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ABSTRACT

This thesis presents a user oriented computer
language for the solution of basic queueing theory models.
The language provides the means via the use of digital
computers for obtaining numerical results for certain
queueing models. The interpreter for the lanqguage is coded
in Fortran IV and can be used on most computer systems.

The Tanguage is readily usable in a conversational mode as
well as in a batch mode. Examples are presented to explaiﬁ

the utilization of the Tanguage.
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Chapter 1
INTRODUCTION

1.1 General Discussion

The solution of problems in waiting line or queueing
theory has long been one of the major areas of interest in
operations research and industrial engineering. Mathematical
models are available to describe numerous queueing situations.
Many of these models are complex to the extent that they
require the use of digital simulation techniques to arrive
at numerical approximations. "The theory has nbt progressed
beyond the point where tractable solutions are available for
more than a few idealized systems (4, p. 1)." Accurate
mathematical formulas, tables, charts, and graphs are
readily available but generally they apply only for the
solution of a few idealized systems. "A study of these
idealized congestion problems will develop an insight into
the character of queueing action, and will provide upper
baunds'for design and reasonableness checks for more accurate
simulation studies (4, p. 1)."

To analyze these situations a user-oriented, inter-
pretive type language (called QUEUE) is presented. The
language enables the user to input his data in a manner

consistent with a description of a waiting line model.



The language is such that most spelling and punctuation
mistakes will not cause an error in the problem. The
tanguage is coded in Fortran IV and hence may be implemented
on almost any computer system. In addition, the program is
written in such a way that it is quite easy for an experi-
enced programmer to expand or incorporate any desired
changes. All éhe test runs were made at the University of

Houston on the Univac 1108 and the IBM 360/44 computer systems.

1.2 Chapter Summaries

The thesis consists of five chapters, of which
Chapter 1 is the introduction. Chapter 2 describes the
various principles and elements of queueing situatioﬁs.
Chapter 3 presents the user considerations. This chapter
consists of a general description of the capabilities and
lTimitations of QUEUE and of the various error messages.
Also included in Chapter 3 is a discussion of the various
input instructions and an explanation of the various options
available. A description of the queueing models available
plus an explanation of the output are presented. Chapter 4
explains the technical aspects of the interpreter. The
logic and function of the main and subprograms are
discussed. The notation used in the program is also
discussed. Chapter 5 consists of a summary and conclusion.

It is hoped that QUEUE will be used as a teaching

tool as well as for the solution of practical problems.



Chapter 2
PRINCIPLE ELEMENTS IN A QUEUEING SITUATION

2.0 Introduction

The most general and effective analytical approach.
to random flow systems is waiting line analysis, or queueing
theory. A queueing situation--or, more simply, a "queue"--
arises when a customer arrives at a service facility and,
finding it busy, is forced to wait. The formation of
waiting lines is, of course, a common phenomenon which
occurs whenever the current demand for a service exceeds
the current capacity to provide that service. Such a
situation may occur with customers arriving at a supermarket
checkout counter, aircraft arriving at an airport, messages
arriving at a switching center, etc. (4, p. 2).

The ultimate goal of queueing theory is to achieve
an economic balance between the cost of service and the cost
associated with waiting for that service. Queueing theory
itself does not directly solve this problem, but, it does
provide vital information required for such a decision
(3, p. 285).

Three elements must be characterized to describe a
queueing system mathematically. These elements are the
input traffic, the waiting line, and the service facility

(see figure 1).
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An Elementary Queueing System




These elements can then be placed in various configurations
representing a particular model of a queueing system, and

the effects of the elements on each other can be studied

(4, p. 2).

2.1 Input Traffic or Source

The unit of traffic, or calling unit, that moves
through a queueing system is called a “customer." The
customer is drawn from the input source or "calling
population.” Two important characteristics of this popula-
tion that determine the input traffic are the size of the
population and the arrival rate of customers from the

calling population to the queue (4, p. 2).

2.1.1 Calling Population

The size of the calling population is the total
number of distinct potential customers. It may be assumed
to be either infinite or finite (3, p. 287). 1In usual
practice, if the population is sufficiently large such that
the arrival rate is not affected by the depletion in the
population caused by those units waiting for service and
being served, then the population is assumed to be infinite.
When the infinite population assumption is not valid, one
must take into account the depletion of the population
(11, p. 2). If the source population is small, there is a

significant effect on the arrival rate to a queue.
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With an infinite population, the arrivals are assumed
to be independent, and the potential customers will never
be depleted. An infinite population is closely exemplified
by customer telephones in a local area, wherein calls arrive
at a telephone exchange. An example of a finite population
is the case of a single operator servicing a group of

automatic production machines (3, p. 2; 11, p. 2).

2.1.2 Arrival Rate

There must be some statistical pattern by which
calling units are generated over time. The simplest, but
not very common, way for customers to arrive is at constant
intervals, for instance, one customer every two minutes.
More likely, the input to a queueing system is irregular,
thus introducing an element of randomness. The arrival
pattern must therefore be described by a probability dis-
tribution. There are several ways of doing this.
2.1.2.1 Arrival Distribution

One way is to sample the number of arrivals in a
fixed-time time interval, say T seconds, and estimate, for
all values of k from zero to infinity, the probability of
exactly k arrivals in T seconds (4, p. 2). The -most common
assumption is that the number of calling units generated
during any specific time has a Poisson distribution

(11, p. 1; 3, p. 288). This is the case where arrivals



occur at random, but at a certain average rate denoted by
Tambda (A). Three basic assumptions must hold if the input
traffic is to be considered Poissonian:

1. The traffic load must be independent of time;
that is, peaking conditions must not be
predictable.

2. Customer arrivals must be independent of
past arrivals.

3. Simultaneous arrivals occur with a small
chance of happening.

If we denote the probability of exactly k arrivals

in T seconds as Pk(T), the Poisson distribution is expressed
by the formula (4, p. 3)

k
P (M= Q1w T 00, k=0, 1, 2, ...

2.1.2.2 Interarrival Distribution

An alternate way to describe the arrival pattern is
-to sample the time between arrivals and then estimate the
probability F(t) that the interarrival time is less than a
particular time t. When the input traffic is a Poisson
process, the interarrival distribution is found to be
the exponential distribution (see figure 2).

Prob(Interarrival time <t)=F(t)= 1 - e ML U t/Ta
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Exponential Interarrival Distribution



The mean interarrival time Ta’ equals 1/A, that is, the
reciprocal of the arrival rate, as one would expect. Note
that F(t) is a continuous distribution in time while the
Pk(T) distribution is discrete.

Any unusual assumptions about the behavior of the
calling units must also be specified. One example 1is
balking, where a calling unit refuses to enter the system

if the queue is too long, and is lost.

2.2 Service Facility

Customers require service of some kind. To satisfy
this need, the service facility is made up of one or more
"servers" in parallel. Each server can service only one
customer at a time, although the service facility as a
whole can service several customers simultaneously. In
this report, a server is idle if and only if there are no
customers waiting to be serviced. If the server is idle and
a customer arrives, service begins immediately. Likewise
it is assumed that upon completion of service, the next
service begins immediately if there is a customer waiting.

If no customer is waiting the server becomes idle.

2.2.1 Service Distribution (11, p. 2; 4, p. 3)
It will be assumed that individual customer service
times are mutually independent, identically distributed

random variables having a statistical distribution that can
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be approximated from actual observation. The mean service
time will be denoted by Tg» or 1/u, where mu (q) represents
the mean service rate.

The theoretical service distribution of great

interest is the exponential distribution (see figure 3).

t e-t/Ts

Prob(Service time <t)=H(t)= 1 - e Hbt= 1 -

In most cases of practical interest, service times are not
exponentially distributed. However, the exponential form
usually represents a worst-case assumption and often leads’
to great simplification in the form of the solution; it
should be assumed when better information is lacking (4. p. 4).
Distributions with variablility greater or less than that
of the exponential distribution are called hyperexponential
and hypoexponential (Erlang) distributions, respectively;
For distributions whose special characteristics make
analytic solutions too complicated, other techniques are
used, the most genera]iy applicable and useful of which is
the Monte Carlo Simulation Method (11, p. 11).

2.3 Waiting Line or Queue (4, p. 4)

Whenever arrivals or service times of a queueing
system fluctuate in a probabf]istic manner, a wéiting Tine
may form, causing waiting time delays for the arriving
customers. One of the purposes of queueing theory is to

determine the expected size of these queues and the extent
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of the waiting delays encountered. In this report a waiting
line refers to a system of servers with a common queue.

Thus a queue is only part of a waiting line in a system.

A queue refers only to that part of a waiting line that is
waiting for service to begin. Since this distinction is
sometimes not made, or is even reversed, in the Titerature
on queues, one should be careful to determine what a
particular author means by these terms. There are two
important characteristics to consider in the organization

of a queue.

2.3.1 Waiting Line Limit or Capacity

A waiting line is characterized by the maximum
permissible number of units that it can contain or hold.
This is equal to the maximum size of the queue (number
waiting in line for service to begin) plus the number of
servers. For instance, if the capacity of a queueing system
is 10 and there are 2 servers, then the maximum size of

the queue 1is 8.

2.3.2 Queue Discipline (3, p. 288)

The queue discipline is the rule by which the Service
facility determines the next customer to be serQed. For
example, it may be first-come-first-served, or random, or
according to some priority procedure, et cetera. First-
come-~first-served, or FIFQ, is usually implicitly assumed by

queueing models unless stated otherwise.
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2.4 Measures of Congestion (4, p. 5)
There are several measures of congestion drawn from
statistics which describe the effects of a queueing system

under a fluctuating traffic load.

2.4.1 Traffic Intensity
"Traffic intensity" is a dimensionless ratio,
denoted by Psi (y), indicating the impact of a traffic

stream upon a service system. It is defined as

psi = Mmean service time_for customers ______

U] Ts / Ta = KTS =x/u

In general, the traffic intensity of any queueing system
indicates the least number of servers required to handle a

given traffic stream with no loss of customers.

2.4.2 Server Utilization

Closely related to the traffic intensity is the
"server utilization." This quantity, denoted by Rho (p),
measures the fraction of fime that a single server is busy.

Server utilization, p= ATS / m , where m is the

of servers.

At p=1, the server becomes satuated, working 100% of thé time.
However, queues become very large near system saturation,
growing without bound when p>1. Practical considerations,

such as response requirements or storage size, usually Timit
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the input rate for a single server to 70-90% of the

theoretical maximum.

2.4.3 Number of Customers
The two quantities of greatest practical interest
in a queueing system that give a dynamic picture of the
system performance are:
1. The mean number of customers in the system
at any instant.
2. The mean of the length of time a customer
spends in the system.
The variances of these parameters are also of great value.
The number of customers in the system may be
expressed by a probability distribution-Pk= Probability

(k customers are in the system).

2.4.4 Queue and System Size

Usually one is interested in the number of customers
in the system. 1In some cases, because of storage problems,
one is more concerned about the mean number of customers
in the queue alone. Both of these values, as well as their
variances, can be derived from the distribution Pk,
and are denoted by: .

L = expected number of customers in system

GE = yariance of number in system
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-
I

expected number of customers in the queue alone

variance of number in queue

Q
| ]
1

2.4.5 Queue and System Time
One may be also interested in the time a customer
waits in line and the total time spent in the system. These

values are denoted by:

=
n

expected time in system (includes service) -

Gé = yariance of time in system
Hq = expected waiting time in the queue
oﬁ = variance of waiting time in the queue



Chapter 3
USER CONSIDERATIONS

3.1 Introduction

There is a general lack of computer programming
routines available for the solution of general queueing
theory models. The purpose of this language is to provide-
numerical solutions to a wide variety of common queueing
models. The purpose is not to instruct the user in the
proper use of queueing theory, though examples will be
given to illustrate the usefulness of the language.

Various mathematical formulas, tables, charts, and
graphs are available in many excellent texts on queueing
theory. These can be used to obtain solutions, but, con-
siderable confusion can arise due to the difficulty of de-
scribing the model in the precise terminology necessary for
a particular text. Many of the formulas are quite complex
and require considerable calculations, some of which may
require the use of tables or calculators. One then needs to
check the notation, terminology, and assumptions used, since
these are far from being standardized.

To overcome these difficulties an interpretive type
of language is presented named QUEUE. The language enables

the user to input his model in a form similar to the form

16
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that would normally be used in the description of a queueing
model. The ease of describing and altering a particu]af
model should provide the user with considerable insight into
the various aspects of the queueing situation. The language
is coded in Fortran IV and hence may be implemented on almost

any computer system.

3.2 General Information

The input to the system is format free with one
instruction permitted per card. Blank cards and comment cards
may be inserted anywhere in the program. Input cards are |
printed as is, and imbedded blanks have no other meaning.
When the first character punched in a card is a dollar sign
"$", the card is considered to be a comment card and the
contents of the card are ignored. ‘The comma ",", the colon":",
and the equal sign "=" are used as punctuation in the input

instructions. In most cases, they may be interchanged in use.

3.3 Input Command Instructions

QUEUE dinput instructions can be started in any column
of the punch card. The user does not need to be concerned
with integer or real numbers. The maximum size of an input
number is nine digits with no more than six digits to the
right of the decimal point. Negative numbers will have no
meaning and therefore will be considered positive. Instruc-
tion names and distributions may generally be abbreviated to

one or two letters or they may be extended.
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3.3.1 Arrival Instruction
The arrival instruction has the general form:
ARRIVAL: distribution: parameter=values
1. Arrival Distributions
a. POISSON or P
2. Arrival Parameters
a. TA mean time between arrivals (time units)
b. LAMBDA mean arrival rate (arrivals/unit time)
3. Value
a. Number
b. In the case of multi-stream models the numbers
are separated by commas.
Examples:
ARRIVAL:POISSON:TA=3.5
ARRIVAL:POISSON:LAMBDA=.3,.4,.5,.6
A:P:TA=3.5

3.3.2 Service Instruction
The service instruction has the general form:
SERVICE: distribution: parameters=values
1. Service Distribution
a. EXPONENTIAL or E
b. GENERAL or G
c. ERLANG-k or ER-k, where k is an integer
d. CONSTANT or C
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2. Service Parameters
a. TS mean service time (time units)
b. MU mean service rate (units served/ time unit)
c. VAR variance for service time distribufion,
needed for the general distribution only.
Examples: |
SERVICE:EXPONENTIAL:TS=4
SERVICE:GENERAL:TS:4.3, VAR=1.3
SERVICE ,ERLANG-3,MU:6.22
$,C,TS,3

3.3.3 Channel Instruction

The channel instruction has the general form:
CHANNELS=k » where k is the number of service channels in

parallel.

An optional form that can be used only when the arrival
distribution is Poisson, the service distribution is exponen-
tial, capacity and population are unlimited, and the queue
discipline is FIF0, is as follows:

CHANNELS:FIND:j%,T=k , where j and k are numbers.
Examples:

CHANNELS=4 _

CHANNELS:FIND:90%,T=40. (90% of arrivals to begin

service by T time units)

The program assumes channels to be equal to 1 un]ess

user specifies otherwise.
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3.3.4 Population of Calling Units

The population instruction has the general form:
POPULATION=value
1. Value is a number or an alpha field, the alpha
field implies that the population is infinite or
unlimited.
‘2. Population is assumed to be infinite unless
otherwise stated.
Examples:
POPULATION=10
POPULATION: INFINITE
P,UNLIMITED

3.3.5 Capacity of System
Maximum size for number of units in queue plus those
being served is capacity of system. Thé general form of the
capacity instruction is:
CAPACITY=value
1. Value has the same meaning ashin Population
Instruction.
2. Capacity is assumed to be unlimited unless other-
wise stated.
Examples:
CAPACITY:10
CA:INF
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3.3.6 Queue Discipline
Queue discipline is the rule by which the server
picks the next customer to be served from the queue. The
queue discipline instruction has the general form:
DISCIPLINE:discipline
1. Discipline
a. FIFO
b. NONPREEMPTIVE PRIORITY or NON
c. PREEMPTIVE-RESUME PRIORITY or PRE
d. NO PRIORITY MULTI-STREAM or NO P
2. FIFO is assumed unless otherwise stated.
Examples:
DISCIPLINE:NONPRE
D=FIFO

3.3.7 Solve Instruction

The solve instruction has the form:
SOL
Exampies:

SOLUTION

SOLVE

The command SOLve will cause the calculations and
printing of the results of the current model. After this
instruction, the current model may be modified by changing

a current instruction or assumption. This is done by simply
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adding the necessary instruction. An example of this will
be illustrated Tater. To start a new problem, the NEXT
instruction should be given. This will cause the program to
re-initialize all variables and assumptions. If omitted the
assumptions and variables remain the same as the preceding
problem with the exception of those variables changed by a
new instruction. To end the program the END instruction is

used. This instruction is not necessary in batch mode.

3.3.8 Next Problem Instruction

The next problem instruction has the form:
N
Examples:

N

NEXT

NEXT PROBLEM PLEASE

3.3.9 End Instruction
The end of program instruction has the form:

END

3.4 Error Messages

Error messages have been incorporated into the QUEUE
interpreter. These messages appear immediately after the
command that caused the error. The message may be only a
warning or a fatal error. If the error is fatal a message

will state so and the interpreter will skip all instructions
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until a NEXT problem instruction is encountered. An error

number is printed, but it is of no particular value to the user.

3.5 Queueing Models Available

In describing the following models the standard
assumptions made in the input commands will remain. Descrip-
tion of model is of the form:
Arrival distribution/ Service distribution/ Number of servers/
Other restrictions
1/
1/ Limited queue capacit&

Model 1 Poisson/ Exponential

Model 2 Poisson/ Exponential

NN N

Model 3 Poisson/ Exponential 1/ Limited source population

Model Poisson/ Exponential [/ >1/

4
Model 5 Poisson/ Exponential / >1/ Limited queue capacity
6
7

Model Poisson/ Exponential / >1/ Limited source population

Model Poisson/ General / 1/ Variance is needed
Poisson/ Constant / 1/ Variance is zero

Model 8 Poisson/ Erlang-k / 1/

Model 11 Poisson/ Any available/ 1/ Nonpreemptive priority
Model 12 Poisson/ Any available/ 1/ Preemptive-resume priority

Model 13 Poisson/ Any available/ 1/ No Priority multi-stream

3.6 Output Statements

The output information is similar for each type of
model available, but is not entirely the same. The user has
no option on the content or format of the output. A descrip-

tion of the output provided follows.



OQutput common to all models:

Size of source population

Type of service distribution

Number of service channels in paraillel

Queue Capacity of system

Mean Interarrival time

Mean number of customers in system

Mean number of customers in queue

Notation Terminology
Problem number
Model type
Type of arrival
Queue Discipline
TA
LAMBDA Mean Afriva1 Rate
TS Mean Service Time
MU Mean Service Rate
RHO Server Utilization
L
LQ
W

Mean time in system

Mean time in queue

24
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Description of additional output provided and applicable models

Notation

Terminology

PD

DELAY

1B

AVEC

VARX

x%tile

DOWN

Proportion of time system is idle
Prob (no. of customers in system = k)
Mean entry rate

Traffic intensity

Prob. arrival will not have to wait
Prob. arrival will have to wait

Mean delay for those obliged to wait
Interarrival time per customer
Average number of empty channels
Variance of the variable x

x percentile of confidence Tevels

Models

1-8

1-8

4-6,11-13

3,5,6°

3.6

3,6

3,6

5,6

1,4

1,4

Proportion of time a customer is in system 3



$3.7 SAMPLE PRORLEMS AND RESULTS

$THIS IS A COMMENT

$EXAMPLE NUMBER ONE

$MODEL NUMBER ONE

$REFERENCE: PROBLEM S-1, PAGE &7 WM. T. VMORRIS

$ UMATERIALS HANCLING MANAGEMENT".

$THIS 1S AN EXAMPLE OF A SINGLE CHANNEL MODEL WITH

$ POISSON ARRIVAL AND EXPONENTIAL SERVICE RATES.
$THE ASSUMPTICONS OF UNLIMITED POPULATION, INFINITE

$ QUEUE CAPACITY, AND FIFO SERVICE DISTRIBUTICN
$ ARE MACE.

$THIS MODEL GIVES THE GREATEST AMOUNT OF QUTPUT OF ALL
$ THE SINGLE-STREAM MODELS.

$NOTE: IN ADDITION TO THE MEASURES OF CONGESTION

$ THE VARIANCES AND THE 90% AND 95% CONFIDENCE
$ LEVELS ARE GIVEN.

$THE USER MUST TAKE CARE TO KEEP ALL UNITS THE SAME.

$THE FOLLOWING ARE THE INPUT INSTRUCTIOANS.
ARRIVAL:POISSON:LAMBDA=2C
SERVICE:EXPONENTIAL:MU=25

SOLVE

26



PRCBLEM NUMBER

DESCRIPTION AND ANALYSIS CF CUEUEING MODLL TYPE 1

ARRIVAL DISTRIBUTION IS PCISSON

SCURCE POPULATICN IS CONSICEREDC TO BE INFINITE

SERVICE TIME DISTRIBUTICN

27

IS EXPONENTIAL

NUMBER OF SERVICE CHANNELS TN PARALLEL

QUELE CAPACITY OF SYSTEM IS CCNSIUERED

QUEUE DISCIPLINE IS ASSLMED TC BE FIFC

MEAN
MEAN
MEAN

MEAN

INTERARRIVAL TIME

ARRIVAL RATE . .

SERVICE TIME . .

SERVICE RATE . .

SERVER UTILIZATION . .

PROPORTION OF TIVc

PROBI
PRGB{
PROB(
PROB(
PRCB(
PRCB(
PROB(
PRCB(
PRCB(
PROB I

NO.
NO.
NO.
NO.
NG.
ND.
NO.
NO.
NO.
NO.

CF
CF
CF
CF
CF
CF
OF
CF
CF
oF

CUSTOMERS
CUSTCMERS
CLUSTOMERS
CLSTOMERS
CUSTOMERS
CLSTOMERS
CUSTOMERS
CUSTOMERS
CUSTOMERS
CLSTOMERS

SYSTEWV

IN
IN
IN
IN
IN
IN
IN
IN
IN
IN

IS IDLE .+ &
SYSTEM = 1)
SYSTEM = 2)
SYSTEM = 3)
SYSTENM = 4)
SYSTEM = 5)
SYSTEM = 6)
SYSTENVN = T)
SYSTEM = 8)
SYSTEM = 9)
SYSTEM =10)

MEAN NUMBER OF CUSTOMERS IN SYSTEM . .

VARTANCE OF NUNMBER IN SYSTEM o+ « o o &

9C%Z OF THE TIME,

95% OF THC TIME,

NUMBER IN SYSTEM 1S

NUMBER I[N SYSTEM IS

MEAN NUMBER OF CUSTOMERS IN QUEUE . .

VARTANCE OF NUMBER IN CQLELE 4 o « « &

MEAN TIME IN SYSTEM .

95% OF THE TIME,

MEAN TIME IN QUEUE .

VARTANCE OF QUEUE TIME

= 1

TO BE UNLIMITED

e » o o TA= C.0522

« « LAMBCA= 20.00CC

« s« « RFKFD= N.8C20
s o« o+ o PO= 0.2000
« o P(C 1)= 0.1650
« « Pl 2)= £.128C
« o« P 3)= C.1024
« « Pl 4)= 0.0819
« o PL 5)= 0.05655
e« o PL O6)= 2.0524
o s P{ 7)= 0.0419
« « P{ 8)= T.0335
« o« Pl 9)= 0.0268
e« « P(10)= 0.0215
e« ¢ s o L= 4.,0C30

e o o VARL= 20.CCCC

LESS THAN 9.3159

LESS THAN 12.4251

e o o o LO= 3.2C00C

e o VARLQ= 1845600

. e o o o s e e s s o W= 0.2020

VARIANCE GF TIME IN SYSTEM o 4 o « o o o o o VARUW= 0.24C0
90% OF THE TIME, TIME IN SYSTEM IS LESS THAN 0.4600
TIME IN SYSTEM IS LESS THAN 05200

N e o o o o o 4 s e o HWO= C.1600

. o s o s s o o o VARWQ= 0.03¢84

TIME IN QUEUE IS LESS THAN 04159

90% OF THE TIME,

Nnro MNe YTiare

TYT ML TI NG

1IN il 1TC 1 Q¢

T AN N &KEKZ &



NEXT

$NEXT PROBLEM INSTRUCTION CAUSES ALL PREVIOUS INSTRUCTIONS
$ DESTRCOYED FRCM MENMORY.

$THUS THE PROBLEM AFTER NEXT HAS TO RE DESCRIBED AS IF IT
$ WERE THE FIRST PRORLEM.

$EXAMPLE NUMBER TwO

$MODEL NUMBER ThO

$REFERENCE: PAGE 30 VWM. he HINES, "WAITING-LINE MCCELS".
$THIS IS SIMILAR TO MOCEL ONE WITH THE EXCEPTION OF THE

$ CAPACITY QOF THE SYSTEM BEING LIMITED.
ARRIVAL:POISSON:LAMBDA=8

SERVICE: EXPONENTIAL:MU=8.222

CAPACITY OF SYSTEM=5

SCLVE

28



PROBLEM NUMBER 2

DESCRIPTION ANC ANALYSIS OF QUEUEING MODEL TYPE 2 29
ARRIVAL DISTRIBUTION IS PCISSCN

SOURCE POPULATION IS CONSIDERED TO BE INFINITE

SERVICE TIME DISTRIBUTICN IS EXPONENTIAL

NUMBER OF SERVICE CHANNELS IN PARALLEL = 1

QUEUE CAPACITY OF SYSTEM IS EQUAL TC 5

QUEUE DISCIPLINE IS ASSUMED TO BE FIFC

MEAN INTERARRIVAL TIME « ¢ o o o o o o o o o o TA= 0.1250
MEAN ARRIVAL RATE =« o o o o ¢ o o o o o o LAMBCA= 8.0C00

MEAN SERVICE TIME L] L] L] *® L 4 L] * L] L] ® L . - L TS= 0.1216

MEAN SERVICE RATE o o o o o & s o o o e o o o MU= 8.2220
SERVER UTILIZATION o o e o ¢ o o ¢ o o o o o RHC= 0.9730
PROPORTION OF TIME SYSTEM IS IDLE . . « « « « PO= 0.1733
PROB{ NO. CF CUSTOMERS IN SYSTEM = 1) e o« P( 1)= 0.1735
PROB( NO., OF CUSTOMERS IN SYSTEM = 2) « o« P( 2)= 0.1688%8
PROB( NO. OF CUSTOMERS IN SYSTEM = 3) e« « P 3)= 0.1642
PRCB{ NO. CF CUSTOMERS IN SYSTEM = 4) s o Pt 4)= 0.1598
PROPORTION OF TIME SYSTEM IS FULL =« ¢ o « Pl S5)= 0.1555
MEAN NUMBER OF CUSTOMERS IN SYSTEM . & ¢ ¢ « o L= 2.4202
MEAN NUMBER OF CUSTOMERS IN QUEUE =+ o o o« o « LO= 1.5985
MEAN TIME IN SYSTEM e ® ® ® e &8 ® e o o o s o W= 0.3C25

MEAN TIME IN QUEUE ¢ o o o o o o o o s s s o WG= 0.1809



NEXT PROBLEM PLEASE

$EXAMPLE NUMBER THREE

$MODEL NUMBER THREE

$REFERENCE: PAGE 41, I.B.M. MANUAL.

$SIX MACHINES / ONE CHANNEL.

$THIS MCDEL IS SIMILAR TO MODEL ONE WITH THE EXCEPTION
$ THAT THE CALLING PCPULATION IS LIMITED.

$THIS MODEL CCNTAINS OUTPUT USING TERMINGCLOGY ASSOCIATEC

$ WITH THE CASE WHERE MACHINES ARE BEING SERVICET
$ BY ONE SERVER. FGR EXAMPLE:

$ PROBABILITY OF CELAY

$ DELAY TIME

$ TIME BETWEEN BREAKCOWNS

$ DOWN TIME.

ARRIVAL,POISSON, TA=60
SERVICE=EXPON=TS=12
POP=6

SOLVE
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PROBLEM NUMBER 3

CESCRIPTICN AND ANALYSIS CF QUEUEING MOOCEL TYPE 3 31

ARRIVAL DISTRIBUTION IS PCISSON

SOURCE POPULATICN IS OF SIZE 6

SERVICE TIME DISTRIBUTICN IS EXPONENTIAL

NUMBER OF SERVICE CHANNELS IN PARALLEL
QUEUE CAPACITY OF SYSTEM IS CCONSIDERED
QUEUE DISCIPLINE IS ASSUMED TO BE FIFO
MEAN INTERARRIVAL TIME o o o o 2 o o &
MEAN ARRIVAL RATE ¢ 4 o o o o o o o &«

MEAN SERVICE TIME 4 ¢ o o o = o o o o

= 1

TO BE UNLIMITED

e« o« & o TA= 60,0000
« « LANMBCA= 0.0167

e o o o TIS= 12.,0CCO

MEAN SERVICE RATE e o o o o & ® s s & e o s o MU= 0.0833
SERVER UTILIZATION L) [ ] L ] * * * L] * L ] * * ® L ] RHO= O.ZOC’O
PROPORTION OF TIME SYSTEM IS IDLE + o o o o « PO= 0.1918
PROB{ NO. CF CUSTOMERS IN SYSTEM = 1) e o« Pl 1)= 0.2302
PROB( NO., OF CLSTOMERS IN SYSTEM = 2) e « PL 2)= 0.2302
PROB( NO. OF CUSTOMERS IN SYSTEM = 3) e o« Pl 3)= 0.1842
PRCB( NO. CF CUSTOMERS IN SYSTEM = 4) . . P( &)= 0.1105
PROB{ NO. CF CUSTOMERS IN SYSTEM = 5) « « Pl B5)= 0.0442
PROPORTION OF TIME SYSTEM IS FULL + « « « Pl 6)= 0.0088
PROBABILITY ARRIVAL wWwILL NCT HAVE TO WAIT PNOWT= 0.1918
PROBABILITY ARRIVAL WILL HAVE TO WAIT . « « & PD= 0.8082

MEAN DELAY FOR THOSE OBLIGED TO WAIT

INTERARRIVAL TIME PER CUSTOMER o & « &

. e DELAY= 21.1496

e o o T8= 89.0921

PROPORTION OF TIME A CUSTCMER IS IN SYSTEM DCWN= 0.3265

MEAN NUMBER OF CUSTOMERS IN SYSTEM ., .
MEAN NUMBER OF CUSTOMERS IN QUEUE . .
MEAN TIME IN SYSTEM =« o o « ¢ s o o

MEAN TIME IN QUEUE » s & s e o s o @

e o o o L= 1.9592

e o o o LQ= 1.1511

L ] L ) L) L w= 29.0921

L3 * L - wQ= 17.0921



NEXT

$EXAMPLE NUMBER FOUR

$MODEL NUMBER FCUR

$REFERENCE: PAGE 37, I[.BeM. MANUAL.

$THIS IS AN EXAMPLE OF A MULTI-CHANNEL MODEL WITH
$ POISSCN ARRIVAL AND EXPONENTIAL SERVICE RATES.
$THE REGULAR ASSUMPTICNS ARE MADE.

$NOTICE STORT FCRM OF INSTRUCTIONS.

AyPy,LAM=.5

S+E4TS=5

CHANNELS=3

SOLVE
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PROBLEM NUMBER 4

DESCRIPTION AND ANALYSIS COF QUEUEING MODEL TYPE ¢4 33

ARRIVAL DISTRIBUTION IS POISSCN

SOURCE POPULATICN IS CONSIDEREC TGO BE INFINITE

SERVICE TIME DISTRIBUTION IS EXPCNENTIAL

NUMBER OF SERVICE CHANNELS IN PARALLEL
QUEUE CAPACITY OF SYSTEM IS CONSICERED
QUEUE DISCIPLINE IS ASSULMED TO BE FIFO
MEAN INTERARRIVAL TIME ¢ ¢ ¢ ¢ ¢ o o &
MEAN ARRIVAL RATE ¢ o ¢ ¢ o o o o o o
MEAN SERVICE TIME =« o o o o o o o o o
MEAN SERVICE RATE o o« o o o ¢ o o o o
TRAFFIC INTENSITY o o ¢ o o o o o o &
SERVER UTILIZATION o o o o ¢ o o o o o

PROPORTION OF TIME SYSTEM IS IDLE

PROB( NO. CF CUSTOMERS IN SYSTEM = 1)
PROB( NO. CF CUSTOMERS IN SYSTEM = 2)
PROB( NO. OF CLSTOMERS IN SYSTEM = 3)
PROB( NO. CF CUSTOMERS IN SYSTEM = &)
PRCB( NO. CF CUSTOMERS IN SYSTEM = 5)
PROB( NO. OF CLSTOMERS IN SYSTEM = 6)
PROB{ NO. COF CUSTOMERS IN SYSTEM = 7)
PRCB( NO. CF CUSTOMERS IN SYSTEM = 8)
PROB( NO. OF CUSTOMERS IN SYSTEM = 9)
PRCB( NO. CF CUSTOMERS IN SYSTEM =10)

PROB( NO. CF CUSTOMERS IN SYSTEM =11)
PROB( NO. OF CLSTOMERS IN SYSTEM =12)
PROB{ NO. OF CUSTOMERS IN SYSTEM =13)
MEAN NUMBER OF CUSTOMERS. IN SYSTEM . .
MEAN NUMBER OF CUSTCOMERS IN QUEUE . .
VARIANCE OF NUMBER IN QUEUE « o« « o &
‘MEAN TIME IN SYSTEM . * . . » . . . 3

VARIANCE OF TIME IN SYSTEV

MEAN TIME IN QUEUE e o o o s s s o

VARIANCE OF QUEUE TIME ¢ ¢ o ¢ o o o

= 3

TO BE UNLIMITED

« o o o TA= 2.0CCO
« o« LAMBDA= 0.5CCC
e o o o TS= 5.0000
e« o o o MU= 0.2000
e o« s PSI= 2.50CC
e« s » RKHO= 0.8333
e o o o PO= 0.0449
« » P 1)= ND.112¢4
e o p( 2)= 0.1404
« o« P 3)= 0.1170
e« o P &)= 0.0975
e o P( 5)= 0.0813
e o P( 6)= Q.0677
e« o+ P M= 0.0564
« « P B)= 0.0470C
s o PL 9)= 0.0392
« « P(1MO)= C.0327
e« o« Pl1ll)= 0.0272
e« o Pl12)= 0.0227
« » P(13)= 0.0189
o« o o L= 6.0112
e o o o LG= 3.5112

e o« VARLQ= 2642948

L L] L ] L w= 12.0225

e o o VARW= 116.1343

L] L] L ) * th 7.0225

e« o VARWQ= Gl.1343



NEXT 34
$EXAMPLE NUMBER FIVE

$MODEL NUMBER FCUR

$REFERENCE: PAGE 34, I.B.M. MANUAL.

$THIS EXAMPLE FINDS THE MINIMUM NUMBER OF CHANNELS

$ NECESSARY FCR 90% OF THE CUSTOMERS WILL WAIT

$ FOR SERVICE LESS THAN 4C TIME UNITS.

$THE OUTPUT LISTS THIS MINIMUM NUMBER OF SERVERS PLUS THE

$ CALCULATED ®TILE VALUE FOR THIS NUMBER CF SERVERS.
ARRIVAL:P:TA=6

S:E,TS5=30

CHANNELS:FIND:90%:T=40

SOLVE



PRCBLEM NUNMBER 5

DESCRIPTION AND ANALYSIS CF QUEUEING MODEL TYPE 4 35
ARRIVAL DISTRIBUTION IS PCISSON

SOURCE POPULATION IS CUNSIDERED TO BE INFINITE

SERVICE TIME DISTRIBUTICN IS EXPONENTIAL

THE NUMBER OF SERVICE CHAANNELS IS TC BE FOUND
SUCH THAT 90.00% OF THE CUSTOMERS WAIT LESS THAN 40.C0 TIME UNITS

NUMBER OF SERVICE CHANNELS NEECED IS = 7

THIS GIVES AN ACTUAL PERCENTILE VALUE OF 97.75

QUEUE CAPACITY OF SYSTEM IS CONSIDERED TO BE UNLIMITED
QUEUE DISCIPLINE IS ASSUMED TO BE FIFC

MEAN INTERARRIVAL TIME ¢ o o o o o ¢ ¢ ¢ o s o TA= 6.0000
MEAN ARRIVAL RATE .« o ¢ ¢ o o « o o o« o« o LAMBDA= C.1667
MEAN SERVICE TIME ¢ ¢ o o ¢ ¢ « o o o o o o o IS= 30.06000
MEAN SERVICE RATE ¢ o o o o o o ¢ ¢ o o o o o MU= G.0333
TRAFFIC INTENSITY =« o o o o ¢ ¢« o o o o o o« PSI= 5.0CCO

SERVER UTILIZATION e & & e e e o e ® o o s @ RHO= 0.7143

PROPORTION OF TIME SYSTEM IS IDLE o« o o o o « PO= 0.7060
PROB( NO. OF CUSTOMERS IN SYSTEM = 1) . . Pl 1)= 0.0299
PRCB( NO. CF CUSTOMERS IN SYSTEM = 2) . . P{ 2)= 0.0747
PROB{ NO. CF CUSTOMERS IN SYSTEM = 3) . . P 3)= 0.1245
PROB( NO. COF CUSTOMERS IN SYSTEM = 4) . . P( 4)= 0.1556
PROB( NO. CF CUSTOMERS IN SYSTEM = 5) . . Pl 5)= 0.1556
PROB( NO. OF CUSTOMERS IN SYSTEM = 6) =« « Pl 6)= N.1297
PROB( NO. OF CUSTOMERS IN SYSTEM =7) .+ « P( 7)= 0.0926
PROB( NO. CF CUSTOMERS IN SYSTEM = 8) . . P{ 8)= 0.0662
PROB( NO. CF CUSTOMERS IN SYSTEM =9) . . P{ 9)= 0.0473
PROB( NO. OF CUSTOMERS IN SYSTEM =1C) . . P(10)= 0.0338
PRCB({ NO. CF CUSTOMERS IN SYSTEM =11) . . P(1ll)= 0.0241
PRCB( NO. CF CUSTOMERS IN SYSTEM =12} . . P(l2)= 0.0172
MEAN NUMBER OF CUSTOMERS IN SYSTEM « o o &« o « L= 5.8104
MEAN NUMBER OF CUSTOMERS IN QUEUE =« ¢ « o o o LC= 0.81C4

VARTANCE OF NUMBER IN QUEUE .+ « « o« « « o VARLG= 4.2055
MEAN TIME IN SYSTEM ¢ o ¢ o ¢ o s o o o o o o W= 34,8622
VARIANCE OF TIME IN SYSTEM o o« o ¢ o o o« o o VARW=1022,.2256
MEAN TIME IN QUEUE e o o o s o s e s e s o o HWQ= 4.8622

VARTANCE OF QUEUE TIME & ¢ o o o o o ¢ o o VARWGR= 122.2257



NEXT

$EXAMPLE NUMBER SIX

$MODEL NUMBER FIVE

$REFERENCE: PAGE 48, HINES,

$THIS MODEL IS SIMILAR TC MODEL FOUR WITH THE EXCEPTION
$ THAT THE CAPACITY OF THE SYSTEM IS LIMITED.
$NOTE: THE ENTRY RATE IS GIVEN, THIS IS LESS THAN THE

$ ARRIVAL RATE DUE TO CUSTOMERS THAT BALK BRECAUSE
$ THE SYSTEM IS FULL.

$THE MEAN NUMBER OF EMPTY CHANNELS IS ALSC GIVEN.,
AyPyTA=3

SEy EXP,TS=12

CHAN=5

CAPACITY OF SYSTEM IS5=20

SOLVE PROBLEM
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PROBLEM NUMBER 6

DESCRIPTION AND ANALYSIS CF QUEUEING MODEL TYPE 5

ARRIVAL DISTRIBUTION IS PCISSON

SOURCE POPULATION IS CONSIDERED TO BE INFINITE

SERVICE TIME DISTRIBUTICN IS EXPCNENTIAL

NUMBER QF SERVICE CHANNELS IN PARALLEL =

QUEUE CAPACITY OF SYSTENM IS EQUAL TC 20

QUEUE DISCIPLINE IS ASSULMED TO BE FIFC

MEAN
MEAN
MEAN
MEAN

MEAN

INTERARRIVAL TIME

ARRIVAL RATE . .

ENTRY RATE . « &

SERVICE TIME . .

SERVICE RATE .+ »

TRAFFIC INTENSITY . .

SERVER UTILIZATION . .

PRCPORTION OF TIME

PROB(
PROB (
PROBI(
PROB(
PROB(
PROB(
PROB(
PROB(
PRCB(
PRCB(
PROBI(
PROB(
PROB(
PROB(
PROB{
PROB(
PROB
PROB(
PROBI(

NC.
ND.
NO.
NO.
NO.
NO.
NO.
NO.
NO.
NO.
NO.
NOC.
NO.
NO.
NO.
NO.
NO.
NO.
NOC.

OF
CF
CF
CF
oF
CF
CF
OF
CF
CF
OF
oF
CF
oF
CF
CF
CF
CF
CF

CUSTOMERS
CUSTOMERS
CUSTOMERS
CUSTOMERS
CUSTOMERS
CUSTOMERS
CUSTOMERS
CUSTOMERS
CUSTOMERS
CUSTOMERS
CUSTOMERS
CUSTOMERS
CUSTOMERS
CUSTOMERS
CUSTOMERS
CUSTOMERS
CUSTOMERS
CUSTOMERS
CUSTOMERS

SYSTEM

IN
IN
IN
IN
IN
IN
IN
IN
IN
IN
IN
IN
IN
IN
IN
IN
IN
IN
IN

PROPORTION OF TIME SYSTEN

IS ICLE .
SYSTEM = 1)
SYSTEM = 2)
SYSTEM = 3)
SYSTEM = 4)
SYSTEM = 5)
SYSTEM = 6)
SYSTEM = 7)
SYSTEM = 8)
SYSTEM = 9)
SYSTEM =10)
SYSTEM =11)
SYSTEM =12)
SYSTEM =13)
SYSTEM =14)
SYSTEM =15)
SYSTEM =16)
SYSTEM =17)
SYSTEM =18)
SYSTEM =19)
IS FULL .

PROBABILITY ARRIVAL WILL NOT HAVE TC

VEAN NUMBER OF EMPTY CHANNELS .« « &

MEAN NUMBER OF CUSTOMERS IN SYSTENM .

MEAN NUMBER OF CUSTOMERS IN QUEUE .

MEAN TIME IN SYSTEM .

* L . L L g

e e @ o ¢ 5 S5 ¢ © & & 5 o & ¢ & s s ° s o
[ ) L] L] L L ] L L L[] L] L] () L) L * [ ] L [ ] * L] L[] *

WAIT

« « TA=
LAMBCA=

ENTRY=
« o 1S=
s o« MU=
» PSI=
« RHC=

« o PO=
P( 1)=
Pl 2)=
Pt 3)=
Pl 4)=
Pl 5)=
P( 6)=
Pl T7)=
Pl 8)=
P{ 9)=
P(l10)=
P(11)=
P(12)=
P(13)=
P(l4)=
P(15)=
P(16)=
PL17)=
P({18)=
P(19)=
P(20)=

PNCWT=

« AVEC=

37

3.0CCO
0.3333
0.3320
12.CCCO
0.0833
4.0000
0.8CCO

0.0132
0.0528
0.1055
0.1407
0.1407
0.1126
0.0901
0.0721
0.0576
0.0461
0.C369
0.0295
0.C236
D.0189
0.0151
0.C121
0.0097
D.0077
0.C0062
0.0C5¢C
0.0040

0.4530
1.0158
5.9188
1.9347

17.8271



NEXT

$EXAMPLE NUMBER SEVEN
$MODEL NUMBER FIVE
$REFERENCE: PAGE 53, HINES.

$A SPECIAL CASE OF THE MULTI-CHANNEL MOCEL WHERE THE

$ CAPACITY OF THE SYSTEM EQUALS THE NUMBER OF
$ SERVERS, THUS NC CUEUE IS ALLOWED.
AyPyTA=.5

SER,EXP,TS=10
CHAN=10
CAP=10

SOLVE
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PRCBLEM NUMBER 7

DESCRIPTION AND ANALYSIS CF QUEUEING MODEL TYPE 5

ARRIVAL DISTRIBUTIGN IS PCISSON

SCURCE POPULATION IS CONSIDERED TO BE

INFINITE

SERVICE TIME CISTRIBUTICN IS EXPONENTIAL

NUMBER OF SERVICE CHANNELS IN PARALLEL = 10

QUEUE CAPACITY OF SYSTEM IS EQUAL T0 10

QUEUE DISCIPLINE IS ASSUMED TGO BE FIFO

MEAN

MEAN

MEAN

MEAN

MEAN

INTERARRIVAL TIME

ARRIVAL RATE . .

ENTRY RATE . .+ &

SERVICE TIME . .

SERVICE RATE . .

TRAFFIC INTENSITY . .

SERVER UTILIZATION . .

PROPORTION OF TIME

PRCB(
PROB
PROB{
PRCB(
PROB(
PROB(
PROB(
PROB(
PROBI(

NC.
NOC.
NO.
NO.
NO.
NO.
NO.
NO.
NO.

CF
OF
OF
CF
CF
oF
OoF
CF
CF

CUSTOMERS
CUSTOMERS
CUSTOMERS
CUSTOMERS
CUSTOMERS
CUSTOMERS
CUSTOMERS
CUSTOMERS
CUSTOMERS

SYSTEM

IN
IN
IN
IN
IN
IN
IN
IN
IN

PROPORTION OF TIME SYSTEM

IS IDLE
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
SYSTEM
IS FULL

1)
2)
3)
4)
5)
6)
7)
8)
9)

PRCBABILITY ARRIVAL WILL NUOT HAVE TO

MEAN

MEAN

MEAN

MEAN

MEAN

NUMBER OF EMPTY CHANNELS .

NUMBER OF CUSTOMERS IN SYSTEM

NUMBER OF CUSTOMERS IN QUEUE

TIME IN SYSTEM .

TIME IN QUEUE .

L4 [ L] [ ) . * L] L) L[] L 2 L
L] L] * * L [ ] ® L] [ ] L] L ]

-

WAIT

39
+ o TA= 0.5000
LAMBDA= 2.0000
ENTRY= 0.9241

e« o TIS= 10.0000

« o« MU= 0.1000
« PSI= 20.C0CC
« RHO= 2.0000
« o PO= 0.0000
Pl 1)= 0.C0CO
P( 2)= 0.0CCC
Pl 3)= 0.0003
Pl 4)= 0.0013
Pl 5)= 0.C0C51
Pl 6)= 0.0169
PL 7)= 0.0484
Pt 8)= 0.121G
Pl 9)= 0.2690
P{10)= 0.5380
PNOWT= 0.4620
« AVEC= 0.7593
« o« L= 9.2407
- * LQ= 0.0

« o« W= 10.0000



NEXT 40
$EXAMPLE NUMBER EIGHT

$MODEL NUMBER SIX

$REFERENCE: PAGE 47, I.B.M. MANUAL.

$TWELVE MACHINES / TwO CHANNELS.

$COMPARE WITH EXAMPLE THREE WITH SIX MACHINES / ONE SERVER.
ARRIVAL :POISSCN:TA=6C

SERVICE:EXPONENTIAL:TS=12

POPULATION=12

CHANNELS=2

SOLUTION



PROBLEM NUMBER 8

DESCRIPTION ANC ANALYSIS CF CUEUEING MODEL TYPE 6

ARRIVAL DISTRIBUTION IS PCISSCN

SCURCE POPULATION IS OF SIZE 12

41

SERVICE TIME DISTRIBUTIGN IS EXPUONENTIAL

NUMBER OF SERVICE CHANNELS IN PARALLEL
QUEUE CAPACITY OF SYSTEM IS CONSIDERED
QUEUE DISCIPLINE IS ASSUMED TO BE FIFO
MEAN INTERARRIVAL TIME o o o s o o o &
MEAN ARRIVAL RATE =+ ¢ o « o o o o o o

MEAN SERVICE TIME ¢ ¢ ¢ o o o o o o &

2

TO BE UNLIMITED

e o o o TA= 60.0000
« « LAMBDA= 0.0167

e o o o IS= 12.CCCO

MEAN SERVICE RATE e o o s s o s o e s e e e o MU= ND.0833
TRAFFIC INTENSITY ¢ o o o o s o o o ¢ » o o« PSI= 0.2000
SERVER UTILIZATION o o o o o o o o o s o o« » RHO= 0.1C5C
PROPORTION OF TIME SYSTEM IS IDLE +« o o o o o PO= 0.0637
PROB{ NO. OF CUSTOMERS IN SYSTEM = 1) « o« Pl 1)= 0.1528
PROB( NO. CF CUSTOMERS IN SYSTEM = 2) .+ . P( 2)= 0.1681
PROB( NO. OF CUSTOMERS IN SYSTEM = 3) . . P( 3)= C.1681
PROB{ NO. OF CUSTOMERS IN SYSTEM = 4) e« o« Pl 4)= D.1513
PRCOB{ NO. CF CUSTOMERS IN -SYSTEM = 5) « » PL 5)= 0.121C
PROB( NO. CF CUSTOMERS IN SYSTEM = 6) « « P{ 6)= 0.0847
PROB{ NO. OF CUSTOMERS IN SYSTEM = T7) e o« PUL 7)= 0.0508
PROB( NO. OF CUSTOMERS IN SYSTEM = 8) « o« PL 8)= 0.0254
PROB{ NO. CF CUSTOMERS IN SYSTEM = 9) « o« P( 9)= 0.01C2
PROB( NO. OF CUSTOMERS IN SYSTEM =10) e« o P(10)= 0.0031
PROB( NO. CF CUSTOMERS IN SYSTEM =11) e o P(1ll)= 0.0006
PROB( NO. CF CUSTOMERS IN SYSTEM =12) . . P(1l2)= 0.0C01
PROBABILITY ARRIVAL WILL NOT HAVE TC WAIT PNQOWT= 0.3846
PROBABILITY ARRIVAL WILL HAVE TO WAIT . . « « PD= 0.6154

MEAN DELAY FOR THOSE OBLIGED TO WAIT
INTERARRIVAL TIME PER CUSTOMER « o o
MEAN NUMBER OF EMPTY CHANNELS =+ « « &

VEAN NUMBER OF CUSTOMERS IN SYSTEM

MEAN NUMBER OF CUSTOMERS IN CUEUE . .
MEAN TIME IN SYSTEM .+ ¢ o o o o o o &

MEAN TIME IN QUEUE s o & e o o o

« o« DELAY= 19.0632
e o« o o IB= 83,7307

« o o AVEC= 0.2802

e s o o LG= 1.6812
« o o o W= 23.7307

e o o o WQ= 11.7337



NEXT PROBLEM 42
$EXAMPLE NUMBER NINE
$MODEL NUMBER SEVEN
$REFERENCE: PAGE 1CC, HINES.
$THIS MODEL IS A SINGLE CHANNEL MODEL WITH POISSCW
$ ARRIVAL AND CONSTANT SERVICE RATES.
$THE REGULAR ASSUMPTIONS ARE MADE.
$THE FOLLOWING ARE EXAMPLES OF VARICUS SERVICE DISTRIBUTIONS.

$NOTE: SINCE THE VARIANCE OF THE SERVICE TIME DECREASES AS

$ K(THE ERLANG CLASS) INCREASES, THERE IS A
$ CORRESPONDING DECREASE IN CONGESTION DUE TO THE
$ DECREASE IN RANDOMNESS.

$K=1 GIVES THE GREATEST VARIANCE, WHICH IS THE EXPONENTIAL
$ DISTRIBUTION.

$AS K=INFINITY THE VARIANCE EQUALS ZERO, THUS THE

$ SERVICE DISTRIBUTICN IS CONSTANT.

AyPyLAM=1.2

SEyCONSTANT,MUL=3

SOLUTION



PROBLEM NUMBER 9

DESCRIPTION AND ANALYSIS OF QUEUEING MODEL TYPE

ARRIVAL DISTRIBUTION IS PCISSON

SCURCE POPULATION IS CONSIDERED TO BE INFINITE

SERVICE TIME DISTRIBUTICN IS CONSTANT

NUMBER OF SERVICE CHANNELS IN PARALLEL
QUEUE CAPACITY OF SYSTEM IS CONSIDERED
QUEUE DISCIPLINE IS ASSLMED TO BE FIFC
MEAN INTERARRIVAL TIME o ¢ o o o« o o &
MEAN ARRIVAL RATE 4 ¢ ¢ ¢ o o o o o o
MEAN SERVICE TIME & o ¢ o o o o o o o
MEAN SERVICE RATE « ¢ o ¢ o o = o o &
SERVER UTILIZATION o o ¢ o o ¢ o o o o
PROPORTION OF TIME SYSTEM IS IDLE . .
MEAN NUMBER OF CUSTOMERS IN SYSTEM . .
VEAN NUMBER OF CUSTOMERS IN QUEUE . .
MEAN TIME IN SYSTEM < ¢ o ¢ o o o o o

MEAN TIME IN QUEUE * o o o s e e e »

= 1

7

43

TO BE UNLIMITED

TA

« o« LAMBCA=

C.8333

1.20C0

0.3333

3.C0C0

0.40CC

0.6000

0.5333

0.1333

0.4444

0.1111



$EXAMPLE NUMBER TEN

$MODEL NUMBER EIGHT

$THIS MODEL IS A SINGLE CHANNEL MODEL WITH POISSON

$ ARRIVAL RATE AND ERLANG CLASS K SERVICE RATE.
$ERLANG CLASS 2C

SEyER~20,MU=3

$NOTE: SINCE ONLY THE SERVICE INSTRUCTICN IS CHANGED FRCWM
$ THE PREVICQUS PRCBLEM, THAT THE NEXT PRORLEM

$ INSTRUCTICN WAS CMITTED.

SCLVE



PROBLEM NUMBER 10

DESCRIPTION AND ANALYSIS OF QUEUEING MUDEL TYPE 8

45
ARRIVAL DISTRIBUTION IS PCISSON
SCURCE POPULLATION IS CONSIDERED T0O BE INFINITE
SERVICE TIME DISTRIBUTICN IS ERLANG OF CLASS 2¢
NUMBER OF SERVICE CHANNELS IN PARALLEL = 1
QUEUE CAPACITY OF SYSTEM IS CONSIDERED TO BE UNLIMITED
QUEUE DISCIPLINE IS ASSUMED TO BE FIFO
MEAN INTERARRIVAL TIME « o o o« & e o s o o o TA= 0.8333
MEAN ARRIVAL RATE e o o s s o o e o o « LAMBLCA= 1.2000
MEAN SERVICE TIME &« o o s o o & e o o o o o IS= 0.3333
MEAN SERVICE RATE ¢ o o o o o o e s o o & o MU= 3.C00CO
SERVER UTILIZATION o o o o o o o e ¢« o o o« RHC= 0.4000
PROPORTION OF TIME SYSTEM IS IDLE .+ ¢« o « o« o PO= 0.6000
MEAN NUMBER OF CUSTOMERS IN SYSTEM & o o« o o o L= C.5400
VARIANCE OF NUMBER IN SYSTEM . . « o o o o VARL= 0.6087
90% OF THE TIME, NUMBER IN SYSTEM IS LESS THAN 1.5542
95% OF THE TIME, NUMBER IN SYSTEM IS LESS THAN 2.1CC3
MEAN NUMBER OF CUSTOMERS IN CUEUE =+ o« o o « o LQ= 0.1400
MEAN TIME IN SYSTEM + &« o o o o e o o o o o W= 0.4500
VARIANCE OF TIME IN SYSTEM . . & e o o o o VARHW= 0.0477
90% OF THE TIME, TIME IN SYSTEM IS LESS THAN 0.7339
95% OF THE TIME, TIME IN SYSTEM IS LESS THAN 0.8867
MEAN TIME IN QUEUE e o o o o e s o e o o WQ= 0.1167



$EXAMPLE NUMBER ELEVEN

$MODEL NUMBER EIGHT

$ERLANG CLASS TEN

SE»ER~10,MU=3.

$NOTE: AGAIN CNLY THE SERVICE INSTRUCTION IS CHANGED.

SOLVE

46



PRCBLEM NUMBER il

DESCRIPTION AND ANALYSIS CF CUEUEING MODEL TYPE 8

ARRIVAL DISTRIBUTION IS POISSON

SCURCE POPULATION IS CONSIDERED TO BE INFINITE

SERVICE TIME DISTRIBUTICN IS ERLANG OF CLASS 10

NUMBER OF SERVICE CHANNELS IN PARALLEL

QUEUE CAPACITY OF SYSTEM IS CONSIDERED

"

1

QUEUE DISCIPLINE IS ASSUMED TC BE FIFO

MEAN INTERARRIVAL TIME

MEAN ARRIVAL RATE
MEAN SERVICE TIME
MEAN SERVICE RATE
SERVER UTILIZATION

PRCPORTION OF TIME

MEAN NUMBER OF CUSTOMERS IN SYSTEM

SYSTEM IS

VARIANCE OF NUMBER IN SYSTEM

IDLE

-

90% OF THE TIME, NUMBER IN SYSTEM IS

95% OF THE TIME, NUMBER IN SYSTEM IS

MEAN NUMBER OF CUSTOMERS IN QUEUE

MEAN TIME IN SYSTEM

VARIANCE OF TIME IN SYSTEM

90% OF THE TIME, TIME IN SYSTEM IS

95% OF THE TIME, TIME IN SYSTEM IS

MEAN TIME IN QUEUE

e o o o o TA=

« o LAMRDA=

e o e o o Ts=

L] L ] L] L VARL=

LESS THAN

LESS THAN

LESS THAN

LESS THAN

47

TO BE UNLIMITED

0.8333

1.2000

0.3333

3.0000

J.40CC

C.6CCC

0.5467

0.6311

1.5794

2.1355

O.1467

0.4556

0.0536

G.77C4

0.9399

0.1222



$EXAMPLE NUMBER TWELVE
$MODEL NUMBER EIGHT
$ERLANG CLASS THREE
SERVICESERLANG-3:MU=3

SOLVE

48



PRCBLEM NUMBER 12

DESCRIPTION AND ANALYSIS CF QUEUEING MODEL TYPE 8

ARRIVAL DISTRIBUTION IS PCISSON

SCURCE POPULATION IS CONSIDERED TO BE INFINITE

SERVICE TIME DISTRIBUTICN IS ERLANG CF CLASS 3

NUMBER OF SERVICE CHANNELS IN PARALLEL

QUEUE CAPACITY OF SYSTEM IS CCNSIDERED

1

QUEUE DISCIPLINE IS ASSLMED TC BE FIFO

MEAN INTERARRIVAL TIME « ¢« ¢ ¢ « o &
MEAN ARRIVAL RATE 4+ o o o s o o o &«
MEAN SERVICE TIME ¢ o o o o o« o« o o
MEAN SERVICE RATE ¢ o« o o o o o o o
SERVER UTILIZATION o o o o o o o o o
PROPORTION OF TIME SYSTEM IS IDLE .
MEAN NUMBER OF CUSTOMERS IN SYSTEM .
VARIANCE OF NUMBER IN SYSTEM . « .« .
90% OF THE TIME, NUMBER IN SYSTEM IS
95% OF THE TIME, NUMBER IN SYSTEM IS
MEAN NUMBER OF CUSTCOMERS IN QUEUE .
MEAN TIME IN SYSTEM ¢ o o o ¢ o o

VARIANCE OF TIME IN SYSTEM ¢ « o o &

e o o o o TA=

« « « LAMBDA=

L) L L L VARL'—‘
LESS THAN

LESS THAN

90% OF THE TIME, TIME IN SYSTEM IS LESS THAN

95% OF THE TIME, TIME IN SYSTEM IS LESS THAN

MEAN TIME IN QLJEUE L L 4 - . L 4 * L] L]

49

TO BE UNLIMITED

0.8333
1.20€C0
0.3333
3.0000
0.4CCO0
0.6000
0.5778
D.7417
1.6974
2.3002
0.1778
N.4815
0.1139
N.92C1
1.1563

0.1481



$EXAMPLE NUMBER THIRTEEN

$MODEL NUMBER CNE

$ERLANG CLASS ONE IS THE SAME AS EXPONENTIAL DOISTRIBUTICN.
SEsER~1,MU=3

SOLVE
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PROBLEM NUMBER

DESCRIPTION AND ANALYSIS CF QUEUEING MUDEL TYPE

ARRIVAL DISTRIBUTION IS PCISSCN

SOURCE POPULATION IS CONSIDERED TO RE INFINITE
SERVICE TIME DISTRIBUTICN IS EXPONENTIAL

NUMBER OF SERVICE CHANNELS IN PARALLEL
QUELE CAPACITY OF SYSTEM IS CCNSIDERED

QUEUE DISCIPLINE IS ASSUMED TC

MEAN INTERARRIVAL TIME .

MEAN ARRIVAL RATE
MEAN SERVICE TIME

MEAN SERVICE RATE

SERVER UTILIZATION

PROPORTION OF TIME

SYSTEM

PROB( NO. OF CUSTOMERS IN
PROB( NO. CF CUSTGOMERS IN
PROB( NO. OF CUSTOMERS IN

IS
SYSTEM
SYSTEM
SYSTEM

. ® -

IDLE

MEAN NUMBER OF CUSTOMERS IN SYSTEM

VARIANCE OF NUMBER IN SYSTEM

90% OF THE TIME,

95% OF THE TIME,

NUMBER IN SYSTEM IS

NUMBER IN SYSTEM IS

MEAN NUMBER OF CUSTOMERS IN QUEUE

VARIANCE OF NUMBER IN CLELE
MEAN TIME IN SYSTEM

VARIANCE OF TIME IN SYSTENM

90% OF THE TIME,

95% OF THE TIME,

MEAN TIME IN QUEUE

VARIANCE OF QUEUE TIME .

90% OF THE TIME,

95% OF THE TIME,

TIME IN SYSTEM IS

TIME IN SYSTEM IS

TIME IN QUELE IS LESS THAN

TIME IN QUEUE IS LESS THAN

BE FIFC

e o o o

LESS THAN

LESS THAN

LESS THAN

LESS THAN

51

TO BE UNLIMITED

0.8333
1.2000
0.3333
3.0CCC
0.40C0O
0.6000
C.24C0
0.C960
0.0384
0.6667
1.1111
1.5129
2.2694
C.2667
0.5511
0.5556
0.3086
1.2778
1.6667
0.2222
0.1975

0.7702

1.1552



NEXT
$EXAMPLES 14 -~ 16
$MODEL NUMBER 11 - 13
$REFERENCE: PAGE 25, I.B.M. MANUAL.
$THESE MODELS ARE SINGLE CHANNEL MODELS WITH POISSON
$ ARRIVAL RATES AND VARIGQUS SERVICE DISTRIBUTIONS,.
$THESE MODELS ARE MULTI-STREAM MQODELS WHERE THE FIRST
$ STREAM IS CALLEC PRIORITY CLASS ONE, ETC., CLASS
$ ONE +AS PRICRITY OVER CLASS TwWC, ETC..
$THESE MODELS LIST RESULTS FOR EACH CLASS AS WELL AS THE
$ TOTAL RESULTS CF THE SYSTEWNM.
$SERVICE IS FIFC WITHIN A PRIORITY.
$THE HIGHER PRICRITY CLASS (LOWER NUMBER) IS SERVED FIRST.
$THE STREAMS ARE LISTED HIGHER PRIORITY FIRST.
ARRIVAL:PCISSCN:LAVMBCA=,5,.1
SERVICE:CONSTANT:TS=.2
SERVICESEXPONENTIAL:TS=5.
DISCIPLINE:NONPREEMPTIVE PRIORITY

SCLVE
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PRIORITY PROBLEM NUMBER P1

DESCRIPTION AND ANALYSIS OF QUEUEING MODEL TYPE 11 53
ARRIVAL DISTRIBUTION IS PCISSON

SOURCE POPULATION IS CONSIDERED TO BE INFINITE

SERVICE TIME DISTRIBUTION FOR PRICRITY CLASS 1 IS CONSTANT
SERVICE TIME DISTRIBUTION FOR PRIORITY CLASS 2 IS EXPONENTIAL
NUMBER OF SERVICE CHANNELS IN PARALLEL = 1

QUEUE CAPACITY OF SYSTEM IS CONSIDERED TO BE UNLIMITED

QUEUE DISCIPLINE IS ASSUMED TO BE NONPREEMPTIVE PRIORITY

*¥%%%%k [NFORMATION AND RESULTS FOR PRIORITY CLASS 1 ek

MEAN INTERARRIVAL TIME o o o ¢ o ¢ o o o o o o TA= 2.0000
MEAN ARRIVAL RATE o o« o o o o o s « &« o« « LAMBDA= 0.5000
MEAN SERVICE TIME =« o « ¢ o ¢ o o o o o« o o o 1S= 0.20C¢C
MEAN SERVICE RATE o o o o o o ¢ o o s o o « « MU= 5.0000

SERVER UT[LIZATION L * L * L - L ] L L ) L] L d L L J RHC: 001000

CUMULATIVE UTILIZATION CF PRIQRITY 1 UP TO 1 IS = 0.10C0
TOTAL SERVER UTILIZATICON FOR SYSTEM « ¢ o o o o = 0.6000
MEAN NUMBER OF CUSTOMERS IN SYSTEM . ¢« ¢ & o o L= 1.4944
MEAN NUMBER OF CUSTOMERS IN QUEUE .+ « ¢« « o« o LQ= 1.3944
MEAN TIME IN SYSTEM =« ¢ o ¢ o ¢ o o ¢ o ¢ o o W= 2.9889

MEAN TIME 1IN QUEUE e s o s o o s e o o s s = WQ= 2.7889
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*%%k%k%k INFCRMATION AND RESULTS FOR PRIORITY CLASS 2  *%¥x%xx%

MEAN INTERARRIVAL TIME o+ o o o o« ¢« o o o o o o TA= 10.0000
MEAN ARRIVAL RATE =« o ¢ ¢ o o o o o« o » o LAMBDA= 0.1CCO
MEAN SERVICE TIME =+ 4 o o ¢ o o o o o s o o o IS= 5.CCC0
MEAN SERVICE RATE 4 o ¢ s o s o o s o o o o o MU= 0.2C00

SERVER UTIL[ZAT[ON e @ @ o © % & o o o e & o RHO= OOSOOO

CUMULATIVE UTILIZATION CF PRIORITY 1 UP TO 2 IS = 0.6C30
TOTAL SERVER UTILIZATION FOR SYSTEM o o ¢ o o o = 0.6000
MEAN NUMBER OF CUSTOMERS IN SYSTEM . « o« ¢ o o L= l1.1972

MEAN NUMBER OF CUSTOMERS IN QUEUE

.
.
.
.
.
.
-
o
H

0.6972
MEAN TIME IN SYSTEM L] - L] L 3 L - - - * L 2 » L * w= 11.9722

MEAN TIME IN QUEUE * e o o o e o o o o s s e WQ= 6.9722
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*%%%%x TOTAL RESULTS OF SYSTEM kk¥¥x

MEAN INTERARRIVAL TIME o o o o o o o o o o o o TA= l.6667
MEAN ARRIVAL RATE =« « o o« o o o« o » o o o« LAVMBCA= 0.60090
MEAN SERVICE TIME =+ ¢ o ¢ o o o o ¢ o o o o o TIS5= 1.C0CO
MEAN SERVICE RATE o o o o o o o e o o o o o o« MU= 1.0009
TOTAL SERVER UTILIZATION FOR SYSTEMN ¢ o o o o & = 0.6000
MEAN NUMBER OF CUSTOMERS IN SYSTEM ¢ &« ¢ ¢ o o L= 2.6917
MEAN NUMBER OF CUSTCMERS IN QUEUE =« « « « « o LQ= 2.0917
MEAN TIME IN SYSTEM ¢ ¢ o ¢ ¢ o ¢ o ¢ o o o o MW= 4.4861

MEAN TIME IN QUEUE * L 4 - L - * *® - - L d L] L ) . wQ= 3.4861



$CHANGE PRIORITY TO PREENPTIVE—RESUNME. 56
$IN THIS MODEL, ARRIVALS wITH A HIGHER PRIORITY INTERRUPT

$ (PREEMPT) SERVICE OF A LOWER CLASS PRICRITY CUSTCMER.
$AN INTERRUPTED CUSTOMER WILL CONTINUE SERVICE WHERE

$ IT LEFT OFF WHEN IT BECOMES THE HIGHEST PRIQORITY

$ CLASS CUSTCMER IN THE SYSTEM.

DISCIPLINE:PREEMPTIVE

SOLVE



PRICRITY PRCBLEM NUMBER P 2

DESCRIPTION ANC ANALYSIS CF QUEUEING MODEL TYPE 12 57
ARRIVAL DISTRIBUTION IS PCISSCN

SCURCE POPULATION IS CONSIDERED TO BE INFINITE

SERVICE TIME DISTRIBUTICN FOR PRICRITY CLASS 1 IS CONSTANT
SERVICE TIME DISTRIBUTICN FCR PRICRITY CLASS 2 IS EXPONENTIAL
NUMBER OF SERVICE CHANNELS IN PARALLEL = 1

QUEUE CAPACITY OF SYSTEM IS CONSIDEREC TO BE UNLIMITED

QUEUE DISCIPLINE IS ASSUMED TO BE PREEMPTIVE-RESUME PRIORITY

#%%%%k INFCRMATION AND RESULTS FOR PRIGCRITY CLASS 1  k%k%%x%

MEAN INTERARRIVAL TIME o o o« o ¢ o o o o o o o« TA= 2.0CCC
MEAN ARRIVAL RATE =« o o ¢ o o o o « o« « o« LAMBDA= 0.5CC0
MEAN SERVICE TIME =« o o o o ¢ o ¢ ¢ ¢ o o o » IS= 0.2000
MEAN SERVICE RATE ¢ o ¢ o o o o o s o o s o o MU= 5.CCCC

SERVER UTILIZATION o ¢ o o o o o o o o o« o « RHO= 0.10C0

CUMULATIVE UTILIZATION CF PRICRITY 1 UP TO 1 IS = 0.1000
TCTAL SERVER UTILIZATION FOR SYSTEM .« ¢ o o o & = 0.6CCO
MEAN NUMBER OF CUSTOMERS IN SYSTEM ¢« ¢« &« & & « L= 0.1056

MEAN NUMBER OF CUSTOMERS IN QUEUE « « & &« « o LQ= 0.0056
"EAN TIME IN SYSTEM e ® 8 e & o o & ° ¢ ° e o W= 0.2111

MEAN TIME IN QUEUE e e s s o o s o s e o o o WQ= 0.Cl11
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%%k  INFORMATION AND RESULTS FCR PRIORITY CLASS 2  &%xXx*

MEAN INTERARRIVAL TIME o o « o ¢ o o o o o o o TA= 10.00C0C
MEAN ARRIVAL RATE & o o o o ¢ o o o o o o LAMRDA= 0.1000
MEAN SERVICE TIME ¢ o o o o s o o o ¢ o« o & o IS= 5.00C0
MEAN SERVICE RATE o o o o ¢ o o o o o o o o o« MU= 0.20C0

SERVER UTILIZATION L L] [ ] . . . L] L . L ] . - . RHO: OOSCCC

CUMULATIVE UTILIZATION CF PRICRITY 1 UP TO 2 IS = 0.60C0
TOTAL SERVER UTILIZATION FOR SYSTEM & o o o o o = 0.600¢C
MEAN NUMBER OF CUSTOMERS IN SYSTEM o « o o« « o L= 1.2528

MEAN NUMBER OF CUSTOMERS IN QUEUE « o o « o » L@Q= 0.7528
MEAN TIME IN SYSTEM e e o o & o & © o o & o o W= 12.5278

MEAN TIME IN QUEUE L] L ] . . L] L] L ) L] * L * - L] wQ:' 7.6278



ARk
MEAN INTERARRIVAL
MEAN ARRIVAL RATE
MEAN SERVICE TIME

MEAN SERVICE RATE

TIME

TOTAL SERVER UTILIZATION

MEAN NUMBER OF CUSTCMERS

MEAN NUMBER OF CUSTOMERS

MEAN TIME IN SYSTEM

MEAN TIME IN QUEUE

-

FOR

TOTAL RESULTS OF SYSTEM

%R KK

. L

SYSTEM

IN SYSTEM .

IN QUEUE .

. - TA

LAMBDA=

« o TS
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l.6667
0.600C0
1.0030
1.C0CO
0.6000
1.2528
0.6528
2.0880

1.0880



$CHANGE THE PRICRITY MODEL TO A NO PRIORITY MODEL STILL 60
$ CONTAINING MORE THAN ONE ARRIVAL STREAM,

$SERVICE DISCIPLINE IS FIFO.

CISCIPLINE:NC PRIORITY

SOLVE



PRIORITY PROBLEM NUMBER P 3

DESCRIPTION AND ANALYSIS CF QUEUEING MODEL TYPE 13 61
ARRIVAL DISTRIBUTION IS POISSON

SOURCE POPULATION IS CONSIDERED TO BE INFINITE

SERVICE TIME DISTRIBUTICN FOR PRIQRITY CLASS 1 IS CONSTANT
SERVICE TIME DISTRIBUTICN FOR PRIORITY CLASS 2 IS EXPUNENTIAL
NUMBER OF SERVICE CHANNELS IN PARALLEL = 1

QUEUE CAPACITY OF SYSTEM IS CCNSIDERED TC BE UNLIMITED

QUEUE DISCIPLINE IS ASSUMED TO BE NONPRIORITY

*¥xk%%x INFORMATION AND RESULTS FOR PRIORITY CLASS 1 eddkakk

MEAN INTERARRIVAL TIME o o o o o o o o o o o« o TA= 2.0209
MEAN ARRIVAL RATE ¢ o o o o o s o ¢« o » o LAMBDA= 0.5000
MEAN SERVICE TIME =« o o ¢ o ¢ o ¢ o o« o« o o o IS= 0.2C30
MEAN SERVICE RATE &« « o o o o o o o o o o o o MU= 5.0000
SERVER UTILIZATION ¢ ¢« o o o o s « o o o o o RHC= 0.1000
CUMULATIVE UTILIZATION CF PRICRITY 1 UP TO 1 IS = 0.10C0
TOTAL SERVER UTILIZATION FOR SYSTEM o o o o o o = 0.6000
MEAN NUMBER OF CUSTOMERS IN SYSTEM ¢« o o« & &« o L= 3.2375
MEAN NUMBER OF CUSTOMERS IN QUEUE .+ « « « « o LQ= 3.1375
MEAN TIME IN SYSTEM o o ¢ ¢ ¢ o o o o s o o o W= 6.4750

MEAN TIME IN QUEUE - L] - - L . * L] L] L] L] - L] th 6.2750
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*kx%%¥%x [NFCRMATION AND RESULTS FOR PRIORITY CLASS 2 k¥¥k¥k

MEAN INTERARRIVAL TIME & o o « ¢ « &
MEAN ARRIVAL RATE ¢ o o ¢ ¢ o o o &«
MEAN SERVICE TIME =« o o o o ¢ o o &«
MEAN SERVICE RATE ¢ o o o ¢ o o o o
SERVER UTILIZATION o o o o o o o o o
CUMULATIVE UTILIZATION CF PRICRITY 1
TOTAL SERVER UTILIZATION FOR SYSTEV
MEAN NUMBER OF CUSTOMERS IN SYSTEM .
MEAN NUMBER OF CUSTCMERS IN QUEUE .
MEAN TIME IN SYSTEM + ¢ o o o o o

MEAN TIME IN QUEUE e o o o o o o o

e« o TA= 10.0000

LAMBDA= 0.10C3
e o TIS= 5.CCCO
. o My= 0.2000
« RHC= 0.500Q0
2 IS = 0.6000
e ¢ o = 0.6000
e o L= 1.1275
« o LO= 046275

* e W= 11.2750

o o WQ= 6.2750



% %%k %k
MEAN INTERARRIVAL
MEAN ARRIVAL RATE
MEAN SERVICE TIME

MEAN SERVICE RATE

TIME

L]

TOTAL SERVER UTILIZATION

MEAN NUMBER OF CUSTOMERS

MEAN NUMBER OF CUSTOMERS

MEAN TIME IN SYSTEM

MEAN TIME IN QUEUE

FOR

TOTAL RESULTS OF SYSTEM

EETY

SYSTEWV

IN SYSTEM .

IN QUEUE .

L] * TA
LAMBCA

L . TS
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1.6667
0.60C0
1.CCGCO
1.0000
0.6000
4.3650
3.7650
T7.2750

6.275C



$END OF DATA INSTRUCTION

$THIS IS LAST INSTRUCTION READ INCLUDING COMMENTS.

$AT THE END OF THE OUTPUT WILL BE A SUMMARY OF THE QUTPUT
$ FOR THE INDIVIDUAL MODELS DESCRIBED BY THE USER.
$A SUMMARY WILL ONLY BE PROVIDED IF MCRE THAN ONE PRORLEM
$ OF EITHER THE SINGLE OR MULTI-STREAM MCCELS

$ HAS BEEN SOLVED.

END
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*%% SUMMARY RESULTS OF SINGLE STREAM MODELS *%x%

PROBLEM
NUMBER

10

11

12

13

PROB.
SYSTEM
IS
EMPTY

0.200

C.178

0.192

0.045

C.006

C.013

0.000

0.064

C.600

0.600

0.600

0.600

C.6C0

MEAN
NUMBER
IN
SYSTEM

4.C0C

2.420

1.959

6.011

5.810

5.919

9.241

3.401

0.533

0.540

0.547

C.578

0.667

ME AN
NUMBER
IN
QUEUE

3.200

1.598

l.151

3.511

0.810

1.935

1.681

0.133

0.140

0.147

0.178

0.267

MEAN
TIME
IN
SYSTEM

€.200

0.303

29.092

12.C22

34.862

17.827

1C.C00

23.731

0444

C.450

C.456

0.481

0.556

65 MEAN

TIME
IN
QUFUE

D.1€0

0.181

17.CS2

T.022

4.862

5.827

C.C

11.731

0.111

0.117

0.122

0.148

0.222



*%% SUMMARY RESULTS OF MULTI-STREANM MODELS %%

PROBLEM MEAN
NUMBER NUMBER
IN
SYSTEM
1 2.692
2 1.253
3 44365

MEAN
NUMBER
IN
QUEUE

2.C92

0.65%3

3.765

MEAN
TIME
IN
SYSTEW

4.486

2.088

7275

MEAN
TIME
IN
QUEUE

3.486

1.088

6.275
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Chapter 4

THE QUEUE INTERPRETER

4.1 General Description and Main Program

The interpreter consists of a main program which
reads the input from the user, interprets the instructions,
and drives the other subprograms. The interpretation and
execution proceed at the same time.

The main program recognizes the commands, prints the
input, sets various flags for the description of a queueing
model, calls on subroutine EVALUE for the evaluation of
numerical information, calls on subroutine SOLVE to determine
the type of model being described by the user, and finally
calls on subroutines TABOUT and POUT for a summary of the
results of all models in the users program. The alphabetic
characters needed for interpretation are first put in as
BLOCK DATA, and all pertinent variabies are initialized.

The program reads only one card per command.

The characters of an input instruction are put in a
vector L which is 80 elements in length. The main program
then calls subroutine BLANK to remove the blanks and left
justifies the vector L. The program will scan the L vector
to determine the type of instruction found. If the first

character is a dollar sign or a blank, the statement is a

67
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comment or a blank card and is printed and ignored. Otherwise
the first few characters will determine the type of instruction
given. At this point the main program is divided into sections
according to the type of instruction. The program will then
continue to scan the L vector until a delimiter character is
found. This is generally any of the characters comma, colon,
or equal sign. It is at this point that the various sections
differ slightly in procedure.

The arrival instruction statement will be searched
to determine the type of arrival, whether the interarrival -
times or the arrival rates are given, and the values of this
parameter must then be evaluated and put into a vector TA or
LAMBDA.

The service instruction statement is similar to the
arrival instruction with the values being assigned to the
variables TS or MU and to the vectors TTS and TMU. The
variables TS and MU are used in the single-stream models in
place of the corresponding vectors. There may be more than
one service instruction in the multi-stream models if the
service disciplines are different for some stream or priorty
class. There can be only one arrival instruction since there
is only one discipline allowed at this time, but there must
be a value supplied for the parameter for each input stream.

The channel size instruction will be searched for
either a number or the word FIND. 1In the first case the

number is evaluated and the value stored in the variable ICHANS.
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The next instruction is then read. The Tatter case will cause
the program to scan L until another delimiter character is
located. In this case, the next character after the delimiter
must be the first character of a numerical field ending with
a % sign. After the % sign, the next two characters in the
L vector must be a delimiter followed by the letter T. This
is followed by another delimiter character and a numerical
field for the variable T. A1l numerical fields are evaluated
by the subroutine EVALUE.

The queue capacity instruction statement is scanned
until a delimiter character is located. The next character
will either be part of an alphabetic field or a numerical
field. If the field is alphabetic the capacity is assumed
to be unlimited. Otherwise the field is evaluated with the
value stored in the ICAP vector. ICAP=-1 means unlimited
capacity.

The population instruction is similar to the queue
capacity instruction with the vector IPOP used.

The queue discipline instruction is scanned until a
delimiter character is found. The next field will be alphabetic
and will be scanned to determine the type of discipline
specified by the user. The flag IDISC is used to indicate
this discipline.

The solve instruction statement causes the main program
to call subroutine SOLVE. When control returns to the main

program the proper problem counter IPROB or IPNUM is indexed
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by one and certain variables may be re-initialized. Then
the next instruction is read.

The next problem instruction causes the main program
to re-initialize all pertinent variables and to read the
next instruction.

After reading a card the error flag N is checked to
determine if there had been an error in the last set of
instructions. If the flag is equal to -2, indicating there
has been an error, then all instructions are ignored until

the next problem instruction statement.

4.1.1 Subroutine EVALUE

The EVALUE subroutine interprets numbers in alpha
format and converts same to decimal number. This decimal
number is stored as a real number in the vector VALUE. The
argument POINT is used as a pointer for the location of the
number field within the vector L. When entering EVALUE,
POINT is at one character before the first digit of the
number field. When leaving EVALUE, POINT is one character
past the last digit of the number field. The argument NUM
is used to determine the position the number value is stored
in the vector VALUE. This is always equal to one except when
the multi-stream models are used. The argument KK is used
to determine if more than one number field may be found, as

in the multi-stream models.
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The subroutine determines the width of the number field
and the location of the decimal point if any. The field is
divided into two parts, the whole number part or left field,
and the fractional part or right field. Alpha format numerical
characters are converted one digit at a time by calling sub-
routine DECODE. After conversion the value is constructed
into a decimal number. When the construction is complete
the number is stored in the vector VALUE and the next number
field is converted if applicable. After all consecutive
number fields are converted control is returned to the main

program.

4.1.2 Subroutine DECODE(M,D)

Subroutine DECODE determines digit M in alpha format
and returns a decimal value assigned to the argument D. If
no digit is found, a value of 10.0, indicating an error, 1is

returned to subroutine EVALUE.

4,1.3 Subroutine BLANK(IN,N)
Subroutine BLANK takes blanks out of the input string
and left justifies the vector IN. The length of the vector

IN is returned with the value N.

4.1.4 Subroutine BAD(N)
Subroutine BAD prints the error messages and returns

a value of -2 or remains -1 if the error was that the model
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is not available. 1In this case there is no need to skip to
the NEXT problem instruction since there has been no error

in interpretation.

4.1.5 Subroutine SOLVE

Subroutine SOLVE checks various flags to determine
type of model being described by the user. If the model is
determined to be one of the single-stream models available
then that model subroutine is called. If the model is one
of the multi-stream models available then the subroutine
MOMENT is called. If the model is not available then N is’
set equal to -1 and subroutine BAD is called, after this

control is returned to the main program.

4.1.6 Function FACT(N)
The integer function FACT calculates the factorial

of N.

4,1.7 Subroutine OUTPUT(K)
Subroutine OUTPUT prints a description of the problem
and the results calculated from the various models. The

argument K is used to indicate the model number.

4.1.8 Subroutine MOMENT
Subroutine MOMENT is called from subroutine SOLVE
when multi-stream service distributions are specified. The

subroutine calculates the first and second moments about the
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mean for each class of service distribution. The moments for
the overall service time is also calculated. The total arrival
rate, server utilization per class, and cumulative utilization
to each class are also calculated in this subroutine. Sub-
routine MODL11, MODL12, or MODL13 is called depending on

the type of discipline used, nonpreemptive, preemptive,

preemptive-resume, or no-priority respectfully.

4.1.9 Subroutines MODL1-MODL8, and MODL11-MODL13
Subroutines MODL are a series of subroutines that
calculate various measures of congestion and other useful

information that will be printed by subroutine OUTPUT.

4.1.10 Subroutines PTAB and TABU
Subroutines PTAB and TABU tabulate common results of
the multi-stream and single-stream models. The values of

each problem is put in the appropiate table of arrays.

4.1.11 Subroutines POUT and OUTTAB

Subroutines POUT and OUTTAB are used to output the
values tabulated from subroutines PTAB and TABU. This output
will provide a convenient summary of resuilts. Thié output
is provided at the end of any program containing more than

one problem of either the multi- or single-stream models.

4.1.12 BLOCK DATA
BLOCK DATA 1is used to initialize all pertinent
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variables. This is used mainly to give an integer value to
alpha characters for use in numerical comparisons in the

interpretation procedure.



Chapter 5

SUMMARY, CONCLUSION, AND RECOMMENDATIONS

5.1 Summary

A user oriented computer language was developed for
the solution of basic queueing theory models. To avoid the
burden of machine dependence, the QUEUE interpreter was coded
in a language which is very much universal, and it is small
enough to not be restricted to large computer systems. The
language allows the user to solve certain queueing models
with only a minimal amount of time required to learn the
Tanguage. The language is readily usable in a conversational
mode as well as in a batch mode. The language is currently
on the University of Houston Computing Center's Univac 1108
System and the Engineering Systems Simulation Laboratory's
I.B.M. 360/44 System. An example of the problems that can

be solved using the language have also been presented.

5.2 Conclusions

The QUEUE Tanguage allows the user to easily describe
and modify a queueing model. The output of the QUEUE Tanguage
provides considerable information that can provide insight to
even an inexperienced user. This information is quite useful

in the design of a queueing system.
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In order to facilitate the further expansion of
QUEUE, the interpreter has been coded in such a way that
any necessary changes, such as addition of new models, can
be made without a significant number of alterations in the

program.

5.3 Recommendations

It is hoped that QUEUE will be a useful tool in the
hands of a non-computer oriented operation research analyst
to utilize the computer for solving queueing theory problems.
It is also hoped that QUEUE can be found as an effective |

tool for educational purposes.
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18:

223

3¢

31:

343
25:
36

C k%
CHkk
Cosk
Cootese
C %k
C %ok
C %%k
CHotek
CHdok
C k%
C ks
CHkx
C ok
C ook
CHkk
C ok
C k%
CHkx
CH% %k
C %%k %
CH%%

MAIN PROGRAM

CATA ISIGN/'$'/

COMMCN BLCCKS 1 -

5 ARE LITERAL CCNSTANTS

PAGE

MAIN
MATIN
MAIN

CUMMON/BLKL/ JAC,JBC,JCCyJDC,JEC,JFC,JGC,JHCyJICsJICsIKC,JLCsIMC  MAIN
COMMON/BLK2/ JNC,JCCsJPCyJQCyJIRCyISCyJITCsJUC,IVCyIWC oy IXCyJYCyJZC MAIN
CCMMON/BLK3/ JOC»J1CsJ2C,J3C,J4C,J5C,J6C,d7C,J8C,J9C MAIN
COMMCN/BLK4/ JPLUS,JMINUS,JPER,JDIV,JMUL yJEGU, JBLANK,JCCVMA, JCOLCNMAIN

CCVMMON/BLKS/JPCENT MAIN
COMMCN/BLKE/PRCENTIPCPyICHANS, T, ICAP,IFINC MAIN
CUMMUN/BLKT7/ ARIVAL,KPRIOR,IDISC,FSERV,VAR,ERLANG MAIN
COMNCN / BLK8 / TA(1C),TS,NUM, IPROB,LAMBCA(10),MU MAIN
COMMCN / BLK18 / ITYPE(IC),TUANG(IO),TTS(10),TMU(10),TVAR(10) MAIN
CUMMCN/BLK2C/NUMS VAIN
COMMCN/BLK25/H MAIN
CCMMCN / BLK26 /IPNUM MAIN
VARIABLE TYPE SIZE CCMMCN BLCCK CCVMMENT MAIN
PRCENT R 1 é % VALLUE MAIN
1PCP I 1 6 PCPULATIGN SIZE MAIN
ICHANS I 1 6 NCo CF CHANNELS MAIN
T R 1 € TIME MAIN
ICAP 1 1 6 CAPACITY MATIN
[FIND I 1 6 FINC INSTRUCTION MAIN
APTVAL I 1 7 ARRIVAL FLAG MAIN
KPRICR I 1 7 PRIORITY FLAG MAIN
IPISC I 1 7 CISCIPLINE FLAG MAIN
FSERYV [ 1 7 SERVICE FLAG MAIN
VAR R 1 7 VARIANCE CF TS MAIN
ERLANG I 1 7 CLASS CF ERLANG MAIN
TA R 10 8 INTERARRIVAL TIME MAIN
TS R 1 8 SERVICE TIME VAIN
NUM I 1 g NUMBER OF VALUES NMAIN

RETURNED FROM EVALMAIN
IPROB I 8 PRCBLEM NUMBER MAIN
LAVMRCA R 1¢C 8 ARRIVAL RATE MAIN
MU R 1 8 SERVICE RATE MAIN
THE FCLLOWING ARE USED IN THE NMULTI STREAM MQODELS MAIN

10

2¢C

20

40

50

€0

70

80

SC
1CC
110
120
130
140
15C
1€0
170
180
16C
2C0
210
22GC
230
240
25C
260
270
28C
250
3C0
31¢C
320
330
34C
380
360



27
38
39
4
41
42
43
44
45
46
47
48
49
54
51
£2
53
54
55
56
57
5%
59
6C
€1
€2
é£3
¢4
E5
&6
67
€8
]
7C
71
72
73

-

-
.
-
-
.

-
.
-
.
.

Cx%%
Ch*% %
CoAok%
C %ok %
CRE*k
C e e
Cokk
CHR%%

C %%k %k
Cok Aok %k

11
C %%k

C ok i

[aNeNe!

1

C %%
CokHxk

ITYPE
ILANG
TTS
TMU
TVAR
NUMS
nNLMYV
N

IMTEGER FSERV,SVAL,ERLANC,AVAL

I
I
R
R
R
I

1

1°
1C
10
1¢C
10
1
1
1

INTESFR ARIVAL,L,PCINT
REAL LAMBCA,MU
CIMENSION L(80),VALUE(10)
KPRIOR INDICATES IF PRICRITY CLASSES ARE TO BE USED , O=NC , 1=YESMAIN
INITIAL PARAMETERS TO -1

TS=-1.

MU=-1.

00 11 I=1,1C
VALUE(I)=C.
TTS(I)=-1.
TVAR(I)=~1,
ILANG(T) =0
TA(L)=—1.
LAMF‘CA(I)=—].0
CCNTINLE

[PRCP IS THE PRCBLEM NUMBER

[PROR=1

18
18
13
18
18
20

25

IPNLM IS PRICRITY PRORLEM NUMBER

[PMNLM=]

PAGE

SERVICE TYPE MAIN
CLASS OF ERLANG MAIN
SERVICE TIME MAIN
SERVICE RATE MAIN

VARIANCE CF TTS MAIN
SERVICE CLASS DISTMAIN
VARIANCE INDEX MAIN
ERRCR NUNMBER MAIN
MATIN
VAIN
MAIN
MAIN

MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
VAIN
MAIN
MAIN
MAIN
MAIN

------------------------------------------------------------------ MAIN

CONTINUE
VAR=I .0
KPRICR={

FSERV INDICATES TYPE OF SERVICE CISCIPLINE

FSERV=1 IS EXP,

=2 IS GENERAL,

=3 1S CONSTANT,

MAIN
MAIN
MAIN
MAIN
MAIN
=4 IS ERLANG MAIN

370
380
3sC
4GC0
410
420
43C
440
450
4€0
470
48C
4S9
500
510
520
530
540
55C
5€0
570
580
560
600
610
620
630
640
650
660
670
€80
690
7C3
710
720
730



14 :
75:
16:
T7:
78z
79:

€1:
ge:

84:

85:

g8:

Gl1:

Cxxx%
Cx %%
C %% %
C %%k
C %%k

CkHok
C#okk

C ko
C k%
C %%
C %%
Co¥k

C Ak %
C ¥k %

C %%k

Chnk

FSFRV=C

ERLANG INCICATES CLASS CF ERLANG CISTRIBLTION

ERLANG=C
AviaL=1
AVAL=2

IF SERVICE TIMEF IS USEC THEN SVAL=1
IF SERVICE RATE IS USED THEN SVAL=2

SVAL=C

KK INNICATES IF MCRE THAN CONE VALUE CAN EE FCUNC IN SUB.
1 MEANS UNLY ONE VALLE IS ALLCWED , KK=2 VMEANS MCRE THAN ONE

KK =
Kk=1

N INDICATE ERRCR NUMRER

N=r

N =20

MEANS INTERARRIVAL TIME IS REING USED BY THE USER
MEANS ARRIVAL RATE IS USEC

EVALUE

UNLESS CTHERWISE INDICATEC

PRCENT INCICATES PERCENTAGE VALUE IN CHANNELS INSTRUCTION

PRCENT=C.

T INNDICATES MAXIMUM WAITING TIME TC PRCVIDE REQUIRED SERVICE

T="

ICHANS INCICATES NUMBRER CF PARALLEL CHANNELS

ICHANS=1

IFINC INCICATES IF NUMRER {QF CHANNELS IS TO BE SOLVED FCR

IFINC=0C

INISC INDICATES TYPF CF DISCIPLINE USED

1=FIFQ,
ICISC=1

2=L1FU,

3=RANDOM,

4=NUNPREEMPTIVE,

IPnp INDICATES SIZE CF SCURCE PCPULATICN,

[PUP==-1

ICAP INCICATES SIZE CF QUEUE CAPACITY

ICAP=-1
CONTINUE
ANUMS=N
NLMV=C
CONTINUE

REAC NEXT INSTRUCTION CARC

C=NO

5=pRE, 6=NC PRIORITY

[PCP==]1 MEANS UNLIMITED

ICAP=-1 MEANS INFINITE

- - —— - — —— ———— —— T —— ————— 1 ————— T —— . - T e W R S WE W A MW M W AN R e M G b G -

PACE

MAIN
MAIN
MAIN
MAIN
MAIN TEC
MAIN 799
MAIN 8GO
MAIN 810
MAIN 820
MAIN 830
MAIN 840
MAIN 85C
MAIN 860
MAIN 870
MAIN 8&C
MAIN 890
MAIN SCC
MAIN 91C
MVAIN 92C
MAIN 930
VAIN S4C
MAIN 95C
MAIN 960
MAIN 970
MAIN 980
MAIN 990
MAIN1ICCO
MAIN1C1O
MAIN1020
MAIN10O30
MAINLC4O
MAIN1OEO
MAIN10O6O
MAIN1CT0O
VAIN10OE&C
MAIN10SO
MAINLIL1CO

740
75C
1€0
770



111:
112:
113:
114:
115:
116:
117:
11i8:
119:
12C:
121:
122:
123:
124:
125:
126:
127:
128:
129:
13C:
121:
132:
133:
134:
135:
136:
137:
138:
13g:
14C:
1412
142:
143:
144
145:
146:
147:

C
1C

12
C %%k

13
C k%%
Coekk
C %%k
CHokk
C k%
Cok3k
C %% %
C %ok
C%okok
CH %k
C %% %
CHxk

C A%k

C &k

CCNTINLE

IFIN.GT.C) CALL BADI(N)

READ(5,12,ENC=99) (L(I),1=1,80)

FCRMAT(RCAL)

L{AC) CUNTAINS THE INPLT INSTRUCTICN IN ALPHA FCRVNAT
WRITE(6,13)(L(1),1I=1,8C)

FCRMAT(1IHC,10X,83A1)

RFMCOVE BLANKS AND LEFT JUSTIFY

J IS ThE LENCTH OF INPUT STRING AFTER RENMOVING BLANKS
CALL RLANK(L,J)

[F BLANK CR COMMENT CARC, READ NEXT CARC

IF{(J.FC.C) GG TO 10

IF(L(1).EC.ISIGN) GO TC 10

CHFCK INSTRUCTIGN TYPF

NEXT PROPBLEM INSTRUCTICN
IF(LU1)eEC.UNC.ANCSJL(2).EC.JEC) GC TO 88

IF LAST PRCBLEM HAD AN ERRCR THEN SKIP TC NEXT INSTRUCTICN
IF( v .EQ. =2 ) GO T0 10

SCLVF INSTRUCTION

IF(L{Y1) sECJSCeAND L (2)eEQeJOC.ANCLL(3).EQ.,JLC)Y GC TC 87
ARREIVAL

IF(L(1).EC.JAC) GO TO 16

SERVICE

[F{L{1).FL.JSC) GC TC 32

CHANNEL SIZE

IF(L{1) ECeJCC.ANC.L(2).EQ.JHC) GC TO 56

CAPACITY CF GQUFRUE

IFIL{1)eEQeJCC.ANDSL(2)EC.JAC) GO TO 65

CUFLez CISCIPLINE TYPE

IF(L(1).EC.JDBC) GC TC 71

POPLLATION SIZE

IF(L(1).EC.JPC) GO TC A2

END CF DATA INSTRUCTICN

IF(L(1).EC.JEC) GO TO S8

N=1

G TC 10

PAGE

MAIN1110
MAIN1120
MAIN1130
MAIN1140
MAIN11SC
MAINL160O
MAIN1170
MAIN11EC
MAIN11SO
MAIN12CO
MAIN121C
MAIN1220
MAIN1230
MAIN124C
MAIN1250O
MAIN1260
MAIN1270
MAIN1280
MAIN12S0
MAIN13CO
MAIN1310
MAIN1320
MAIN1330
MAIN134C
MAIN135C
MAINL13£0
MAIN137C
MAIN13E0
MAIN1390
MAIN14CO
MAIN1410
MAIN1420
MAIN1420
MAIN1440
MAIN1450
MAIN14€0
MAIN147C



1483
149:
15C:
151:
182:
153:
154:
1552
156:
157:
158a:
159:
16C:
161
1€2:
163:
1¢4:
1€5:
1é6:
1e7:
1€8:
169:
17C:
171:
172:
173:
174:
175:
176:
177:
178:
179:
18C:
181:
182:
183:
184:

17

C % %%

18
Cak%k

C % %%
C k%

2C

22
C ook

ARRIVAL INSTRUCTICN  kx%

CCNTINUE

AVAL=C

LO 17 I=2,J
IF(L(I)eECsJCOLONORSLIT)EQsJCOMMAOR.L(I)EQ.JECL) GO TO 18
CCNTINLE

N=2

cC TC 10

JJ [S USEC AS A PCINTER TC SCAN TFE L STRING

Jd=1+1

CHFCK TYPE OF ARRIVAL DISTRIBUTION

IF(L{JJ).EQ.JPC) GC TC 2¢C

N=3

COo T0 1°¢

ARRIVAL IS POISSON

SET ARIVAL=1

ARIvaAaL=1

JJd=Jd+1

CC 21 T=JdJdsd
IF(L{T).FQ,JCOLON,OR,L(1).EQ.JCOMMA.ORLLI(I).EQ.JECU)
CCMTINUE

N=2

GO TG 1C

JJ=1+1

CHECK IF ARRIVAL RATE CR INTERARRIVAL TIME IS GIVEN
[FL{JJ)eECJTCAANDSL(JJ+]1)LEQ.JAC) AVAL=1

IF(L(JI) eECJLCANDL(JJ+1) e EQeJACANDLIJI+2)EC.IMC)
[F(AVAL.GT.N) GC TO 23

N=¢4

Cu TU 1¢

CCNTINUE

JI=JdJ+2

GC 7C 22

AvVAL=2

PAGE

MAIN148C

MAIN14S0
MAIN15CO
MAIN151C
MAINL1S20
MAIN1530
MAINLIS40
MAIN155Q
MAIN1S5S60
MAIN1570
MAIN158C
MAINL1S5S90
MAIN16CO
MAIN161C
MAIN1£20
VAIN1630
MAIN164C
MAIN16EQ
VAIN1660
MAIN1670
MAIN1€EC
MAIN16SO
MAIN17CC
MAIN171C
MAINL1T20
MAIN1730
MAIN174C
MAINL7EC
MAIN1760C
MAIN1770C
MAIN1780
MAIN1790
MAIN18CO
MAIN181C
MAIN1820O
MAIN1830
MAIN184C



185:
186:
187:
188:
189:
150:
161:
162:
193:
1S4:
195:
196:
167:
168:
199:
2C02
2C1:
2C2:
2C3:
2C4:
2Ch:
2C6:
2C7:
2Ce8:
209:
21C:
2113
212:
213:
214:
215:
216:
217:
21¢&:
219:
22C:
221:

C %%k %

24
Cokx
25

C %k
C o ok

26
C k% *

27

28
(% %%

26
30
Cokk

OO

SEARCH FCR DELIMITER CHARACTER
CO 24 1=JJd,J

IF(L(T)eEC.JCOLONORLLIT)EQ.JCOMMALORLLI(TI).EQ.JECU)

CCNTINUE

\=2

cc 170 1C

PCINTS IS A POINTER ANC IS NOW AT = SIGN
POINT=1

kKK=2

IFf MCRE THAN CNE NUMBER IS PERMITTECD KK=2
CALL SUBRCLTINF EVALLE TC EVALUATE
CALL EVALUE(POINT,VALULE,KK,NUM,L)
IFC N +ECs =2 ) GO TO 10
IF(AVAL.EG.1) GO TC 26
[F(AVAL.FQ.2) GU TO 28

N=4

GC TC 1C

CONTINUE

INTERARRIVAL TIMES USED

CN 27 II=1,NUM

TACII)=VALLE(II)
LAMBDA(ITI)=1.C/VALUE(IIL)

CCNTINULE

CC 10 3C

CONTINUE

ARRIVAL RATE IS USED

CO 26 II=14,NLM

LAMBLA(TII)=VALUE(ILI)
TA(ID)=1.C/VALUE(IT)

CCNTINUE

CONTINUE

GC TC 25

PAGE

MAIN185C
MAIN1860
MAIN1870
MAIN18EO
MAIN18GO
MAIN19CO
MAIN191C
MAIN1920
MAIN1930
MAIN194C
MAIN19EOQ
MVAIN1960
MAINLIGT70
MAIN19EOD
MAIN1990
MAIN2CCOQ
MAIN2C1C
MAINZ2O20
MAIN2C30
MAIN2C4C
MAIN20E0
MAIN206C
MAIN2CTC
MAIN2CEQ
MAIN20S0
MAINZ21CO
MAIN211Q
MAIN2120
MAIN2130
MAIN2140Q
MAIN2150

I[F MORE THAN ONE VALUE IS GIVEN THIS INDICATES PRIORITIES ARE USECMAINZ2160

IFINUM.GT 1) KPRICR=1
Ch 70 1¢C

MAIN2170
MAIN2180
VAIN21SO
MAINZ22CO
MAINZ221C



222
223:
224
2253
226:
227:
224:
229:
23C:
231:
232:
233:
234:
225:
23612
237:
238z
239:
24C:
241:
242:
243
2442
245:
246:
247:
2482
249:
25C:
2¢1:
252
253:
284
2853
256:
257:
258:

C ook
C
C
32
33
34
C ook
C ks
25
C otk
3¢
Coox s
27
C %%
38
39
4C

SFRVICE INSTRUCTICN %%

COMNTINLE
NUMS=NUMS+1
NUMY=NUMS
£e 33 1=2,J

[F{L(TI)eFQeJCULUNCORGL{T)}EQeJCOMMALORSL(I}EQeJECQU)

CONTINUE

N=2

Cu TC 17

JJ=1+1

CHECK TYPE OF SERVICE

IF(LIJJ) eECeJECJANDLL(JI+1)eEQL.URC)

IF(L(JJ).EC.JEC) GU TO 3%

IF(L(JJ) eECeJGCORL(JI+1)EQ.JAC)

IF(L(JI)EQ.JCC) GC TC 37
N=13

CC TC 10

EXPCNENTIAL SERVICE
FSIFRv=1

¢C TC 42

GENERAL CR ARRITRARY
FSERV=2

Cn 10 42

CONSTANT

FSFRv=?

CL TO 42

cRLANG CLASS L
FSERV=4

JJ=Jd+2

CC 39 I=dJ,J
IF(L{I)LEQ.JINMINUS) GC TC 40
CUNTINUE

N=2

o TC 1C

CUNTINUF

GC TC 34

GC TC 38

GO 1O 36

PAGE 1

MAINZ2220
MVAIN2230
VAIN224C
MAIN2250
MAIN2260
MAIN227C
MAIN2280
MAIN2290
MAIN23CO
MAIN231C
MAIN2320
MAIN2330
MAINZ234C
MAIN235C
MAIN2360
MAINZ2370
MAIN2380
MAINZ23S0
MAINZ24CC
MAIN241C
MAIN2420
MAINZ2430
MAIN244Q
MAINZ24EC
MAIN2460
MAIN24170
MAIN24E80
MAINZ24S0
MAINZ25CC
MAINZ2510
VAIN2520
MAIN2530
MAIN2540
MAINZ2550
MAINZ25¢C
MAIN2510
MAIN2580



259:
260
2¢l:
2€2:
263
2¢4:
2€5:
266
267: 42
2682
269:
270:
271: 43
212:
273:
2742 44
275:  CHx%kx*
276
217:
278:
279:
28C:
213 4%
282:
283:
284:
285: 46
286:
2873
288: CHk**
289: 47
2G6C:
291:
292:
2G3:
2G4
295

Ck% %

KK=1

Jd=1

POINT=]

CALL EVALLE(POINT,VALUE, KKyNUNM,L)

IF{ N «EQe -2 ) 50 TO 1C

ERLANG=VALUE (NUM)

IF(ERLANG.NE.1) GC TC 42

FSFRrRvV=1

JJd=JdJ+1

CC 43 I=dJ,d

SEARCH FOR DELIMITER CHARACTER

ITF(L(T) «EC.JCOLONCORLIT) eCEQaJCOMMALORLL(I)WSEQ.JECL) GO TO 44
CCNTINUE

h=2

0 TC 1IC

JJ=1+1

CHECK IF SFRVICE TIMF OR RATE IS GIVEN
IF(LIJI) eBEGaJTCLANC.L(JU+1)EQLJSC) SVAL=1
IF(L{JJ) e ECe JMC o ANCLL{JJ+1)Y.EQ.JULC) SVAL=2
[F(SVAL.GT.0) GC TC 45

N=4

cr 1C 10

CCNTINLUE

Jd=JJd+2

CCT 46 I=JJ4sd
IF(L(1)+EC.JCOLONSCR L(I).EQa JCCVMNMALCR.LI(I)EQ.JECQU) GC TC 47
CUNTINUE

N=C

GN TC 1C

POINT IS AT A CELIMITER CHARACTER JUST PRICR TO NULMBER FIELCD
PCINT=1

KK=2

CALL EVALLE(POINT,VALUEZKKsNUM,L)

IF{ N JEC. -2 )} GO TO 10

IF(SVAL.EGC.1) GO TC 48

IF{SVALLEC2) GO TC 49

hN=6
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MAIN25S0
MAIN26CO
MAINZ261C
MAIN2620
MAIN2630
MAIN264C
MAIN2€E5C
MAIN2660
MAINZ2670
MAIN2680
MAIN2690
MAIN27CO
MAINZ271C
MAIN2720
MAIN2730
MAIN2740
MAIN27E0
VAIN2760
MAIN2770
MAIN2T7EQ
MAIN2790
MAINZ28CC
MAINZ2810
VAIN2B20
MAINZ2830
MAINZ2840
MAIN2850
MAINZ2860
MAIN2870
VAINZ288O
MAIN28SGO
MAIN2SCO
MAINZ2910
MAIN292C
MAINZ293C
MAIN2940
MAINZ2950



2G6:

267: CH*xx

2G8: 48R
299:

3CC:

3C1:

3C2:

3C3:

3C4:

3n5: 448¢C
3C6:

207

3CA:

3C9:

31C: C*k%xx%

311: 4G
312:

313:

314:

315

31¢é:

317:

31e: 4453C
319:

320

321:

322: 50
223:  CHkk

324:

3253

326: 51
3272

328:  CHkxx

329: (oo

23N

331:

332:

ce 10 10

SERVICE TIME IS USED
CCNTINUE
JKK=NUMS+NLM=1

Cr 4480 [=NUMS,JKK
ITYPE(TI)=FSERYV
JIF=T-NUMS+1
TTS(I)=VALUE(JJF)
TMU(TI)=1.C/VALUE(JJIF)
CONTINUF

TS=VALUE(L)
MUu=1le./VALLE(])
NUMS=JKK

GO Tr 50

SERVICE RATE IS USED
CCNTINUE

JKK=NUMS + NUM - 1
0 4450 I=NUNMS,JKK
[ITYPE{I)=FSERV
JUF=I-HUMS+]
TMU(TI)=VALUE(JJF)
TTIS(1)=1.C/VALLE(JJF)
CUNTINUE
TS=1./VALUE(1)
ML=VALLE(L])

NUMS=JKK

CONTINUE

IF StRVICE DISTRIBUTION IS GENERAL TFHEN VARTANCE IS NEEDED
IF{FSFRV.EC.2) GC TO 51

O )
CUNTINUE
JJ=POINT+1

PUINT RETURNFD FRQM EVALUE AT DELIMITER CHARACTER

NtEXT WCRE IS VAR

TF(L{JI) EQaJVC ANDGLIJI+]1)EQLJAC)

N="5
¢n TC 10

GC TC 52

PACE S

MAIN29€0
MAINZ2STO
MAIN2980
MAIN2990
MAIN3CCO
MAIN3010
MAIN3020
MAIN3G3C
MAIN3C4C
MAIN3CSO
MAIN3060
MAIN3C7C
MAIN308C
FAIN30SO
MAIN31CC
MAIN3110
MAIN3120
MAIN313C
MAIN3140
MAIN3150
MAIN3160C
MAIN3170
MAIN3180
MAIN31S0
MAIN32CC
MAIN3210
MAIN3220
MAIN323C
MAIN3240
MAIN3250
MAIN32€08
MAIN3270
VAIN3280
MAIN32SGO
MAIN33CO
MAIN3310
MAIN3320



333:
2242
335:
336:
327:
338:
339:
34C:
241
342:
3432
344
345:
346
347:
3483
34G:
35C:
351
352:
353:
354
3552
356:
3¢7:
358:
359:
3¢C:
3¢1:
362:
3¢3:
3E4:
365:
3¢E6:
367
368%:
3e9:

54

5550

ok ok

OO0 0

Hé
ro% k%

51

ok ok
[

58

CCNTINUE
JJ=JJ+2
£C 53 I=JJ,J

IF(LII)eEC.JCOLONCORL(T).EQeJCOMMALORLL(I)EQeJECU)

CCONTINUE

N=2

CO 7O 1L

PCINT=I

KK=2

CALL EVALUF(POINTsVALUE,KKsNUM,L)
IF( N JEGe =2 ) GO TC 10
JKK=MUMV+HALM

CU £580 I=NUMV,JKK
JJF=[-NUNMV+]
TVAR{T)=VALLE(JJIF)
CUNTINUE

VAR=VALUE(1)

NLMV=JKK

CUNTINUE

sC TN 10

CHANNEL SIZE INSTRUCTICN @ k%%

CCLTINUE
SEARCH FCR DELIMITER CHARACTER
L0 57 I=3,J

IF(L(I)eECeJECUORLII)eEQeJCOLONORLITI)EQC.JCOMNMA)

CCNTINLE
AN=2

YU R N

IS PRCGRANM TC FIND NUMBER CF SERVERS

IF(L(I+1).EQ.JFC) GC TO 56
IFINL=N

IF(LITI+1)eGEWJOCCLANCLL{TI+]1)LELJIC) GO TC 64

GO TO 54

GO 10 58
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MAIN3320
MAIN3340
MAIN3350
MAIN3360
MAIN337C
MAIN3380
MAIN3330
MAIN34CC
MAIN3410
MAIN3420
MAIN343C
MAIN3440
MAIN3450
MAIN34¢0
MAIN347C
MAIN3480
MAIN349G0
MAIN35CC
MAIN3510
MAIN3520
MAIN3530
MAIN3540
MAIN3550
VAIN35€0
MAIN3S7C
VAIN3580
MAIN3560
MAIN3ECO
MAIN3610
MAIN3620
MAIN3630
MAIN3640
MAIN3650
MAIN3EE€Q
MAIN3670
VAIN3680
MAIN3€ESO



372:
271
372:
373:
374
375:
376:
317
378:
379:
3RC:
381:
382
383:
3€4:
385:
3€¢t:
387:
3gAR2
339:
2612
391:
362:
3G63:
394
3395
3662
3G7:
3G63:
369:
4CC:
401
4C2:
4C3:
4(4:
4CH
4C62

CR%%
56

C ek

&6C
61

C %%

62

63

C %% %

64

C ok

N=4
e TO 1€

TO FINC MINIMUM NUMBER OF SERVERS CR CHANNEL SIZE

[FINC=1

ICHANS=C

JJ=1+5%

SEAPCH FOR CELIMITER CHARACTER

IF(L(JJ) eECeJCOMMALCRGL(JI)oEQeJCOLONLORLL{JI)LEQ.JECQU)

WRITF(€,6C)

FCRMAT (v *%% MISSING PUNCTUATION #%%v)

CONTINUE

[FILIJJI+1).EQ.JTC) N=4

[FI(N.EQ.4) GO TO 10

EVALUATE PERCENT

POINT=JJ

CaLL EVALULE(POINT VALUE,KK,NUM,L)
IF(C N «EC. -2 ) GO TC 10
PRCENT=VALLE(NLM)

IF(LIPOINT) «NEJJPCENT) WRITE(6,60)

IF(L(POINT+]1).NE<JCOMMAJANCL{POINT+1).NEJJCOLON)

JJU=PCINT

Cu €2 I=Jdd,J

IF(L(I).EC.JTC) GO TO €3

CCNTINLE

N=4

ce 10 1C

CCNTINUE

POINT=1+1

EVALUATE TIME

CALL EVALLE(PCINT VALUE,KK4NUM,L)
IF( N .CQ. =2 ) GC TC 1€
T=VALUE(NLM)

GC 10 10

CONTINUE

PLINT=I

ceVALUATE ANUMBER OF CHANNELS

CALL EVALULE(POINT,VALUEsKKysNUNM,L)

GC TO 61

WRITE(€,60)

PAGE 11

MAIN3TCO
MAIN3T710
MAIN3T20
MAIN37320
MAIN3740
MAIN3750
MAIN3760
MAIN377C
MAIN3780
MAIN3790
MAIN38CC
MAIN3810
MAIN3820
MAIN383C
MAIN3840
VAIN3850
MAIN3R60
MAIN3870
MAIN3880
MAIN3890
MAIN39CC
MAIN3910
MAIN3920
MAIN392C
MAIN394Q
MAIN3950
MAIN39€C
MVAIN3S70
MAIN3980
MAIN3S9GC
MAIN4CCO
MAIN4C10
MAIN&4C20
MAIN4C30
MVAIN4040
MAIN4O50
MAIN4CEC



4C7:
4583
4(CG:
41C:
411:
412:
4173:
414:
4153
416
417
418:
419:
LA
421:
422:
4233
424
425z
426
4273
428:
429:
43C:
431:
432:
4723;
4342
435:
4363
437:
438:
439:
4403
44]:
442
44732

66

C k%
67

Ch %%

€S
Gkt

REeNeNeNe Ne
3%
3
*

12

IFC N skGe =2 ) GO TC 10
ICHANS=VALLE (NUM)
GC TC 10

i - —— i ————— ——————— - ———— ———— ——— - — - —————— i — -y T o T Vo (A S D S B T e A 4. Y Sl

GUELE CAPACITY INSTRUCTIEN

CCNTINUE
CO €6 1=3,J

IF(L{T) eEQCeJEQUaURGLIT)eFQeJCOLONJCRL(TI)EC.JCCMNMA)

COMTINUE

N=2

Cu 10 1¢C

CHECK FOR ALPHA CHARACTER

IF(L(T+1)aLE.JZC.AND.L(I+1).GELJAC) GO TC 69

PUINT=I

EVALUATE QUEUE CAPACITY

CALL EVALLE(POINT,,VALUE,KKyNUM,L)
IF( N .EQ. —2 ) GC TC 1C
ICAP=VALUE(NUM)

GO TC 10

CONTINUE

GUFUE CAPACITY IS UNLIMITED
[CAP=~1]

LU TO 1°C

QUFUF DISCIPLINE INSTRUCTION

CCNTINUE
£r 72 1=3,4

FF(LUT) eEQeJEQUDRLIT)oEGQ.JCOLON.OCRLL(T)LEQ.JCOMMA)

CLMTINLE

GC TC 67

GO To 72
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MAIN4CT0
MAIN4OSO
MAIN&GOSGO
MAIN41CQO
MAING110
MAIN4120
MAIN4132C
MAIN4140
MAIN4150
MAIN41EC
MAING170
MAIN4180
MAIN41GO
MAIN42CO
MAIN4210
MAIN4220
MAIN4230
MAIN4240
MAIN4250
MAIN42€C
MAIN4270
MAIN4280
MAIN&2SQ
MAIN43CO
VAIN4310
MAIN4320
MAIN4330
MAIN4340
MAIN4350
MAIN43EQ
VAIN&370
MAIN43E80
MAIN43GC
MAIN44CO
VAIN4410
MAIN442C
MAIN4430



444

4452

4446 13
4473  CxXxk
4483

449:

480

451:

452

4532

454

455:

456: 75
4%57:

458: 76
459

4¢€C: 17
4¢1:

4€2: 78
4€3:

4€4: G
4652

4E6: 778
4ET:2 an
468:
469 C
47c0: C
471: C
472: C
473: C
4742 C
4753 R2
476:

H17:e

478: 83
4193

487012

N=2

Co Tu 10

Jd=1+1

CFTERIMINE TYPE OF DISCIPLINF AND SET FLAC
IF{L{JJ).CCLJFC) GO TO 759
[FIL(JI)etCsJLC) GO TO 76
IF(L(JJ)eEC.JRC)Y GC TC 77

[F{L{JI) eFGeINCLANDSLIJI+2).EQedNC) GO TC 78
IF(L(JJ)Y.EC.JPC) GO TO 76

IF(LUJI) e ECeUNC.ANDJL(JI+2) EQ.JPC) GO TC 778
N=6

cCoTC 13

INISC=1

Gu TO 8¢

ICISC=2

GO TC 8”Q

ItT4C=3

CC TO 8¢

ICISC=4

GO TO 8C

IPISC=%

GC TC BRQ

INISC=6

CUNTINUE

cc TC 1cC

PCPULATICN SCURCE INSTRUCTICN

CCNTINUE
CC ¥R I=3,J

IFCL(I) eEQeJEQUeURWLIT)eEQeJCOLONSCRGLITI)EC.JCCNMNA)

CONTINUE
N=2
Co 1O 1C

GC TC 84
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MAIN44€OQ
MAIN44T70
MAIN4480
MAIN44S0
MAIN45CC
MAIN4510
MAIN4520
MAIN4530
VAIN4540
MAIN4S550
MAIN4S5EC
MAIN4570
MAIN4580
MAIN4SSO
MAIN4&CO
MAIN4610
MAIN4620
MAIN4630
MAIN4640
MAIN465C
MAIN46€Q
MAIN4670
MAIN468O
MAIN46GC
MAIN4TCO
MAINA4T10
MAIN4T2C
MAIN4T730
MAIN4T740
MAIN&T750
MAINGTEQ
MAIN&770
MAIN4TEC
MAIN476GC
MAIN4BCO



481:
4823
4832
4842
4353
4EE:
487:
489z
489:
4602
491:
4G2:
4G3:
4G4 2
4952
4G6:
4G7:
4G8:
4G69:
5CC:
5013
5C2:
5033
5C4:
5C5H:
5C6:
5C7:
5¢8:
5C9:
51C:
511:
512:
512:
Sl4:
516:
5161
517:

Cokkk

84

C %% %

g6

C ook

OO0

87

1C1

Cdkxx

ChFCK FOR ALPHA CHARACTER
IF(L(I+1) LE.JZC AND.L(I+1).GEL.JAC) GO TC R6
PCINT=I

EVALUATE SIZE CF SCURCF POPLLATICN
CALL EVALUE(POINT,VALUE,KKyNUM,L)
IFC N JEQe =2) GC TO 10
IPOP=VALUE{NLM)

Co 10 1IC

CONTINUE

SOURCE PCPULLATICN IS UNLINMITED
IPCP==-1

GO 10O 1¢

SCLVE INSTRULCTION

CCMTINUE

CeLt SCOLVE

WRITF(6,4,1C1)

FCRMAT(1HL)

TO SUPRESS TABULATING DATA FOR PRICRITY NMCDELS
IFCIDISC.GE.4) GO TO 89

IPRCR=IPRCB+1

GO TC 2

[PNUM=TPNLM+]

GO TC 3

NCXT PRCBLEM INSTRUCTION

CUNTINUE
0 TC 1

— e gt . el . s e T " S T " . A S S——— e et

PACE 14

MAIN4810O
MAIN4R20
MAIN483C
MAIN4B4O
MAIN4GESO
MAIN4BEC
MAINGBTO
MAIN488O
MAIN48BSC
MAIN49CO
MAIN4910
MAIN49Z0
MAIN4930
MAIN4940
MAIN495C
MAIN49EQ
MVAIN49T70
VAIN4SBO
MAIN4SSO
MAINSCCO
VAINSO10
MAIN5C20
MAINS030
MAINS5040
MAINSOS0
MAINSCEQ
MAINSO0TO
MAIN5CE0
MAIN5CSQ
MAINS1CO
MAINS5110
MAIN5120
MAIN5120
MAINS140
MAINS515C
MAINS1€D
MAIN5170



518:
519:
520:
521
522
523:
5242
5253
5263
521:
528:
5239:
520

C

C ok

C
C

99

966

END CF CATA

COMTINUE

IPRCR=IPRCRB-1
IPMLM=TPNLNM=-1
IF(IPPCB.LE.1) GO TO 999
CALL CUTTAB(IPRCR)
IF(IPNUM.LESY) STCP 98
CALL POUT(IPNUM)

STCP G9

E T
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MAINS5270
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PAGE

1: SLRRCUTINE EVALUE(PCINT,VALLE sKKyNLM,L) EVAL 10
2:  C*%%  SURRUUTINE EVALUATES NUMRER IN ALPHA FORNMAT TO DECIMAL NULVMBER EvAaL 20
31 CHxk AND STCRES IT IN VALUE ( NUM ) EvaL 20
4:  Cxx*%x L IS THE INPLT INSTRUCTICN STRING WITHCUT BLANKS EVAL 40
53 C**%  POINT WHEN ENTERING IS AT ONE CHARACTER FEFORE NUMBER FIELD EVAL 50
At Cxxx  FOINT WHEN LEAVING IS AT ONE POINT AFTER END OF NULMBER FIELD EvAL €0
T: C*%% Kk IS USFD TC DETERMINE IF MORE THAN ONE NUMBER FIELC MAY BE FOUNCEVAL 70
B: C EVAL 80
9: COMMON/BLK4/ JPLUS,JMINUS,JPER,JDIV,JMUL,JEQU, JBLANK,JCOMMA, JCOLONEVAL SO
1C: COMMON/BLKS/JIPCENT EVAL 1CO
11: CUNMMUN/BLK25/N EVAL 110
122 CIMENSICN L(83),VALUE(10Q) EvaL 120
13:  C*%%k  ANUM IS THE NUMBER CF PRICRITY CLASSES EVAL 130
14: INTEGFR PCINT EVAL 140
15: NUN=0 EVAL 150
162 Cx%x% [CETERNINEE FIELD WIDTH EVAL 1¢€0
17:  CH*% ILUMBER FIELD CCNTAINS DIGITS CGALY EvaL 170
18: (Cx**x A NECIMAL POINT SEPERATES LEFT FIELD FROM RIGHT FIELD EVAL 180
1G: 4C JK=1 EVAL 1SC
2C: SUM=C.C EVAL 2CO
21: TIF(L(POINT+1l) .FQe. JPLUS ) GO TO 45 EVAL 210
Z2: IF(LIPCINT+1) .NE. JMINUS ) GO TC 47 EVAL 220
232 WRITE(644€) EvAL 230
242 4¢ FORMAT(* #%#%% NZGATIVE NUMBER IS ASSUMED TC BE PCSITIVE *%%v) EVAL 240
25 45 JK=? EVAL 250
26:  Cox¥%%  ANUMST IS FCINTER AT BEGIANNING CF NUMBER FIELLC EVAL 2¢0
27: 47 NUMST=POINT+JK EVAL 270
23:  Cx*% MAXIMUM NUMBFR OF DECIMAL DIGITS IS 10 EVAL 280
26G: JFIN=PCINT+11 EVAL 26C
30 C*%% SCAN FIELC UNTIL DELIMITER CHARACTER IS FCUND EVAL 3CO
31: CrT 50 I=NUMST,JFIN EVAL 310
32: IF(L{I}.EC.JPCENT) GC TC 55 EVAL 320
232 IF(L(T) EQeJPERCCRLII)FC.JCOMMALCRLLIT)LEC.JBLANK) GC TC 55 EvaAaL 330
342 IF(L(T)«EGC.JCULONLORLLIT)JEQJECU) GO TO 55 EVAL 340
35: 5C CCNTINUE EVAL 350

26t Cx%x%x [F THE FIFLD IS GREATER THAN 10 CIGITS EVAL 3¢0



37

283

39
4¢
41
42
43
44
45
46
47
4y
49
50

51:

52
53
54
55
56
57
58
59
60
61
62
€3
64
€5
€6
67
&8
&9
7.
71
72
73

.
.
-
-
.
-
-
.
-
-
.
.
-
-
.
-
.
-
.
.
-
.
-
.
-

-
o

-

52

C % dk
55

C %ok

Ckx

C Aok

Cook

CH %k
7C
1CC
C 3%k
C #ok
105

C ek %
CHodok

WRITE(6+52)(LII),I=NUNMST,JFIN)

FURMAT(» *%%x CATA FIFLD IS TOO LCNG *%¥%x',5X,10A1)
N=%

CALL BAL{N)

RFTURN

NUMEN IS PCINTER AT OMNE SPACE PAST LAST CHARACTER OF FIELD
NUMEN=T

POINT=NUMEN

NPGS IS TrHE MUMBER OF DIGITS IN FIELD
NPCS=NUNMEN-NUNST

IF NPCS IS ZFRGC THEN THAT SUBFIELC IS FMETY
IF(NPOS.ECQ.C) GO Ty 1CS

CO 1C0 I=1,NPCS

J=NULMEN-T

M=L{J)

CALL DECCCE TO CONVERT CDIGIT FROM ALPHA (M) TO NUMERICAL (D)
CALL CECUTCE(N,D)

IF C IS GREFATER THAN 9 THEN M WAS NOT A CIGIT
[F(C.LT9.5) GO TO 70

WRITE(6,57) (L(J) 9 J=NUNMSTHNUMEN)

FORMAT(* **xx BAD LATA IN THE STRING *%%t! ,5X,20A1)
N=R

CALL BAD{N)

RETURN

CONSTRUCT LEFT SIDE OF FIELD
SUM=SUM+D*10.0%%([~1)

CUNTINLE

IF POINTER NUMEN IS AT A COMMA,BLANK,COLCMN,=,0R % THEN NC RIGHT

FIELD IS FOUND
IF(LINUMEN) +EQ.e JCCMMA .CR. L(NUMFN) EC. JBLANK) GC TO 200
IF{L{WUMEN)+EQ+JCULON.CR.L{NUMEN) .EQ.JEQL) GO TO 2CO
IF(LINUVMEN)+EQ.JPCENT) GC TC 200

IF PCINTER PLUS CNE IS AT DELIMITER CHARACTER THEN RIGHFT FIELC

IS EMPTY.

IFCLINUMEN+L) JEG. JCOMMA OR. L(NUMEN+1) +EG. JBLANK) GO TO 2CO

IF(L{MUMEN+]L)ecQeJCOLCN.CRLLINUMEN+]1)ECL.JEQU) GC TO 2C0
IF(L{NUMEN+1) .FU.JPCENT) GO TO 2CO
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370
380
360
4CC
410
420
43C
440
450
460
470
480
4GS0
5C0
510
520
530
540
550
5€0
570
580
550
&€CO
610
€20
€30
640
650
€€0
670
680
690
7C0
710
720
730



T4
753
162
172
73:
193
gc:
81z
ge:
832
y4:
ES:
g6
g7:
88 :
g9
902
Gl
G2
G3:
94
G5
S6:
G7:
PRE
Gg:
1C2:
101:
1C2:
1C3:
1C4:
1C5:
1Ch:
1C7:
1Ca:

C koK

14C
Cok#0%k

150
C %% %
186

200
16r

(ko %
CHokok

291

CU 15C I=1,.6
J=NUMEN+I
POINT=J

A BLANK, CCOMMA, CR % SIGN INDICATES ENC CF FIELC.

IF(L(J) «EGe JBLANK ) GO TO 189
IF(L{J) JEGC. JCOMMA ) GC TO 1930
IF(L{J)«EGQ.JPCENT) GC TC 19C
=L (J)

CALL DECCCE(M,D)

IF{D.LT.9.8) GO TC 140
JK=JUMEN+E
WRTITE(6,5T)(L(J)yJ=NUMST, JK)
N=23

CALL RAD(N)

RETURN

CCNTINUE

CUNSTRUCT RIGHT SIDE OF FIELD
SUM=SUM+D/ (10 .0%%*])

CONTINLUE

POINT=NUMEN®T

o TC 2@Qn

KK=3 INDICATES END CF CATA

Kk=13

CUNTINUE

CONTINUE
IF{L{NUMEN+1).FQeJBLANK) KK=3
NUM=NUM+]

VALUE (NUM)=SUM

KK=1 INDICATES CNLY CNF FIELD WAS PERMITTEL
[F KK=2 SEARCH FOR NEXT NULMBER FIELD
[F(KK.NEL2) GO TO 201

GO TG 40

CUNTINUF

RETURN

gEMD
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750
7€¢C
770
780
76C
8Co
810
820
830
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850
8¢€0
870
880
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910
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330
940
35C
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ee 68 8¢ 83 e 8 30 as e S0 e

DO NN

bd P et s P

o
(% 1)
.

3C:
31:

342

C % % %
L L

SURRCUTINE DECCDE(M,E)

SUBRCUTINE DETERMINES DIGIT ANC RETURNS A DECIMAL VALUE
ASSIGWNEL TO v

Cr¥MCN/BLK3/ JUC,J1C4J2C4J3C4J4C,J5C,46C,47C,48C,J9C

[F(M
[F(M
I+(¥
[F(¥
IF(M
IF(M
IF(M
IF(M
IF(M
IF(™

«EQ.
«ECQ.
eEC.
+EQ.
+EC.
LG
oECo
.FQ,
+ECQ.
«ECQ.

C=1C.C

co 10
D=COC
Cag 710
C=1.0
cC TC
C=7.C
CO 10
C=3.0
GO TC
L=4."
co 10
C=5,"
CN 10
L=hQ
CC TO
N=7.C
CU TG
C=F,.0
Gl TC
£=9.0
GC 1A

20

2C

20

Joc
J1C
Jz2c
J3C
JacC
J5C
J6C
J7C
Jac
Jac

)

o N el i et S e

GC
GO
GO
GC
GO
GC
GC
S0
GO
GC

TC
TO
TC
TC
TO0
T0
TC
TO
TC
TC

1C
11
12
13
14
15
16
17
18
19

PAGE

CECO
CECO
CECO
DeECO
CECO
CECO
CECO
CECO
CECO
DECO
CECO
CECO
CECO
CECO
CECO
CECO
DECO
CECO
CeCO
LECO
DECO
CECO
CECO
CECO
CECO
DECO
CECO
CECO
CECO
CECO
CeCO
CECO
CECO
CECO
CECO
DECO

1C

20

30

4G

sC

60

70

g0

30
1C0O
110
120
130
14G
150
160
17C
180
190
2CC
210
220
230
240
250
260
210
2890
260
3CC
31C
320
330
340
350
3¢€0



2C RETURN
END

PAGE
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e

43
53

g
q:
1C:
11:

13:
14:
15:

17:
1a:

C %ok
C Aok %
Cokxk

2C

SURRCUTINE BLANK(

SULROUTINE bLAWK TAKES BLANKS OUT CF INPLT STRING

N IS THE INPUT

N IS THE PETURNED LENGTH CF STRING

CIMENSION INC(8C)
CATA IREF/Y v/
J=1

CO 1C I=1,40
IF(IN(I)«EQ.IREF)
IN(II=INCT)
J=Jd+1

CUNTINUE

CC 20 I=J,80
IN{I)=IREF
CCNTINUE

N=J-1

RETURN

FHD

INyN)

INSTRUCTION

Go TQ 10

PAGE

BLAN
BLAN
BLAN
BL AN
BLAN
BLAN
BLAN
BL AN
BLAN
BLAN
BL AN
BLAN
BLAN
BLAN
BLAN
BLAN
BLAN
BL AN

10
20
30
40
s0
€0
70
€0
30
1€0o
110
120
130
14C
150
1€0
170
180



PAGE 1

1: SUBRCUTINE BAD(N) BAC 10
2t Cx*%%  SUPRCUTIMNE PAD PRINTS ERROR MESSAGE AND SETS N= -2 BAC 20
3: IF(N.EQ.=-1) GO TO 8 BAD 32C
43 WRTITI(Ey11) N RAC 40
53 IF(N.LTeleGLRNLGTL7) GO TG 9 BRAC 50
: GO TC (1924394454647 ) N BAC eC

: 1 WRITF(6412) BAC 70
3 CC TC ¢ BAC 80
: 2 WRITE(6,4,13) BAD S0
1C: GN TC 9 BAC 1CC
11: 3 WRITF{6414) BAC 110
12: GoO TC 9 BAC 120
13: 4 WRITE(6,415) BAC 1320
14: CN 10 ¢ BAC 140
15: 5 WRITE(6,16) BAD 150
les ¢C 1C 9 BAD 1¢C
17: € WRITF(6,4,17) BAC 170
18: Cu 10 6 BAC 180
19: 7 WRITF(6,2C) BAD 160
20 G CONTINUE BAD 2CO
21: N==2 BAC 210
223 WRITE(&,18) BAC 220
23: RETURN BAC 2320
264: g CCNTINULE BAC 240
25: WRITC(A419) BAD 250
263 11 FORMAT (Y *x%% ERROR NUMBER ', 13) BAC 2¢€C
273 12 FORMAT( Y #%% UNRECCGNIZED INSTRUCTICN STATEMENT %%*%x') BAC 2170
283 13 FORMAT(? *%% MISSING CR INCORRECT PUNCTUATION *xXx¢) BAD 280
29: 14 FOPNMAT(Y #*% UNAVAILARLE CISTRIBUTION TYPE *%%') BAD 26C
3c: 15 FORMAT( %x3*%k INCCRRECT STATEMENT FCRMAT *%%?') BAC 3CO
31: 16 FORMAT(? *%% VYARIANCE NUT GIVEN FCR GENERAL DISTRIRUTION *Xx1) BAC 310
32: 17 FORMAT(Y %% UNAVAILABLE SERVICE DISCIPLINE *%x%x7V) BAD 320
22 18 FORNMAT(Y %%x% PROBLEM TERMINATEDL EXECUTICN CCNTINUING WITH NEXT PRCBAC 330
342 1BRLFM, IF ANY *%%xt) BAL 340
35: 19 FOSMAT(' *%x MODEL NOT AVAILABLE *%%') BAD 350
36: 20 FORMAT(' *%k% SYSTEM CCES NCT REACH STEADY-STATE /¢ DUE TC SERVBAC 3¢€0



1SR ULTSLIZATICN PEING LARGER THAN UNITY #%x%x1v)
RETURWN
END

PAGE

BAD
BAC
RAD

3170
380
330
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42
5:
63

lus
11:
122

142
153
16:
172
19:
19:

21
223

25:
263

2R
29:
30

32:
33:
342
152

362

C % k%
C %ok

Cx%k %k

Cosex

C % ek

CHokx

CH%x
Cheese

€%k

SURRCUTINe SCLVE

SURROUTINE SCLVE CHECKS VARIOUS FLAGS TC OETERMINE TYPE CF
MCCEL BEING USED

COMMON/BLKGE/PRCENT,, IPNP, ICHANS, T, ICAP, IFIND

COMMCN/BLK7/ ARIVALKPRICR,IDISC,FSERV,VAR, ERLANG

COMMON / ©bbLK2 / TA(1C),TS,NLM,IPROB,LAMBLCA(10),VMUy

COMMON/BLKZ2S/N

INTEGER FSERV,ARIVAL,,PRCENT,ERLANG

REAL LAMEBLA,NMU

ERRPCR FLAC (N) IS SET T0O -1 TO INDICATE NMODEL IS NOT AVAILABLE IN

=-1

ARRIVAL IS PCISSCN

IF(ARIVAL.EG.1) GO TO 2

CALL BAC(N)

RETURN

CLNTINUE

CHFCK SERVICE DISCIPLINE

IFUINISCelLTolaCRSGIDISC.GTL6) GO TC 1

GO TO (3,1,141€416516),ICISC

CISCIPLINE IS FIFO

CONTINUE

CHFCK SERVICE DISTRIBUTICNA

IF(FSFRV.LT.1e0JR«FSERV.GT.4) GO TO 1

GN TC (4412+12415),FSERY

EXPUNENTTIAL SERVICE

CONTINUE

IF(ICHANS.NEs1) GO TO 8

CME SERVER

IF(IPCP.LT.0.AND.ICAP.LT.C)} GO TC 5

IF(IPCP.LT.C.ANDLICAP.GT.C) GO TO €

[IF(IPCP+GT.2.AND.ICAP.LT.0) GO TO 7

GO 1C 1

caLL mMCpLL

RETURN

CaLL wvODL2

RFTURN

PAGE

SOLv
SCLV
SCLV
SOLv
SOLvV
SGLV
SCLV
SoLv
SCLv
N RY
SOLV
SCLV
SCLV
SOLvV
SOLvV
SGLv
sgLv
sgLv
SOLv
SCLV
SOLv
SOLv
SCLV
soLv
SCLV
SCLv
soLv
SoLv
SCLv
SCLV
SOLV
SGLV
SCLV
SOLYV
SOLv
SCLV

10

20

30

40

50

60

70

eqg

S0
1C0
11C
120
130
140
150
160
170
180
1sC
2CQ
210
22G
230
24C
250
260
270
28C
290
3CC
31¢C
320
330
34C
350
360
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€5

C Ak
12

C %%
14

Cadkok

15

Cok ik

17

CALL MOLL3

RETURN

CCHTINLE

MCPE THAN ONE SERVER
IF(IPCPaLTCeANDSICAP.LT.C) GO TO 9
IF(IPCPLT.0.ANM.ICAP.GTL.0) GO TC 10
IF(IPOP.GTACANDLICAP.LT.C) GU TO 11
C0 T1C 1

CALL MCDL4

RETULRN

CALL MCLLS

RETURN

CaLL MODLE

RFTURN

CENERAL SERVICE DISTRIBUTICN
CCNTINUE

IF{ICHANS.NEW1l) GO TO 1
IF(IPCP.GT.0+0R.ICAP.GTL.0) GO TO 1
IF(FSERV.EC.3)} GC TC 14

caLlL MCLL7

PETURN

CCNSTANT SERVICE TIME

CONTINULE

VAR=0,.C

cALL mCDLY

RETURN

ERLANG SFRVICE FIFO

CONTINUE

CAaLL MCDLE

RICTURN

PRICRITIES ARE USED

CCNTINUE

I[IF{ICHANS.NF.1) GC TC 1
IF{ICISC.ELe4UR.IDISC.EC.5) GO TO 17
IF(ICISC.EQeh) GO TO 17

GU TQO 1

CALL MOMENT

PAGE

SCLV
SCLv
SGLvV
SCLV
SCLv
SoLv
SGLV
saLv
SOLV
SGLvV
SCLv
SCLV
SCLv
SCLv
SGLv
SCLV
SCLV
SCLV
SOLv
SCLV
SoLv
SOLV
SOLv
SCLV
SCLV
SOLv
SOLv
SOLvV
SOLv
SCLV
SQLv
SOLv
SOLv
SoLv
SOLv
SOLvV
SCLvV

370
380
390
4C0
410
420
430
440
450
4€0
410
48C
490
5C0
510
520
530
540
550
560
570
580
5390
600
€10
620
630
640
€50
660
670
68c
€50
7CO
710
720
730



T4
753

REETURN
gene

PAGE

SCLV 740
SOLy 750
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INTEGER FUNCTION FACT(N)

FACT CALCLLATFS FACTCRIAL CF N

[IF{N.ECeCeCReN.EQ.1)
[Sum¥=1

CO 1 TI=1,N
ISUM=TSUM*I
CCNTINUE
FACT=ISuUM
RFTURN
CCNTINUE
FACT=1
RETLRN

ENTE

GG T1C 2

PACE

FACT
FACT
FACT
FACT
FACT
FACT
FACT
FACT
FACT
FACT
FACT
FACT
FACT

10
20
30
40
5C
60
70
gc
S0
1C0
110
120
130



2
3

3C
31
32
33
34
35
36

C#ok %
C %%

C % %%
C ok ¥
C % %%
CHok ok
Cxk
0%k
C % 4k
CHox
€ oKk
Cx%%
Cokdx
C sk
C ok X
C #e i
C ook i
C ook
€ Aok

PAGE

SUBKUUTINE QUTPUT(K) cuTe
SURRCUTINE OUTPUT PRINTS A CESCRIPTICON OF THE PROBLEM AND THE cute
RCSULTS CALCULATED FRCM THE VARICUS MCCELS. cuTp
CUMMUN/BLK6/PRCENT, IPCP, ICHANS,T,ICAP,IFIND CUTP
CCMMOCN/RLKT7/ ARIVAL,KPRICR,IDISC,FSERV,sVAR, ERLANG QuUTP
COMNMON / ELK8 / TA(10),TS,NUM,IPRCB,LANMPCA(1C),MU CuTP
CCMMON / FLKG / RHU,PC,P(SC) 4L, VARL,PINSC,PING5,L&L,VARLC CUTP
COMMON/BLKIO/WoVARWPIWICyPIWIS s WQaVARWQ,PIWRFO,PIWQSS5,N cuTe
COMMON/BLK1I1/AVEC LENTRY,PSI guTP
CCMVMON/BLK13/CUWN cuTe
COMMON/BLK1G/PNOWT CuTp
COVMMON/BLKLIGE/TERM CuTte
COMMON / BL¥18 / ITYPE(L1C),ILANG({1C),TTS(10),TMU(10),TVAR(10) cutp
CovMON / EBLK19 / B1(10),R2(10),T8B1,7TB2,U(10),RO(1C),TLAMB CuTP
COMMCN/BLK20/NUMS QuTP
CUMMUON/BLK21/TPSI cuTtp
COMMUN / BLK22 / TQ,TTC(1C),TQAVG,TSYSI1C),TLQ(10),TAVG,TL(1C) cuTe
COCMMCN / BLK24 / TB,PD,CELAY guTp
CUVMMON / BLK26 /IPNUV CuTPp
SEE MODL1 FOR DESCRIPTION OF BLKS AND BLKI1C CuTe
SEFE MCMENT FCR DESCRIPTICN CF BLK173 guTe
Sek MOPL11 FCR DESCRIPTICN CF BLK22 Cute
VARIABLE TYPE SIZE COMMOUN BLCCK CCMMENT cuTe
AVEC R 1 11 MEAN EMPTY CHANNELCUTP
ENTRY R 1 11 ENTRY RATE guTe
PSI R 1 11 TRAFFIC INTENSITY CUTP
COWN R 1 13 PROB. CF BEING SYSGUTP
PNCWT R 1 14 PROB. NO WAIT CuTtp
TENM R 1 16 CALCLLATEC 2TILE CUTP
VALUE CF FIND INSTCUTP

8 R 1 24 TIME BETWEEN cuTe
BREAKCOWNS CR cutp

INTERARRIVAL TIME CUTP

PER CUSTOMER ouTP

PN R 1 24 PRCB. CF CELAY cuTe
CFLAY R 1 24 MEAN LCELAY FCR cuTte

10
2C
30
40

€C

70

80

S0
100
110
120
130
140
15C
1€0
170
18C
150
200
210
220
230
240
258G
260
270
28C
250
3C0
310
320
330
340
380
360



PAGE

37: CXkk % THCSE MACHINES CuTP
38: Chxx OBLIGED TO WAIT cuTtp
36: INTEGER ARIVAL,FSERV,ERLANG cuTP
402 REAL MULLAMBDA,L,LQ CUTP
412 88 FNeMAT(*1PRIORITY PRTCBLEM NUMBER P'y,12) cute
42 S FORMAT(Y1IPRCPRLEM NUMRER',IS) CuTP
43: 17 FORMAT('CDESCRIPTION AND ANALYSIS OF QUELEING MQOCEL TYPE',1I3) cuTp
443 11 FORMAT(YCARRIVAL DISTRIBUTICON IS POISSON') guTP
453 12 FORMAT(Y(QSCURCE PCPULATICN IS CCNSICEREC TC BE INFINITE?®) guTP
46 13 FORMAT{'CSCURCE PCPULATICN IS OF SIZE'413) cuTte
473 14 FCPMAT('0SERVICE TIME CISTRIBUTION IS EXPONENTIAL'") cuTe
4R 14 FORMAT(1OSERVICE TIME CISTRIBUTICN FOR PRINRITY CLASS', I3, IS EXCQUTP
4G: 1PCNENTIAL®) CuUTp
5C: 15 FORMAT('0OSERVICE TIME DISTRIBUTION IS GENERAL?') CUTP
51: 615 FORMAT(YOSERVICE TIME CISTRIRUTION FGCR PRIORITY CLASSY, I3, IS GEQUTP
£2: INTRALY) cuTe
522 1€ FUPMAT(YCSERVICE TIME DISTRIBUTIUN IS CCNSTANT') cuTtp
542 61E6 FORMAT(*QSERVICE TIME DISTRIBUTION FCR PRIORITY CLASS',13,? [S CCQuUTP
£5: INSTANTY) guTp
56: 17 FUORMAT(*CSERVICE TIME DISTRIRUTICN IS ERLANG COF CLASS '4,12) cuTep
57: A1T7T FORMAT(*CSERVICE TIME CISTRIBUTION FOR PRIORITY CLASS',I3,! 1S ERQUTP
sg: 1LANG CF CLASS',14) cuTtp
59: 18 FUPMAT('ONLMBER OF SERVICE CHANNELS IN PARALLEL = *,12) cuTp
6C: 11118 FORMAT(Y'ONUMRER OF SERVICE CHANNELS NEEDED IS = Y,12) ouTP
€1: 11019 FORMAT(*CTHIS GIVES AN ACTUAL PERCENTILE VALUE CF',Fé.2) CUTP
62: 16 FORMAT('CTHE NUMBER COF SFRVICE CHANNELS IS TO BE FCUNC*/*' SUCH THACUTP
£3: 17T *2FS.2y%'% NF THE CUSTOMERS WAIT LESS THAN',F6.2,* TIME UNITSY) CutTe
64: 2C FORMAT{*CCUEUE CAPACITY CF SYSTEM IS CONSIDERED TC BE UNLIMITED') OQuUTP
€51 21 FORMAT('CGQULELE CAPACITY CF SYSTEM IS EQUAL TO '*y12) CUTP
66: 22 FUPMAT('CGUEUE DISCIPLINE IS ASSUMED TQ BE FIFOY) cuTe
67: 25 FORMAT(YCCUEUE DISCIPLINE IS ASSUMED TO PE NONPREEMPTIVE PRICRITY'QUTP
ee: 1) cuTe
€9: 27 FORMAT('CGQUFLE DISCIPLINE IS ASSUMED TC BE NONPRICRITY') CcuTP
7C: 625 FORMAT(// /0 CAddkskk INFORMATION ANC RESULTS FOR PRICORITY CLASS',13,CuTP
71: 1 %Xk %Nkt /) . cuTP
12: 6655 FUCMAT(*CCUMULLATIVE ULTILIZATION CF PRIQORITY 1 UP TC',I3,*' IS =t',FOCUTP
73: 1le4) guTe

370
380
350
4C0
410
420
430
440
450
460
470
480
450
500
510
520
530
540
550
560
570
580
590
6CC
610
620
630
640
650
660
670
€80
690
7C0
710
720
730



T4: 6656
75 €657
16: 66518
17: 26
78:
79: &1
80: 62
£1: Ya¥4
£2: €3
83: 6673
84: 64
85: E£S
86 &£€5
87: 06
g8 6¢E€
892 68
9G¢: 669
Gl: 617C
92: &7
G3:
G543 667
95: 68
g6 66
G7: 7C
ge: 71
99: 12
1CC: 73
1C1: 14
ic2: 7c
1C3: 76
1C4: 77
1052 78
1C6: 7S
1C7: 18
1c8: 81
1Cqa: 32
11C:

FCRMAT('CO0CH OF THE TIME, TIME IN SYSTEM IS LESS THAN
FURNMAT(CG5%, OF THE TIME, TIME IN SYSTEM IS LESS THAN
F(]RM"T('CNEA’« TIME IN CLELE - L] L] * . . L] *® L] - * L] *

PACE

FOYMAT('CTCTAL SERVER UTILIZATION FOR SYSTEM o o o o & '4yF9.4)0UTP 740
FCRMAT(LIHY) guTtP 7590
FURMAT(///"0%xxk% TOTAL RESULTS CF SYSTEM  k¥kkk?) CUTP 760
FCRMAT(*CCQUEUE DISCIPLINE IS ASSUMED TO RE PREEMPTIVE-RESLME PRICRCUTP 770
117TYY) gcutp 78C
FORMAT(YCMEAN INTERARRIVAL TIME o ¢ o o o o ¢ o o o o o TA=',F9,4)0UTP 750
FORMAT(TOMEAN ARRIVAL RATE o o o o + o o o o o o o LAMBDA=',F9.4)CUTP 8CO
FCRMAT{YCMEAN ENTRY RATE o o o o o o o o o o o o« » ENTRY=',F9,4)0UTP B81C
FORMAT(ICMEAN SERVICE TINME o o o o o o o o o o o o o o« [5S=',F9.4)CUTP 820
FURMAT(*UVAPIANCE OF SERVICE TIME o o o o o o o o o o VAR=',FG.,4)CUTP 830
FOCRMAT(YOMEAN SERVICE RATE o o o o o o o o o o o o o o MU=',F9.4)0UTP 84C
FONRMAT(YCSERVER UTILIZATICN o o o o o o o o o s o o o RFC='",F9.4)CUTP 8EQ
FURMAT('CTRAFFIC INTENSITY « o o o ¢ o o o o s o o o PSI=',F9,4)CUTP 860
FORMAT(*OPROPORTICON CF TIME SYSTEM IS IDLE o o o o o o PC=',F9.4)0UTP 870
FURIMAT(*CPROBABILITY ARRIVAL WILL NCT HAVF TC WAIT PNCWT="'",F9.4)0UTP 880
FUPMAT('CPRORABILITY ARRIVAL WILL HAVE TC WAIT .+ « o « PC=',F9.4)CUTP 890
FCOMAT(*CMEAN CELAY FOR THOSE OBLIGED TO WAIT e o P[ELAY=',F3.4)C0UTP SCO
FCRMAT(YCINTERARRIVAL TINE PER CUSTOMER & o o o o o o » TB=',F9.,4)0UTP 910
FCPMAT(* PRUR( NO. OF CUSTOMERS IN SYSTENM =',12,') .+ . P(',12,")CUTP 920
1=*,F9.4) CutP 930
FORMAT({*CMEAN NUMBER CF EMPTY CHARNNELS + ¢ o o o o« o« AVEC=',F9.4)0UTP 940
FORMAT('CMEAN NUMBER OF CUSTOMFRS IN SYSTEM . &« o o« o o« L=',F9.4)CUTP 95C
FORMAT(*CVARTIANCE OF NUMBER Il SYSTEM o o o o o o o o VARL='4,F9.4)CUTP 960
FORMAT(*09CH% OF THE TIME, NUMBER IN SYSTEM IS LESS THAN 'yF3.4)0UTP 97C
FLPMAT(YCSGEE OF THE TIMF, NUMBER IN SYSTEM IS LESS TFHAN 'wF3.4)CUTP SGEC
FOPMAT(*"MEAN NUMBER 0NF CUSTOMERS IN QUELE ¢ o o ¢ o o LE=",F9.4)CUTP 990
FNRMAT(*CVARIANCE OF NUMRER IN QUEUE + ¢ o o o o o VARLQ='",F9.4)0UTPLCCC
FCRMAT(YCMEAN TIME IN SYSTEM o o o ¢ o o o o o o« o« o o W=',F39.4)CUTP101C
FUPMAT('CVARTANCE OF TIME IN SYSTEM o o o s o o o o o« VARW=',F9.,4)CUTPL1O20

+F3.4)0UTP102C

'y F9.4)0UTP1040

WC="',F9.4)CUTP10OSO

FOPMAT('OVARIANCE COF QUEUE TIME o o o o o o o o o o« VARWG='",F9,4)CUTP1CEO
',F9.4)0UTP1CTC

FCAMAT('CSCE CF THE TIME, TIME IN CUEUE IS LESS THAN
FURMAT(*CSE5¢ UF THE TIME, TIME IN QUEUE IS LESS THAN

'y F9.4)CUTP1080

FOPMAT (Y PROPORTICN OF TIME SYSTEM IS FULL « o o o P{',12,')=',FOUTP1090
CuUTP11CO

16.4)



i1ll:
112:
113:
114:
115
116:
117:
118:
119:
12C:
121:
122:
123:
124:
125:
126:
127:
128:
129:
13C:
121:
132:
133:
134:
1352
136:
137:
138:
1393:
140:
l41:
142:
143:
144:
145
l14h:
147:

2862

1C1
Crxx
1

111C

1111
11111

11CS

FOPMAT(*CPRCPCRTICN CF TIME A CUSTOMER IS IN SYSTEM

NN=57

IF(K.GR411)
IF(KeLTo11)
WRITE(E,1C)
WPITE(6411)

GC TCO (1929394954697 98,17015101511151115111),K

CALL EAD(N)
MVOLEL 1
WRIT=(6,12)
WRITE(6414)
WRITE(E,18)
WRITE(&,2C)
WRITE(6,22)
CUNTINUE
WRITE(6,61)
WRITC(6,62)
WRITF(E,€72)
WPITF(6464)
WRITE(6,65)
WRITF(E46€)
IF(K.EQa8)

CC 1111 I=1,

WRITE(E,67)
CCNTINUE

CCHNTINUE

WRITL(6,68)
WPITE(E6465)
WRITE(6,7C)
WRITF(6,71)
WRITF(E,72)

WRITE(6,88)
WRITE(6,9)
K

ICHANS

TA(NUM)
LAMBCA(NUM)
L)

MU

RHC

PO

Go To 11111

A
I,1,P(I)

L
VARL
PINSO
PIN3S
LO

IF{k.EC.8) GC TO 1106

WRITE(6,73)
CCNTINUE

WRITE(6,74)
WRITC(6,75)
WRITF(&,47¢)

VARLQ

W
VARW
PIwSC

PAGE

COWN='",F9.4)0UTP111C
CuTP1120
CuTP1130
QUTP114C
CUTP1150
CUTP1160
CUTP1170
CuTP1180
CUTP1190
QuUTP12CO
cuTP1210
cuTP1l220
CuTP1230
CuTP1240
CuTP1250
CUTP12¢€0
cutP127C
cuTPl28C
CuTpP1250
QuUTP13(QC
cuTtP1310
CUTP132C
CuTpP132C
CUTP1340
CUTP1350
CUTP13¢€0
CUTP1370
CuTPl1380
OuUTP1390
QuTP1l4CO
CUTP1410
UTP1420
guTP143C
CUTP1449Q
CuTP1450
QUTP14¢€C
CUTP147C

4



148:
149:
15C:
181:
152:
153:
154:
155:
156:
157:
l1c8:
159:
l1eC:
l1€1:
162:
1¢€3:
1¢€4:
1€5:
lee:
1€7:
1¢€8:
166:
17C:
171:
172:
173:
174:
175:
1763
1772
178:
179:
1&C:
181:
182:
183:
184:

Ok %
Z

1113

1112

11C1¢

WRITF(E,77) PIWGS
WeITE(6478) WQ
IF(K.EC.8) RETURN
WRITF(6,75) VARWQ
WRITE(648C) PIWYSC
WRITE(6,81) PIWQ9IS
RETURN

MOLEL 2

CCMTINUE

WRITE(6,12)
WRITF(E,14)
WRITE(6,4,18) ICHANS
WRITZ(6,21) 1CAP
WRITE(£,22)

CUNTINUE

WRITE(b6y61) TA(NUM)
WRITE(A,62) LAMBDA(NUNM)
IF{K.EQs5) WRITE(6,6£2) ENTRY
WRITE(6,63) TS
WRITE(€E464) MU
[F(K.EQ a5 e0RKENE) WRITE(6,665) PSI
WRIT=(6,465) RHO
WRITE(6,66) PO
IF(K.EQ.7) GO TO 111¢
[F(K.EC.8) GO TO 111¢
NA=N-1

IF(K.EQe6) NA=N

L1112 I=1,NA
WRITE(6467) T,1,P(I)
COHTINUE

IF(K.FCe6) GO TO 11016
WRITZ(6,R82) NyP(N)
CUNTINUE

IF(KeFQe3URWKEQW5.0RWK.ENaH) WRITE(6,6¢6)

[F(KeFCa34.CR.KWECLH) WRITE(H,668) PD

IF{KeELe3sCReKsEQeO) WRITE(6,669) CELAY

[F(KeFOQe3.0R.K.EQWE) WRITE(6,67C) TB

PAGE

CuTPl4g0
CUTP1490
CUTP15CC
CuTtP1510
CuTP1520
CuTP1520
CuUTP1540
CUTP1550
CUTP15€0
QuUTP1570
cutPlsec
CuTP1580
CuTP16CO
CUTP1619
CUTP1620
CuTPl63C
CUTP1é40
CUTP1650
QuTP1660
CUTP1670
cuTP1680
OuTP16S0
guTP17CC
CuTP1710
guTtP1720
QUTP1730C
CUTP174Q
CuTP1750
CuTP17¢€C
CuTP1770
cuTP1780
CUTP1790
guTP18CO
guTP1810
CutPl1820
guTtPls3C
CuTP1840



PACE 6

185: IF(KeFQa5.0R.K.EQat) WRITE(E,66T) AVEC CUTP18BS50
18¢: IF{K.EC.3) WRITE(6,882) COWN CuTP1860
1E7: 1116 CCNTINUE guTP1870
188: WRITE(€e,68) L CUTP188C
189: WRITF(6,72) LG cuTP1890
160 WRITF(64,74) W CUTP19(CC
1G61: WRITF(E,78) wW( CUTP1910
162: RETURN CUuTP1920
163: C%x%%x MODEL 3 CuUTP193C
164: 2 CCHTINLE CuTP1940
1385: WRITF(6,13) IPOUP CUTP1950
166 WPITE(6414) CUTP19¢0
167: WRITE(6,18) ICHANS QuTP1970
198: WRITE(6,2C) CUTP1980
199: WRITE(A,22) CUTP19G0
2C0: GrTC 1113 CuTP2CCC
201: C**% NODEL 4 guTP2010
2C2: 4 CONTINUE ouTP2020
2C3: WRITR(6,12) QuTP2C3C
224: WRITFE(€E,14) CuTP2040
2Ch: IF(IFINC.EG.L) GO TO 45 CuUTP2050
2C6: WRITE(A418) ICHANS ouUTP20CE€C
2C7: CC TC 46 CuUTP2070
2Ce: 45 WRITE(6,15) PRCENT,T CuTP2080
2C9: WRITFE(64,1111R) ICHANS cCuTP2CSC
21C: WRITF(6,11018) TERWV CUTP21CO
211: 46 COMNTINUE CUTP2110
212: WRITE(6,2C) CuTP2120
213: WRITE(64,22) CuTP2130
214: WRITF(E,61) TA(NUM) CUTP2140
215 WRITRE(6462) LAMBCA(NUM) QuTP2150
21¢: WRITH(6463) TS CUTPZ21¢0
217: WwRITE(6,64) MU CUuTP2170C
218: WRITF{(h,6€5) PSI CUTP2180
219: WRITF(6465) RHC guTP21sSC
220G WRITI{E,6€) P CuTP22CO
221: CO 1114 I=1,N CUTP221C



222:
223:
224:
225:
226:
221:
228:
229:
23C:
231:
232:
233:
234:
235:
236:
237:
23R:
239:
240:
241:
242
243:
244:
245:
246:
247:
248:
249
250:
251:
252:
253:
254:
255:
256:
257:
258:

1114

Cok %%
)

k%%
€

CHkk
-

1107
11C¢

WRITE(6,67)
CCNTINUE
WRITF(€,682)
WRITE(6,472)
WRPITE(6,73)
WRITi{(6,74)
WRITF(E,7E)
WRITE(A,78)
WRITE(6476G)
RETURN
MCREL S
CONTINUE
WRITF(€,12)
WRITE(6,14)
WRITF(6,18)
WRITF(6,21)
WRITE(A,22)
¢C TC 1113
MCREL 6
CUNTINUE
WOITE(6,13)
WRITE(E,14)
WRITE(E,18)
WRITE(&,2C)
WRITc(6,22)
CO TO 1113
MOCEL 7
CCNTINUE
WRITF{E,12)

I.I,P(1I)

L

LQ
VARLQ
W
VAR W
WQ
VARWG

[CHANS
ICAP

IpPOP

ICHANS

IF{VAR.LT..CC0OLl) GO TO 11C7

WRITZ(6415)

WRITF(6,6€3)

€0 TO 11C%8
WRITE(K,16)
CONTINUE

WRITE(E,18)
WRITE(6,2C)

VAR

ICHANS

PACE 7

CuTtp2220
cuTP2230
CuTpP2240
CUTP2250
ouTP22¢€0
cuTpP2270
CuTtpP2280
guTP2290
CuTP23CQ
cuTtpP2310
ouTP2320
guTP2330
CutP2340
CuTP2350
QUTP23¢€C
CuTtP2370
CuTP2380
gutP2390
QuTP24CO
CUTP2410
QuTP2420
guTP243C
CUTP2440
CUTP2450
OUTP24€0
CUTP2417C
CUTP2480
QuUTP245C
cutP25CO
CUTP2510
cuTP2520
CuTP2520
CUTP2540
CuTP2550
GuUTP25¢€0
CuTtP2570
nuTP2580



259G:
2€0:
261: CH**x%
26z 8
2€3:
264
265:
263
2¢€7:
2682
269 (Ckkxk
210: 111
271:
272:
273:
214
275
276
2117: 114
278:
279:
28GC:
281:
2822
283:
284:
2E5:
2862
287:
28R:
289:
2902
291:
292:
293:
2G84:
2G5

WRITF(6,22)
GO 7O 1113
VUDEL &

CCNTINUE

WPITE(6,12)
WRITE(6,17)
WPITE(A,18)
WRITE(6,20)
WRITE(E,22)
Cu TU 111C

ERLANG
ICHANS

vopLlil, MCCL12y ANC MCCLL3

CCNTINUE
WRITE(6,12)

CC 114 I=1,NUMS

IF(ITYPE(I).EQ.L) WRITE(6,614)
IF(ITYPE(I)WEQ.2) WRITE(E,615)
IFCITYPE{I)LEGQ.3) WRITE(6,616)
IFCITYPE(I)CEQe4) WRITE(64617)

CCNTINUE

WRITH{6,18)
WRITE(6,20)
IF{K.EQ.11)
IF{K.EC.12)
IF(KeEQe13)

ICHANS

WRITE(6425)
WRITE(E,26)
WRITE(6,27)

C0O 117 I=14NLMS

WRITE(6,625)

WRITE(6,461)
WRITF(6.62)
WPITE(6,63)
WRITF(6,64)
WPITE(6,65)

1
TAL(LD)
LANMBDA(I)
TTS(D)
TMUCT)
RC(TI)

WRITF(A,€€55) T,U(I)
WRITE(6,6656) TPSI

WRITE(6,68)
WRITF(6,72)
WRITE(6,74)
[F(K.EQe13)

TLID)

TLQ( D)

TSYS(I)
WRITE(6,78) TC

Pt g ety

FAGE

CuTP2590
CuTP2€6CC
CutP2610
CuUTP2620
CUTP263C
CUTP2£40
CuTP2650
OUTP2€€0
CUTP2670
CuTP2680
cutpP26S0
cutpP27CO
CuTP2710
CuTP2720
QuUTP2730
CuTP2740
QuTP2750
CUTP27¢C
cuTP2770
QuTP2780
QuTP27S0
CuTP28CC
cuTpP2810
CuTP2e20
cuTtP282¢C
CuTP2840
cuTP285C
CUTP28¢€0
CuTP2870
ouTP2280
guUTP28S0
CuTP29CO
CUTP2910
guipP292C
CuTP29130
CUTP2940
CuTP2950



266
2617:
2983
299:
3CC:
301:
3C2:
3C3:
3C4:
3CS:
3ChH:
3C7:
3C8:
3C9:
31C:
311:
312:

117

[F{KeLTW13) WRITE(6,78) TTQ(I)
WRITE(64+6€57)
CUNTINUE
WRITE(6,6658)
TAA=1./TLAMR
WRITE(6,€1) TAA
WRITE(64,62) TLAMB
WRITE(6,63) TB1
WRITE(6,64) TAB
WRITE(6,4,66%6) TPSI
WRITE(E,68) L
WRITE(6,72) LQ
WRITE(6474) TAVG
WRITE(6,78) TQAVG
RFTURN

END

PAGE

OUTP29¢C
cuTP2970
CuTP2980
CUTP2950
CuTP3CCO
CUTP3010
QuTP3020
guTP303C
CUTP3C40
CuTP3050
CUTP3CEC
CuTP307¢C
CUTP3C80
CUTP3CSC
cuTP31CO
cuTe3lio
cuTeP3120



et pt
N~ OO DN N -

80 se 60 B 0e 00 S8 20 se 0 es s

—

p—
D
a0

15:

24:

C %%k
Ch k%
C kK
C % %k
C % %
C Aok
C %%k
Coh%x*k
C %%k %k
CHhk
k%%
Ck %k
C kK
C ek
Cx%k*k

CH% %
C sk
C % %%
CRA*
C %%k
C % %%
C Rk %
Cadex

Cook %

PACE

SURRCUTINE MCMENT VOME
SUKROULTINE MONMENT IS CALLED FRCM SUBRCUTINE SCLVE WHEN PRIORITY MOME

MUCEL CR MULTI-CLASS SERVICE DISTRIBUTICAS ARE SPECIFIED MONE
PEFERENCES MEYER PAGES 159,160,160 VOME
REFERENCES IBVM MANLAL PAGES 12-14 MOME
RO(I) IS FRACTION OF SERVER UTILIZATICN CUE TC TRAFFIC IN I-TH CLAMQOME
TLAMR IS TOTAL MEAN ARRIVAL RATE MONME
Bl AND B2 ARE FIRST TWC MCMENTS ARQUT MEAN MOME
VAR = B2 — Bl*%2 MOME
Thl ANC TB2 ARE MOMENTS FOR OVERALL SERVICE TIME VONE

L(T) IS CUNMULATIVE UTILIZATION CUE TO TRAFFIC COF PRICRITY 1 LP TO MONME

M IS CLASS CF ERLANG DISTRIBUTICN wWHICH CORRESPCNCS TC SERVICE NVOME

LISTRIBUTION OF CLASS T. MONME
J=ITYPE(I) IS TYPE CF SERVICE DISTRIBUTION OF CLASS I. MOME
1= EXPONENTIAL, 2= GENERAL, 3= CCNSTANT, 4= ERLANC MOME
TPSI IS TOTAL UTILIZATICN CF THE SERVER MCNME
COMMON/BLKT/ ARIVAL,KPRICR,IDISCysFSERV,VAR, ERLANG MOME
COMMCN / BLKS8 / TA(1C)+TS.NUM,IPRCB,LAMBLA(10),MU MOME
COMMON / BLK18 / ITYPE(1C),ILANG(1C),TTS(10),TMUCIC),TVAR(10) VONE
covmon / BLK19 / B1(10),B2(10),TB1,TB2,U(10),RO(1C),TLAMB MOME
CCMMCN/BLK2O/NUMS MONE
CUMMON/RLK21/TPSI MCME
VARTARBLE TYPE STZE COMMON BLCCK CCMMENT MOME
A1 R 10 19 FIRST MCMENT MOME
B2 R 1C 15 SECCNC MCMENT MOME
T81 R 1 19 TCTAL FIRST MOMENTMCME
TH2 R 1 19 TCTAL SECOND MO. MOME
L R S 1c 19 CLMULATIVE RC MOME
RU R 1C 16 SERVER UTILIZATICANMONME
TLAMB R 1 19 TCTAL ARRIVAL RATEMONME
REAL LAMECA MOME
N=111 VOME
SuML=C. MOME
LCOP TC CETERMINE Bl AND B2, TLANMB, RC{(I) MCME
£0O 12 I=1,NULMS MOME
TSC=TTSHI)*TTS(I) VONME

10

20

30

40

5C

60

70

EC

S0
1C0
11C
120
130
14C
150
160
170
180
190
2C0
21¢
220
230
24C
250
260
2170
280
290
3CC
310
320
330
340
350
360



37

39

39:

4753

41: 1
42:

433

44 2
452

462

47 3
482

49

5C: 4
S1:

52: 11
53:

842

€51 12
56

£7:

54:

593  Ck*x*

6C:

El:

&2

63:

€4

€5: 12
662

€7

eg:

€9:

7C: 5
71:

12:  (C*%x*

732

M=ILANGI(I)

J=ITYPE(I)
[F{JeLTe1sCReJGTa4) CALL BADI(N)
CO TO (192+9394),4J
RLETI)=TTSI(I)

B2(1)=2.%TS¢

CO 76 11

BI{I)=TTS(1)
B2{I)=TVAR(I)+TSQ

CC T0 11

PLOI)=TTSI(I)

R2(1)=TSG

Cu TQO 11
BI(I)=(FACT{(M}/FACT{M=1))}%(TTS(I)/M)
B2(I)=(M+1)/Mx(TSQC)
TLAMB=SUML+LAMBDA(I)
RO(I)=LAMELA(CIL)*B1(I)
SUML=TLANMB

CCONTINLE

TP1=C.

TR2="n,.

SumML=C.

LCOP TO CETERMINE TB1, TRZ2, U(I)
CO 13 I=1,NUNMS
TR1=LAMBOA(I)/TLAMBXB1(I)+TR1
Te2=LAMBDA(I)/TLAMB%R2(I1)+TR2
LT)=SUMU+ROI(T)

SsuML=LL(l])

CCHNTINUE

[F(StMU.LT.1.) GO TO 5

N=7

CALL RADI(N)

RETURN

CCNTINUE

TPSI=TLAMBRRTR]

NCNPRPEEMPTIVE

IF(ICISC.EC.4) GO TO 14

PACE

MCME
MOME
MOME
MONE
MONE
MOME
NONE
MOME
MOME
MOME
NOME
MOME
MOME
MOME
MOME
MOME
NOME
MOME
MOME
NONE
MONE
MCME
MOME
MONE
MOME
MOME
MONE
NOME
NOME
NCME
MONE
NOME
MOME
NOME
MOME
MOME
NOME

370
380
360
4C0
41C
420
430
440
45C
460
470
480
490
5C0
51¢C
520
530
54C
550
560
51C
580
590
6CO
€10
620
630
64C
€50
6€0
€70
€EQ
690
7C0
710
120
73C



T4z C¥%x

75:

T6:  CH**x%

17:

782

76: 14
802

81: 15
gz:

83: 1€
84

g5:

g6

PRFEENMPTIVE-RESUME

[FLIRISC.EC.5)
NC PRICRITY
IF(ICISC.EQ.H)
CALL RAD(N)
CALL MCDLI1L
RETURN

CALL MODL1Z2

Rt TURN
CUNTINUE

CALL ~OCLL3
RETUKN

END

GO T0 15

GO TO 1€

PACE

VCME
VOME
NVONME
MCNE
NMOME
MOME
VCNME
MONME
MOME
MOME
MCME
MOME
MOME

740
750
T€0
770
78C
750
8C0O
810
820C
830
840
gs5C
8€0



23
3:
42

63

1€
11:
12:

C %%k
C %ok
C %%k

SUPRCUTINE PTAB(A,B,C,C)

SUFRCUTINE TABULATES PRICRITY RESULTS INTO A TABLE
P IS INSERTEL IN FRCNT CF NCRMAL SYMBOL NAME
PLk27 IS IN CGMMCN WITH PCLT

CCMMON / BLK26 /IPHUM

COMNCN / BLK27 / PL(20),PLC(20),PW(20),PWQ(2C)
PL{IPMNUM)=A

PLLITIPNUM)=E

PW{iIPNUM)=C

PWQUIPNUM)=D

RETUNRN

ENG

PAGE

PTAB 10
pTAB 20
PTAB 3C
PTAB 40
PTAB 50
PTAB €0
PTAB 70
FTAB 80
PTAB 90
PTAB 1CC
PTAB 110
FTAB 120



Lt e e

PACE

1: SURRCUTINE PCUT({IPNUM) POLT
2: CONMMEN / BLK27 / PL(20)+FLGC(20)4PW(20)+PWQ(20) POLT
3: WRITF(6,48) POUT
43 B FORMAT(*]%#%% SUMMARY RESULTS OF MULTI-STREAM MODELS #*%*x1) POLT
52 WRITC (6,9) POLT
6: 9 FORNAT(*CPRCBLEM? 37X, "MEAN' 39X, "MEAN"® 39X, *MEAN',9X,*MEANY/' NUMBERPOLT
72 L'yRXy *NUMBER Y, 7TXy TNUMBER Y , TXy s TIMEY,GX, *TIME' /15X, "INY 11X, *IN',11POLT
¥ 2XgVIN® g 11Xy VINY/LISX*SYSTEMY , 7X, "QUEUE" 48X, "SYSTEN ', 7X, *QULEUE"///)POLT
93 1C FORNMAT(6X,y1243(7X,F6e3),46X4F6437/) POUT
C: CO 1 I=1,IPNUNM POUT
1: WRITE(621C) T4PLITI),PLC{T),PW(I),PWQI(T) POLT
23 1 CCNTINUE POUT
3: RETURN POUT
42 END POLT

10
20
30
40
£0
60
70
ec
S0
1C0
110
120
130
140



P

N = OO DN D N

®e 88 6 B0 0 R S0 43 es o3 o8 B

ok
C ¥ %%

(K

SUERCUTINE TABU(A,B,C,CsE,IPROR)

SUPROUTINE TABULATES CCMMCN RESULTS INTC A TABLE CF ARRAYS
BLkl2 IS IN COMMON WITH SLBROUTINE CUTTAFR
COMMCN/BLK12/TPC(20),TL(20),TLC(20),TWI2C)+»TWC(20)
T IS INSERTED IN FRONT OF NCRMAL SYMBCL NAMF
TPr(IPRUB)=A

TLO(IPRQOB)=R

TLQUIPRCB)=C

Tw(IPRCB)=C

Twe{IPRUB)=E

RETUPN

END

PAGE

TABU 10
TABU 20
TABU 30
TABU 40
TABU S0
TABU 60
TABU 70
TABU &C
TABU 90
TABU 1CO
TABU 110
TABU 120



O D d NS N
.e e 80 oo *e o8 se o9 [X)

p—
(@]
L1

11:

13:
14:
15:
16

PAGE

SUFROUTINE CUTTAB(IPRCR) CuTT
Cx%%  SURBRQUTINE PRINTS RESULTS OF SURROUTINE TABU cuTT
COMMON/RLKI2/TPO(20),TL(20),TLC(20),TW(2C),TWQ(2C) CUTT
WRITE(6,8) CUTT

8 FURMAT(*1%*%% SUMMARY RESULTS OF SINGLE STREAM MOCELS *%%7V) cuTT
S FOPMAT('OPRORLEM PRCB. ME AN MEAN MEAN CutTt
1 MEAN'/* NUNMBER SYSTEW NUMBER NUMBER TIME CUTT

2 TIME' /164Xy "IS o ICXy "INy 10Xy "INy 1CX, "IN, 1CX, YIN' /14X, *ENPCUTT
3TY'" 7Y, 'SYSTEMY,6X, 'QUEUE SYSTEM QUEUE'//7/) CuTT
10 FCRMAT(6X912+4(6X3F643)36X9F643/7) cuTT
WRITF(£49) cuTrT

Cn 1 I=1,1PROR CUTT
WRITE(6,1C) TaTPC(I),TLLT)aTLQII)»TWITI)sTWQ(I) cuTT

1 CCNTINUE CurtrT
RFTURN cuTrT
END ouTT

10
20
LY
40
50
60
70
80
30
1ccC
110
12C
13C
140
1590
1¢C



(=
3

[
O O~V WN

b
N =
YY)

13:
14:
15:
16

18:

Ch%k%
Cosse
C %o %
Coad %
C %ok %
C ok
Ckok
Coadk
Ok
Coesk
CHkx
C %ok
Co¥%k%
C% %%
CHh %%
C k%
Chk*
C Aok
C¥k%
C ot %
Cx %%

C %%k %

Cakk

SURROLTINE MCDLL

POISSUON / EXPUNENTIAL SERVICE / OUNE SERVER
FIFC ASSUNMEC

ULNLIMITED CUEUE

LNMLIMITED PCPULATICN

MOCL SUBRCUTINES ARE A SERIES OF SUBROUTINES TO CALCLLATE RESULTS

CF VARICUS MGCLELS

ROLTINES ARE CALLED FRCM SUBRCUTINE SCLVE

BLKA AND BLKS8 ARE IN COMMON WITH MAIN, SCLVE, AND OQUTPLT
BLKSG AND BLK1O ARE [N CCMMCON WITH SUBRAUTINE OUTPLT

VAR BFEFGRE SYMBOL REFERS TC VARIANCE CF VARIABLE

THE FOLLOWING SYMBOLS ARE SIMILAR FCR ALL MCCL SUBRGCULTINES

PI REFERS TO 90 ANC 95 PERCENTILE OF VARIABLE

( AFTER SYMBCL REFERS TC GQUEUE CR WAITINC LINE CNLY NCOT SYSTEM

P7 IS PRUPORTIUN OF TIME SYSTEM IS IDLE

P(N) IS PRCBABILITY N MNUMBER OF CUSTOMERS ARE IN SYSTEM
N IS ALSC USED AS ERROR NUMBER

L IS MEAN NUMBCR OF CUSTCMERS IN SYSTEM

W IS MEAN TIME IN SYSTEM

K IS MCDEL NUMBER

RHO IS SERVER UTILIZATICN

RFO SHOULL BE LESS THAN 0OMNE
CCVMCN/BLKGE/PRCENT,IPCP, ICHANS Ty ICAP, IFIND

COMMON / BLK8 / TA(1C),TSs.NUM,IPRCB,LAMBCA(10),MU
COMMON / BLKS / RHOyPCyP(5C)sLyVARLyPINSCoPINGS,LGCyVARLG
COMMON/RLKLIO/ Wy VARWIPIWICsPIWIS s WQyVARWR yPIWQRI0,PIWQAGSS,,N
RFAL LAMBCA,L,LQ,NU

K=1

RHO=T S/TA(NUM)

IF RHO GE 1 THEN SYSTEM CCES NCT REACH STEACY-STATE
[F(RHOLLT.14) GO TO 1

ERQCR® NUMEER

N=T7

CALL BAD(N)

RETURN

1 P\.Azlo‘RHC

FPAGE

MOCL
MOCL
MCCL
MOCL
MOCL
vVOCL
MOOL
MOCL
vVOCL
vVOOL
MOCL
MOCL
MODL
MOCL
MOCL
VOCL
MOCL
VOLL
vOCL
MOCL
MOCL
MOCL
MOCL
MOCL
MGCL
rMOOL
MOCL
MOCL
MOCL
MOCL
MOCL
MOCL
¥OCL
MOCL
MOCL
MOCL

10

20

3C

40

£0

60

7C

g0

30
1CC
110
120
130
140
150
160
17¢C
180
150
2C0
210
220
23C
249
250
2€0
210
280
250
330
310
320
3320
340
350
3¢€0



37:
2g:
29:
40
41:
42:
432
44
45:
46
47:
43:
492
5C:
1
52:
53:
€4
5652
56:
57:
58:
59:
€C:
€l:
623
€3:
64:
65:
£6:
ei:
68:
69:

C %%

C % %

2

PC2=pPO*pP]

RHNZ2=RHO*RHKO

SumM=pPC

LCOP TO CALCULATE PIN)
N0 3 N=1,1C
P{)=PC%RFU*%N
SUM=SUM+P (N)
IF(SUM.GT..95) GO TC 4
CU ITINUE

SI7E CF P VECTOR

AN=1C

L=RHC/PC

VARL=L+ (L*L)

LC=L-RHO
VARLG=(RHC2*(1.+RHC~RHC2)) / PC2
w= TS / PG

VARW = (TS%*TS) / PO2

PIwWSC = (2.3%TS) / PO
PInNGS = (3.0*TS) / PC
PING0 =(ALCGL1O0(.10) /7 ALCGLO(RHD)I)I-1.0

PINGS =(ALCG10(.05) / ALCG1O0(RHC))}-1.0
wWGC= (RHO*TS} / PC

VARWG = ( (2.0 - RHO) * R+O * TS*%2) / P(C2
PIWEFL = WG * (1.0/RHD) * ALCG((100.*RHC)/10.)
PIWQ95 = W& * (1.C/RHO) * ALOG((1CC.*RHC)/5.0)

IF(PINGO.LEZO.) PINSC=C.C
IF(PIN9SeLELN.) PINIS=C.C
IF(PIWQ9D.LE.Ce) PIWCGC=CLT
[IF(PIWQYS4LELCWs) PIWCS5=C.C
CALL TABUL(PO,L,LQsW,yWQ,IPRCE)
CALL CLTPLT(K)

RFTURN

EHe

FAGE

MQCL
VOCL
VOCL
MOCL
MOCL
MOCL
rODL
MOCL
MOCL
MOCL
MOCL
MOCL
VCCL
vOCL
MOCL
MCCL
MCCL
MOCL
MOCL
MOCL
MOCL
vCCL
vOCOL
MOCL
MOCL
vOCL
MOCL
MOCL
vVOCL
MODL
MOCL
MOCL
MOCL

370
38C
390
4C0
4190
420
430
44C
450
460
470
480
490
5CC
510
520
53¢
540
550
5¢0
570
580
590
€CO
610
620
6320
640
650
€ec
670
680
650



[l el B et o
S W= O XN NN

)
o ~N O

—
D

20
21
272
23
24
25
26
27
28

s %0 a0 s o5 e We

se &5 e

-
.
.
-
.
.
-
.
.

Cokkx

C %%

SUBRCUTINE MGOL2
POISSON / EXPONENTIAL /7 1 / LIMITEC QUEUE = ICAP

COMMON/BLKE/PRCENTIPOP,ICHANS T, ICAP,IFIND

COMMCN /7 BLKS8 / TA(1C),TS,NUM,IPROB,LAMBLCA(10),NU
COMNMCN / BLK9 / RHQ4PO,P(50)sL 4y VARL,PINIGC,PIN9S,LLyVARLQ
COMMCN/BLKIG/WyVARWIPIWSGCyPINWISyWQy VARWA ,PIWCI0,PIWGSS5,4N
REAL L,LC,NU

REAL LAMRCA

K=2

J=1CAP + 1

XJ = FLCAT(J)

RHO = TS /7 TA(NUM)

A AND R ARE TEMPORARY VARIJABLES

A=1l.0C = RFEO%*%*Y

= 1.0 - RHO

PC=R/A

CC 1 N=1,ICAP

P{N)= (B/A) % RHO%*%N

CULHNTINUE

N=ICAP

L=RHC* ({1 ,C=-XJ%(RHO**ICAP) + I[CAP * RHO**J) /(B*A))
LG=L—-1.+PC

h=TA(NUM)*L

WC=W-TS

CALL TABU(PO,LsLQshasWQC,IPRCB)

CALL QUTPLTI(K)

RETURN

END

PACE

MODL
MOCL
MOCL
yOCL
MOCL
MOCL
VOCL
MOOL
MOCL
vOCL
MODL
MOCL
vOCL
MOOL
vOCL
MOCL
MCCL
MOCL
MOCL
MCCL
MOCL
MOCL
MOCL
MoeL
MOCL
MOCL
MOCL
MOCL

10
2C
30
40
-1¢]
€G
70
ec
S0
1C0
11C
120
130
140
150
160
170
180
1560
2C0
21C
220
230
240
250
260
270
28C
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PAGE

SUBRCUTINE MCDL3 MOCL
POISSON / [XPONENTIAL / 1 / LIMITED PCPULATICN = IPCP ¥MOCL
PEFERENCES PAGE 3G IBM JOURNAL, P 304 HILLIER, & P 56 HINESMOCL
CCVMMCN/BLKE/PRCENT,IPCP, ICHANS, T, ICAP,IFIND MOCL
COMMCN / BLK& / TA(1C),TS4NLM,IPRCB,LAMBCA(1C),NMU MOCL
CONMMON / BLKY9 / RHO4PC4P(50),LyVARL,PINGCsPING5,LEL,VARLQ NMOCL
CPVMCN/BLKIO/WoVARWSPIWIO,PIWIS,WC, VARWQ,PIWQ90,PIWQI5,4N MOCL
COMMCN/BLK13/0CWN MCCL
CCMMCN / BLK14 / PNOWT MOCL
COMMCN / BLK24 / TR,PC,CELAY MODL
REAL LsLQsML MOCL
REAL LAMRCA MOCL
INTEGER FACT,PRCENT MOOL
K=13 MOCL
RHO=TS/TA(NUM) MOCL
IF(RHC.LT.1.) GO TO 13 MOCL
N=7 MOCL
CALL BADI(N) MOCL
RETURN MOCL
CCNTINUE MODL
IFACT=FACT(IPCP) MOLL
SUMPQ=1.0 vMOCL
A=0,0 MODL
PO 1 I=1,IPQP MOCL
JJ=1P0OP-1 MOCL
A=(IFACT/FACT(JJ) )*¥REO**] MODL
P(I)=A MOCL
SUMPr=SUMPC+A MOCL
COCNTINUE MODL
PC=1./SUMPC MOCL
Co 2 N=1,IPO0P MGCL
PIH)=P{N)*PC MOCL
CCONTINUE MOCL
N=IPCP MOCL
L=1PCP~(1.C/RHC)*(1.C-PC) MOCL

LU=IPCP-((LAVMBCA(NUM)I+NMU)/LAMBCA(NUM))I*(1.~-PO) MoBL

1C

20

30

40

50

€0

70

g0

90
1CC
11C
120
130
1490
150
160
1170
180
150
2CC
210
220
2320
240
250
260
21C
280
260
3CC
310
320
33C
34C
350
3¢C



TR IS MEAN TIME BETWEEN BREAKDOWNS
TEB=IPCP*TS/(1.—-PO)

RM IS SERVFR UTILIZATION

CCwWh IS THE PROBABILITY MACHINE K IS COWN
RM=1.-PC
COWN=1a~((TA(NUM)/TS)/IPCP)*RM
W=TB8~-TA(NUM)

Wd=w-TS

PNOWT=PC

PD= 1. = PNOWT

PCLAY= WQ / PD

CALL TABU(PC,LsLQyWsw@,IPRCB)

CALL CUTPUT(K)

RETURN

£ibD

FAGE

MODL
MOCL
vOCL
MODL
MOCL
VOCL
MOCL
MOCL
MOCL
vCCL
MOCL
MGOCL
MOCL
MOCL
MOCL

31C
3€C
3490
4C0
410
420
430
44C
450
460
470
4840
450
5CC
510
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C %ok
CR%*
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C k%%
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1C

13

SURROUTINE MCDLS4G

POISSCN / EXPONENTIAL /7 >1 = ICHANS

CCVMMON/BLKG6/PRCENT 3 IPCP, ICHANS,, T, ICAP, IFIND

COMMON / BLK8 / TA(LC),TSaNUM,IPRCByLAMELCA(L1O),NMU

COMMCN / BLKS9 / RHOs»POsP(5C) 4Ly VARL,PINSC,PING5,LC,VARLG

COMMON/BLKIO/ W VARWyPIWIOyPIWISHy WAy VARWQ,PIWQG0,PIWAGS5,4N

COMMON/BLK1L/AVEC LENTRY,PSI

CUMMON/RLK1A/TERM

REAL LyLE,yMU

REAL LAMBCA

INTEGER FACT

PST IS TRAFFIC INTENSITY, THIS IS A DIMENSIONLESS RATIO
INDICATING THE IMPACT CF A TRAFFIC STREANM UPCN A
SERVICE SYSTEM.

RATIC CF MEAN SERVICE TIME FOR CUSTOMERS T0

MOAN TIME PETWEEN CUSTCMERS ARRIVALS

PSI=LAMBDA(NUM)/MU

IF IFIND IS 1 THEN NUMBER OF CHANNELS IS TO BE FOULND

START WITH CHANNELS EQUAL TC FIRST INTEGER GREATER THAN PSI

THIS IS NECESSARY FCR RHC TC BE LESS THAN 1
IF(IFIND.EQ.1l) ICHANS=PSI+1.01
COMNTINUE

RHC=PSI/FLCAT(ICHANS)
IF(RFO.LT.1s) GO TO 13

N=7

CALL RADI(N)

RETURN

CONTINUE

MM=TCHANS-1

Kk=(

Sum=0,

PN 1 K=KK4MM

C=FACT(K)

SUM=SUM+PSI*%*K/D

CONTINUE

K=mp

PAGE

MOCL
vVOCL
MOCL
MOCL
MOCL
MOLCL
MOCL
MCCL
MOoCL
VOCL
MOCL
MOCL
MOCL
MCCL
vOCL
MOCL
MOCL
MOCL
MOOL
MOCL
vOCL
MODL
MOCL
MCCL
MOCL
MOCL
MOCL
MOCL
MOCL
MOCL
vOCL
MOCL
MOCL
VOCL
MCDL
MOCL
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40
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70
80
90

1CC

110

120

120

140

150

1€0

170

180

150

2C0
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220
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240

250

260

270

280

25C

300

310

320

320

340

350

360



37:
38:
39:
4C:
41:
423
43:
44
45:
462
473
48
4G:
5C:
51:
52
53:
54
55:
56:
57:
58:
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61:
€2:
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643
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£7:
682
€9:
7C 3
T1:
723
13:
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23

PC=1./(SUNM+(PSI**ICHANS)/( FLOAT(FACT({ICFANS))*(1.-R}FC)))

Sum=pr

IF(MM.FC.C) GO TO 22

O 2 I=1,4NMN

PLI)=((PSI*%xI)/FACT(I))}%*PC

SUM=SUM+P (])

CONTINUE

CONTINUE

C=1.-SUM

IF(IFINDJEGSD) GO TQO 23

PM=(Q

POWER==1.%(FLOAT( ICHANS)-PSI)*T/TS

TERM IS #TILE VALUE CALCULATED FOR THIS NUMBER OF SERVERS

TFRM=1.-PVMXEXP{PCWER)

TERPM=1CC.*TERM

WHEN TERM IS «GE. TO PRCENT THEN MINIMUM NUMBER OF CHANNELS
IS FCUND

IFI(TERM.GE.PRCENT) GO TO 23

ICHANS=TCHANS+]

G 10 1¢C

CCHTINUE

JJ=ICHANS+1C

A=FACT(ICFANS)

O 3 N=ICHANS, JJ

kKK=N-TCHANS

PIN)=(PST*%xN¥PJ)})/{A%*ICHANS*%KK)

SUM=SLM+P(N)

IF(SUM.GCT..G5) GO TO 4

CONTINUE

N=JJ

CCNTINUE

LG=(POXPSI**ICHANS *RHD)/ (FACT(ICHANS)*( 1.0-RHO) *%2)

L=LG+PSI

WO=LOCXTA{NLM)

W=WC+TS

A={(1.-RHC)*(1.~RHC)

VARWQ=({2.-CQ)%C%xTS*kTS) /{ICHANS*ICHANS*A)

PAGE

MOCL
vVOCL
MOCL
MOCL
MOCL
VOCL
MOCL
MOCL
VOCL
vODL
MOCL
VCCL
MOCL
MOCL
vOCL
rODL
MGCL
MOCL
MOCL
MOCL
MOCL
VOCL
MODL
MOCL
MOCL
MOCL
MOCL
VOEL
MOCL
MOCL
MOCL
MODL
MOCL
MOCL
MOCL
MOCL
MOCL

370
380
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4CC
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480
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5C0
510
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530
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550
5¢C
570
580
56C
€CO
610
€20
€30
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650
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7G0
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120
73C
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16
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18
79
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VARW=VARWCH+TS%TS
VARLC=(RHC*(* (1., +RHO-RKHO*Q))/A
CALL TABU(PO,L,LQsW,wQ,IPROB)
K=4

CALL OUTPUTI(K)

RETURN

END

PACE
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MOCL
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170
780
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gcce
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342
353

36:

C A%k
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PAGE

SURRGCUTINE MCDLS MOCL
PCISSON / EXPONENTIAL / >1 / LIMITED QUELE = ICAP VOCL
RFFERENCES PAGES 310-311 HILLIER ANC LIEBERMAN, AND PAGES 4MOCL

HINES MOCL
CCMMON/BLKE/PRCENT» IPOP, ICHANS, Ty ICAPL,IFIND MOCL
COMMON / BLKB / TA(10),TS,NUM, IPROR,LAMBLCA(10},MU rMODL
COMMON / BLK9 / RHC,PO,P(50),LsVARL,PINSC,PIN95,LC,VARLQ MOCL
COMMON/BLK1IC/WoVARWSPIWSC4PIWSS,WQyVARWG yPIWCI0,PIWCGS 4N MCEL
COVMCN/BLK11/AVEC LENTRY,PSI MOCL
COMMON/BLK14/PNCWT vOCL
REAL L,LQsMU vOCL
REAL LAMBLCA MODL
INTEGER FACT MOCL
PST=LAMBDA(NLM} /ML MOCL
RHC=PSI/TCHANS VOCL
FORMAT(*O%%%%% WARNING CAPACITY IS LESS THAN NUMBER CF CHANNELS') MOCL
IF(ICAP.LT.ICHANS) WRITE(6,10) MOCL
JK IS MINIMUM OF CAPACITY OR CHANNELS vOCL
CAPACITY IS GENERALLY AT LEAST AS LARGE AS THE NUMBER OF CHANNELS MOCL
JK=MINC(ICAP,ICHANS) MOCL
JK=JK -1 vOCL
SLMI=1.0 MOCL
CO 1 I=1,JK MOCL
SUM1I=SUML+(PSTI**T)/FACT(I) voEL
CCNTINUE MODL
IE=1CAP-ICHANS+1 MOCL
SUM2=(1.C-RHO**[E)/{1.C-RHO) MOCL
PO=1,0/(SUMI+((PSTI**ICHFANS)/FACT(ICHANS) )*S{M2) MVOCL
CO 3 AN=1,JK MOCL
PIN)=(PSI**N/FACT(N))*PC MOCL
CUNTINUE VOCL
S=FACT(ICHANS) vVOOL
N=ICHANS MOCCL
PUICHANS)=({PSI**N}/S)*PC MCCL
J=ICHANS+1 VODL
CC 4 N=J,ICAP MOCL
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140
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433
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45:
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482
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6l:
€2
£3:
&4
65:
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T1:
12:
132
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PAGE

AM1=N-1 MOCL
P(N)=P(NM1)*PSI/ICHANS vMOCL
CCNTINUE MODL
N=MAXC(ICAP, ICHANS) MOCL
IF{ICAP.GT.ICHANS) GO T0 6 ' vMOCL
LC=0. vOCL
SuM=2. MOCL
CN 5 I=1,ICAP MOCL
SUM=SUM+T*P( ) MOCL
CONTINUE MODL
L=SUM MOCL
CUNTINUE vOCL
I=1CAP-ICHANS vMODL
LO=(PCkxPSI*%« ICHANS®RHC) / (S* (1 .=RHC)*(1.—RHEQ) )% (1. —REC¥*I—[*REO**I*MOCL
1(1.=-RHQO)) vVOCL
SUM1=C. vMOOL
SuM2=pC MOCL
J=ICHANS-1 vOCL
CO 7 I=1,J vMOCL
SUM1=SUNL+I%P (1) MOCL
SUM2=SUM2+P (1) MOCL
CCNTINUE vVOCL
PRCB CF NC WAITING TIME MODL
PNOWT=SUM?2 ¥OCL
L=SUML+LQ+ICHANS*(1.-SUM2) vOCL
SUM=ICHANS*POQ vMODL
CU 8 I=1,ICHANS MOCL
SUM=SUM+ ( ICHANS=I)*P (1) MOCL
CONTINUE vMODL
IL=ICAP-ICHANS MOCL
ENTRY RATE TO SYSTEM, THIS IS LESS THAN ARRIVAL RATE CUE TO LCSSESMOCL
ENTRY=LAMECA(NUM)*(1.-P(ICAP)) vocCL
W=L/ENTRY VOCL
WQ=LO/ENTRY vMOCL
SUM=ICHANS%PO MOCL
CO 9 I=1,ICHANS MOCL

SUM=SUM+ ( ICHANS=T)*P (1) VOCL

370
380
390
4C0
410
420
43¢
440
450
4€C
470
480
450
5C0
510
520
530
540
550
5¢0
570
580
55C
6C0
610
€2¢C
630
640
650
6€0
670
680
650
7C0
710
72C
730



14:
15
762
17:
18:
79:
8C:
a1z

C#o%ok

S CONTINUE
AVERAGE NULMRER OF EMPTY CHANNECLS
AVEC=SUM
CALL TABU(PO,L,sLQyw,hQ,IPRCB)
K=5
CALL QUTPUTI(K)
RETURN
FND

PAGE

MOCL
MOCL
MOCL
MOCL
MOCL
MOCL
MOCL
MUCL

740
750
760
17¢C
780
790
8co
81¢



PAGE

1: SUCROUTINE MODLG6 MOCL 19
2: CH*%%¥  POISSON / EXPONENTIAL / >1 / LIMITED POPULLATION MOoL 20
: CUNMON/BLKGE/PRCENT ,IPCOP, ICHANS, T, ICAP,IFIND MocL 30

: COMMON / BLK®8 / TA(1C),TSyNUM,IPROB,LAMBLCA(10) MU MOCL  4¢
5 CCMMON / RLKY / RHO,PO+P(5C)+LyVARL,PINGC,PINGS,LC,VARLQ mMOCcL 50
: COMMON/BLKLIO/WaVARWI,PIWIOyPIWTIS s WQyVARWQ,,PIWQS0,PIWQI5,N MODL €0
7: CCVMON/BLKIL/AVEC LENTRY,PSI MOCL 70
B3 COMMON / FLK14 / PNOWT MOCL 40
: COMMEN / BLK24 / TB,PC,DELAY MODL SO
103 REAL L,LGyMU MOCL 1CU
112 REAL LAMRDA vOCL 110
12: INTEGFR FACT,PRCENT MODL 120
13: PSI=LAMBDA(NULM) /MU MOCL 13¢C
14: RHO=PSI/ICFANS MOCL 140
15: [IF(RHC.LT.1.) GO TO 13 MODL 150
16: N=7 MOCL 1¢€0
17: CALL BAD(N) MOCL 170
18: RETURN MOCL 180
19: 13 CONTINUE MOBL 163
20: h=1POP MOCL 2CDO
21: M=TCHANS yODL 210
222 NF=FACT(N) MODL 220
23: ME=FACT(M) MocL 230
243 SuMl=1. MOCL 240
25: Sum2=C. MOLOL 250
26: N0 1 I=1,V MOCL 2€9
27: A= (NFxPST*xT)/(FACTIN-I)*FACT(I)) MOCL 270
283 SUM]I=SUM]+A MOCL 280
29: P(I)=A MOCL 240
3C: 1 CCNTINUE MUCL 300
31: MM=M+1 ¥oDL 310
32: £N 2 I=MM,N MODL 32¢
33: NF=[-¥ MOCL 330
34: B=(NF*PST**[)/(MF*M*®NEXFACT(N-1)) MODOL 340
353 P(I)=P MODOL 350

3¢ SUM2=SUM2+B MODL 360



37:
38:
39
4G
41
42:
432
443
453
46
47:
482
492
5C:
51:
522
53:
543
553
£6:
57:
58:
593
EC:
&l
£2:
€3z

Ch %k

4

CUNTINUE
Pr=14./{SUNM1+SUM2)
£N 3 I=1,N
P(I)=P(I1)%*PO
CUNTINUE

LC=0D.

C0 4 1=MM,N
LO=LO+(I-M)*P(])
CUNTINUF

AVERAGE NUMBER OF EMPTY CHANNELS

AVFEC=MXP(

PNOWT=P{

ca 5 I=1,N
AVFC=AVEC+(M=1)%P(])
PHUOWT=PNUWT+P(I)

CCNTINUE

L=M+LQ-AVEC

WO=LGC/ (LAMBEDA(NUM) *{N=-L))
W=L/ (LAMRCA(NUM) *(N-L))
TB=TS+TA(NLVM)+h{

PD= 1. — PnUWT

LELAY= WL / PD

CALL TABU(PCyLyLQyWyeWQ, IPRCB)
K=(v

CALL OUTPUT(K)

RETURN

END

PAGE
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MODL
MOOL
MOCL
MGECL
MCDL
MOCL
MOCL
MOCL
MODL
MOCL
rMOCL
MODL
MOOL
MOCL
MODL
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vMCCL
¥OCL
MOCL
MOCL
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mMOCL
MOUCL
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€3J
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SUBRQUTINE MCDLY

PUISSCON / GENERAL / 1 / VARIANCE = VAR

IF VAR = C THEN SERVICE CISTRIRBUTION IS CONSTANT
REFERFNCES PAGES 11-13 IBM JCURNAL AND PAGE 3(1 HILLTER
CUMMON/BLKE/PRCENT IPUP,ICHANS, T, ICAP,IFINU

COMMCN/BLKT/ ARIVALLKPRICR,INISCyFSERVyVAR, ERLANG

COVMMON / BLKA / TA(10)+TSyNUM,IPRCB,LAMBLCA(10),MU

CUGMMON / ELKS / RHOWPCHP(SUL)YyLaVARL,PINGL,PINGS,LEC,VARLQ
COMMON/BLKIG/WoVARWSPIWIO,PIWIS s WQ s VARWL yPIWCI0,PIWQG5,N
REAL LyLG.NMU

RFAL LAMRCA

A=LAMBDA(NUM)

RUHON=A/MU

[F(RHC.LT.1.) GU TCO 1

N=T7

CALL RADI(N)

RETLDN

Pu=1.-RHU

LL=AXAXVARHRHC*RHC/ (2% (1 ~RHU) )

L=RHC+LQC

WO=LQ/A

W=WGC+TS

CALL TABU{PO,L,LQshshQ,TIPRCB)

k=7

CALL QUTPUT (K)

RETURN

END

PAGE

MOCL
MOCL
MODL
MOCL
#OCL
MODL
MODL
MOLL
MODL
MOCL
MOCL
MOCL
MOCL
MUCL
MODL
MODL
mMocL
MOOL
MOOL
MOCL
MODL
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33
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PAGE

| SURROUTINE MCDLS MOLL 10
23 C &%k POISSON / ERLANG - K / 1 CLASS FLAG IS ERLANG MODL 20
3: Cx%% ERLANG CLASS IS EQUAL TO MEAN®%2/VARIANCE MODL 30
43 Cx%% RFFFRENCES PAGES 13—-20 IRV JCOURNAL,. AND PACGES 302-303 HILLIMOCL 40
52 Ch%% SPECIAL CASE OF GENERAL WITH VARIANCE EQULAL TO 1l./ERLANG*MU%RX. MOCL 50
62 CCMMON/BLKA/PRCENT 2 IPOPLICHANS T, ICAP,IFIND MODL 60
T1: COMMON/BLKT/ ARIVALKPRICR,IDISC,FSERV,VAR,ERLANG MOCL 70
83 CUMMON / BLKB / TA(L1C),TS,NUM,IPROB,LAMBCA(1C) MU MOCL 80
9 CUMMON / BLKSY / RHOPOSP(50) 4L, VARL,ZPIN9C,PINGH,LCyVARLQ MODL 90
10 CUMMON/BLKIC/WeVARWYPIWICsPIWIS s Wy VARWQ yPIWGO0 s PIWQI5yN MODOL 130
11: COMMON/BLK1I1/AVEC LENTRY,PSI vOCL 110
12: PEAL L,LGC,MU MODL 120
13: INTEGER ERLANG MODL 13C
14: RFAL LAMBLCA MOLL 14u
15: A= AMBDA{NUM) MODL 150
16: VAR=TS*TS/ERLANG MODL 160
17: NHO=A/MU MOCL 17U
18: IF(RFO.LT.1.) GO TO 13 #ODL 180
19: N=T MODOL 160
2C: CALL BAD{(N) MUCL 22
21: RFTURN MODL 2140
22: 13 CCMNTINUE MODL 220
23: LOU=(A%AXVAR+RHC*RHC) /(2% (1 .—RHC)) MOCL 230
24 WC=LQ/A MOCL 240
25: W=WG+TS NMODL 2590
26° L=A%k MODL 260
21: Pr=1.-RH0O MGLL 270
2482 B=(RHO/ (1 ~RHO)*%*2) MOCL 281
29: C=RHC*(10.~RHO)/6. MOCL zS0
393 C=(3.-3.%RHO+RHO*RHC ) /ERLANG MOCL 3CO
31: E=(RHO* (B e=5.%PHN) )/ (A *ERLANGHERLANG) vMOCL 310
32: VARL=R* (]l ,~-RHOQ/2.*%(3.-C-C-t)) MOCL 320
333 F=(TS/(1.-RHC) )*%2 MOCL 3130
342 C=1+=RHU*(4.-RHO)*{1le—-1+./ERLANG) /6. MODL 340
25 F=1le+1lse/ERLANG MODL 35C

26 C=1+=(RHC/2+)%(1e—1+/ERLANG) MOLCL 3¢€D
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39
4¢
41
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43
44
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CC=C*0

VARW=F* (G*H-CO0)
SIGMAW=SCRT(VARW)
SIGMAL=SQRT(VARL)
PINGC=L+1,3%*SIGMAL
PINGS=L+2.0¥SIGMAL
PIWG0=W+1.3%SIGMAW
PIw94=w+2,C*SIGMAW
CALL TABU(PL sLsLQsWsWE,IPROB)
K=R

CALL CUTPLTI(K)
RFTURW

gEnp
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SURRCGUTINE MCDL11

POISSON/ MANY/ 1/ NCNPREEMPTIVE PRIORITY

REFERENCE PACES 24-26 1IBM JOURNAL

SURRAOUTINE IS CALLED FROVM SUB MOMENT, USED TO CALCULATE QUTPUT.

THE FCLLCWING SYMBCLS ARE THE SAME FCR MCCL11l, MOCLL1Z2, ANC MUCLL3

TO MEAN WAIT TIME

TTC(I) MEAN WAITING TIME FOR SERVICE OF AN ARRIVING [-CUSTOMER

TSYS(1I) MEAN TIME FCR A I-CUSTCMER TO GEY THRCUGK TFE SYSTEM
1QAVG  AVERAGE WAITING TIME FOR ALL CUSTCHERS

TAVG AVERAGE TIME IN SYSTEM FOR ALL CUSTOMERS

TLG(T) MEAN NUMBER CF I-CUSTOMERS WAITING IN LINE

LQ MEAN NUMRER OF TOTAL CUSTUMFRS WAITING IN LINE

COovMMON / BLKE / TA(10),TS,NUM,IPROB,LAMBCA(10),MU

CCMMCN / BLKT / RHO9POP(50) 4Ly VARLJPINIC,PINS5,LEL,VARLQ
COMMON / BLK1S / B1(1C),B2{1C),TB1,TB2,U(10),RC(1C),TLAMB
COMMON/BLKZ20/NUMS

COMMCN/BLKZ21/TPSI

CUMMON / BLK22 / TQyTTC(1C) 4 TQAVGTSYS(1C),TLQULIO)TAVG,TL(1C)
R:-AL LAVMBCA,LGsLyMU

TQAVG=N,
CO 2 I=14NLMS
J=1-1

IF (J.EL.C) GOTO 1
TTQII)=(TLAMB®*TB2)/(2.*%({1.-U(J))*(1.=-U(T))})
Cu TO 2

CONTINUE
TTLIL)=(TLAVMBRTR2) /(2% {1 -U(I)))
CNONTINUF

CT 3 I=1,NUMS
TUAVG=LAMBCA(CTL)/TLAMBXTTCQ(I)+TQAVG
TSYSCI)=TTG(I)+B1(])
TLOCT)=LANMERLA(L)®TTC(TI)
TLAD)=TLG(I)+RC(I)

CONTINUE

TAVG=TQAVG+TR1

LC=TLAMBRTCAVG
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MODL
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L=L +TPSI

CALL PTAB(L,LQ,TAVG,TQAVG)
K=11

CALL QUTPLT(K])

RETURN

EnNL

PAGE
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SURRCGUTINE MOULLLZ

POISSCN/ MAMY/ 1/ PREENMPTIVE-RESUME PRIORITY

REFERENCF PAGES 24-26 I8NV JCURNAL

SIMILAR TO mMGCLL11

COVMCN / BLK8 / TA(1C),TSyNUM,IPROB,LAMBCA(1U),MU

CrMMCY / BLKSG / RHCyPO4P(50) 4Ly VARL,PIN9C,PING5,LC, VARLQ
COMMUN / RLK19 / B1(1C),R2(10),TB1,TB2,U(1C),RGI1C),TLAMH
COMMOI/ BLKZ2C/NUMS

COMMON/BLK21/TPSI

CCONMMON / BLK22 /7 TQ.TTGEL1C) s TQAVG,,TSYS(1C),TLO(1C),TAVG,TL(LC)

REAL LAMBLCA,L,LGC,MU
£0 3 I=1,NUNMS

Jd=1-1

A=",
LO 1 J=1,1
A=A+LANEDA(J) *B2(J)
CONTINLUE

C=RI(I)+A/{2.%(1.~-U(1)))
IF(JJ.EQ.C) GO TO 2
TSYS(I)=1./(1.-U(JJ))*C

s TC 3

T5YS(1)=C

COUTINUE

TAVG=",

F0 4 I=1,NUMS
TTQOI)=TSYS(T)-B1(I)
TAYG=TSYS(I)*LAMBDA(I)/TLAMB
TLOL)=LAMBLCA(L)%TSYS(I)
TLC(I)=TL{TI)=-RO(I)
CUNTINUE

L=TAVG*TLAMR
TOAV=TAVG-TR1

LC=L-TPSI

CALL PTAR(L,LG,TAVG,TQAVG)
k=12

CALL QUTPLTI(K)
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SURROUTINE M0ODL13

PUTSSGN/ MAUY/ 1/ NC PRICRITY

REFERENCE IBM PAGE 25

COMMON / BLKR / TA(10),TS,MUM, IPROB,LAMBCA(10),MU

COMMON / BLK? / RHCsPO,P(50),L,VARL,PINIC,PINIS,LC,VARLQ
CUMMUN / BLK19 / B1(1C),B2{(10),TB1,TB2,U(1C),RC(1C),TLAME
COMMON/BLK20O/NUMS

CNHVMMON/BLK21/TPSI

COMMON / BLK22 / TQyTTC(1IC) »TQAVG,TSYS(L1C)TLQ(10),TAVG,TL(1C)
REAL LAMBLA,L,LU,MU

RHO=TR1%*TLAMB

TQ=TLAMBXTB2/(2.%(1«—RHC))

TAVC=TQ+TR1

CC 1 I=1,NUMS

TSYS(I)=TC+31(1)

TLOI)=LAMBCA(TI) * TSYS(I)

TLO(L)=LANMBDA(I) * TC

CONTINUE

TLAVG=TU

TPST=RHO

L=TLAMB * TAVG

LO=TLAMB * TG

CALL PTAR(LsLC,TAVG,TQAVG)

k=13

CALL CUTPLTI(K)

RETURN

el
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RLCCK DATA

CUNMMCN/BLKL/ JAC,JBC,JCC,JDC,JEC,JIFC4JGC4JIHC,JIC,JIC,IKC,JLC,,IMC
CUMMON/BLKZ2/ JUNCsJOC,JPCyJGCyJRC+JISCHITC,JUC,JIVC,yJWC»IXCyJYCyJZC

CCMMON/BLK3/ J0OC,J1C,J2C,J3C9J4C4JI5C4J6C,JTC,J8BC,yISC
COMMON/BLK4/ JPLUSSJMINUS,JPER,JDIV,JIMUL,JECQU,JBLANK,JCCMMA, JCOLOANBLCC
CUMMUN/EBLKE/JPCENT

CATA
CATA
DATA
CATA
NATA
DATA
LATA
CATA
eND

JACyJBC4JCC,JCCL,JEC,JFCH,JGC/ *AY, BT, 'C?,
JHC,J[C,JJC,JKC,JLC,JMC’JNC/ 'H','I"'J"
JCCyJIPC4JGCyJRCHISCHITCoJUC/ *C*y'P','Q"Y,
JVCy JWCy IXCeJYC o JZCyJCCyJ1C/7 "Wy "W, "X,
J2C4J3C4J4C,J5C,J6C,JTC,J8C7 127,73%,1%4",
JIC s JPLLUSyUMINUS,JPFRyJDIV / 19Vt 40,01
JMUL S JECQUJBLANK,, JCOMMA, JCOLCN / k1 ,0=¢,
JPCENT/ '8/

'DI
e
1R
ty
151
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1
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IEI,
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lSl,
IZI,
'6',
,l/l

'Fr,
M
T,y
10r,
v,
/

NN NN
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