXXXAXXXXXXXXX 1 1 1 1 1
123,50000 92} XXXXXXXXXXXXXXXXXXXXXXXXKXXXXXXXXXXXXXXXXXXXXXXXX I 1 1 I 1
125450000 ¢ 71) XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX I 1 4 1 1 1
127,50000 { S9) XXXXXXXXXXXXKXXXXXXXXXXXXXXXXXXX 1 1 1 1 1 1
129450000 (¢ 47) XXXXXXXXXXXXXXXXXXXXXXXXX 1 1 I I 1 1 1
131.50000 [ 45) XXXXXXXXXXXXXXXXXXXXXXXX 1 1 1 1 1 1 1
133.50000 { 49) XAXXXXXXXXXXXXXXXXXXXXXXXX 1 1 1 1 T 1 1
135.50000 ( 33) XXXXXXXXXXXXXXXXXX 1 1 1 1 1 1 1 1
137.50000 ( 25) XXXXXXXXXXXXXX 1 1 1 1 1 1 1 1
139,50000 ( 18) XXXXXXXXX I 1 1 1 1 1 1 1 1
141.50000 ( 18) XXXXXXXXXXI 1 1 1 1 1 T 1 1
143,50000 ( 12) XXXXXXX 1 1 1 1 1 1 1 1 1
145,50000 { 13) XXXXXXX I 1 1 1 1 1 1 1 1
147,50000  11) XXXXXX I 1 1 I 1 1 1 1 1
149,50000 ¢ T) XXXX 1 1 1 1 1 1 1 1 1
151.50000 ¢ &) XXX 1 1 1 I 1 1 1 I 1
153.50000 ¢ 3) XX 1 1 1 1 1 1 1 1 1
155.50000 ¢ 1) X 1 1 4 1 I 1 1 1 I
157,.50000 ¢ 2) Xx 1 1 1 1 1 1 1 1 1
159.50000 { 3} XX 1 1 1 1 1 1 1 1 1
161.50000 ¢ 2) XX 1 1 1 1 1 b T 1 I
163.50000 ¢ 1) X 1 1 1 1 1 I 1 1 1
165,50000 ¢ ) I ! 1 1 1 1 1 1 b 1
167.50000 ¢ 0) I 1 1 1 1 1 1 1 1 1
169,50000 ( 1} X 1 I 1 1 1 1 1 1 1
171,50000 ¢ 0) I 1 1 I 1 1 1 1 1 1
173,50000 ¢ ©0) 1 1 1 I 1 1 1 1 1 1
175.50000 (¢ 0 1 1 1 1 1 1 I 1 1 1
177,50000 ¢ 0) I 1 1 1 1 I 1 1 1 1
179.50000 ¢ 0) I 1 1 1 1 1 1 I 1 1
181,50000 ¢ O 1 1 1 1 1 1 1 I 1 1
183,50000 ¢ 0) I 1 1 I 1 1 1 1 1 1
185,50000 ¢ 0) ] 1 1 1 1 1 I 1 1 1
187,50000 (¢ 0 1 1 1 1 1 1 1 1 1 1
189,50000 ¢ ©0) I I 1 I 1 1 I ‘1 1 1
191.50000 ¢ 0) I 1 1 1 1 I I 1 1 1
193,50000 ¢ 01 I I 1 1 1 1 I 1 1 I
195,50000 ¢ 0) I 1 1 1 1 1 1 1 1 1
197.50000 ( 0} I I 1 I 1 1 1 1 I 1

OVER ( 0 I 1 1 1 1 1 1 1 1 1

Figure 3. Output from STIX7
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