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LITRODUCTION
\/Simulation, one of the earlies? applications of general-purpose digi~

%2l coaputers, continues to be one of the major applications of thea, vBut
oven in the computer world{xsimulaticn is a word which means many things

10 many people: making one digital coamputer behave like another, for exam-
ple;ior studyinrg the flight behavior of a ballistic missile by means of a
.uaerical mﬁch—up,vér modeling a business eqierpfise to study the effect

of certain managenens decisions;“@r the scheduling of maintenance,”inven-

f,‘rff /
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tory, procuremeaty t
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racking of space véhicles, Simulation is perhaps most
common in enginzerings where analog computers have long been used to medel
continuous system dynamics, Simulation, in one sense, is identified by
various terms-discrete event network, computer simulation, stochastic mo-
dels, particle flow, discrete processesy HMonte Carloy etce Discrete-systems
siaulation techrniques are applied to problems in highway traffic flow, mes-
sage handling networks, job shop manufacturing operations, computer systems,

and logistics-supply systems, among others,

v In this presentation, we are concerned particularly in twe separate

identifications of simulation:

, (1) Discrete-systems simulation,

y (2) Monte Carls Simulation Technique,
1 DISCRETE SYSTEMS SIMULATION

i~1 BACKGROUND

In the past, discrete systems simulation, in various formsghas been
closely connected with operations research: Originating in Game Theory.
which started in the 1920's, it might be considered one of the latest skills
of +the operations researcher, an extension of the statistical technique
known as distribution sampling: Dealing first mainly with military prob-

lers, discrete systems simulations later were applied to business and
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indusirial sysiems problems: Early applicsiions were for the most part none-
ngineerings schaduling of ships, irucks, and railway cars, allocating resources
in job shops. 3ut recently, the engineering sciences have begun to depend
more and more on the mimulation of discreie systems, The swing is evident

in the growing number of simulation studies involving complex engineering de~
signs = communigation traffic flow, computer systems performance and reliabi-
lity, advanced teleprocessing systems, diesel power requirements in railroad
sysiens, to name a few, This has been due mainly fe (1) the availability

of large-capacily, high—speed digital computers, (2) the absolute necessity
{considering th2 economic commitments at stake) of studying the performance of
complex systems by simulation, (3} a better understanding of simulation me-
thods and, (4) the developmeni of computer programs, simulation languages and

other techniques to aid the analyst or engineerf

1-2 DISCRETE VS, CONTINUOUS?

The simulation world seems to be divided into two camps, the discrete
and the continuoué, but the differences may be more ;pparent than real. What
distinguishes coantinuous systems simulation from discrete systems simulation?
<+ the computer used, analog or digital? ... continuous or discrete behavior
in the real system being simulated? ..., the viewpoint pf the engineer or ana-

lyst who establishes the model of the real system?

This much we know, BElectronic analog computers operate continuously
and simulation using them is based upon continuous measuremenits, On the cther
hand, electronic digital computer operations are- discrete, sequential steps,
and all coaputation is based on discrete measurements. The nature of the
digital machine precludes continuous activiiy in simulation or any other

»
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In the real world, all activiiy is continuous, Time and tide wait
for no man, and ceaseless changes occur in all systems, where things grow,
jecays; move in space, and so on. Whether the example is fuel flow, or pro-
jectile movemen’ through space, continuity is violated whenever we try to
%pin it down" by simulating the system on a digital computer, Thus a dis-
crete process cnly approximates a continuous process. The key word is

approxima.te1 w.ich underlies the entire domain of simulation.

How may we view the real world, and what tools have we to describe
it precisely? The characteristics of the real system under investigation
suggest and to some extent determine the modeling approach. Many dynamic
systems can be approximated by sets of differential or other mathematical
equations, and e simulate such systems by solving these equations (and
making some compromises, as in any approach): With extensive use, this
older type of s.mulation has undergone a scrutiny of its logical founda=

tion and mechanization procedures, so that a sort of "theory® exists for ite

Where mathematical equations do not apply, we describe dynamic sys-
tems in other Waysf logical equations, block diagrams, flow ﬁharts, and so
on, in various combinations, An adequate model for a discrete system usual-
ly requires this approach: "For such purposesy there exists no polished,
logical structure comparable to that in, say, the mathematical theory of
functions of a complex variable: It has not been possibley so far, %o
reduce the operation of a logistics system or a steel mill %o a concise
set of mathematical equationse The approximation is rougher, in a sense,

because the problem is so much more complexX,

Analog simulation devices have been used in various operations re-
search studies, The QUEUIAC, for example, was designed for the study of

gueueing, a class of probiems usually belcnging to the world of discrete
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systems! So in practice, we find both continuous systems and discrete sys-

tems being studied by means of both continuous and discrete machines.

The net of all this is simply how the real world is viewed by the
anajyst or engineer, Will he cut up space asswell as time in discrete unitsg
or will he think in terms of continuous variables? This depends largely

upon the tools available,the mathematical techniques for systems studys

1-3 COMPUTING TECHNIQUES

Computing techniques in discrete system simulation are necessarily
unlike those in most continuous~system digital simulations because the
systems are represented so differently. A continuous systems; as noted, is
often represented by differential equations, a discrete system, by less for-
mal methods, but in both cases the independent variable is timef A digital
computer model is a numerical representation of the status of the real %arld
being simulated, As a model is moved through simulated time, or fanimatedy™
this status is modified at discrete time steps to reflect changes; ile.e.s
one or more events which change the status of the simulated system, -Here
the word "status" is the clue, We examine everything “as it standsg™ d.e.,
as if it stood still or froze in its tracks when we rang a bell., The sﬁstem

is caught in the acts; so to speak.

Continuous systems simulators ordinarily use a "snapshot"™ approachg . .cu.

recording the status of important variables at regular time intervals to
provide a time history of a simulation run, In discrete systems, the ap-
proach is somewhat different. Here, a statistical summary is presented at
the end of a run based upon data collected during the run, but collected

at discrete steps, as we have said,
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In discrete simulation, a numerical descripiion identifies each @ype
of component (each entity) in the system, specifies it (gives its properties
or attributes) and specifies the dynamics of the system, including the re-
Jationships of a1l entities., In additiony a numerical description includes

decision rules which define the interplay between entities.

Althougt simulation programs can be organized in many Ways, most of
them have similar basic functionse 4 simulation is usually regulated by a
central program which schedules events in regard to timing and sequence.
¥ost sirulators are built on a next—event principle, updating the “clock“
whan the next event is imminent: (The time increment is a funciion of ihe
ctate of the model and is computed ab each time cycle)e When the time ar-
rives, evenis which can Take place do S0, and the clock is then updated to
the nexi event timee This, in effect, provides a mechanism for parallel
computatioq: Since iime is advanced in variable steps, an event can occur
at any point in simulated 'bime_, Included in this operation is a scan of all
events to select those which coincide with the present value of the clocke.
7o facilitate scanning, most programs keep an event list ordered by timee
(Another method Is %o usé uniform intervals of time, but, Since evenis usua—

1ly occur unevenly in time, this method is less efficient).

List-processing plays an important role in the computational aspect
of simulation, as in many computer programsSe In programming jargon, lists
are a series of words or groups of words in storage, not necessarily con=
tiguous, but chained together, generally by pointers included in the ele—
ments to serve as links: Accordingly, computer storage is organized in an
assoeliative fashion: Queues are represented by lists of words in storage;
avsnis, by lists which are scanned at the appropriate clock times,- Chain;
ing technigues norumally associate entities, lists of entities, and their

attributes, Numerous subprograms are designed to manipulate these lists-to
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place an entity on a list or remove it, to scan a list for entities having
certain attributesy to create and destroy lists, and so on. Implied is

a dynamically allocated storage. Size and number of lists are not usually
known before a simulation run is made; therefore, a pool of storage must be
available to the program from khich lists can be constructed and modified

during a simulation run.

Good projram design will usually include considerable logical capabi=-
lity, Most 3iﬁ11ation programs aim to solve complex logical and decision-
making problems, and depend on the flexibility of digital computer logic.

In practice, most program steps in a simulation involve testing and data
manipulation (is a queue empty ? is a facility in use?); relatively few
steps involve arithmetic computations.,

An underlying concept in computer simulation is statistical sampling,
and statistical quantities must be computed to measure system performance.
To handle the raundom variables in systems being simulated, most simulation
programs contain mechanisms for inputting and storing various statistical
distributions for these variables, and for selecting values for particular
events during a simulation run. There are several techniques for generating
random numbers for this purpose. Random numbers are used not only as argu-
ments for table look~-up functions, but also are used in conjunction with
program decision-making, It is not uncommon that many logical decisions be
made by a random choice,

The output of a simulation is composed of statistical quantities
which most programs accumulate in an appropriate way, analyze, and present
in a meaningful form. For instance, the output data may be queue statistics
(average and maximum length of queue,the average time a unit remains in
queue), or take the form of histograms providing distribution information

about important system variables.

As we have seen, simulation programs are list-structured to a high
de ree, and operations on data sets play a major part in the overall com-
putation, Computations involve principally decision-making and the mani-

pulation of data, with only a minimum cf arithmetic. The high degree of



=

computational accuracy required in numerical problems is not the main pur-
pose in simulations. A significant characteristic of many simulation pro-

grams is their high ratio of computing to input-output activity.
2. MONTE CARLO SIMULATION TECHNIQUE

WHAT IS MONTE CARLO SIMULATION? Monte Carlo simulation is a technique
that aids management in making decisions involving the design and operation °
of physical and business systems. As is the case with all simulations,the
objective is to devise a model that behaves like the real system with respect
%o those characteristics which are relevant to the decisions under conside-—
rahione The model has parameters that correspond to specific design and
operating variables in the real system. These are analogous to parameters
in other simulation models such as the curvature of the cross section of
a wing in a wind tunnel, the rate of flow in a pilot plant, the resistance
of an element in an analog computer, or the value of a mathematical variable
ux® The model is manipulated by changing its parameters. On the basis of
the observation of the behavior of the simulation mbdel, conclusions are

_drawn about the real system.
2-1 Numerical model

The name Monte Carlo derives from the fact that sampling from statis-—
tical distributions is an essential part of carrying out these simulat ions.
Some of the 1nput variables to the model are subject to random variation.

As such, a distribution of possible values instead of specific values is
known. In making a Monte Carlo simulation run, values of these variables
are obtained by random sampling from the specified distributions using
tables of random numbers, computer subprograms that generate random numbers,

or physical sampling methods such as tossing coins, throwing dice, spinn-—

|»J|

wheels or drawing cards. Mechanical failures, service times and demand
v-tes zre examples of variables which are frequently described by statisti-

¢zl distributions.
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A Monte Carlo simulation is generally run on a digital computer,though
in principle it could be performed using pencil and paper and the aid of
random number tables or other physical methods of introducing random varia-
tion. In practice, the amoﬁnt of sampling, data handling and bookkeeping

is so large that a computer becomes indispensable,

As mentioned, making a Monte Carlo simulation run corresponds to
observing the b;havior of the real system, A set of numbers represents the
status of each bomponent in the real system at an instant of time. New num-
bers are generated through random sampling and the entire set of numbers
is modified according to the logic of the model in order to represent the
new status of the system, This process is repeated as often as desired,simu-
lating the operztion of the real system. During the course of the simula-
tion appropriate statistics about the behavior of the system are collected.
These statistics are subsequently used to help management evaluate alter-

native policies and meke decisionse

2=2 Illustrative example

To illustrate the Monte Carlo simulation approach, consider the fol-
lowing example: A particular chemical production complex produces a range
of intermediate products which are combined in specified proportions and
sold as mixtures, Because of a lack of inventory space for finished pro-
ducts, and the péculiar specifications of each order, each mixture must be
prepared immediately before shipments In order to prepare a mixture, the
jntermediates are transferred in the-proper proportions to the mixing tanks.
For the purposes of the illustration assume that the intermediate products
are always available, that the preparation of each mix requires one working
day, and that each order is for a unit mix load. The average demand for
the five mixtures A,B.... E is presented in Table 1, and the problem is

to determine the proper number of mixerse.



MIXTURE AVERAGE ORDERS PER DAY
A 35>
B 239
c 3.5
D 1.4
B ) B57 45
Total for all mixtures 12.50

|

==

Table l. Average orders per day for

mixtures.

The average daily demand is 12.5 mixtures. Theyefore, at first

glance 13 mixers might szem adequate. However, the average figure for

demand does not present the entire picture, for some days there will be

more than 12.5 orders and some days less.
orders will become back orders which will hamper servicee.

necessary to consider a distribution of the demand.

In the former case, the eXcess

It is,therefore,

Table 2 presents the

frequency distribution of orders/day for each mixture,indicaling that

even though the average daily demand is 12.5, there wi

ficant variations around this averagee.

11 still be signi-

Table 2, Frequency distribution of orders per day.

PERCENTAGE OF DAYS

raseran e

No.of
orders A B C D E =

1 2el 4.3 0.4 2.1 3647

2 20.3 49.0 8.7 58.7 5349

3 34,6 26.6 43.7 371 8.7

L 22.4 8.7 37.4 2.1 0.7

5 12.9 1.4 847

6 ke6 To1

7 2.7

3 0k




Next consider a criterion for an adequate design.

One approach might

be to decide to have a number of mixers which is greater than the demand for

Qo

27/

of the dayse

A Monte Carlo procedure could then be used to calculate

the proper number of mixers based on this criterion.

To do thls, it is necessary to pick random samples from the distribu-

tions of order ates. To illustrate a possible sampling procedure,first

prepare cumulative frequency distributions and a procedure for generating

randem numbers from 000 to 999 (by using a random number table, computer

pr

ogramj; or drawing numbers from a hat).

If the numbers from 000 to 999

are assigned to the different order levels in proportion to the percentage

of days with that order level (see Table 3), a random sample of a number

from 000 to 999 will generate a sample from the order distribution. Table &

illustrates the results of this sampling procedure for one daye

Table Z.Cumulative frequency distribution of orders per day for
each mixture,and the assignment of the numbers 000-999
to different order levels.

! MIXTURE & MIXTURE B {IXTURE C [ MIXTURE D MIXTURE _E
Cum,  ASSIG-{ CUM, ASSIG~ | CUM. ASSIG- | CUM, ASSIG- | CUM., ASSIG=

|FREQ., = NED _| FREQ., . NED, FREQ., NED.. | FREQ., NED.: | FREQ.,,. NED."
% ~ Nos. % Nos., "% Nos., % Nos. % Nos. .
2.1 000-020 | 14,3 000-142 | 0.4 000-003 | 2.1 000-020| 36.7 000-366
22,4 021-223 | 63.3 143-632 9.1 004-090 | 60.8 021-607 | 90.6 367-905
57.0 224-569 | 89.9 633-898 | 52.8 091-527 | 97.9 608-978 | 99.3 906-~992
794 570-~793 98,6 899-985 | 90.2 528-901 | 100,0 979-999 [ 1000 993-999
92.3 794=924 | 100,0 986-999 | 98.9 902-988
95,9 .025-968 100.0 989-999
99.6 969-995

{100.0 996-999




Table 4, Random sample of a day's activity.

RANDOM
PRODUCT DIG. No. OF ORDERS

A 392 3
B 480 2
- 923 5
D 102 2
E 684 2

14

This process has been carried out oh a computer using the distri-
butions of the demand for mixtures A, By ... E given above. A computer
program has generated 2,000 days of demand and prepared the cumulative

frequency -distribution of the total demand seen in Table 5.

It can be seen that for 97.35% of the days there are 16 or less or-
ders., On only 2.65% of the days there are more than 16 orders. However,
with 16 mixers, the percentage of days in which all the orders arising in
that day could be handled immediately would be smaller than 97.35% because
of back orders, These back orders occur whenever the number of orders
is greater than the number of mixers (or if orders plus back orders is grea-

ter than the number of mixers).

- It is, therefore, necessary to maintain a list of unfilled orders
during the simulation in order to evaluaté the percentage of orders which
will not have to wait or the percentage of days during which there would
be no backlogs. In order to do this, several simulation runs must be made;
each assuming a definite number of mixers (i.e., with the number of mixers
as a parameter), In each run daily orders are generated using the Monte
Carlo sampling procedure explained above and the system simulated for a large
nuaber of days (such as 2,000). Table 6 illustrates the results of a simu-
iz%ion run with 15 mixers, Table 7 summarizes the results of a series of

yuns with varying numbers of mixers.



Table 5,

sample of 2,000 days,

Distribution of total orders per day for a

No. OF No, OF CUMULATIVE

ORDERS DAYS % %
5 0.05 0.05
6 0.05 0.10
T 0435 0.45
3 25 a5 1,70
9 92 4,60 6.30
10 221 11,05 17435
11 S5 15.75 33410
12 370 18,50 51.60
13 350 17.50 69.10
14 %5 292 14,60 83.70
15 188 9.40 93.10
16 85 4,25 97+35
17 36 1,80 99.15
18 il 0455 99,70
19 6 0.30 100,00

2,000

Table 6, Comulative distribution of orders and back
orders per day for 15 mixers (a sample of 2,000

days). There were no delays 91.45% of the days.
No. OF ORDERS + | NO, OF | CUMULATIVE
BACK ORDERS Days ; % %

6 3 | 015 0.15 =

7 B 025 0.40

8 22 ele AE550)

9 69 3.45 4,95

10 169 8.45 13.40

11 555 16675 B50.15

12 387 19.35 49,50

13 365 18.25 6D

14 289 14,45 82,20

15 185 9.25 9l.45

16 83 4,15 95.60

17 2 2475 98.35

18 24 e 2 99.55

19 6 0.30 99.85

20 15 0.05 99.90
21 2 0,10 100.00 e
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Table 7. Summary of results with different
numbers of mixers.

§0. OF DAYS . | NO. OF ORDERS
No. OF WITH NO WITH NO
MIXERS . DELAY DELAY
15 20D 81.0
14 79.3 96 o4t
15 9l.4 99.2
16 97 .2 99,6
17 99.2 99.9
18 99.7 99.99
19 99.9 99.999
20 100.0 100. 000

2-3 DEMAND SATISFACTION:

¥ith 13 mixers, there are backlogs at the start of 38,5% of the days.
To provide service with backlogs for only 5% of the days would require 16
mixers., Similarly, 13 mixers jmmediately satisfy only 81% of the orders-
whereas 16 mixers satisfy 99.6% of the orders with no delaye It is neces-
sary to have 18 mixers in order to satisfy 99. 99% of the demand with no de-
lay. The importance of the back order effect can be seen by comparing
Tables 5 and 7. There are 13 or less orders 69,10% of the days, but with
13 mixers there are delays 61,5% of the dayse of course with more mixers

the back order effect is not as great.

The decision regarding the proper number of mixers would depend on
considerations of their cost, the definition of adequate service and the
penalities and risks associated with inadequate service. In this 1nstance,
the simulation is a tool that can estimate the service obtained with dif=-

ferent numbers of MiXerse

The above example was simplified for j1lustrative purposes, However
with modifications it would approximate many realistic systemse Consider

the followings:
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l, Uncertainty in availability of raw material because of demand fluctua-
tions and limited production capability,
2« Variations in batch size and mixing time for different mixtures,
5. Variations in clean-up time dependent on scheduling sequences,
4, Availability of limited final product starage space,
If these considerations were included in the model, the result

might represcnt a realistic Chemicals production unit., With a Monte Carlo

simulation of this unit the following questions might be answered:

1. What is the proper balance between increased production capacity and
increased storage facilities (raw material, intermediate and final

product)? Between mixers and storage facilities?
2., How is the system affected by changes in demand characteristics?

3o What is the effect of an increase of mixing rate?
2-4 SIMULATION CHARACTERISTICS

There are two essential characteristics of the situations in which

lionte Carlo simulation is useful,

l. It is believed that the real system cannot be studied satisface
torily without considering the variation which is inherent in some of its
variables, The systenm must, consequently, be represented by a model which
contains some variables described as statistical distributions, In the pre-—

vious example, the distribution of demand for each mixture was such a variable.

2. The relationships between variables are usually quite complex,
It may not be possible to describe some of these relations by simple alge-
braic equations, Often this complexity arises because of considerations
of priority and scheduling rules at facilities where the demand for service
is considerable, In the above example, the consideration of back orders ade
ded complexity to the model., The necessity to have two or more facilities
available simultaneonusly may be important in a real life system, and this

could introduce complexity in the corresponding model.,
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Either of the above characteristics alone will seldom require the
use of = Monte Carlo simulation. If only the statistical nature of the
variables is important and the logical relationships among variables is
not comglex, the analytical methods of statistics and queuing theory are
gquite efrective, If only the complex relationships are involved, the
ingenious detinition of mathematical variables can lead to the formula-
tion of an integer or linear programming model., However, when the re—.
iztionships between variables are complex and variabiliiy is important;

ronte Carlo simulation is often the easiest method of solution.
2=5 SOURCE OF DATA:

In many situations the distribution of the statistical variables
is determined empirically by examining historical data. Statistical ana-
lysis, on the other hand, usually deals with distributions that can. be
described by simple mathematical expressions such as normal; Poissongand
exponential distributions. Consequently, at times Monte Carlo simulation
becomes necessary even for systems with somewhat simple logical relation=
ships among variables, for a simulation can deal with arbitrary empirical

distributions.
2-6 DEVELOPMENT OF A MODEL:

In general; the Monte Carlo simulation model consists of & compuijer
program., The identification and selection of the significant input vari-
ables and a formal specification of the relationships among them are the
first activities in the development of the model, It is not necessary that
the model be similar to the sysitem in every respect as long as its beha-
viour is similar, Often, as a by-product of model bulldlng, prev1ously
unnoticed problem areas are discovered and valuable insights are gained
into the real operation of the system., Only the variables that are believed
to significantly influence the behavior of the criticial areas of the sys-
nem should be included as input variables, Because physical phenomena may
often be described in several ways, the input variables in the model which
reflect such phenomena should be defined in ways which minimize data col-

lection difficulties, Another approach to reducing these difficulties
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is to descrive the distribution of some of the statistical variables ana-

lytically by fitting algebraic equations to historical data.

Besides the selection of significant variables; the model also
requires identification of the relationships among these variables, The
selection of the input variables should be such that the relationships
among them can be specified exactly and completely, This formalization

of the system is a necessary feature of any model building,

The selection of the criteria for evaluating the behavior of the
system is also an integral part of the model building stage. In the il-
lustrative example, it was possible to use percent of orders. In some
situations it may be necessary to maintain a certain service level regar-
dless of cost (within limits, of course)s, The selection of the variables
and the relationships described in the model as well as the specifications

for developing the computer program are influenced by the evaluation cri-

teriac

2=~7 AN EXPERIMENTAL TOOL

A Monte Carlo simulation model can be viewed as an experimental device,
A single run representing an experiment and the output of the simulation
representing a single observation, Since the input to the simulaticn model
contains some random variables, the output would vary even if the simulation
run were to be repeated with the same values of model parameters, In this
sense, the result of a simulation run is not reproducible, The variability

in the results depends on the following factors:
1. Tae sequences of random numbers used in making a simulation run.

2., The length of the run (sample size) during vwhich data are collected

(a simulatec. year, decade, or century).

%. The duration of the initialization period during which the simulation
is run but data are not collected (presumably the system will reach

some kind of equilibrium during this period).
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4, The initizl or the starting values of the system variables at the begin-

ning of the simulation run.
The ¥a-iability which is caused by these factors should be reduced
as -uch as possible. However, some variatiocn in the resulis is a natural
characteristiz of the system and ofiten the very purpose of rumning a simu-

lation is to examine the cause and the magnitude of this inherent varia-—

The gr2at majority of problems encountered in using a simulaticn
are those regilarly dealt’ with by a statistician or quality control engi-
neer, The injegration of statistical technique and model building ability

iis, therefore, the prerequisite for a successful Honie Carlo simulation.
2~-8 MODEL TESTINGS

Besides the question of the reproducibility of the results from a
single simulation run, there also exists a question of the validity- of
the entire simulation model as a decision making tool. A possible approach
towards verification is to test the model with historical data. The be-
havior of the model is then compared with the historical performance,

Such an evaluation, however,should be made with due consideration to the
fact that both the result of a simulation and the historical-operation of
the real system are statistical samples, These problems often make any
direct verification of the model almost impossible. In such cases one

may examine the various components of the model carefully and verify that
their behavior at any particular time is consistent with the conditions

in the remainder of the system, For example,; is the production scheduling
component performing correctly with respect to the current inventory le-
vels, orders on hand, and expected demand? This is the only procedure to

use when there is no historical data for comparison,

It has been emphasized above that a simulation run is a specific
experiment. After determining the proper experimental procedures (Initial

conditions, run length, etc,) it is necessary to design the complete set
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of simulabicn runs which are required for arriving at specific conclusions.
fecognizing the variability of results from a simulation run; the principles
of the desizn of experiments developed by statisticians should be used in
planning sisulation runs and in interpreting their results. An advantage

of a simulation experiment is that it can be closely controlled,. In addi-
tion, the model is an extremely flexible experimental laboratory; for nors=.
dally it is not difficult to modify parameter values or ‘the computer program,
Bvan though . & onte Carlo’ simulation will not optimize,the operation of a
systeiy Lie Jodel should be flexible enough to evaluate the reasonable range

of possible policy (i,e., scheduling rules or inventory control procedures),
2-9, COPUTE3S AND SIMULATION

Even taough it is possible to conduct small Monte Carlo simulations
using a tavle of random numbers and a hand calculator, the use of Monte
Carlo sinulation as a decision making tool has become more and more res-
tricted to computers., Since simulation computer models are complex and
difficult to program, and since many elements of these models are logical-
ly similar, the need for special purpose computer simulation languages be-
came apparent. Many different individuals and companies saw this need
and have developed simulation languages. All of these languages provide
a simulator clock or timing routine and provide facilities for sampling
from distributions collecting statistics, However, none of these langua-
ges remove the necessity for having programuning skill to convert a flow

diagram of a model into a computer program.
2«10 PROGRAMMING LANGUAGES

Before any system, large or small, can be simulated, it must be
described, and-as we suggested before-this is a major problem for engi-
neers, systems analysts, and others who use digital simulation to study
systems, In a sense, the description is initial simulation., Lacking a-
precise language for his model, the engineer cannot describe his. system
adequately to other people or to the computer whose help he needs, Us=

ually, a system description develops slowly as the model is formulated,
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combining block diagrams, flow charts, equations, and sufficient text %o
explain how the system operates. A next step, if the model is to be tron”
on a computer, would be to somehow translate this description to the lan-
guage of a digital computer., This is a major step in the total simulation

pProcessSe

Now, one way of making this translation would be to have a profes—
sional programmer study the problem in every detail before he staried prog-
ramming, . This obviously means a close working relationship between engi-~
neer and programmer. The writing of such a program is an intricate and
complex process which requires a great amount of patience, special skills,
and time. This approach is often characterized and sometimes marred by a
iong delay before any simulation results become available, by high costs
due to salaries and debugging time, and also by mutual difficulties in under-
standing the important aspects of both systems-the one being simulated and
the one doing the simulating.

This procedure can be improved if a program is automatically created
directly from a model description. Simply stated, the engineer would spend
a short time getiing a grasp of a problem-oriented programming language by
which he could describe his system, His description would automatically
generate a machine code to produce a complete simulation program ready to
run., ‘This ideal is being approximated in some languages now which offer
the engineer a more direct communication path to the computer, This is no
small gain, as we realize when we remember that simulation is inherently
an interative procedure requiring continual modification of the model;
feedback, analysis; redesign, and reruns, Furthermore, to accomplish its
purpose (e.Z.s saviné time and money in the system simulated), a simula-

tion must be carried out quickly and be adaptable to change.

Several programming languages have been designed especially to ease
\-a programming requirements for discrete systems simulation. Like their
counterparts in continuous systems simulation (DSL/QD; PACTOLUs; MIDAS, IBM's
1130 CSMP; and others); each helps solve part of the problem of communica-

tion between engineer (user) and programmer—a problem not unique fo
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simulation, of course. These languages are being used successfully by many
who are not professional programmers., Programming is the simplified and
programming errors reduced, and-equally important-these languages provide a
communication vehicle by which complex systems can be described and thus cla=’
rified for other purposes than simulation,

Early attempts to generalize computer programs for discrete systems
simulation were limited to "programming packages" such as job shop simula-
tors and inventory management simulators, writien for a variety of computers.
Usually designed for very specific application areas, and successful within
their limits, these attempts were important first steps toward the development
of more generzlized programming systems for simulation, Out of these ef-
forts evolved many general discrete—systems simulation programs=GPSS (Gengral
Purpose Systems Simulator), SIMSCRIPT (A Simulaiion Programming Language ),
SOL (Simulation Oriented Language), CSL (Control and Simulation Language ),
SIMULA (SIMUlation LAnguage), and many others, These languages and their
associated pregrams are powerful tools for solving a large class of prob-
lems, but each requires the user to view the "real world" in a slightly
different way; and there is as yet no standardization of these languages.

But one system widely used - the General Purpose Systems Simulator - seems
to be earning its name, and suggests the direction in which standardization
may go without sacrificing the necessary orientation to a wide range of

real problems,
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* .
LA (10)
Similarly we can derive the direct, indirect and total of direct
and indirect household income per unit of a particular final demand.

The direct and indirect householdincome per unit of g particu-
lar final demand will be

i e =

i.:-J

-;fo :j

& = 0

The indirect household income per unit of that particular final
demand would be

n *. ;
2— 11“] Je (12)

and the direct household income per unit of that demand would be
1Yy (13)

Having the déliveries from the productive sectors from the 31
different final demand columns as projected for 1960-61 and having
the'Vfg and 1 we were able to calculate the impact, direct
and indirect, of %hese different final demands on value added and
household income. The results are presented in Table 8. The table
shows that only two final demand sectors contained direct inputs
from value added. These are household consumption and government
consumption. In the case of the first sector, the direct value
"added represents domestic services and in the case of the second
sector, i.e. government consumption, it represents wages and sala-
ries paid'by the government. The table also shows that total value
added created by final consumption and exports is by far higher
than that created by the investment channels. In the meantime the
total of direct and indirect value added created by the individual
investment channels vary from one type of investment to the other
reaching the highest figure in the case of horizontal investment in
agriculture and the lowest figure in the investment of the High
Dam., - The figure for the High Dam, however, should not be taken =
without reservation as the projected investment in the High Dam for
the year 1960-~61 is but a fraction of the total investment and
' therefore the figure presented represents only the impact of that
pertion of investment on value added.

-«
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E. PRELIMINARY NATIONAL BUDGET FOR THE EGYPTIAN ECONOMY
FOR THE YEAR 1960-61

Having computed these sets of coefficients we were in a posi-
tion to construct a rough national budget for the year 1960-61.
As we mentioned before, changes in final demand between the years
1959-60 and 1960-61 were taken as our starting point. These changes
were, as far as possible, in conformity with the figures included
in the preliminary drafts of the Plan Frame. Some ad justments of
these figures, however, were essential in order to carry out our
input-output calculations. For the eight different types of final
demand included in Table 9 total requirements of imports to meet
the change in each of the final demands was calculated by means of
the coefficients in Table 7. Also by the means of the coefficients
in Table 8 ¥value added and household income created as a result of
these changes in final demand were also calculated.

Table 9 shows that a change in final demand of 181 million Egy-
ptian pounds would require total inputs of 84 million pounds. On
the other hand the value added created would be 97 million pounds.

The depressing feature about these results, however, is the Tact that
whereas the Preliminary estimates of the increase in private con-

sumption is 42.4 million Egyptian pounds we found that household
income would increase by 76.5 millions. Unless a drastic increase
in taxes is anticipated, these results seem very inconsistent.

The inconsistency of the figures may be due, besides other reasons,
to the underestimation of the import increases for consumption
purposes. One reason for that was the assumption that agricultural
production is determined by demand whereas it i1s in fact limited by
capacity. However it must be mentioned that better results could
have been achieved had we reviewed our Preliminary assumptions
about private consumption as it should be the case when carrying
out such calculations.

n/z.



Direct and Indirect Requirements of Imports Per Unit

of Final Demand from each of the Productive Sectores,.

Table 1.

-
Direct and
Indirect import indirect
Sectors Direct imports requirements requirements
per unit of per unit of per unit of
production final demand final demand A\
Agriculture 0.041 0.018 0.059
Mining and quarrying 0.0638 0.029 0.097
Electricity 0,158 0.043 D200
Basic metallurgical industry 0.225 0.062 0.287
Metal products 0.221 0,071 0.292
Cement industry 0,13 0.063 0.194
Petroleum refining 0.132 0,051 0.183
Manufacture & repair of machiney 0.166 0.097 0.263
Basic chemicals 0,076 0,048 0.124
Other basic industies 0.146 0,047 0.193
Construction 0.143 0,067 0,210
Slaughtering & meat production 0.026 0.050 0.076
Dairy products ' 0.028 0.054 0.082
Grinding & processing of grain 0.027 0.057 0,084
Bread & bakery products 0,064 0,065 0,129
Sugar industry 0,032 0.034 0.066
Oils & fats 0.052 0.019 0.071
Other food products 0.080 0,063 0,143
Spinning & weaving 0.055 0.072 0.127
Ginning & pressing of cotton 0.006 0.060 0,066
Manufactue of ready made clothes 0.049 0,095 0.144
Paper & paper products 0.236 0.0%90 0.326
Tobacco & cigarettes 0,059 0.078 0.137
Wood & furniture 0.186 0,064 0.250
Fertilizers 0,075 0.026 0,101
Other industries 0,162 0,068 04250
Transportation & Communication 0,085 0.027 0,112
Suez Canal 0,015 0.007 0.022
Education 0.034 0.027 0.061
Medical services 0,143 0.052 0.195
Trade & financial services 0..01% 0.020 05057
Banking & insurance 0,012 0.026 0.038
Other services 0.006 0.106 (B kI




Table 2.

Direct and Indirect Value Added Created Per Unit

of Final Demand from each of the

Productive Sectors.

Direct and
Indirect import indirect
T Direct imports requirements requirements
per unit of per unit of per unit of
production final demand final demand
Agriculture 0.431 0510 0.941
Mining & quarrying 0.659 0,244 0.903
Electricity 0.524 0.:2%95 0.799
Basic metallurgical 0. 434 N 0.279 0.713
Metal products 0.416 P 0.292 0,708
Cement industry 0.419 0.387 0.806
Petroleum refining 0.318 0.499 0.817
Manufacture & repair of machinery 0,337 0.400 it 0,757
Basic chemicals 0.432 0, 4y Tyl 0.876
Other basic industries 0371 0,435 ; 0.806
Construction 0.446 ) 0.344 i 0.790
Slaughtering & meat production 0.105 ; 0.819 j‘ 0.924
Dairy products 0,261 0,657 i 0,918
Grinding & processing grains 0,052 0,864 0.916
Bread & bakery products 0.166 0,705 04871
Sugar industry 0.451 0.483 0.934
Oils & fats 0.759 0.170 0.929
Other food products 0.078 0779 0.857
Spinning & weaving 0.164 0.709 0.873
Ginning & pressing of cotton 0.025 0,909 0.934
Manufacturing of ready made clothesg 0,271 0,583 0.854
Paper & paper products 0177 ‘ 0.407 0.674
Tobacco & cigarettes 0,119 ! 0. 744 0.863
Wood & furniture 0.464 i 0.284 0.748
Fertilizers 0.630 i 0.269 0.899
Other industries 0.393 ; 0,397 0.770
Transportation & Communication 0,704 | 0,184 0.888
Suez Canal 0.879 ' 0.099 0.978
Education 0.696 0.243 0.939
Medical services 0.395 0,400 0.795
Trade & financial services 0.759 Q212 0.971
Banking & insurance Q7% 0.235 0.962
Other services Jh_ 0,947 ! 0.041 0.988
L)

~__
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Table 3.

5 5 : X -
Direct and Indirect Household Income™ Per Unit
of Mnal Demand from each of the Productive Sectors.

Direct and
indirect
household
danape Household income Indirect house- income par
! 3 per unit cf held per unit of unit of fi-
production firal demand nal demand
Agriculture 0.406 0,402 0,808
Mining & quarrying 0.23€ 0,197 0.433
Electricity 0.214 o L43 0557
Basic mebtalliurgical 0.301 0,174 0.475
Metal products 0,360 0.194 0.554
Cement industry 04256 Q.222 0.478
Petrcleum refining 0327 0,288 0.415
Manufacture & repair of machinery 0,30% 0,293 0.597
Basic chemicals 0,297 0.291 0,588
Other basic industries 0.254 0,272 0533
Construction 0,374 Q.217 0,591
Slaughtering & meat production 0.10% 0.574 0,783
Dairy products § 0,265 0.550 0.815
Grinding & processing of grains 1 0.05% 0.726 0.777
Bread & hakery products 0,166 0.576 0.742
Sugar industry 0,060 0,344 0,409
Oils & fats 0,563 0,119 0.682
Other focd products Q.:075 0,52% 0.596
Spinning & weaving 0,164 0.514 0.678
Ginning & processing of cotton 0,018 0.771 0,789
Manufacture of ready made clothes 0.215 0.428 0.643
Paper & paper products 0,152 0.381 0.533
Tobacco & cigareties 0,060 0.379 0.439
Wood & furniture 0.455 0,187 0.642
Fertilizers 0,499 : 0,168 0,667
Other industries 0,36L 0,262 . 0.623
Transportation & Communicaticn 0,694 (690 L B 0,807
Suez Canal 05053 0.073 0,581
Education 0.675 0,186 0.861
Medical services 0,316 | 0.290 0.606
Trade & financial services 0,288 ! 0,164 0.452
' Banking & insurance ; 0.417 - 0,170 - 0,587 !
| Other services g 0.790 ; 0.032 " 0.822 |

&



Table 4,

Direct and Indirect Imports Per Unit
of Four Different Categories of Final Demand.

Direct and

indirect
imports
Final demand categories Indirect imports required
required by a per unit
Direct imports unit of final of final
to final demand demand demand
Investment in fixed capital 0.327 0.138 0.465
Household consumption 0.053 0,094 0.147
Government consumption 0,075 0.040 0.115
Exports 0.000 0.074 0.074
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Projected Deliveries to Final Demand for the Fiscal L.our 1960/61.

Total final

House- Govern— Total demand (ex-
el : hold ment investment | cluding

peliutans, from con- Con- in fixed changei in

sumption sumption capital inventories)
Agriculture 136.3 4.0 1.0 147 4
Mining & quarrying - 0.1 - 6.5
Electricity 4,3 0.6 - 4.9
Basic metallurgical - 0.l - (0] il
Metal products 0.8 B = 4.8
Cement industry - - - 2.8
Petroleum refining 79 Sl - 12.9
Manufacture and repair of machinery 2.6 243 26.3 AR
Basic chemical industry 10,2 1o - 11.9
Other chemical industries 1.6 0.6 - Bt
Construction - 348 138.4 142.2
Slaughtering and meat products 69.0 2.1 - il |
Dairy products 5 24 - 60.3
Grinding and processing of grains 514 152 - 56.6
Bread and bakery products 84,8 2’5 - S5
Sugar industry 225 (045 - RACE
Oils and fats industry 12.0 0.4 - 12.4
Other food industry 14,4 140 - 18.7
Spinning and weaving 80.3 4,2 - 109.9
Ginning and processing of cotton - - - 103.9
Manufacture of ready made clothes 179 Bieb - 21 .4
Paper and paper products 2.0 1.4 - 34
Tobacco and cigarettes 40,8 0.2 - 41,0
FPood and furniture rarl - - Yol
Fertilizers - - ~ -
Other industries 15,8 0.6 ~ 2540
Transportation and Communication 44,1 36D - 60.6
Suez Canal - - - 46.5
Education 746 - - 2s6
Medical services 13.9 - - 13.9
Trade and financial services B5.1 6.2 843 120.6
Banking and insurance 0.9 - - 15
Other services 205,02 2T - 210,9

(cont,.)




(conte of Table 5).

Total deliveries from domestic sectors 996 .4 51,8 247.3 174.,0 1469,5
Imports directly to final demand 56.6 14.2 - 124,0 194,8
Total deliveries 1053.0 66.0 2h7.,3 298.0 1664, 3
Value added directly created by final

demand 19,0 154.7 ~ - il
Sum of final demand 1072.0 22047 247.3 298.0 1828.,0




The Required Deliveries to the Projected Investment

Tab

le 60

for the Year 1960/61

(in mi

llion & E)

Required deliveries from:

“Domestic

prodic Zoo e

Type of investment invest- A Ggase 80| otee demgl Ti b

HERE Construc-— and Agricul=| financial| domestic | invest—

Ltion equipment | ture services sectors ment

Vertical investment in agriculture 1243 5.6 1,9 0.4 0.6 B85 B8
Horizontal L i L 29.7 18,7 349 0.6 i 24.5 542
Irrigation and drainage 2549 19.9 - - - 99 6.0
High dam 9.0 1.4 - - - l.4 746
Mining and quarrying 342 0.5 0.8 - 0:3 146 1.8
Blectricity 1545 3.0 2.0 - 0.7 s o8
Basic metallurgical 647 2.0 0.2 - 22 4,5
Metal products 0.9 03 Osd - - O.4 0.5
Petroleum refining 14,8 1,1 3.9 - 12 6.2 846
Chenical and pharmaceutical 18k 340 La3 - 0.4 4,7 Sk
Manufacture of machinery 12,5 2.6 2.4 - 0.8 5.8 G 7
Rural industries 140 0.3 Oolk - 01 0.8 0.2
Food, beverages and tobacco 4,8 202 0.9 - 0.3 3.4 1.4
Textiles and clothing 9.8 Lo L - 0.5 3.9 5.9
Paper products and printing 38 145 0.5 - 0% 1 2el s
Wood and furniture 0.5 0.1 0.1 - - 0,2 0.3
Non metallurgical 0.3 Ol 0.1 - - Q2 (3P0 |
Other industries 3.0 0.7 = - - [0 18/ 2e3
Vocational training 240 0.6 0.5 - 0.2 les Q.7
Replacement 34 - - - - - 3ok
Transportation and Communication 564 2551 5.ad - 1.6 31.8 24.6
Suez Canal 14.9 6.8 - - - 6.8 8.1
Housing 28.0 22.3 - - - 2243 ST
Public utilities 14,6 95 - - - 93 s>
Services 1559 5.6 @5 - 0.2 10,3 356
Total 298.0 138.4 2603 140 8.3 174.0 124.0




Table 7.

Direct and Indirect Import Requirements as Percentage
of Different Categories of Final Demand for Year 1960/61.

Direct and
Direct indirect
imports imports
Household consumption 5 14
Government consumption 6 10
Total exports ~ 7
Total investment in fixed capital 42 54
Exports of cotton - 7
Exports of yarn and cloth - 13
Suez Canal -, 2
Other exports - 10
Investments in
Vertical investment in agriculture 3l 45
Horizontal investment in agriculture 18 34
Irrigation and drainage 23 39
High dam 85 88
Mining and quarrying 50 59
Electricity 58 67
Basic metallurgical 67 75
Metal products 56 67
Petroleum refining 58 67
Chemical and pharmaceutical 64 72
Manufacturing of machinery 54 63
Rural industries 20 40
Food, beverages and tobacco 29 el
Textiles and clothing 60 68
Pdper and printing 45 57
Wood and furniture 60 80
Non metallurgical industries 33 67
Other industries 77 80
Vocational training %5 50
Replacement 100 100
Transport and Communication s 55
Suez Canal 54 64
Housing 20 s
Public utilities 36 50
Services 26 42
Total investment in construction - 21
Total investment in domestically
produced machinery and equipment - 26




Direct and Indirect Value Added and Household Income
as Percentages of Different Final Demands for the Year 1960/61.

Table 8.

Direct & Direct and
Value indirect Direct . indirect
added value household household
. directly added income income
LEte on Shend Bensd created by created by| created by| created by
final final final Tinal
demand demand demand demand
Household consumption 2 86 2 68
Governmant consumption 70 90 67 82
Total exports - 93 - 69
Total investment in fixed capital - 46 - 34
Exports of cotton 5 93 - 79
Exports of yarn - 87 - 68 -
Suez Canal - 98 - 58
Other exports - 90 - 61
Investments in
Vertical investment in agriculture - 55 - 41
Horizontal investment in agriculture - 66 - 49
Irrigation and drainage - 61 - L6
High dam - 12 = 9
Mining and quarrying - 41 - 28
Electricity - 33 - 24
Basic metallurgical industries - 25 - 19
Metal products - 33 - 22
Petroleum refining - 33 - 24
Chemical and pharmaceutical - 28 - 21
Manufacturing of machinery - 37 - 26
Rural industries - 60 - 60
Food, beverages and tobacco - 56 - 42
Textiles and clothing - 32 - 22
Paper and printing - Lo - 32
Wood and furniture - 20 - 20
Non metallurgical industries - 25 - 33
Other industries - 20 - 13
. (cont,)



(cont. of Table 8).

Vocational training 50 35
Replacement = 5
Transport and Communication 45 33
Suez Canal 36 29
Housing 63 47
Public utilities 50 38
Services 58 Ldy
Total investment in construction 79 59
Total investment in domestically

produced machinery and equipment i 60




