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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 language is coded 

in Fortran IV and can be used on most computer systems.

The language is readily usable in a conversational mode as 

well as in a batch mode. Examples are presented to explain 

the utilization of the language.

v



TABLE OF CONTENTS

Page

ABSTRACT ................................................................................................. v

LIST OF FIGURES.....................................................................................viii

Chapter

1. INTRODUCTION ....................................................................... 1

1.1 General Discussion .................................... 1
1.2 Chapter Summaries . . . ....................... 2

2. PRINCIPLE ELEMENTS IN A QUEUEING SITUATION . . 3

2.0 Introduction .................................................. 3
2.1 Input Traffic or Source.....................  5
2.1.1 Calling Population .................................... 5
2.1.2 Arrival Rate................................................. 6
2.1.2.1 Arrival Distribution ................................ 6
2.1.2.2 Interarrival Distribution ................... 7
2.2 Service Facility ........................................ 8
2.2.1 Service Distribution ............................... 8
2.3 Waiting Line or Queue........................... 10
2.3.1 Waiting Line Limit or Capacity . . . 12
2.3.2 Queue Discipline ........................................ 12
2.4 Measures of Congestions...................... 13
2.4.1 Traffic Intensity . . ........................... 13
2.4.2 Server Utilization .................................... 13
2.4.3 Number of Customers............................... 14
2.4.4 Queue and System Size........................... 14
2.4.5 Queue and System Time........................... 15

3. USER CONSIDERATIONS..................................................... 16

3.1 Introduction................................................. 16
3.2 General Information ........ • 17
3.3 Input Command Instructions .................. 17
3.3.1 Arrival Instruction ............................... 18
3.3.2 Service Instruction ............................... 18
3.3.3 Channels Instruction ............................... 19
3.3.4 Population of Calling Units . . . . 20
3.3.5 Capacity of System.................................... 20

vi



vi i

Chapter Page

3.3.6 Queue Discipline ........................................ 21
3.3.7 Solve Instruction .................................... 21
3.3.8 Next Problem Instruction............... 22
3.3.9 End Instruction................................. 22
3.4 Error messages..................................... 22
3.5 Queueing Models Available .................. 23
3.6 Output Statements .................................... 23
3.7 Sample Problems and Results . . . . 26

4. THE "QUEUE" INTERPRETER............................................. 67

4.1 General Description and Main Program 67
4.1.1 Subroutine EVALUE ..................................... 70
4.1.2 Subroutine DECODE ..................................... 71
4.1.3 Subroutine BLANK ......................................... 71
4.1.4 Subroutine BAD.............................................. 71
4.1.5 Subroutine SOLVE ......................................... 72
4.1.6 Function FACT..................................... 72
4.1.7 Subroutine OUTPUT ..................................... 72
4.1.8 Subroutine MOMENT ..................................... 72
4.1.9 Subroutines M0DL1-M0DL8, and M0DL11-13 73
4.1.10 Subroutines PTAB and TABU........... 73
4.1.11 Subroutines POUT and OUTTAB . . . . 73
4.1.12 BLOCK DATA.............................................. 73

5. SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS . . 75

5.1 Summary................................................... 75
5.2 Concl us i ons........................................... 75
5.3 Recommendations................................. 76

BIBLIOGRAPHY ......................................................................................... 77

APPENDIX A............................................................................................. 79



LIST OF FIGURES

Figure Page

1. An Elementary Queueing System .................................... 4

2. Exponential Interarrival Distribution .................. 8

3. Exponential Service Time Distribution .................. 11

vi 11



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 not 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 

bounds 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.
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The language is such that most spelling and punctuation 

mistakes will not cause an error in the problem. The 

language 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 the 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 situations. 

Chapter 3 presents the user considerations. This chapter 

consists of a general description of the capabilities and 

limitations 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).

3
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Figure 1

An Elementary Queueing System
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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). In 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
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occur at random, but at a certain average rate denoted by 

lambda (X). 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 P(T), the Poisson distribution is expressed 

by the formula (4, p. 3)

pk(T)= "rr * e"'AT ; x>0’ k=0’ 11 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( Interarri val time <t) = F(t)= 1 - e-^= 1 - e"^^a
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F(t)

Figure 2

Exponential Interarrival Distribution
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The mean interarrival time T , equals 1/X, that is, the 

reciprocal of the arrival rate, as one would expect. Note 

that F(t) is a continuous distribution in time while the 

P^CT) distribution is discrete.

Any unusual assumptions about the behavior of the 

calling units must also be specified. One example is 

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 Ts, or 1/p, where mu (p) represents 

the mean service rate.

The theoretical service distribution of great 

interest is the exponential distribution (see figure 3).

Prob(Service time <t)=H(t)= 1 - e"llt= 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 generally 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 probabilistic manner, a waiting line 

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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Figure 3

Exponential Service Time Distribution
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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 literature 

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 is 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 served. For 

example, it may be first-come-f1rst-served, or random, or 

according to some priority procedure, et cetera. First- 

come-first-served, or FIFO, 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 (ip), indicating the impact of a traffic 

stream upon a service system. It is defined as

pci = ye^-^ervi ce_time_f or_custqmers__ 
meah~time"6etweeh~customer~arrTvaTs *

ip = T / T = XT = X / y o a o

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 time that a single server is busy.

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

of servers.

At p=l, the server becomes satuated, working 100% of the time. 

However, queues become very large near system saturation, 

growing without bound when p>l. Practical considerations, 

such as response requirements or storage size, usually limit
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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 P^= 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. In 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 P^, 

and are denoted by:

L = expected number of customers in system 
2

= variance of number in system
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Lq = expected number of customers in the queue alone

o? = variance of number in queue
q

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:

W = expected time in system (includes service)

Oy = variance of time in system

Wq = expected waiting time in the queue

(T^ = 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 particular 

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 input 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:P0ISS0N: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 distribution, 

needed for the general distribution only.

Examples:

SERVICE:EXP0NENTIAL:TS=4

SERVICE:GENERAL:TS:4.3, VAR=1.3

SERVICE,ERLANG-3,MU:6.22

S,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 

parallei.

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 FIFO, is as follows:

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

Examples:

CHANNELS=4

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

service by! time units)

The program assumes channels to be equal to 1 unless 

user specifies otherwise.
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3.3.4 Population of Calling Units

The population instruction has the general form: 

POPULATI0N=value

1. Value is a number or an alpha field, the alpha 

field implies that the population is infinite or 

uniimited.

*2. Population is assumed to be infinite unless 

otherwise stated.

Examples:

P0PULATI0N=10

POPULATIOMzINFINITE

P,UNLIMITED

3.3.5 Capacity of System

Maximum size for number of units in queue plus those 

being served is capacity of system. The general form of the 

capacity instruction is: 

CAPACITY=value

1. Value has the same meaning as in Population 

Instruct!" on.

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:di s ci pli ne

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:

DI SCI PLINE:NONPRE

D=FIFO

3.3.7 Solve Instruction

The solve instruction has the form:

SOL

Examples:

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 later. 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

Model 1 Poisson/ Exponential / 1/

Model 2 Poisson/ Exponent!" al / 1/ Limited queue capacity

Model 3 Poisson/ Exponential / 1/ Limited source population

Model 4 Poisson/ Exponent!al / >1 /

Model 5 Poisson/ Exponent!" al / >1/ Limited queue capacity

Model 6 Poisson/ Exponent!" al / >1/ Limited source population

Model 7 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.
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Output common to all models:

Notation Terminology

Problem number

Model type

Type of arrival

Size of source population

Type of service distribution

Number of service channels in parallel

Queue Capacity of system

Queue Discipline

TA Mean Interarrival time

LAMBDA Mean Arrival Rate

TS Mean Service Time

MU Mean Service Rate

RHO Server Utilization

L Mean number of customers in system

LQ Mean number of customers in queue

W

WQ

Mean time in system

Mean time in queue
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Description of additional output provided and applicable models

Notation Terminology Models

PO Proportion of time system is idle 1-8

P(k) Prob (no. of customers in system = k) 1-8

ENTRY Mean entry rate 5

PSI Traffic intensity 4-6,11-13

PNOWT Prob, arrival will not have to wait 3,5,6

PD Prob, arrival will have to wait 3,6

DELAY Mean delay for those obliged to wait 3,6

TB Interarrival time per customer 3,6

AVEC Average number of empty channels 5,6

VARx Variance of the variable x 1,4

x%ti1e x percentile of confidence levels 1,4

DOWN Proportion of time a customer is in system 3



$3.7 SAMPLE PROBLEMS AND RESULTS 26
STHIS IS A COMMENT

$EXAMPLE NUMBER ONE

$MODEL NUMBER ONE

$REFERENCE: PROBLEM 5-1, PAGE 87 kM. T. MORRIS

$ "MATERIALS HANDLING MANAGEMENT".

$THIS IS AN EXAMPLE OF A SINGLE CHANNEL MODEL WITH

$ POISSON ARRIVAL AND EXPONENTIAL SERVICE RATES.

$THE ASSUMPTIONS OF UNLIMITED POPULATION, INFINITE

$ QUEUE CAPACITY, AND FIFO SERVICE DISTRIBUTION

$ ARE MACE.

$THIS MODEL GIVES THE GREATEST AMOUNT OF OUTPUT 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 INSTRUCTIONS.

ARRIVAL:POISSON:LAMBDA=2C

SERVICE:EXPONENT I AL:MU = 25

SOLVE



PROBLEM NUMBER 1

DESCRIPTION AND ANALYSIS OF CUEUEING ^ODLL TYPE 1

ARRIVAL DISTRIBUTION IS POISSON

SOURCE POPULATION IS CONSIDERED TO PE INFINITE

SERVICE TIME DISTRIBUTION IS EXPONENTIAL

NUMBER OF SERVICE CHANNELS IN PARALLEL = 1

QUEUE CAPACITY OF SYSTEM IS CONSIDERED TO BE UNLIMITED

QUEUE ASSUMED TO BE FIFO

MEAN INTERARRIVAL TIME TA= 0.0500

MEAN ARRIVAL RATE  LAMBDA= 20.0CC0

MEAN SERVICE TIME TS= 0.0400

MEAN SERVICE RATE MU= 25.0000

SERVER UTILIZATION  RHO= 0.8000

PROPORTION OF TIME SYSTEM IS IDLE e e • e • e P0 = 0.2000
PROB( NO. OF CUSTOMERS IN SYSTEM 1) e e PI 1) = 0.1600
PROB( NO. CF CUSTOMERS IN SYSTEM 2) • e PI 2) = 0.128 0
PROBI NO. CF CUSTOMERS IN SYSTEM = 3) e • PI 3) = 0.1024
PROBI NO. OF CUSTOMERS IN SYSTEM 4) p I 4) = 0.0819
PRCB( NO. CF CUSTOMERS IN SYSTEM 5) • e PI 5) = 0.0655
PRGB( NO. CF CUSTOMERS IN SYSTEM = 6) • • PI 6) = 0.C524
PROBI NO. OF CUSTOMERS IN SYSTEM 7) • e PI 7) = 0.0419
PROBI NO. CF CUSTOMERS IN SYSTEM 8) # • PI 8) = C.0336
PROBI NO. CF CUSTOMERS IN SYSTEM - 9 ) e • PI 9) = 0.0268
PROBI NO. OF CUSTOMERS IN SYSTEM x 10) • e PI 10) = 0.0215

MEAN NUMBER OF CUSTOMERS IN SYSTEM * * * • » L = 4.0000

VARIANCE OF NUMBER IN SYSTEM  VARL= 20.0CCC

90? OF THE TIME, NUMBER IN SYSTEM IS LESS THAN 9.3189

95? OF THE TIME, NUMBER IN SYSTEM. IS LESS THAN 12.4251

MEAN NUMBER OF CUSTOMERS IN QUEUE  L0= 3.2C00

VARIANCE OF NUMBER IN QUEUE  VARLO= 18.5600

MEAN TIME IN SYSTEM h= 0.20C0

VARIANCE OF TIME IN SYSTEM  VARW= 0.0400

90? OF THE TIME, TIME IN SYSTEM IS LESS THAN 0.4600

95? OF THE TIME, TIME IN SYSTEM IS LESS THAN 0.5000

MEAN TIME IN QUEUE WQ= 0.1600

VARIANCE OF QUEUE TIME  VARWQ= 0.0384

90? OF THE TIME, TIME IN QUEUE IS LESS THAN 0.4159

«<-<» r>r- ror ttuc T T W C IM rtlPIIP T < IPS*; THAN O . R 6 L S



NEXT

$NEXT PROBLEM INSTRUCTION CAUSES ALL PREVIOUS INSTRUCTIONS 28

$ DESTROYED FROM MEMORY.

$THUS THE PROBLEM AFTER NEXT HAS TO BE DESCRIBED AS IF IT

$ WERE THE FIRST PROBLEM.

$EXAMPLE NUMBER TWO

SMODEL NUMBER TWO

SREFERENCE: PAGE 30 WM. W. HINES, "WAITING-LINE MODELS".

$THIS IS SIMILAR TO MODEL ONE WITH THE EXCEPTION OF THE

$ CAPACITY OF THE SYSTEM BEING LIMITED.

ARRIVAL:P0ISS0N:LAMBDA=8

SERVICE: EXPONENTI AL:MU=8.222

CAPACITY OF SYSTEM=5

SOLVE



PROBLEM NUMBER 2

DESCRIPTION AND ANALYSIS OF QUEUEING MODEL TYPE 2

ARRIVAL DISTRIBUTION IS PCISSON

SOURCE POPULATION IS CONSIDERED TO BE INFINITE

SERVICE TIME DISTRIBUTION IS EXPONENTIAL

NUMBER OF SERVICE CHANNELS IN PARALLEL = 1

QUEUE CAPACITY OF SYSTEM IS EQUAL TO 5

QUEUE DISCIPLINE IS ASSUMED TO BE FIFO

MEAN INTERARRIVAL TIME . TA = 0.1250

MEAN ARRIVAL RATE . . . . . LAM 9CA = 8.0000

MEAN SERVICE TIME . . . TS = 0.1216

MEAN SERVICE RATE . . . MU = 8.2220

SERVER UTILIZATION . . . RHO = 0.9730

PROPORTION OF TIME SYSTEM 
PROBI NO. OF CUSTOMERS IN 
PROBI NO. OF CUSTOMERS IN 
PROBI NO. OF CUSTOMERS IN 
PROBI NO. OF CUSTOMERS IN 
PROPORTION OF TIME SYSTEM

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

1 )
2)
3)
4)

. . PI 

. . PI

. . PI 

. . PI

. . PI

PO =
1) =
2) =
3) =
4) =
5) =

0.1783 
0.1735 
0.1688
0.1642 
0.1598 
0.1555

MEAN NUMBER OF CUSTOMERS IN SYSTEM L = 2.4202

MEAN NUMBER OF CUSTOMERS IN QUEUE LO = 1.5985

MEAN TIME IN SYSTEM . . W = 0.3025

MEAN TIME IN QUEUE . . kQ = 0.1809



NEXT PROBLEM PLEASE 30
SEXAMPLE NUMBER THREE

$MODEL NUMBER THREE

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

$SIX MACHINES / ONE CHANNEL.

$THIS MODEL IS SIMILAR TO MODEL ONE WITH THE EXCEPTION

$ THAT THE CALLING POPULATION IS LIMITED.

$THIS MODEL CONTAINS OUTPUT USING TERMINOLOGY ASSOCIATED

$ WITH THE CASE WHERE MACHINES ARE BEING SERVICED

$ BY ONE SERVER. FOR EXAMPLE:

$ PROBABILITY OF DELAY

$ DELAY TIME

$ TIME BETWEEN BREAKDOWNS

$ DOWN TIME.

ARRIVAL,P0ISS0N,TA=6C

SERVICE=EXPON=TS=12

P0P=6

SOLVE



PROBLEM NUMBER 3

DESCRIPTION AND ANALYSIS OF QUEUEING MODEL TYPE 3

ARRIVAL DISTRIBUTION IS POISSON

SOURCE POPULATION IS OF SIZE 6

SERVICE TIME DISTRIBUTION IS EXPONENTIAL

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 ..................... ....................................TA= 60.0000

MEAN ARRIVAL RATE ................................ ..................... LAMBCA= 0.0167

MEAN SERVICE TIME ................................ ....................................TS= 12.CC00

MEAN SERVICE RATE ................................ ................................... MU = 0.0833

SERVER UTILIZATION ............................................................... RHO= O.2OCO

PROPORTION OF TIME SYSTEM IS IDLE ........................... P0= 0.1918
PROBI NO. OF CUSTOMERS IN SYSTEM =1) . . PI 1) = 0.2302
PROBI NO. OF CUSTOMERS IN SYSTEM =2) . . PI 2) = 0.2302
PROBI NO. OF CUSTOMERS IN SYSTEM =3) . . PI 31 = 0.1842
PROBI NO. CF CUSTOMERS IN SYSTEM =4) . . PI 4) = 0.1105
PROBI NO. CF CUSTOMERS IN SYSTEM =5) . . PI 5) = 0.0442
PROPORTION OF TIME SYSTEM IS FULL . . . . PI 6) = 0.0088

PROBABILITY ARRIVAL WILL NOT HAVE TO WAIT PNOWT= 0.1918

PROBABILITY ARRIVAL WILL HAVE TO WAIT . . . . PD = 0.8082

MEAN DELAY FOR THOSE OBLIGED TO UAIT . . DELAY= 21.1496

INTERARRIVAL TIME PER CUSTOMER ..................................... TB= 89.0921

PROPORTION OF TIME A CUSTOMER IS IN SYSTEM DCWN= 0.3265

MEAN NUMBER OF CUSTOMERS IN SYSTEM ............................ L= 1.9592

MEAN NUMBER OF CUSTOMERS IN QUEUE ............................ LQ= 1.1511

MEAN TIME IN SYSTEM....................................................................W= 29.0921

MEAN TIME IN QUEUE ..................................................................UQ= 17.0921



NEXT 32

SEXAMPLE NUMBER FOUR

$MODEL NUMBER FOUR

SREFERENCE: PAGE 37, I.8.M. MANUAL.

$THIS IS AN EXAMPLE OF A MULTI-CHANNEL MODEL WITH

$ POISSON ARRIVAL AND EXPONENTIAL SERVICE RATES.

$THE REGULAR ASSUMPTIONS ARE MADE.

tNOTICE STURT FORM OF INSTRUCTIONS.

A,P,LAM=.5

S,E,TS=5

CHANNELS=3

SOLVE



PROBLEM NUMBER 4

DESCRIPTION AND ANALYSIS OF QUEUEING MODEL TYPE 4 33
ARRIVAL DISTRIBUTION IS POISSON

SOURCE POPULATION IS CONSIDERED TO BE INFINITE

SERVICE TIME DISTRIBUTION IS EXPONENTIAL

NUMBER OF SERVICE CHANNELS IN PARALLEL =

QUEUE CAPACITY OF SYSTEM IS CONSIDERED TO

3

BE UNLIMITED

QUEUE DISCIPLINE IS ASSUMED TO BE FIFO

MEAN INTERARRIVAL TIME .......................................... . . . TA= 2.0000

MEAN ARRIVAL RATE ..................................................... . LAMBDA= 0.5C0C

MEAN SERVICE TIME ..................................................... . . . TS= 5.0000

MEAN SERVICE RATE ..................................................... . . . MU= 0.20U0

TRAFFIC INTENSITY ..................................................... . . PSI= 2.50CC

SERVER UTILIZATION ..................................................... . . RHO= 0.8333

PROPORTION OF TIME SYSTEM IS IDLE . . . . . . P0= 0.0449
PROBI NO. OF CUSTOMERS IN SYSTEM = 1) . PI 1)= 0.1124
PROBt NO. OF CUSTOMERS IN SYSTEM = 2) . PI 2)= 0.1404
PROBI NO. OF CUSTOMERS IN SYSTEM = 3) . PI 3)= 0.1170
PROBI NO. OF CUSTOMERS IN SYSTEM = 4) . . PI 4)= 0.0975
PROBI NO. OF CUSTOMERS IN SYSTEM = 5) . PI 5)= 0.0813
PROBt NO. OF CUSTOMERS IN SYSTEM = 6) . PI 6)= 0.0677
PROBI NO. OF CUSTOMERS IN SYSTEM = 7) . PI 7)= 0.0564
PROBI NO. OF CUSTOMERS IN SYSTEM = 8) . PI 8)= 0.0470
PROBI NO. OF CUSTOMERS IN SYSTEM = 9) . PI 9)= 0.0392
PROBI NO. OF CUSTOMERS IN SYSTEM =10) . P(1C)= 0.0327
PROBI NO. OF CUSTOMERS IN SYSTEM =11) . . P(ll)= 0.0272
PROBI NO. OF CUSTOMERS IN SYSTEM =12) . . P(12)= 0.0227
PROBI NO. OF CUSTOMERS IN SYSTEM =13) . . P(13)= 0.0189

MEAN NUMBER OF CUSTOMERS IN SYSTEM . . . . . . L= 6.0112

MEAN NUMBER OF CUSTOMERS IN QUEUE . . . . . . LC= 3.5112

VARIANCE OF NUMBER IN QUEUE ........................... . VARLQ= 26.2948

MEAN TIME IN SYSTEM ............................................... . . . W= 12.0225

VARIANCE OF TIME IN SYSTEM ................................ . . VARW= 116.1343

MEAN TIME IN QUEUE ............................................... . . . WQ= 7.0225

VARIANCE OF QUEUE TIME VARWQ= 91.1343



NEXT 34
SEXAMPLE NUMBER FIVE

SMODEL NUMBER FOUR

tREFERENCE: PAGE 34, I.B.M. MANUAL.

$THIS EXAMPLE FINDS THE MINIMUM NUMBER OF CHANNELS

$ NECESSARY FOR 90% OF THE CUSTOMERS WILL WAIT

$ FOR SERVICE LESS THAN 4C TIME UNITS.

STHE OUTPUT LISTS THIS MINIMUM NUMBER OF SERVERS PLUS THE

$ CALCULATED 'STILE VALUE FOR THIS NUMBER OF SERVERS.

ARRIVAL:P:TA=6

S:E,TS=30

CHANNELS:FI ND:90%:T=40

SOLVE



PROBLEM NUMBER 5

DESCRIPTION AND ANALYSIS OF GUEUEING MODEL TYPE 4

ARRIVAL DISTRIBUTION IS POISSON

SOURCE POPULATION IS CONSIDERED TO BE INFINITE

SERVICE TIME DISTRIBUTION IS EXPONENTIAL

THE NUMBER OF SERVICE CHANNELS IS TO BE FOUND
SUCH THAT 90.00? OF THE CUSTOMERS WAIT LESS THAN 40.CO TIME UNITS

NUMBER OF SERVICE CHANNELS NEEDED 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 FIFO

VARIANCE OF QUEUE TIME

MEAN INTERARRIVAL TIME . . TA = 6.0000

MEAN ARRIVAL RATE . . LAMBDA= 0.1667

MEAN SERVICE TIME . . . . TS = 30.0000

MEAN SERVICE RATE . . . . MU = 0.0333

TRAFFIC INTENSITY . . . PSI = 5.0000

SERVER UTILIZATION . . . RHO = 0.7143

PROPORTION OF TIME SYSTEM IS IDLE . . P0 = 0.0060
PROBI NO. OF CUSTOMERS IN SYSTEM = 1) • e PI 1) = 0.0299
PROBI NO. CF CUSTOMERS IN SYSTEM = 2) • e PI 2) = 0.0747
PROBI NO. CF CUSTOMERS IN SYSTEM = 3) e e PI 3) = 0.1245
PROBI NO. OF CUSTOMERS IN SYSTEM = 4) e e PI 4) = 0.1556
PROBI NO. CF CUSTOMERS IN SYSTEM = 5) e e PI 5) = 0.1556
PROBI NO. OF CUSTOMERS IN SYSTEM = 6) e e PI 6) = 0.1297
PROBI NO. OF CUSTOMERS IN SYSTEM = 7) e e PI 7) = 0.0926
PROBI NO. CF CUSTOMERS IN SYSTEM = 8) e e PI 8) = 0.0662
PROBI NO. CF CUSTOMERS IN SYSTEM = 9) e • PI 9) = 0.0473
PROBI NO. OF CUSTOMERS IN SYSTEM = 10) e • PI 10) = 0.0338
PROBI NO. CF CUSTOMERS IN SYSTEM = 11) e e PI 11) = 0.0241
PROBI NO. OF CUSTOMERS IN SYSTEM = 12) • • Pt 12) = 0.0172

MEAN NUMBER OF CUSTOMERS IN SYSTEM . . . . L = 5.8104

MEAN NUMBER OF CUSTOMERS IN QUEUE . . LQ = 0.8104

VARIANCE OF NUMBER IN lCUEUE . . VARLQ= 4.2055

MEAN TIME IN SYSTEM . . . W = 34.8622

VARIANCE OF TIME IN SYSTEM . . . . VARW= 1022.2256

MEAN TIME IN QUEUE . . WQ= 4.8622

VARWQ= 122.2257



NEXT 36
$EXAMPLE NUMBER SIX

tMODEL NUMBER FIVE

tREFERENCE: PAGE 48, HINES.

$THIS MODEL IS SIMILAR TC MODEL FOUR kITH 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 BECAUSE

$ THE SYSTEM IS FULL.

$THE MEAN NUMBER OF EMPTY CHANNELS IS ALSO GIVEN.

A,P,TA=3

SE, EXP,TS=12

CHAN=5

CAPACITY OF SYSTEM IS=2O

SOLVE PROBLEM



PROBLEM NUMBER 6

DESCRIPTION AND ANALYSIS CF QUEUEING MODEL TYPE 5

ARRIVAL DISTRIBUTION IS POISSON

SOURCE POPULATION IS CONSIDERED TO BE INFINITE

SERVICE TIME DISTRIBUTION IS EXPONENTIAL

NUMBER OF SERVICE CHANNELS IN PARALLEL = 5

QUEUE CAPACITY OF SYSTEM IS EQUAL TO 20

QUEUE DISCIPLINE IS ASSUMED TO BE FIFO

MEAN INTERARRIVAL TIME..............................................................TA= 3.CCC0

MEAN ARRIVAL RATE .......................................................... LAMBDA= 0.3333

MEAN ENTRY RATE ............................................................... ENTRY= 0.3320

MEAN SERVICE TIME ................................ ....................................TS = 12.COCO

MEAN SERVICE RATE ................................ ....................................MU= 0.0833

TRAFFIC INTENSITY ................................ .................................PSI = 4.0000

SERVER UTILIZATION ................................ .................................RHC = 0.8CC0

PROBABILITY ARRIVAL WILL NOT HAVE TO WAIT PNCWT= 0.4530

PROPORTION OF: TIME SYSTEM IS IDUE . . . . . . P0= 0.C132
PROBC NO. OF CUSTOMERS IN SYSTEM = 1) . . Pt 1)= 0.0528
PROBI NO. CF CUSTOMERS IN SYSTEM = 2) . . Pt 2)= 0.1055
PROBt NO. CF CUSTOMERS IN SYSTEM = 3) . . P( 3)= 0.1407
PROBt NO. CF CUSTOMERS IN SYSTEM = 4) . . Pt 4)= 0.1407
PROBt NO. OF CUSTOMERS IN SYSTEM = 5) . . Pt 5)= 0.1126
PROBt NO. CF CUSTOMERS IN SYSTEM = 6) . . Pt 6)= 0.0901
PROBt NO. CF CUSTOMERS IN SYSTEM = 7) . . Pt 7)= 0.0721
PROBt NO. OF CUSTOMERS IN SYSTEM = 8) . . Pt 8)= 0.0576
PROBt NO. CF CUSTOMERS IN SYSTEM = 9) . . Pt 9)= 0.0461
PROBt NO. CF CUSTOMERS IN SYSTEM =10) . . PtlO)= 0.0369
PROBt NO. OF CUSTOMERS IN SYSTEM =11) . . P(ll)= 0.0295
PROBt NO. CF CUSTOMERS IN SYSTEM =12) . . P(12)= 0.C236
PROBt NO. CF CUSTOMERS IN SYSTEM =13) . . P(13)= 0.0189
PROBt NO. OF CUSTOMERS IN SYSTEM =14) . . P(14)= 0.0151
PROBt NO. CF CUSTOMERS IN SYSTEM =15) . . Pt 15) = 0.0121
PROBt NO. CF CUSTOMERS IN SYSTEM =16) . . P(16)= 0.0097
PROBt NO. CF CUSTOMERS IN SYSTEM =17) . . P(17)= 0.0077
PROBt NO. CF CUSTOMERS IN SYSTEM =18) . . P(18)= 0.C062
PROBt NO. CF CUSTOMERS IN SYSTEM =19) . . P(19)= 0.0050
PROPORTION OF"■ TIME SYSTEM IS FULL . . . . P(20)= 0.0040

MEAN NUMBER OF EMPTY CHANNELS ................................. AVEC= 1.0158

MEAN NUMBER OF CUSTOMERS IN SYSTEM ............................ L= 5.9188

MEAN NUMBER OF CUSTOMERS IN QUEUE ............................ LQ= 1.9347

MEAN TIME IN SYSTEM.......................................................................W= 17.8271



NEXT 38
$EXAMPLE NUMBER SEVEN

$MOOEL NUMBER FIVE

{REFERENCE: PAGE 53, HINES.

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

{ CAPACITY OF THE SYSTEM EQUALS THE NUMBER OF

{ SERVERS, THUS NC QUEUE IS ALLOWED.

A,P,TA=.5

SER,EXP,TS=1O

CHAN=10

CAP=1O

SOLVE



PROBLEM NUMBER 7

DESCRIPTION AND ANALYSIS OF QUEUEING MODEL TYPE 5

ARRIVAL DISTRIBUTION IS POISSON

SOURCE POPULATION IS CONSIDERED TO BE INFINITE

SERVICE TIME DISTRIBUTION IS EXPONENTIAL

NUMBER OF SERVICE CHANNELS IN PARALLEL = 10

QUEUE CAPACITY OF SYSTEM IS EQUAL TO 10

QUEUE DISCIPLINE IS ASSUMED TO RE FIFO

MEAN INTERARRIVAL TIME TA= 0.5000

MEAN ARRIVAL RATE  LAMBDA= 2.0000

MEAN ENTRY RATE  ENTRY= 0.9241

MEAN SERVICE TIME TS= 10.0000

MEAN SERVICE RATE MU= 0.1000

TRAFFIC INTENSITY  PSI= 20.00CC

SERVER UTILIZATION  RHO= 2.0000

PROPORTION OF TIME SYSTEM IS IDLE P0= 0.0000
PRCBI NO. OF CUSTOMERS IN SYSTEM =1) . . P( 1)= O.COCO 
PROBt NO. OF CUSTOMERS IN SYSTEM =2) . . P( 2)= O.OCCC 
PROB! NO. OF CUSTOMERS IN SYSTEM =3) . . P( 3)= 0.0003 
PRCBI NO. OF CUSTOMERS IN SYSTEM =4) . . P( 41= 0.0013 
PROBI NO. CF CUSTOMERS IN SYSTEM =5) . . PI 5)= 0.0051 
PROBI NO. OF CUSTOMERS IN SYSTEM =6) . . PI 6)= 0.0169 
PROBI NO. OF CUSTOMERS IN SYSTEM =7) . . PI 7)= 0.0484 
PROBI NO. CF CUSTOMERS IN SYSTEM =8) . . PI 8)= 0.1210 
PROBI NO. CF CUSTOMERS IN SYSTEM =9) . . PI 9)= 0.2690
PROPORTION OF TIME SYSTEM IS FULL . . . . PI 10)= 0.5380

PROBABILITY ARRIVAL WILL NOT HAVE TO WAIT PNOWT= 0.4620

MEAN NUMBER OF EMPTY CHANNELS  AVEC= 0.7593

MEAN NUMBER OF CUSTOMERS IN SYSTEM  L= 9.2407

MEAN NUMBER OF CUSTOMERS IN QUEUE.............................. LQ= 0.0

MEAN TIME IN SYSTEM W= 10.0000 

MEAN TIME IN QUEUE ...................................................................WQ= 0.0



NEXT 40

SEXAMPLE NUMBER EIGHT

SMODEL NUMBER SIX

SREFERENCE: PAGE 47, I.B.M. MANUAL.

(TWELVE MACHINES / TWO CHANNELS.

(COMPARE WITH EXAMPLE THREE WITH SIX MACHINES / ONE SERVER.

ARRIVAL:POISSON:TA=6C

SERVICE:EXPONENT I AL:TS=12

POPULATION=12

CHANNELS=2

SOLUTION



PROBLEM NUMBER 8

DESCRIPTION ANO ANALYSIS OF CUEUEING MODEL TYPE 6

ARRIVAL DISTRIBUTION IS POISSON

SOURCE POPULATION IS OF SIZE 12

SERVICE TIME DISTRIBUTION IS EXPONENTIAL

NUMBER OF SERVICE CHANNELS IN PARALLEL = 2

QUEUE CAPACITY OF SYSTEM IS CONSIDERED TO BE UNLIMITED

QUEUE DISCIPLINE IS ASSUMED TO BE FIFO

MEAN INTERARRIVAL TIME ..................... ....................................TA = 60.0000

MEAN ARRIVAL RATE ................................ ...................... LAMBDA= 0.0167

MEAN SERVICE TIME ................................ ....................................TS = 12.COCO

MEAN SERVICE RATE ................................ ....................................MU= 0.0833

TRAFFIC INTENSITY ................................ .................................PSI = 0.2000

SERVER UTILIZATION ................................ .................................RHO = 0.1C 0 C

PROBABILITY ARRIVAL WILL NOT HAVE TO WAIT PNOWT= 0.3846

PROPORTION OF: TIME SYSTEM IS IDLE e • e • • e P0 = 0.0637
PROBt NO. OF CUSTOMERS IN SYSTEM 1) • e p ( 1 ) = 0.1528
PROBC NO. OF CUSTOMERS IN SYSTEM = 2) e e Pt 2) = 0.1681
PROBt NO. OF customers IN SYSTEM = 3) • • p( 3) = 0.1681
PROBt NO. OF CUSTOMERS IN SYSTEM X 4) e e Pt 4) = 0.1513
PROBt NO. OF CUSTOMERS IN SYSTEM X 5) e e Pt 5) = 0.1210
PROBt NO. OF CUSTOMERS IN SYSTEM =. 6 ) e * Pt 6) = 0.0847
PROBt NO. OF CUSTOMERS IN SYSTEM 7) • e Pt 7) = 0.0508
PROBt NO. OF CUSTOMERS IN SYSTEM = 8) • e Pt 8) = 0.C254
PROBt NO. OF CUSTOMERS IN SYSTEM 9) e e Pt 9) = 0.0102
PROBt NO. OF CUSTOMERS IN SYSTEM 10) e e P(10 ) = 0.0031
PROBt NO. OF CUSTOMERS IN SYSTEM = 11) • e Pt 11) = 0.0006
PROBt NO. GF CUSTOMERS IN SYSTEM - 12) e ■ Pt 12) = 0.0C01

PROBABILITY ARRIVAL WILL HAVE TO WAIT . . . . PD= 0.6154

MEAN DELAY FOR THOSE OBLIGED TO WAIT . . DELAY= 19.0632

INTERARRIVAL TIME PER CUSTOMER  TB= 83.7307

MEAN NUMBER OF EMPTY CHANNELS  AVEC= 0.2802

MEAN NUMBER OF CUSTOMERS IN SYSTEM  L= 3.4C10

MEAN NUMBER OF CUSTOMERS IN QUEUE  LQ= 1.6812

MEAN TIME IN SYSTEM W= 23.7307

MEAN TIME IN QUEUE WQ= 11.7307



NEXT PROBLEM 42
$EXAMPLE NUMBER NINE

$MODEL NUMBER SEVEN

SREFERENCE: PAGE ICO, HINES.

$THIS MODEL IS A SINGLE CHANNEL MODEL WITH POISSON

$ ARRIVAL AND CONSTANT SERVICE RATES.

$THE REGULAR ASSUMPTIONS ARE MADE.

$THE FOLLOWING ARE EXAMPLES OF VARIOUS 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.

SAS K=INFINITY THE VARIANCE EQUALS ZERO, THUS THE

$ SERVICE DISTRIBUTION IS CONSTANT.

A,P,LAM=1.2

SE,CONSTANT,MU=3

SOLUTION



PROBLEM NUMBER 9

DESCRIPTION AND ANALYSIS OF QUEUEING MODEL TYPE 7

ARRIVAL DISTRIBUTION IS POISSON

SOURCE POPULATION IS CONSIDERED TO BE INFINITE

SERVICE TIME DISTRIBUTION IS CONSTANT

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..............................................................TA= 0.8333

MEAN ARRIVAL RATE ............................................................. LAMRDA= 1.2000

MEAN SERVICE TIME...........................................................................TS= 0.3333

MEAN SERVICE RATE...........................................................................MU= 3.COCO

SERVER UTILIZATION ............................................................... RHO= 0.40CC

PROPORTION OF TIME SYSTEM IS IDLE.............................. P0= 0.6000

MEAN NUMBER OF CUSTOMERS IN SYSTEM ............................ L= 0.5333

MEAN NUMBER OF CUSTOMERS IN QUEUE ............................ LQ= 0.1333

MEAN TIME IN SYSTEM....................................................................W= 0.4444

MEAN TIME IN QUEUE ................................................................. kQ= 0.1111



SEXAMPLE NUMBER TEN 44
$MODEL NUMBER EIGHT

STHIS MODEL IS A SINGLE CHANNEL MODEL WITH POISSON

$ ARRIVAL RATE AND ERLANG CLASS K SERVICE RATE.

SERLANG CLASS 2G

SE,ER-20,MU=3

$NOTE: SINCE ONLY THE SERVICE INSTRUCTION IS CHANGED FRCM

$ THE PREVIOUS PROBLEM, THAT THE NEXT PROBLEM

$ INSTRUCTION WAS OMITTED.

SOLVE



PROBLEM NUMBER 10

45
ARRIVAL DISTRIBUTION IS POISSON

SOURCE POPULATION IS CONSIDERED TO BE INFINITE

SERVICE TIME DISTRIBUTION IS ERLANG OF CLASS 20

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 TA = 0.8333

MEAN ARRIVAL RATE LAMBDA= 1.2000

MEAN SERVICE TIME TS = 0.3333

MEAN SERVICE RATE 3.COCOMU=

SERVER UTILIZATION RHO = 0.4000

PROPORTION OF TIME SYSTEM IS IDLE P0 = 0.60C0

MEAN NUMBER OF CUSTOMERS IN SYSTEM 0.5400L =

VARIANCE OF NUMBER IN SYSTEM 0.6087VARL =

90S OF THE TIME, NUMBER IN SYSTEM IS LESS THAN 1.5542

95? OF THE TIME, NUMBER IN SYSTEM IS LESS THAN 2.1003

MEAN NUMBER OF CUSTOMERS IN GUEUE LQ = 0.1400

MEAN TIME IN SYSTEM 0.4500W =

VARIANCE OF TIME IN SYSTEM VARW = 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 WQ= 0.1167

DESCRIPTION AND ANALYSIS OF QUEUEING MODEL TYPE 8



SEXAMPLE NUMBER ELEVEN

$MODEL NUMBER EIGHT

SERLANG CLASS TEN

SE,ER-10,MU=3.

$NOTE: AGAIN CNLY THE SERVICE INSTRUCTION IS CHANGED.

SOLVE

46



PROBLEM NUMBER 11

DESCRIPTION AND ANALYSIS OF CUEUEING MODEL TYPE 8

ARRIVAL DISTRIBUTION IS POISSON

SOURCE POPULATION IS CONSIDERED TO BE INFINITE

SERVICE TIME DISTRIBUTION IS ERLANG OF CLASS 10

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..............................................................TA= 0.8333

MEAN ARRIVAL RATE ............................................................. LAMBDA= 1.2000

MEAN SERVICE TIME...........................................................................TS= 0.3333

MEAN SERVICE RATE...........................................................................MU= 3.0000

SERVER UTILIZATION ............................................................... RHO= 0.4000

PROPORTION OF TIME SYSTEM IS IDLE................................P0= 0.6CCC

MEAN NUMBER OF CUSTOMERS IN SYSTEM ........................... L= 0.5467

VARIANCE OF NUMBER IN SYSTEM ..................................... VARL= 0.6311

90? OF THE TIME, NUMBER IN SYSTEM IS LESS THAN 1.5794

95? OF THE TIME, NUMBER IN SYSTEM IS LESS THAN 2.1355

MEAN NUMBER OF CUSTOMERS IN QUEUE ........................... LQ= 0.1467

MEAN TIME IN SYSTEM...................................................................... W= 0.4556

VARIANCE OF TIME IN SYSTEM .......................................... VARW= 0.0586

90? OF THE TIME, TIME IN SYSTEM IS LESS THAN 0.7704

95? OF THE TIME, TIME IN SYSTEM IS LESS THAN 0.9399 

MEAN TIME IN QUEUE ...................................................................WQ= 0.1222



SEXAPPLE NUMBER TWELVE 

SMODEL NUMBER EIGHT 

SERLANG CLASS THREE 

SERVICE:ERLANG-3:MU=3

SOLVE
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PROBLEM NUMBER 12

DESCRIPTION AND ANALYSIS OF QUEUEING MODEL TYPE R 49

ARRIVAL DISTRIBUTION IS POISSON

SOURCE POPULATION IS CONSIDERED TO EE INFINITE

SERVICE TIME DISTRIBUTION IS ERLANG OF CLASS 3

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 TA= 0.8333

MEAN ARRIVAL RATE  LAMBDA= 1.20C0

MEAN SERVICE TIME TS= 0.3333

MEAN SERVICE RATE MU= 3.0000

SERVER UTILIZATION  RHO= 0.4000

PROPORTION OF TIME SYSTEM IS IDLE P0= 0.6000

MEAN NUMBER OF CUSTOMERS IN SYSTEM  L= 0.5778

VARIANCE OF NUMBER IN SYSTEM  VARL= 0.7417

90? OF THE TIME, NUMBER IN SYSTEM IS LESS THAN 1.6974

951 OF THE TIME, NUMBER IN SYSTEM IS LESS THAN 2.3002

MEAN NUMBER OF CUSTOMERS IN QUEUE  LQ= 0.1778

MEAN TIME IN SYSTEM W= 0.4815

VARIANCE OF TIME IN SYSTEM  VARW= 0.1139

90? OF THE TIME, TIME IN SYSTEM IS LESS THAN 0.92C1

95? OF THE TIME, TIME IN SYSTEM IS LESS THAN 1.1563

MEAN TIME IN QUEUE kQ= 0.1481



$EXAMPLE NUMBER THIRTEEN

SMODEL NUMBER CNE

$ERLANG CLASS ONE IS THE SAME AS EXPONENTIAL DISTRIBUTION

SE,ER-1,MU=3

SOLVE
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PROBLEM NUMBER 13

DESCRIPTION AND ANALYSIS OF QUEUEING MODEL TYPE 1
5.

ARRIVAL DISTRIBUTION IS PCISSCN

SOURCE POPULATION IS CONSIDERED TO PE INFINITE

SERVICE TIME DISTRIBUTION IS EXPONENTIAL

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..............................................................TA= 0.8333

MEAN ARRIVAL RATE ............................................................ LAMBCA= 1.2000

MEAN SERVICE TIME..........................................................................TS= 0.3333

MEAN SERVICE RATE..........................................................................MU= 3.COCO

SERVER UTILIZATION ............................................................... RHO= 0.40C0

PROPORTION OF TIME SYSTEM IS IDLE . . . . . . P0= 0.6000
PROBI NO. OF CUSTOMERS IN SYSTEM = 1) . . P( 11= 0.2400
PROB( NO. CF CUSTOMERS IN SYSTEM = 2) . . P( 2)= 0.C960
PROBI NO. OF CUSTOMERS IN SYSTEM = 3) . . PI 3)= 0.0384

MEAN NUMBER OF CUSTOMERS IN SYSTEM ........................ L= 0.6667

VARIANCE OF NUMBER IN SYSTEM ..................................... VARL= 1.1111

90? OF THE TIME, NUMBER IN SYSTEM IS LESS THAN 1.5129

95? OF THE TIME, NUMBER IN SYSTEM IS LESS THAN 2.2694

MEAN NUMBER OF CUSTOMERS IN QUEUE • • • . . . LQ= 0.2667

VARIANCE OF NUMBER IN QUEUE . . . . VARLQ= 0.5511

MEAN TIME IN SYSTEM..................................................................... ki= 0.5556

VARIANCE OF TIME IN SYSTEM . . ................................ VARW= 0.3086

90? OF THE TIME, TIME IN SYSTEM IS LESS THAN 1.2778

95? OF THE TIME, TIME IN SYSTEM IS LESS THAN 1.6667

MEAN TIME IN QUEUE ..................... .........................................wo= 0.2222

VARIANCE OF QUEUE TIME . . . . ........................... VARWQ= 0.1975

90? OF THE TIME, TIME IN QUEUE IS LESS THAN 0.7702

95? OF THE TIME, TIME IN QUEUE IS LESS THAN 1.1552



NEXT 52
SEXAMPLES 14 - 16

$MODEL NUMBER 11 - 13

SREFERENCE: PAGE 25, I.B.M. MANUAL.

$THESE MODELS ARE SINGLE CHANNEL MODELS WITH POISSON

$ ARRIVAL RATES AND VARIOUS SERVICE DISTRIBUTIONS.

$THESE MODELS ARE MULTI-STREAM MODELS WHERE THE FIRST

$ STREAM IS CALLED PRIORITY CLASS ONE, ETC., CLASS

$ ONE FAS PRIORITY OVER CLASS TWC, ETC..

STHESE MODELS LIST RESULTS FOR EACH CLASS AS WELL AS THE

$ TOTAL RESULTS OF THE SYSTEM.

SSERVICE IS FIFO WITHIN A PRIORITY.

$THE HIGHER PRIORITY CLASS (LOWER NUMBER) IS SERVED FIRST.

$THE STREAMS ARE LISTED HIGHER PRIORITY FIRST.

ARRIVAL:POISSCN:LAMBDA=.5,.1

SERVICE:CONSTANT:TS=.2

SERVICE:EXPONENTIAL:TS=5.

DI SC I PLINE:NONPREEMPT IVE PRIORITY

SOLVE



PRIORITY PROBLEM NUMBER P 1

DESCRIPTION AND ANALYSIS OF QUEUEING MODEL TYPE 11 53

ARRIVAL DISTRIBUTION IS POISSON

SOURCE POPULATION IS CONSIDERED TO BE INFINITE

SERVICE TIME DISTRIBUTION FOR PRIORITY 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

***** INFORMATION AND RESULTS FOR PRIORITY CLASS 1 *****

MEAN INTERARRIVAL TIME TA= 2.0000

MEAN ARRIVAL RATE  LAMBDA= 0.5000

MEAN SERVICE TIME TS= 0.2000

MEAN SERVICE RATE MU= 5.0000

SERVER UTILIZATION  RHC= 0.1000

CUMULATIVE UTILIZATION CF PRIORITY 1 UP TO 1 IS = 0.1000

TOTAL SERVER UTILIZATION FOR SYSTEM  = 0.6000

MEAN NUMBER OF CUSTOMERS IN SYSTEM  L= 1.4944

MEAN NUMBER OF CUSTOMERS IN QUEUE  LQ= 1.3944

MEAN TIME IN SYSTEM W= 2.9889

MEAN TIME IN QUEUE kQ= 2.7889
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***♦♦ INFORMATION and results for priority CLASS 2 *****

MEAN INTERARRIVAL TIME..............................................................TA= 10.0000

MEAN ARRIVAL RATE ............................................................. LAPBDA= 0.1CC0

MEAN SERVICE TIME...........................................................................TS= 5.CCC0

MEAN SERVICE RATE...........................................................................MU= 0.2C00

SERVER UTILIZATION ............................................................... RH0= 0.5000

CUMULATIVE UTILIZATION OF PRIORITY 1 UP TO 2 IS = 0.6000

TOTAL SERVER UTILIZATION FOR SYSTEM ........................... = 0.6000

MEAN NUMBER OF CUSTOMERS IN SYSTEM ............................ L= 1.1972

MEAN NUMBER OF CUSTOMERS IN QUEUE ............................ LQ= 0.6972

MEAN TIME IN SYSTEM.....................................................................W= 11.9722

MEAN TIME IN QUEUE ...................................................................hQ= 6.9722
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♦**♦* TOTAL RESULTS OF SYSTEM *****

MEAN INTERARRIVAL TIME TA= 1.6667

MEAN ARRIVAL RATE  LAMBCA= 0.6000

MEAN SERVICE TIME TS= l.COCO

MEAN SERVICE RATE MU= 1.0000

TOTAL SERVER UTILIZATION FOR SYSTEM  = 0.6000

MEAN NUMBER OF CUSTOMERS IN SYSTEM  L= 2.6917

MEAN NUMBER OF CUSTOMERS IN QUEUE  LQ= 2.0917

MEAN TIME IN SYSTEM W= 4.4861

MEAN TIME IN QUEUE WQ= 3.4861



56SCHANGE PRIORITY TO PREEPPTIVE-RESUNE.

$IN THIS MODEL, ARRIVALS kITH A HIGHER PRIORITY INTERRUPT

$ (PREEMPT) SERVICE OF A LOWER CLASS PRIORITY CUSTOMER

SAN INTERRUPTED CUSTOMER WILL CONTINUE SERVICE WHERE

$ IT LEFT OFF WHEN IT BECOMES THE HIGHEST PRIORITY

$ CLASS CUSTOMER IN THE SYSTEM.

DISCIPLINE:PREEMPTIVE

SOLVE



PRIORITY PROBLEM NUMBER P 2

DESCRIPTION AND ANALYSIS OF CUEUEING MODEL TYPE 12
5 7

ARRIVAL DISTRIBUTION IS POISSON

SOURCE POPULATION IS CONSIDERED TO BE INFINITE

SERVICE TIME DISTRIBUTION FOR PRIORITY 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 PREEMPTIVE-RESUME PRIORITY

♦*♦♦♦ INFORMATION AND RESULTS FOR PRIORITY CLASS 1 *****

MEAN INTERARRIVAL TIME............................................................. TA= 2.CCCC

MEAN ARRIVAL RATE ............................................................. LAMBDA= O.5CC0

MEAN SERVICE TIME...........................................................................TS= 0.2000

MEAN SERVICE RATE...........................................................................MU= 5.COCO

SERVER UTILIZATION ............................................................... RHO= 0.10C0

CUMULATIVE UTILIZATION OF PRIORITY 1 UP TO 1 IS = 0.1000

TOTAL SERVER UTILIZATION FOR SYSTEM ........................... = 0.6CC0

MEAN NUMBER OF CUSTOMERS IN SYSTEM ............................ L= 0.1056

MEAN NUMBER OF CUSTOMERS IN QUEUE ............................ LQ= 0.0056

MEAN TIME IN SYSTEM..................................................................... W= 0.2111

MEAN TIME IN QUEUE ...................................................................WQ= 0.0111
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*♦♦** INFORMATION and results for priority CLASS 2 *****

MEAN INTERARRIVAL TIME..............................................................TA= 10.COCO

MEAN ARRIVAL RATE ............................................................. LAMBOA= 0.1000

MEAN SERVICE TIME...........................................................................TS= 5.00C0

MEAN SERVICE RATE...........................................................................MU= 0.2CC0

SERVER UTILIZATION ............................................................... RHO= 0.5CCC

CUMULATIVE UTILIZATION OF PRIORITY 1 UP TO 2 IS = 0.6000

TOTAL SERVER UTILIZATION FOR SYSTEM ........................... = 0.6000

MEAN NUMBER OF CUSTOMERS IN SYSTEM ............................ L= 1.2528

MEAN NUMBER OF CUSTOMERS IN QUEUE ............................ LQ= 0.7528

MEAN TIME IN SYSTEM..................................................................... W= 12.5278

MEAN TIME IN QUEUE ...................................................................WQ= 7.5278
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♦♦♦♦♦ TOTAL results of system *****
MEAN INTERARRIVAL TIME TA= 1.6667

MEAN ARRIVAL RATE  LAMBDA= 0.60C0

MEAN SERVICE TIME TS= 1.0000

MEAN SERVICE RATE MU= l.COOO

TOTAL SERVER UTILIZATION FOR SYSTEM  = 0.6000

MEAN NUMBER OF CUSTOMERS IN SYSTEM  L= 1.2528

MEAN NUMBER OF CUSTOMERS IN QUEUE  LQ= 0.6528

MEAN TIME IN SYSTEM W= 2.0880

MEAN TIME IN QUEUE WQ= 1.0880



SCHANGE THE PRICRITY MODEL TO A NO PRIORITY MODEL STILL 60

$ CONTAINING MORE THAN ONE ARRIVAL STREAM.

$SERVICE DISCIPLINE IS FIFO.

CISCIPLINEINC PRIORITY

SOLVE



PRIORITY PROBLEM NUMBER P 3

DESCRIPTION AND ANALYSIS OF QUEUEING MODEL TYPE 13 6 1
ARRIVAL DISTRIBUTION IS POISSON

SOURCE POPULATION IS CONSIDERED TO BE INFINITE

SERVICE TIME DISTRIBUTION FOR PRIORITY 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 NONPRIORITY

*♦♦♦* INFORMATION AND RESULTS FOR PRIORITY CLASS 1 *****

MEAN INTERARRIVAL TIME TA= 2.0003

MEAN ARRIVAL RATE  LAMBDA= 0.5000

MEAN SERVICE TIME TS= 0.2000

MEAN SERVICE RATE MU= 5.0000

SERVER UTILIZATION  RHC= 0.1000

CUMULATIVE UTILIZATION OF PRIORITY 1 UP TO 1 IS = 0.10C0

TOTAL SERVER UTILIZATION FOR SYSTEM  = 0.6000

MEAN NUMBER OF CUSTOMERS IN SYSTEM  L= 3.2375

MEAN NUMBER OF CUSTOMERS IN QUEUE  LQ= 3.1375

MEAN TIME IN SYSTEM W= 6.4750

MEAN TIME IN QUEUE kQ= 6.2750
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♦♦♦** INFORMATION AND RESULTS FOR PRIORITY CLASS 2 *****

MEAN INTERARRIVAL TIME..............................................................TA= 10.0000

MEAN ARRIVAL RATE ............................................................. LAMBDA= 0.10C3

MEAN SERVICE TIME...........................................................................TS= 5.CCC0

MEAN SERVICE RATE...........................................................................MU= 0.2000

SERVER UTILIZATION ............................................................... RH0= 0.5C00

CUMULATIVE UTILIZATION CF PRIORITY 1 UP TO 2 IS = 0.6000

TOTAL SERVER UTILIZATION FOR SYSTEM ........................... = 0.6000

MEAN NUMBER OF CUSTOMERS IN SYSTEM ............................ L= 1.1275

MEAN NUMBER OF CUSTOMERS IN QUEUE ............................ L0= 0.6275

MEAN TIME IN SYSTEM..................................................................... W= 11.2750

MEAN TIME IN QUEUE ...................................................................hQ= 6.2750
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*♦♦♦♦ total results of system *****
MEAN INTERARRIVAL TIME TA= 1.6667

MEAN ARRIVAL RATE  LAMBCA= 0.60C0

MEAN SERVICE TIME TS= l.CGCO

MEAN SERVICE RATE MU= 1.0000

TOTAL SERVER UTILIZATION FOR SYSTEM ........................... = 0.6000

MEAN NUMBER OF CUSTOMERS IN SYSTEM.................................L = 4.3650

MEAN NUMBER OF CUSTOMERS IN QUEUE.............................. LQ= 3.7650

MEAN TIME IN SYSTEM K= 7.2750

MEAN TIME IN QUEUE WQ= 6.2750



$END OF DATA INSTRUCTION 64
$THIS IS LAST INSTRUCTION READ INCLUDING COMMENTS.

SAT THE END OF THE OUTPUT WILL BE A SUMMARY OF THE OUTPUT

$ FOR THE INDIVIDUAL MODELS DESCRIBED BY THE USER.

SA SUMMARY WILL ONLY BE PROVIDED IF MORE THAN ONE PROBLEM

$ OF EITHER THE SINGLE OR MULTI-STREAM MODELS

$ HAS BEEN SOLVED.

END



SUMMARY RESULTS OF SINGLE STREAM MODELS

PROBLEM
NUMBER

PROB.
SYSTEM 
IS 
EMPTY

MEAN
NUMBER
IN
SYSTEM

MEAN 
NUMBER 
IN 
QUEUE

MEAN
T IME 
IN 
SYSTEM

65 MEAN
TIME 
IN
QUEUE

1 0.200 4.C0C 3.200 C.20C 0.1 60

2 0.178 2.420 1.598 0.303 0.181

3 0.192 1.959 1.151 29.092 17.092

4 0.045 6.011 3.511 12.022 7.0 22

5 0.006 5.810 0.810 34.862 4.862

6 0.013 5.919 1.935 17.827 5.827

7 0.000 9.241 O.C 1C.000 O.C

8 0.064 3.401 1.681 23.731 11.731

9 0.600 0.533 0.133 0.444 0.111

10 0.600 0.540 0.140 0.450 0.117

11 0.600 0.547 0.147 0.456 0.122

12 0.600 0.578 0.178 0.481 0.148

13 0.600 0.667 0.267 0.556 0.222



♦** SUMMARY RESULTS OF MULTI-STREAM MODELS

PROBLEM MEAN MEAN MEAN mean 66
NUMBER NUMBER NUMBER TIME TIME

IN IN IN IN
SYSTEM QUEUE SYSTEM QUEUE

1 2.692 2.092 4.486 3.486

2 1.253 0.653 2.088 1.088

3 4.365 3.765 7.275 6.275



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 variables 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 correspond!ng 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. In 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 latter 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. All 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 alphabet! 

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, is 

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. In 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, M0DL12, or M0DL13 is called depending on 

the type of discipline used, nonpreemptive, preemptive, 

preempt!ve-resume, or no-priority respectfully.

4.1.9 Subroutines M0DL1-M0DL8, and M0DL11-M0DL13

Subroutines MODI 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 results. This 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 is 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 

language. 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 language allows the user to easily describe 

and modify a queueing model. The output of the QUEUE language 

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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PAGE 1

1: c*** I^ALs, PROGRAM MAIN 10
2:
3:

DATA ISIGN/'SV
COMMON BLOCKS 1-5 ARE LITERAL CONSTANTS

MAIN
MAIN

20
30

4: C0MM0N/BLK1/ J AC,JBC,JCC,JDC,JEC,JFC,JGC,JHC,J IC,JJC , JKC,JLC , JMC MAIN 40
5 : CCMM0N/BLK2/ JNC, JCC,JPC,JQC,JRC,J SC,JTC,JUC♦JVCtJHC , JXC,JYC , JZC MAIN 50
6: COMMON/BLK3/ JOC,J1C,J2C,J3C,J4C,J5C , J6C , J7C,J8C,J9C MAIN 60
7: C0MMCN/BLK4/ J PL U S, J M11 NL S , JPE R , JO I V , JMUL » JE QU , JB L ANK , J COM M A, J COL CNM A IN 70
8 :
9 :

CCMM0N/BLK5/JPCENT
COMMCN/BLK6/PRCENTtIPCPtICHANS,T,ICAP,IFI ND

MAIN
MA IN

80
90

10: CUMMUN/BLK7/ AR I VAL,KPR I OR,IDI SC,FSERV,V AR,ERLANG MAIN 100
11: COMMON / BLK8 / TA(10 ) ,TS,NUM, I PROB,LAMBCA( 10),MU main 110
12: COMMON / BLK18 / ITYPE(1C ) ,ILANG(10)fTTS(10),TMU( 10),TVAR(10) MA IN 120
13:
14:
15 :
16: c***

CUMMCN/BLK2C/NUMS
CCMMCN/BLK25/N
COMMON / BLK26 /IPNUM
VARIABLE TYPE SIZE COMMON BLOCK COMMENT

MAIN
MAIN
MAIN
MAIN

130
140
150
160

17: PRCENT R 1 6 % VALUE MAIN 170
18: c*** IPCP I 1 6 POPULATION SIZE MAIN 1 80
19: c*** ICHANS I 1 6 NC. OF CHANNELS MAIN 190
2C : c*** T R 1 6 TIME MAIN 200
21: c*** ICAP I 1 6 CAPACITY MAIN 210
22: c*** IFINR I 1 6 FIND INSTRUCTION MA IN 220
23: c*** APIVAL I 1 7 ARRIVAL FLAG MAIN 230
24 : c*** KP^ICR I 1 7 PRIORITY FLAG MAIN 240
25: c*** miso I 1 7 DISCIPLINE FLAG MAIN 250
26: c*** FSCRV I 1 7 SERVICE FLAG MAIN 260
27: c*** VAP R 1 7 VARIANCE OF TS MAIN 270
28 : c *** ERLANG I 1 7 CLASS OF ERLANG MAIN 280
29: c * * * TA R 10 8 INTERARRIVAL TIME MAIN 290
3C : c*** TS R 1 8 SERVICE TIME MAIN 300
31 : c*** NUM I 1 8 NUMBER OF VALUES MAIN 310
32: c*** RETURNED FROM EVALMAIN 320
33: c*** IPROB I 1 8 PROBLEM NUMBER MAIN 330
34 : c*** UAMBCA R 10 8 ARRIVAU RATE MAIN 340
35: c*** MU R 1 8 SERVICE RATE MA IN 350
36: c*** THE FCULOMNG ARE USED IN THE MUUTI STREAM MODEUS MAIN 360
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37: c*** ITYPE I 10 18 SERVICE TYPE MAIN 370
38 : c*** ILM\G I 1C 18 CLASS OF ERLANG MAIN 380
39 : c*** TTS R 10 18 SERVICE TIME MAIN 39C
Al : c*** TMU R 10 18 SERVICE RATE MAIN 400
41 : c*** TVAR R 10 18 VARIANCE OF TTS MAIN 410
42 : c*** MJYS I 1 20 SERVICE CLASS DISTMAIN 420
43: c * * * i\ L M V I 1 VARIANCE INDEX MAIN 430
44: c*** K I 1 25 ERROR NUMBER MAIN 440
45: INTEGER FSER V,SV AL,ERLANG,AV AL MAIN 450
46: INTEGER ARIVAL,POINT MAIN 460
47: REAL LAM8CA.MU MAIN 470
48: CIMENSION L(80),VALUE(10) MAIN 480
49: c *** KPRIOR INDICATES IF PRIORITY CLASSES ARE TO BE USED , 0=NC , 1= YESMA IN 490
5u: c* ** * INITIAL PARAMETERS TO -1 MAIN 500
51: TS=-1 . MAIN 510
52: MU=-1. MAIN 520
53: DO 11 1 = 1, 1C MAIN 530
54 : VALUE(I)=C. MAIN 540
55 : TTS(I )=-l. MAIN 550
56: TMU(I)=-l. MAIN 560
57 : TVAR( I )=-l. MAIN 570
58: I LANG(I )=0 MAIN 580
59: T A ( I ) =- 1 . MAIN 590
6 u i LAMBDA! I )=-l . MAIN 600
61 : 11 CONTINUE MAIN 610
62: c*** IPROP IS THE PROBLEM NUMBER MAIN 620
63: IPROB= 1 MAIN 630
64: c*** IPNLM IS PRIORITY PROBLEM NUMBER MAIN 640
65: I PNUM = 1 MA IN 650
66: c MAIN 660

r 6 70Of* L
68 : c MAIN 680
69: 1 CONTINUE MAIN 690
70: V A R = 9.0 MAIN 700
71: KPRICR=O MAIN 710
72: c*** FSERV INDICATES TYPE OF SERVICE DISCIPLINE MAIN 720
73 : c*** FSERV=1 IS EXP, =2 IS GENERAL, = 3 IS CONSTANT, =4 IS ERLANG MAIN 730
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74 : FSFRV=C MAIN 740
75 : c*** ERLAXG INDICATES CLASS CF ERLANG CISTRIBLTION MAIN 75C
76: ERLANG=C MAIN 760
77: c*** AVAL=1 MEANS INTERARRIVAL TIME IS BEING USED BY THE USER MAIN 770
7P : c*** AVAL=2 MEANS ARRIVAL RATE IS USED MAIN 780
79: c*** IF SERVICE TIME IS USED THEN SVAL=1 MAIN 790
8C : c*** IF SERVICE RATE IS USED THEN SVAL=2 MAIN 800
61: SVAL=O MAIN 810
82: c*** KK INDICATES IF MERE THAN CNF VALUE CAN EE FOUND IN SUB. EVALUE MAIN 820
83: c*** KK = 1 MEANS UNLY ONE VALLE IS ALLOWED » KK=2 MEANS MCRE THAN ONE MAIN 830
84 : KK = 1 MAIN 840
85: c*** N INDICATE ERROR NUMPER N = 0 UNLESS OTHERWISE INDICATED MAIN 850
86: i\ = r MAIN 860
87 : c*** PRCENT INDICATES PERCENTAGE VALUE IN CHANNELS INSTRUCTION MAIN 870
88 : PRCENT=C. MAIN 880
89: c*** T INDICATES MAXIMUM WAITING TIME TO PROVIDE REOUIRED SERVICE MAIN 890
90: T=n. MAIN 9CC
91 : c*** IChANS INDICATES NUMBER CF PARALLEL CHANNELS MAIN 910
92: ICHANS=1 MAIN 920
93: c*** IFIND INDICATES IF NUMBER OF CHANNELS IS TO BE SOLVED FOR , C=NO MAIN 930
94 : IFINC=C MAIN 940
95: c*** IDISC INDICATES TYPF CF DISCIPLINE USED MAIN 950
96: 1=FIFO, 2=LIF0, 3=RAND0M, 4=NUNPREEMPTIVE, 5=PRE, 6=N0 PRIORITY MAIN 960
97: I DISC = 1 MAIN 970
98: c*** IPOP INDICATES SIZE CF SOURCE POPULATION, IPCP=-1 MEANS UNLIMITED MAIN 980
99: IPUP=-1 MAIN 990

ICO : c*** ICAP INDICATES SIZE OF CUEUE CAPACITY ICAP=-1 MEANS INFINITE MA IN1CC0
1C 1: ICAP=-1 MAIN1010
102: 2 CONTINUE MAIN1020
1C3: NUVS=D MAIN1030
1C4: NLMV=C MAIN1040
1C5:
1C6 :

3 
C

CONTINUE MAIN1050
■ r ti 1 IN 1 U 0 U

1C7: C MAIN1C70
1C8: C MAIN108C
1C9: c*** READ NEXT INSTRUCTION CARD MAIN1090
11C : c MAIN11CC
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111: 0 MAIN1110
112: 1C CCMTINLE MAIN1120
113: IF(N.GT.C) CALL HAD(N) MAINU30
114 : PEAD(5,12,ENC=99) (L(I),I=1,80) MA INI 140
115: 12 FCRIVAK 80A1 ) MAIN115C
116: C*** L(R0) CONTAINS THE INPLT INSTRUCTION IN ALPHA FORMAT MAIN1160
117: kR ITE(6,13)(L(I), I = 1»80 ) MAIN1170
118: 13 FORMAT(1HC,10X,80Al) MA INI 180
119: C*** REMOVE BLANKS AND LEFT JUSTIFY MAIN1190
120: C*** J IS THE LENGTH OF INPUT STRING AFTER REMOVING BLANKS MAIN12C0
121: CALL RLANK(L,J) MA IN121C
122: C*** IF BLANK OR COMMENT CARD, READ NEXT CARD MA IN1220
123: IF(J.FQ.C) GO TO 10 MAIN1230
124 : I F(L(1 ) .EC. ISIGN) GO TO 10 MA IN124C
125: C*** CHFCK INSTRUCTION TYPF MA IN1250
126: C*** NEXT PROBLEM INSTRUCTION MAIN1260
127: I F(L( 1 ) . EC.J NO.AND.L(2 ) .EG.JEC) GO TO 88 MA IN1270
128: C*** if LAST PROBLEM HAD AN ERROR THEN SKIP TO NEXT INSTRUCTION MAIN1280
120: IF( 4 .EQ. -2 ) GO TO 10 MAIN1290
130: C*** SOLVE INSTRUCTION MA IN13C0
131: IF(L( 1).EG.JSC.AND.L(2).EC.JOC.AND.L(3).EQ.JLC) GC TC 87 MAIN1310
132: C*** ARRIVAL MAIN1320
133 : I F(L( 1 ) .EC.JAC) GO TO 16 MAIN1330
134: C*** SERVICE MA IN134C
135: IF(L( 1) .EG.JSC) GC TC 32 MAIN1350
136: C*** CHANNEL SIZE MAIN1360
137: IF(L(1).EG.JCC.AND.L(2).EQ.JHC) GC TO 56 MA IN1370
138: C*** CAPACITY OF QUEUE MA IN1380
139: IF(L(1) . EG.JCC.AND.L(2 ) .EQ.JAC) GO TO 65 MAIN1390
14C: C*** QUFUE DISCIPLINE TYPE MAIN14C0
141: I F ( L ( D.EC.JDC) GC TC 71 MAIN1410
142: c*** POPULATION SIZE MAIN1420
143: IF(L(1).EC.JPC) GO TC 82 MAIN1430
144: C*** END GF DATA INSTRUCTION MA IN1440
145: I F(L( 1 l.EC.JEC) GO TO 99 MAIN1450
146: N = 1 MAIN1460
147: GC TC 10 MAIN147C
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148 : c ------------------------------------------------------------------------------------------------------------------------------------------ -----MA IN1480
149: C MA IN149Q
15C : 0 MAIN15C0
151 : c*** ARRIVAL INSTRUCTION *** MA IN151C
152: C MAIN1520
153: c MAIN1530
154: 16 CONTINUE MAIN1540
155: AVAL=C MA IN1550
156: CO 17 1=2,J MA IN1560
157 : IF(L(I).EC.JCOLON.OR.L( I) .EQ.JCOMMA.OR.L(I).EG.JECU) GO TO 18 MAIN1570
158 : 17 CONTINUE MAIN158C
159: N=2 MAIN1590
16G : GO TO 10 MAIN16C0
161 : C*** JJ IS USEC AS A POINTER TO SCAN TFE L STRING MAIN161C
162: 18 JJ=I+1 MAIN1620
163: C*** CHECK TYPE OF ARRIVAL DISTRIBUTION MAIN1630
164 : IF(L(JJ ) .EQ.JPC) GO TO 2C MA IN1640
165: N = 3 MA IN1650
166: GO TO 10 MAIN1660
167: 0*** ARRIVAL IS POISSON MA IN1670
168: C*** SET ARIVAL=1 MA IN168C
169: 20 AP.IVAL=1 MAIN1690
170: JJ=JJ+1 MAIN17CC
171: CO 21 I=JJ,J MAIN171C
172: IF(L( I).EQ.J COLON.OR.L(I).EQ.JCORMA.OR.L(I).EQ.JECU) GO TO 22 MAIN1720
173: 21 CONTINUE MAIN1730
174 : N=? MA IN1740
175: GO TO 1C MAIN175C
176 : 22 JJ=I+1 MAIN1760
177: C*** CHECK IF ARRIVAL RATE OR INTERARRIVAL TIME IS GIVEN MAIN1770
178: IF(L(J J).EQ.JTO.AND.L(JJ+1).EQ.JAC) AVAL = 1 MAIN1780
179: I F(L(JJ).EC.JLC.AND.L(JJ+1).EQ.JAC.AND.L(JJ + 2).EQ.JMC) AVAL = 2 MAIN1790
iec: IF(AVAL.GT.n) GO TO 23 MAIN18C0
161: N = 4 MAIN181C
182: CO TU 1C MAIN1820
183 : 23 CONTINUE MAIN1830
184 : JJ=JJ+2 MA IN184C



PAGE 6

185: c*** SEARCH FCR DELIMITER CHARACTER MAIN185C
186: CO 24 I=JJ,J MAIN1860
187: I F(L( I ) .EC.J COLON.OR.L(I).EQ.J COMMA. OR.L(I).EQ.JECU) GC TC 25 MAIN1870
188: 24 CENT I MjE MA IN1880
189: \ = 2 MA IN1890
190: CO TC 1C MAIN19C0
191 : c*** POINTS IS A POINTER AND IS NOW AT = SIGN MAIN191C
192: 25 POINT=I MAIN1920
193: KK = 2 MAIN1930
194: c*** IF MORE THAN ONE NUMBER IS PERMITTED KK=2 MAIN194C
195: c*** CALL SLBRCLTINF EVALLE TC EVALUATE MA IN1950
196: CALL EVALLEIPOLMT,VALLE,KK,NUM,L) MAIN1960
197: 1F( N .EC. -2 ) GO TO 10 MA IN1970
198: IF(AVAL.EG.1) GO TC 26 MA IN1980
199: IF(AVAL.EQ.2) GU TO 28 MAIN1990
2 CO: N=4 MAIN2CC0
2C1: GO TC 1C MAIN2C1C
2C2: 26 CONTINUE MAIN2020
2C3 : INTERARRIVAL TIMES USED MAIN2C30
2C4: CO 27 11 = 1,NUM MAIN2C4C
2C5: TA( 1 I ) = VALLE(II) MA IN2050
2C6: LAMPOAl I I ) = 1 .O/VALUE(II) MAIN2060
2C7: 27 CONTINUE MAIN2C70
2C8: GO TC 3C MAIN2080
209: 28 CONTINUE MAIN2090
21C: c*** ARRIVAL RATE IS USED MAIN21C0
211: CO 29 I I=1 ,NUM MAIN211C
212: LAMBDA! I I ) = VALUE( I I) MA IN2120
213: TA( I I ) = 1 .C/VALUE(II) MA IN2130
214: 29 CONTINUE MA IN2140
215: 30 CONTINUE MAIN2150
216: c*** IF MORE THAN ONE VALUE IS GIVEN THIS INDICATES PRIORITIES ARE USECMAIN2160
217: IF(NUM.GT.l) KPRICR=1 MA IN2170
218: GO TO 1C MAIN2180
o 1 Q •C 1 7 • c
2 2 C : c MAIN22C0
221: c MA IN2210
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222 c*** SERVICE INSTRUCTICN *** yAIN2220
223 C NAIN2230
22A 0 PAIN224C
225 32 CC'niNLE NA IN2250
226 MJMS=NUMS+1 NAIN2260
227 NUMV=NUMS NAIN227C
22« rr 33 1=2,J NA IN2280
229 I F(L( I ) .FC. JCULUN.OR.L(I).EQ.JCCFMA.OR.L(I).EQ.JECU) GC TC 34 NA IN2290
23C 33 CGUTINUE NAIN23CC
23 1 A=2 NA IN231C
232 CL' TO 1C NAIN2320
233 34 J J = I + 1 NAIN2330
234 c*** CHECK TYPE C!F SERVICE NA IN234C
235 IF(L( JJl.EQ. JEC.AND.K JJ+D.EQ.JRC) GC TC 38 NAIN235C
236 I F ( L ( JJ I.EL.JEC) GO Tl) 35 NAIN2360
237 IF(L(JJl.EQ.JGC.OR.L(JJ+1).EQ.JAC) GO TO 36 NAIN2370
2 3 9 IF(L(JJl.EQ.JCC) GC TC 37 NA IN2380
239 i\ = 3 NAIN2390
24C GC TC 10 NAIN24CC
241 c*** EXPONENTIAL StRVICE NAIN24 1C
242 3 5 FSERV=1 NAIN2420
243 GC TC 42 NAIN2430
244 C * * * GENERAL CR ARBITRARY MA IN2440
245 36 FSERV=2 NAIN245C
246 CO TO 42 NAIN2460
247 c*** CONSTANT NA IN2470
248 37 FSFRV=3 MAIN2480
249 CO TO 42 NA IN2490
25C. c*** ERLANG CLASS L NAIN25CC
251 38 FSFRV=4 NAIN2510
252 JJ=JJ+2 NAIN2520
253 CC 39 I=JJ,J MA IN2530
254 I F ( L ( I ) .EQ. Jb'INUS) GC TC 40 MAIN2540
255 39 CONTINUE NAIN2550
256 N = 2 NAIN2560
2 57 GC TO 1C MA IN2570
2 58 4C CONTINUE NAIN2580
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259: KK= 1 MAIN2590
260 : JJ= I MAIN26C0
261 : POI\T=I MAIN261C
262: CALL EVALLFJ PO L\T , VALUE , K K , NUM t L ) MAIN2620
263: IF( N .EQ. -2 ) GO TO 10 MAIN2630
264: E9LANG = V A LUE(NUM ) MAIN2640
265: IF(ERLANG.NE.l) GC TC 42 MA IN2650
266: FS8RV=1 MAIN266O
267: 42 JJ=JJ+1 MAIN2670
268: ro 43 MA IN2680
269: C*** SEARCH FOR DELIMITER CHARACTER MAIN2690
270 : IF(L( I ) .EC. JCOLON.OR .L(I ) . EQ.J COMM A.OR.L(I).EQ.JECU) GO TO 44 MA IN27C0
271 : 43 CONTINUE MA IN27 10
272: K = 2 MAIN2720
273 : r;c TC 10 MAIN2730
274: 44 JJ=I+1 MA IN2740
275: CHCCK IF SERVICE TIMF OR RATE IS GIVEN MAIN2750
276 : IF(L(JJ).EG.JTC.ANC.L(JJ+1).EQ.JSC) SVAL=1 MAIN2760
277 : IF(L(JJ).EC.JMC.AND.L(JJ + 1).EQ.JUC) SV AL = 2 MAIN2770
278: IF(SVAL.GT.O) GC TC 45 MAIN2780
279: N = 4 MAIN2790
2PC: CO TC 10 MAIN28CC
281: 45 CONTINUE MAIN2810
282: JJ=JJ+2 MAIN2820
283 : DC 46 I=JJ,J MAIN2830
284: IF(L(I).EC.JCOLON.CR.L(I).EQ.JCCMMA.CR.L(I).EQ.JECU) GC TC 47 MA IN2840
285 : 46 CONTINUE MA IN2850
236 : N = 2 MAIN2860
2 87: GO TC 10 MAIN2870
288: C*** POINT IS AT A DELIMITER CHARACTER JUST PRIOR TO NUMBER FIELD MA IN2880
289: 47 PCINT=I MAIN2890
290 : KK = 2 MAIN29C0
291: CALL EVALLE!POINT,VALUE,KK,NUM,L) MAIN2910
292 : IF( N .EC. -2 ) GO TO 10 MAIN292C
293 : IFISVAL.EC.l) GC TC 48 MAIN293C
294 : IF(SVAL.EG.2) GO TC 49 MA IN294C
295: N = 4 MAIN2950
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2 96: CC TO 1C NAIN2960
297: c*** SERVICE TINE IS USED MAIN2970
298: 48 CC'HINIjE MAIN2980
299: JKK=islUMS+NLM-l MAIN2990
3CC : CO 4480 I=NU^S,JKK MA IN30C0
3C1: I TYPE(I)=FSERV MAIN3010
3C2: JJF=I-NUMS+1 MA IN3020
303 : TTS( I )=VALUE(JJF) MAIN303C
3C4: TYU(I ) = 1.C/V&LLE(JJF) MA IN304C
3 0 5: 4480 CCJTINUF MAIN3C50
306 : T S = V MU E ( 1 ) MA IN3060
307 : MJ= 1./VALLE! 1 ) MAIN307C
3CP: NUMS=JKK MA IN308C
309: GC TO 50 MAIN3090
310 : c*** ^E^VICE RATE IS USED MAIN31CC
311: 49 CCNTINUE MAIN3110
312: JKK=hUMS + NUM - 1 MAIN3120
313 : CO 4490 I=NUMStJKK MAIN313C
314: ITYPE!I )=FSERV MA IN3140
315: JJF=I-NUMS+1 MAIN315O
316: TMU!I ) = VALUE(JJF) MA IN3160
317: TTS(I)=1.C/VALLE(JJF) MA IN3170
318: 4490 CONTINUE MA IN3180
319: TS=1./VALUE(1) MAIN3190
320 : ML = VULE ( 1) MAIN32CC
321: KUMS=JKK MAIN3210
322: 50 CONTINUE MAIN3220
323 : c*** IF SERVICE DISTRIBUTION IS GENERAL TFEN VARIANCE IS NEEDED MA IN323C
324: IF(FSFRV.EC.2) GO TO 51 MAIN3240
325: co TO 55 MA IN3250
326: 51 CONTINUE MAIN326C
327: JJ=POINT+1 MAIN3270
328: c*** POINT RETURNED FROM EVALUE AT DELIMITER CHARACTER MAIN3280
329: c*** M XT kCRD IS VAR MAIN3290
?3O: IE(L(JJ). EG.JVC.AND.L!JJ+1) .EQ.JAC) GO TC 52 MAIN33C0
331: l\=5 MAIN3310
332 : CO TO 10 MAIN3320
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3 33: 52 CC’JTINUE MAIN3330
334: JJ=JJ+2 MA IN3340
335: CC 53 I=JJ,J MAIN3350
336 : IF(L( I ) .EC. JCOLON.OR .1(I) .EQ.JCOMMA.OR.L(I).EQ.JECU) GO TO 54 MA IN3360
337 : 53 CC\TI MIE MA IN337C
33P: N=2 MA IN3380
339: or to n MA IN3390
34C : 54 PCINT=I MAIN34C0
341 : KK=2 MAIN3410
342: CALL EVALUFtPOINT,VALUE,KKfNUM,L) MA IN3420
343 : IF( N .EC. -2 ) GO TO 10 MAIN343C
344 : JKK=MUMV+NLM MAIN3440
345: CU 5^50 I=NUMV,JKK MAIN3450
346: JJF=I-NUMV+1 MA IN3460
347: TVAR(I)=VALLE(JJF) MA IN347C
348: 5550 CONTINUE MAIN3480
349 : VAR=VALUE(1) MA IN3490
3 5C : NLN'V= JKK MAIN35CC
3 51: 55 CONTINUE MAIN3510
352: GC TO 10 MAIN3520

r3 5 3 •
354: c MA IN3540
355 : 0 MAIN3550
356: c*** CHANNEL SIZE INSTRUCTION *** MA IN3560
357: c MAIN357C
358 : 0 MAIN3580
359: 56 CONTINUE MAIN3590
360: c *** SEARCH FOR DELIMITER CHARACTER MA IN36C0
361: CO 5 7 I = 3,J MA IN3610
362: IF(L( I).EC.JECU.OR.L(I ).EQ.JCOLON.OR.L(I )•EQ.JCOMMA) GO TO 58 MA IN3620
363: 57 CONTINUE MA IN3630
364: N=2 MAIN3640
365 : GO TO 10 MAIN3650
366 : c ** * IS PROGRAM TO FIND NUMBER OF SERVERS MA IN3660
367: 58 I F(L( 1 + 1) .EQ.JFC) GO TO 59 MAIN3670
368 : IF INC MAIN3680
3 69 : IF(L( 1 + 1 ) .GE.JGC.AND.LI1 + 1).LE.J9C) GO TO 64 MAIN3690
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37 0: f\=4 MAIN37C0
371: GC TO 10 MAIN3710
372: c*** TO FIND MINIMUM \IUMBER OF SERVERS OR CHAhNEL SIZE MAIN3720
373: 59 IF INC = 1 MA IN3730
374: I 0 H A N S = 0 MA IN3740
3 75: JJ=1+5 MA IN3750
3 76: c*** SEARCH FOR DELIMITER CHARACTER MAIN3760
377 : IF(L(JJ).EC.JCOMMA.GR.L(JJ).EQ.JCOLCN.OR.L(JJ).EQ.JECU) GC TO 61 MAIN377C
378 : t*RITF(6,6C) MAIN3780
379: 60 FORMAT! ' *** MISSI'IG PUNCTUATION ***•) MAIN3790
380 : 61 CONTINUE MA IN38CC
381: IF(L(JJ + 1 ) .EQ. JTC) N = 4 MA IN38 10
382: IF(N. EQ. 4) GO TO 10 MAIN3820
383 : EVALUATE PERCENT MAIN383C
3 84 : POINT=JJ MA IN3840
385: CALL EVALUE!POINT,VALUE,KK,NUM,L) MAIN3850
38t: IF! N .EQ. -2 ) GO TO 10 MAIN3860
387: PRCENT=VALLE(NUM) MA IN3870
388: IF(L(POINT).NE.JPCENT) WRITE!6,60) MA IN3880
389: 1F(L(POINT + 1).NE.JCOMMA.AND.L(POINT+1).NE.JCOLON) WRITE<6,60) MA IN3890
39C : JJ=PCINT MA IN39C0
391: CO 62 I=JJ,J MAIN3910
392 : I F(L( I).EC.JTC) GO TO 63 MAIN3920
393 : 6? CONTINUE MAIN393C
394: N = 4 MAIN3940
395 : CO TO 10 MAIN3950
396 : 63 CONTINUE MAIN396C
397: POINT=I+1 MAIN3970
398: c*** EVALUATE TIME MA IN3980
399: CALL EVALLE(POINT , VALUE,KK,NUM,L ) MAIN399C
4CC: IF! N .EQ. -2 ) GC TO 10 MA IN40C0
4 C 1 : T=VALUE(NUM) MA IN40 10
4C2 : GC TO 10 MAIN4C20
403: 64 CONTINUE MA IN4030
404: PLINT= I MA IN4040
405 : c*** EVALUATE NUMBER OF CHANNELS MAIN4050
406 : CALL EVALLE!POINT,VALUE,KK,NUM,L) MA IN4C6C
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4C7 IF( \ .EQ. -2 ) GO TO 10 MA IN4C70
458 I CF’A.xl S= V ALLE (NUM) MAIN4080
4C9 GO TO 10 MA IN4090
41C c ------------------------------------------------------------------------------------------------------------------------------------------ -----MA IN41C0
411 C MAIN4110
412 c MAIN4120
413 0*** QUEUE CAPACITY INSTRUCTION MAIN413C
4 14 C MAIN4140
415 C MAIN4150
4 16 65 CONTINUE MAIN416C
417 CO 66 1=3,J MAIN4 170
418 IF (L ( I ) .EQ.JECU.CJR .L( I ) .EQ. JCOLCN.CR.K I ) .EC. JCONMA ) GO TC 67 MA IN4180
419 66 CONTINUE MAIN4190
4 21 N = 2 MA IN42C0
421 GO TO 1C MAIN4210
422 C*** CHECK FOR ALPHA CHARACTER MAIN4220
423 67 IF(L( 1 + 1 ) .LE.JZC.AND.L(1 + 1).GE.J AC) GO TO 69 MA IN4230
424 PUINT=I MA IN4240
425 C*** EVALUATE QUEUE CAPACITY MA IN4250
426 CALL EVALLE(POI NT,VALUE,KK,NUM,L) MAIN426C
427 IF( N .EQ. -2 ) GC TC 1C MAIN4270
428 ICAP=VALUE(NUM) MAIN4280
429 GO TC 10 MAIN4290
43C 69 CONTINUE MA IN43C0
431 C*** QU^-UE CAPACITY IS UNLIMITED MAIN4310
432 ICAP=-1 MAIN4320
433 ULI TO 10 MA IN4330
/. /«
4 3r- C MA IN4350
436 r MA IN4360
437 C*** QUFUF DISCIPLINE INSTRUCTION MA IN4370
438 C MAIN4380
439 c MA IN439C
44C 71 CONTINUE MA IN44C0
441 CH 72 1=3,J MAIN4410
442 IF(L(I ) .EC.JEGU.OR.L(I).EQ.JCOLCN.OR.L( I ) .EQ.JCOMMA ) GO TO 73 MA IN442C
443 72 CL'ITINUE MA IN4430
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444: \ = 2 MA IN4440
44S: CG TU 10 MAIN4450
4 4 6 1 73 JJ=I+1 MA IN4460
447: C*** CFTFRh'INE TYPE OF DISCIPLINE AND SET FLAG MA IN4470
448 1 I F(L{JJ ) .EQ.JFC) GO TO 75 MAIN4480
449 : I F(L(JJ ) . EC.JLC) GO TO 76 MA IN4490
4 5 C : IF(L(JJl.LC.JRC) GO TO 77 MA IN45CC
451: IF(L(JJl.EG.JNC.AND.LIJJ+2).EQ.JNC) GO TC 78 MAIN4510
452 : IF(L(JJ ) • EC•J PC ) GO TO 79 MAIN4520
4 53 : IF(L(JJ).EC.JNC.AND.LIJJ+2).EQ.JPC) GO TC 778 MA IN4530
454: \ = 6 MA IN454C
455 : CO TC lu MAIN4550
4 5 6 1 75 IDISC=1 MAIN456C
457: Gli TO 80 MA IN4570
458: 76 ICISC=2 MA IN4580
459: GO TC 80 MAIN4590
4 6C: 77 IDISC=3 MA IN46C0
461: CO TO 8C MAIN4610
462: 78 irisc=4 MA IN4620
463: GF TO 8C MA IN4630
464: 79 IDISC=5 MA IN4640
465 : GO TC 80 MA IN465C
466: 778 ICISC=6 MA IN4660
467: 8r CONTINUE MA IN4670
468 : CO TC 1C MAIN4680

r — —— — —._ — — V A T M A A Q n4 6 9 • L.
4 70: c MAIN47C0
471 : c MAIN4710
472 : C*** POPULATION SOURCE INSTRUCTION MA IN472C
473: C MAIN4730
474: C MAIN4740
475: 82 CONTINUE MA IN4750
476: CO 83 1=3,J MAIN4760
47 7: IF(L( I ) .EG.JEQU.UR.LI I ) .EG. JCOLCN.CR.LI I ) .EC. JCCPh-A) GO TO 84 MAIN4770
478 : 83 CONTINUE MA IN4780
479: N = 2 MA IN479C
480: CO TO 1C MA IN48G0
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48 1: c*** ChTCK FOP ALPHA CHARACTER MA IN4810
482 : 84 IF(L( 1 + 1 ) .LE.JZC.AND.L( 1 + 1) .GE.J AC) GO TC 86 MAIN4820
4 83 : PCIM = I MA IN483C
484 : c*** EVALUATE SIZE CF SCURCF POPULATION MA IN4840
4 35 : CALL EVALUE(POINT,VALUE,KKtNUM,L) MA IN4850
486: IF( N .EQ. -2) GC TO 10 MA IN486C
487: IPOP=VALUE(NLM) MA IN4870
488: CO TO 10 MAIN4880
489: 86 CCNTINUE MAIN489C
4SG: c*** SOURCE POPULATION IS UNLIMITED MA IN49C0
491: IPCP=-1 MAIN4910
492: GO TO 10 MA IN4920
493: c ------------------------------I^A IN4930
494: 0 MAIN4940
496 : c MA IN4950
496: c,*** SOLVE INSTRUCTION MA IN4960
497: c MA IN4970
498 : 0 MAIN4980
499: 87 CONTINUE MA IN4990
SCO: CALL SOLVE MAIN5CC0
5C 1: ^PITF(6,1C1) MAIN5010
5C2: 101 FORMAT(1H1) MAIN5C20
503: c*** TO SUPRESS TABULATING DATA FOR PRIORITY MODELS MA IN5O3O
5C4: IF( IDISC.GE.4) GO TO 89 MAIN5040
5 0 5 : IPRCB=IPPCB+1 MA IN5050
506 : GO TC 2 MA IN5C60
507: 8 9 IPNUM= I PNUMI+ 1 MAIN5070
5u8 : GO TC 3 MAIN5080
509 : 0 MA IN5C90
510: C MAIN51C0
511 : c*** NEXT PPCPLEM INSTRUCTION MAIN5110
512: c MAIN5120
513: c MAIN5130
514: 88 CONTINUE MAIN5140
515: GO TC 1 MAIN515C

r" IO • U
517: 0 MA IN517O
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51H: C PAIN5180
519: C*** END CF DATA PA IN5190
520: 0 PA IN52C0
521: C PAIN5210
522 : 99 Crr'TINUE PA IN5220
523 : I PRC8 = IPRCE-1 PAIN523G
524 : IP''1LP = I PNLP-l PA IN5240
525: IF( IPPOB.LE.l) GO TO 999 PAIN5250
526: CALL CUTTAB( I PROB) PA IN5260
527: 999 IF( IPNLP.LE.1) STCP 98 PA IN5270
528 : CALL POUT(IPNUM) PAIN5280
523: STCP 99 PAIN5290
53C: E 10 PAIN53C0
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1 SLRROUTINE E VALUE (POINT, VALLE, KK,MM,L) EVAL 10
2 c*** SUP,ROUTINE EVALUATES NUMBER IN ALPHA FORMAT TO DECIMAL NUMBER EVAL 20
3 c*** AND STORES IT IN VALUE ( NUM ) EVAL 30
4 c*** L IS THE INPUT INSTRUCTION STRING UITHCUT BLANKS EVAL 40
5 c*** POINT IniHEN ENTERING IS AT ONE CHARACTER PEFORE NUMBER FIELD EVAL 50
6 c*** POINT WHEN LEAVING IS AT ONE POINT AFTER END OF NUMBER FIELD EVAL 60
7 r*** KK IS USFD TO DETERMINE IF MORE THAN ONE NUMBER FIELC MAY BE FOUNCEVAL 70
8 C EVAL 80
9 COM MON/BLK4/ J PLUS,JM INUS,JPER,JD IV,JMUL,JEOU,JBLANK,JCOMMA,JCOLONEVAL 90

1C COMMON/BLK5/JPCENT EVAL ICO
11 CUNMIJN/BLK25/N EVAL 110
12 DIMENSION L(83 ),VALUE(10) EVAL 120
13 c*** NUM IS THE NUMBER OF PRIORITY CLASSES EVAL 130
14 imfgfr point EVAL 140
15 NUM = U EVAL 150
16 c*** DETERMINED FIELD WIDTH EVAL 160
17 c*** NUMBER FIELD CONTAINS DIGITS ONLY EVAL 170
18 A DECIMAL POINT SEPERATES LEFT FIELD FROM RIGHT FIELD EVAL 180
19 4C JK = 1 EVAL 190
2C SUM=C.C EVAL 2C0
21 IF(L(POINT+1) .FO. JPLLS ) GO TO 45 EVAL 210
22 I F(L(PC INT +1) .NE. JMINUS ) GO TO 47 EVAL 220
23 WRITE(6,46) EVAL 230
24 46 FORMAT!* *** NEGATIVE NUMBER IS ASSUMED TO BE POSITIVE ***• ) EVAL 240
25 45 JK=2 EVAL 250
26 c * ** NL'M’ST IS POINTER AT BEGINNING OF NUMBER FIELC EVAL 260
27 47 NUMST=POINT+JK EVAL 270
28 c*** MAXIMUM NUMBER OF DECIMAL DIGITS IS 10 EVAL 280
29 JFIN=POINT+11 EVAL 290
30 c* ** SCAN FIELC UNTIL DELIMITER CHARACTER IS FOUND EVAL 3C0
31 CO 50 I=NUMST,JFIN EVAL 310
32 IF(L( I) .EC.JPCENT) GO TO 55 EVAL 320
33 IF(L( I ) .EG.JPER.OR.L(I).FC.JCOMMA.OR.L(I ) .EC . JBLANK) GO TO 55 EVAL 330
34 I F ( L ( I ) . EG . JCULOiN . OR . L ( I ) .EQ. JECU ) GO TO 55 EVAL 340
35 50 CONTINUE EVAL 350
36 c*** IF THE FIELD IS GREATER THAN 10 DIGITS EVAL 360
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37 kRITt(6152)(L(I),I=NUPST,JFIN) EVAL 370
?H 52 FURMAK* *** DATA FIFLD IS TOO LONG *** 1 , 5 X , 10 A1 ) EVAL 380
39 N = » EVAL 390
AC CALL BAD(M EVAL 400
41 RFTUI1N EVAL 410
42 MIN’EN IS POINTER AT ONE SPACE PAST LAST CHARACTER OF FIELD EVAL 420
43 55 NU^EN=I EVAL 430
44 POINT=NUPEN EVAL 440
45 c*** NPOS IS THE NUMBER OF DIGITS IN FIELD EVAL 450
46 NPCS=NUPEN-NU^ST EVAL 460
47 c*** IF NPCS IS ZFRO THEN THAT SUBFIELD IS FPPTY EVAL 470
48 IF(NPOS.EC.r) GO Tu 1C5 EVAL 480
49 CO ICO 1=1,NPCS EVAL 490
50 J=NUMEN-I EVAL 500
51 P = L(J ) EVAL 510
52 c*** CALL DECODE TO CONVERT DIGIT FROM ALPHA (M) TO NUMERICAL (D) EVAL 520
53 CALL CECUCE(M,D) EVAL 530
54 c*** IF 0 IS GREATER THAN 9 THEN M kiAS NOT A DIGIT EVAL 540
55 IF(D.LT.9.5) GO TO 70 EVAL 550
56 kRITE(6,57) (L(J) , J = NUMST,NUMEN) EVAL 560
57 57 FORMAT! ' *** BAD LATA IN THE STRING ***• , 5X,20A1) EVAL 5 70
5 8 N = 8 EVAL 580
5 9 CALL BAD(N) EVAL 590
60 RETURN EVAL 600
61 c*** CONSTRUCT LEFT SIDE OF FIELD EVAL 610
62 7C SUM=SUM+D*10.0**(1-1) EVAL 620
63 ICC CUrjT I NUE EVAL 630
64 c*** IF POINTER NUMEN IS AT A COMMA,BLANK,COL ON, = ,OR % THEN NO RIGHT EVAL 640
65 c *** FIELD IS FOUND EVAL 650
66 105 IF(L(NUMEN) .EQ. JCCMMA .OR. L(NUMFN) .EC. JBLANK) GO TO 200 EVAL 660
67 IF(HNUMFN).EQ.JCULON.CR.L(NUMEN).FQ.JEQL) GO TO 200 EVAL 670
6 8 IF(L(NUMEN).EG.JPCENT) GO TO 200 EVAL 680
69 c*** IF POINTER PLUS ONE IS AT DELIMITER CHARACTER THEN RIGHT FIELD EVAL 690
7. c*** IS EMPTY. EVAL 700
71 IF(L(rjUMEN+l ) .EQ. JCOMMA .OR. L(NUMEN+1) .EQ. JBLANK) GO TO 200 EVAL 710
72 IF(L(NUMEN+1).cQ.JCOLCN.CR.L(NUMEN+1).EQ.JECU) GO TO 200 EVAL 720
73 IF(L(NUMEN+1).FU.JPCENT) GO TO 200 EVAL 730
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1'V. CO 15C 1=1,6 EVAL 740
75 : J=NUrEN+I EVAL 750
76: P0IM=J EVAL 76C
77 : C*** A BLANK, COr'PA, DR % SIGN INDICATES END CP FIELD., EVAL 770
73 : IF(L(J) .EG. J BLANK ) GO TO 189 EVAL 780
79: IF(L(J) .EG. JCOPMA ) GO TO 190 EVAL 79C
3C: IF(L(J) .EG.JPCENT) GC TC 190 EVAL SCO
81: N = L(J ) EVAL 810
82 : CALL DECCCE(P,D) EVAL 820
83: IFID.LT.9.8) GC TC 140 EVAL 830
84: JK= slUMEN + 6 EVAL 840
85: kPITE(6,57)(L(J),J=NUMST,JK) EVAL 850
86: N=3 EVAL 860
87: CALL PAD(N) EVAL 870
88: RETURN EVAL 880
89 : 14C CLNTINUE EVAL 890
90: C*** CU.NSTRliCT RIGHT SIDE OF FIELD EVAL 900
91 : SI)V = SUN + D/ ( 10 .0** I ) EVAL 910
92 : 150 CONTINUE EVAL 920
93: PCINT=NUNEN+7 EVAL 930
94 : GO TC 200 EVAL 940
95 : C*** KK=3 INDICATES END OF DATA EVAL 950
96: 189 KK=3 EVAL 960
97: 200 CONTINUE EVAL 970
9« : 190 CONTINUE EVAL 980
99: IF(L(NUPFN+l).FQ.JBLANK) KK=3 EVAL 990

ICO: NUM=NUM+1 EVAL10C0
101: VALUt(NUN)=SUM EVAL10 10
1C 2: C*** KK= 1 INDICATES ONLY CNF FIELD WAS PERMITTED EVAL1020
1C3: C*** if KK=2 SEARCH FOR NEXT NUMBER FIELD EVAL1030
1C4 : IF(KK.NE.2) GO TO 201 EVAL1040
1C5: GO TC 40 EVAL1C50
1C6: 201 CUNTINUF EVAL1060
1C7: RETURN EVAL1070
1C° : EhlD EVAL1080
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1 : SUPdruTlNE DECCDECMtC) DECO 1C
2: c*** suuroltine determines digit and returns a decimal value CECO 20
3 : C*** ASSIGNED TO U DECO 30
4 : Cr^MCN/PLK3/ JJC,J1C,J2C,J3C,J4C,J5C,J6C,J7C,J8C,J9C DECO 40
5 • IF(M .EQ. JGC ) GC TC 1C CECO 50
6 : IF(M .EQ. J1C ) GO TO 11 CECO 60
7: IF(M .EC. J2C ) GO TC 12 DECO 70
d: IF(M .EQ. J3C ) GC TC 13 CECO 80
9: IF(M .EC. J4C ) GO TO 14 CECO 90

L 0: IF(M .EG. J5C ) GO TO 15 DECO ICO
11: IF(M .EQ. J6C ) GC TC 16 DECO 1 10
12: IF(M .FQ. J7C ) GO TO 17 CECO 120
13 : IF(M .EG. JSC ) GO TO 18 CECO 130
14 : IF(.EG. J9C ) GC TC 19 CECO 140
15: C=1C.C CECO 150
16: GO TC 20 CECO 160
17 : 1C C=C.C DECO 170
IP: CO TC 2C CECO 180
19: 11 C=1.U CECO 190
2C : GC TC 20 DECO 2C0
21: 12 0 = 2.C DECO 2 10
22: GO TO 20 CECO 220
23: 13 0=3.0 DECO 230
24: GO TC 20 CECO 240
25: 14 0=4.0 CECO 250
26: CO TC 2C DECO 260
27: 15 0=5.r CECO 270
2R: GO TO 20 CECO 280
29: 16 L=6.0 CECO 290
3C : GC TC 20 CECO 3CC
31: 17 D=7.C CECO 310
32: GIJ TO 20 DECO 320
33: 18 C=P.0 CECO 330
34: or TC 20 CECO 340
35: 19 0 = 9.G CECO 350
36 : GC TO 2C DECO 360



37: 20 RETURN
3P: tMD
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CECO 370
DECO 360
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1: SLRRCUTINE BLA\K(IN,N) ELAN 10
2: c*** SUERUUTINE BLANK TAKES BLANKS OUT GF INPLT STRING elan 20
3: c*** IN IS THE INPUT INSTRUCTION ELAN 30
4 : c * * * N IS THE RETURNED LENGTH GF STRING ELAN 40
5: DI^ENSICN IN(HC) ELAN 50
6: DATA IREF/' •/ ELAN 60
7: J = 1 ELAN 70
8: on ic i=itbo ELAN EO
9: IF( IN(I ).EQ.IREF ) GO TO 10 ELAN 90

1C : I M ( J ) = IN ( I ) ELAN ICO
11: J = J+1 ELAN 110
12: 1C CONTINUE ELAN 120
13: CO 20 I=J,80 ELAN 130
14 : INI I )=IREF ELAN 140
15: 2C CONTINUE ELAN 150
16: N = J-1 ELAN 1 60
17: RETURN ELAN 170
18: F N D ELAN 180
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1: SUBROUTINE BAD(N) BAD 1G
2 : C*** SUPRCUTiriE pad prints error message AND SETS N= -2 BAD 20
3 : IF(N.EQ.-l) GO TO 8 BAD 30
A: kP I TP ( 6,11) N BAD 40
5: IF(N.LT.1.GR.N.GT.7) GO TO 9 BAD 50
6: GO TO ( 1,2,3,4,5,6,7) ,N BAD 60
7: 1 kRITF(6,12) BAD 70
8: CO TO 9 BAD 80
9: 2 k R IT E (6,13 ) BAD 90

1C : GO TO 9 BAD ICC
11: 3 kRITF(6,14) BAD 110
12 : GO TO 9 BAD 120
13 : 4 k R I T E ( 6,1 5 ) BAD 130
14: GO TO 9 BAD 140
15: 5 kRITE(6,16) BAD 150
It : GO TO 9 BAD 160
17: 6 kRITF(6,17) BAD 170
18: GO TO 9 BAD 180
19: 7 kOITF(6,2C) BAD 190
2C: 9 CONTINUE BAD 200
21: N=-2 BAD 210
22: k R I T E ( 6,1 8 ) BAD 220
23 : RETURN BAD 230
24: 8 CONTINUE BAD 240
25 : kP.ITE(6,19) BAD 250
26: 11 FORMAT!’ *** ERROR NUMBER ’,13) BAD 260
27: 12 FORMAT!’ *** UNRECOGNIZED INSTRUCTION STATEMENT ***•) BAD 270
28: 13 FORMAT!' *** MISSING OR INCORRECT PUNCTUATION ***’) BAD 280
29: 14 FORMAT!' *** UNAVAILABLE DISTRIBUTION TYPE ***') BAD 290
3C : 15 FORMAT!' *** INCORRECT STATEMENT FORMAT ***') BAD 3C0
31: 16 FORMAT!' *** VARIANCE NUT GIVEN FOR GENERAL DISTRIBUTION ***«) BAD 310
32: 17 FORMAT!' *** UNAVAILABLE SERVICE DISCIPLINE ***') BAD 320
3 3: 18 FORMAT!' *** PROBLEM TERMINATED EXECUTION CONTINUING WITF NEXT PRCBAD 330
34: 1BLFM, IF ANY ***') BAD 340
35 : 19 FORMAT!' *** MODEL NOT AVAILABLE ***') BAD 350
36: 2C FORMAT!' *** SYSTEM DOES NOT REACH STEADY-STATE'/' DUE TO SERVBAD 360
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37: 15R LT9L1ZATICN BEING LARGER THAN UNITY ***') BAD 370
3P: RETURN BAD 380
39: ENG RAD 390
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1: SL^RCUTINt SOLVE SOLV 10
2: c*** SUBROUTINE SOLVE CHECKS VARIOUS FLAGS TO DETERMINE TYPE OF SOLV 20
3: c*** MODEL PEING USED SOLV 30
4: CCMMCN/ELK6/PRCENT, I POP, ICHANS,T, ICAP,IF IND SOLV 40
5: C.CIMMCN/BLK7/ ARI VAL,KPRICR, ID ISC, FSERV,VAR, ERLANG SOLV 50
f>: COMMON / LLKP / TA( 1C) , TS , NLM , I PROB,LAMBCA(10) ,MU SOLV 60
7: COMMON/BLK25/N SOLV 70
8 : INTEGER FSERV,AR IVAL,PRCENT,ERLANG SOLV BO
9: RFAL LAMBDA,MU SOLV 90

lu: c*** ERROR FLAG (N) IS SET TO -1 TO INDICATE MODEL IS NOT AVAILABLE IN SOLV ICO
11: N = -l SOLV 110
12: c*** ARRIVAL IS POISSON SOLV 120
13: IF( ARIVAL.ECj.l) GO TO 2 SOLV 130
14: 1 CALL PAD(N) SOLV 140
15: RETURN SOLV 150
16: 2 CONTINUE SOLV 160
17: c*** CF^CK SERVICE DISCIPLINE SOLV 170
1° : IFIIDISC.LT.1.CR.IDISC.GT.6) GO TO 1 SOLV 180
19: GO TO (3, 1,1,16,16,16),ID I SC SOLV 190
2f : c*** DISCIPLINE IS FIFO SOLV 2C0
21 : 3 CONTINUE SOLV 210
22: c*** CHTCK SERVICE DISTRIBUTION SOLV 220
23: IFIFSFPV.LT.1.UR.FSERV.GT.4) GO TO 1 SOLV 230
24: C-P TO (4,12,12,15) ,FSERV SOLV 240
25: c*** EXPONENTIAL SERVICE SOLV 250
26: 4 CONTINUE SOLV 260
27 : I F( ICHANS.NE.l) GO TO 8 SOLV 270
28 : c*** C^'E SERVER SOLV 280
29: IF( IPCP.LT.O.AND.ICAP.LT.C) GO TO 5 SOLV 290
30 : IF(IPCP.LT.O.AND.ICAP.GT.C) GO TO 6 SOLV 3C0
31 : IF(I POP.GT.9.AND.ICAP.LT.0) GO TO 7 SOLV 310
32: GO TO 1 SOLV 320
33 : 5 CALL MCDL1 SOLV 330
34 : RETURN SOLV 3AC
35: 6 CALL M0DL2 SOLV 350
36: return SOLV 360
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37: 7 CALL M0CL3 SOLV 370
3? : RETURN SCLV 380
39: Q CCiiTINUE SOLV 390
AC : c*** PCPE THAN UNIE SERVER SCLV 400
41: IF( IPTP.LT.O.AND.ICAP.LT.C) GO TO 9 SCLV 410
42: IF( IPCP.LT.O.ANO.1CAP.GT.O) GO TC 10 SOLV 420
43: IF(IPOP.GT.C.AND.ICAP.LT.C) GO TO 11 SOLV 430
44: CO TC 1 SOLV 440
44 : 9 CALL ^CDL4 SOLV 450
46: RETURN SOLV 460
4 7 : 1C CALL PCCL5 SCLV 470
4R : RETURN SCLV 480
49: 11 CALL P0DL6 SCLV 490
5G: RFTURN SCLV 500
51: c*** GENERAL SERVICE DISTRIBUTION SOLV 510
52: 12 CONTINUE SCLV 520
53: IF < ICHANS.NE.l) GO TO 1 SCLV 530
54 : IF( IPCP.GT.O.OR.ICAP.GT.O) GO TO 1 SCLV 540
55: IF(FSERV.EC.3) GO TC 14 SOLV 550
56 : CALL f-OUL? SOLV 560
57: RETURN SOLV 570
5P: C*:** CONSTANT SERVICE TIME SOLV 580
59: 14 continue SOLV 590
6C: VAR = O .C SCLV 600
61 : call MCDL7 SOLV 610
62: RETURN SOLV 620
63: c*** ERLANG SERVICE FIFO SOLV 630
64 : 15 CONTINUE SOLV 640
65: CALL MCDL8 SOLV 650
66 : RETURN SCLV 660
67: c*** PPICRITIES ARE USED SOLV 670
6P : 16 CONTINUE SOLV 680
69: IF(ICHANS.NE.l) GC TC 1 SOLV 690
7C : IF( IDISC.EG.4.UR.IDISC.EQ.5) GO TO 17 SOLV 700
71: I F( IDISC.EG.6) GO TO 17 SOLV 710
72: GO TO 1 SOLV 720
73: 17 CALL MOMENT SCLV 730



m*. RFTURN
75: trjr
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SCLV 740
SOLV 750
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1: INTEGER FLNCTION FACT(N) FACT 10
2: C*** FACT CALCLLATFS FACTORIAL CF N FACT 20
3: IF(N.EC.C.OR.N.EQ.l) GO TO 2 FACT 30
4: ISUM=1 FACT 40
5: CO 1 I=lfN FACT 50
6: ISUM=ISUM*I FACT 60
7 : 1 CONTINUE FACT 70
P: FACT= I SU^ FACT ec
9: RETURN FACT 90

10: 2 CONTINUE FACT ICO
11: FACT=1 FACT 110
12: RETURN FACT 120
13: ENF. FACT 130
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1: SUEkUUTINE OUTPUT(K) CUTP 10
2: C*** SUkRPUTINE OUTPUT PRINTS A DESCRIPTION OF TEE PROBLEE1 AND THE OUTP 2C
3: C*** RESULTS CALCULATED FREE THE VARIOUS PCDELS. CUTP 30
A:
5:
6:
7:
P:
9:

1L :
11 :
12:
13:
14:
15:
16:
17:
1°:
19:
20: c***

CUVMUN/BLK6/PRCENT,I POP,ICHANS.T,I CAP,IF IND CUTP
CCEPCN/BLK7/ AR I V AL,KPR ICR,IDISC,FSERV,V AR,ERLANG OUTP
CONEON / ELKS / T A ( 10 ) , T S , NUE1, I PR CB , L AE’P D A ( 10 ) , NU OUTP
COMMON / PLK9 / RHU,PC,P(5C),L,VARL,PIN9C,PIN95,LG,VARLG CUTP
CCNE'CN/BLK1O/W,VARW,PIW9C,PIW95,WQ,VARWQ,PIWQ9O,P IWQ95,N OUTP
COMNON/BLKll/AVEC ,ENTRY,PSI CUTP
CCNMON/BLK13/DUkN CUTP
COEE-CN/BLKIA/PNOWT CUTP
CCNTCN/BLK16/TERM CUTP
COMMON / BLK18 / I T YP E ( 1C ) , I L ANG ( 1C ) , TTS (10 ) , TMIU ( 10 ) , T V AR (10 ) CUTP
COMMON / P.LK19 / B 1 ( 10 ) , P 2 ( 10 ) , TB 1, TB2, U ( 10 ) , RO ( 1C ) , TL AMB CUTP
COEMCN/BLK20/NUMS OUTP
CUNMUN/BLK21/TPSI CUTP
COMMON / BLK22 / Tti,TTC(1C),TOAVG,TSYS(1C),TLQ(10),TAVG,TL(1C) CUTP
CCMMCN / BLK24 / TB,PD,DELAY OUTP
COMMON / BLK26 /IPNUM CUTP
SEE MODL1 FOP DESCRIPTION OF BLK9 AND BLK1C CUTP

40
50
60
70
80
90

100
110
120
130
140
150
160
170
180
190
200

21: 0*** SEE MOMENT FOR DESCRIPTION OF BLK19 OUTP 210
22: C»** Sth M0DL11 FOR DESCRIPTION CF BLK22 CUTP 220
23: C*** VARIABLE TYPE SIZE COMMON BLOCK COMMENT CUTP 230
24: C*** AVFC R 1 11 MEAN EMPTY CHANNELCUTP 240
25: 0*** ENTRY R 1 11 ENTRY RATE OUTP 250
26: c*»* PSI R 1 11 TRAFFIC INTENSITY CUTP 260
27: 0*** DOWN R 1 13 PROB. CF BEING SYSOUTP 270
2P : C*** PNCUT R 1 14 PROB. NO hAIT CUTP 280
29: 0*** TERM R 1 16 CALCULATED VILE CUTP 290
3C: C***
31: 0***

VALUE CF FIND INSTCUTP
TB R 1 24 TIME BETWEEN CUTP

3C0
310

32: C***
33: C***
34: C***
3 5: c* **

BREAKDOWNS OR CUTP
INTERARRIVAL TIME CUTP 
PER CUSTOMER OUTP

PD R 1 24 PROB. CF DELAY CUTP

320
330
340
350

36: C*** DELAY R 1 24 MEAN DELAY FCR CUTP 360
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37: c*** TFOSE MACHINES CUTP 370
3R:
39:
Av :

c** *
INTEGER
REAL MU

OBLIGED TO UAIT
AR I VAL ,FSERV,ERLANG

,LAMBDA,L,LQ

CUTP
CUTP
CUTP

38C
390
4C0

Al : 8R FnoMAT( •1PRIORITY PROBLEM NUMBER P',I2) CUTP 410
A2: 9 FORMAT( * 1PRCBLEM NUMBER* ,15) CUTP 420
A3: 10 furmati •CDESCRIPTION AND ANALYSIS OF QUEUEING MODEL TYPE*,13) CUTP 430
AA : 11 FORMAT( 'CARRIVAL DISTRIBUTION IS POISSON*) OUTP 440
A5: 12 FORMAT( ’OSCURCE PCPULATICN IS CONSIDERED TO BE INFINITE*) OUTP 450
A6: 13 FORMAT( 'CSCUP.CE PCPULATICN IS OF SIZE*,13) CUTP 460
A7 : 1A FORMAT! •PSERVICE TIME DISTRIBUTION IS EXPONENTIAL*) CUTP 470
AR:
A9:

61 A FORMAT!'OSERVICE TIME OISTRIBUTICN FOR PRIORITY CLASS',13,* IS 
1PCNFNTIAL')

EXOUTP
CUTP

480
490

50: 15 FORMAT( 'OSERVICE TIME DISTRIBUTION IS GENERAL*) CUTP 500
51:
52:

615 FORN AT(
1N0RAL * )

•CSERVICE TIME DISTRIBUTION FOR PRIORITY CLASS',13,* IS GEOUTP
CUTP

510
520

53: 16 FORMAT( •CSERVICE TIME DISTRIBUTION IS CONSTANT*) CUTP 530
5A :
55:

616 FORMAT(
INSTANT*

'OSERVICE TIME DISTRIBUTION FOR PRIORITY CLASS',13,* IS 
)

CCOUTP
OUTP

540
550

56: 17 FORMAT( •CSERVICE TIME DISTRIBUTION IS ERLANG OF CLASS •,12) CUTP 560
57:
58:

617 FORMAT(
HANG CF

'CSERVICE TIME DISTRIBUTION FOR PRIORITY CLASS',13,* IS 
CLASS*,14)

EROUTP
CUTP

570
580

59: 18 FORMAT( •ONUMBER OF SERVICE CHANNELS IN PARALLEL = ', 12) CUTP 590
60: 11118 FORMAT( •ONUMBER OF SERVICE CHANNELS NEEDED IS = ’,12) OUTP 600
61 : 1101° FORMAT( •CTHIS GIVES AN ACTUAL PERCENTILE VALUE CF*,F6.2) CUTP 610
62: 19 FORMAT! *CTHE NUMBER CF SERVICE CHANNELS IS TO BE FOUND*/* SUCH THACUTP 620
63: IT *,F5. 2,*^ OF THE CUSTOMERS WAIT LESS THAN*,F6.2,* TIME UNITS* ) CUTP 630
6A : 20 FORM AT( •CCUEUE CAPACITY CF SYSTEM IS CONSIDERED TO BE UNLIMITED * ) OUTP 640
65: 21 FORMAT! 'CQUEUE CAPACITY OF SYSTEM IS EQUAL TO ’,12) CUTP 650
66: 22 FORMAT! •OQUEUE DISCIPLINE IS ASSUMED TO BE FIFO*) CUTP 660
67:
68:

25 FORMAT(
1 )

•CQUEUE DISCIPLINE IS ASSUMED TO BE NONPREEMPTIVE PR I OR ITY*OUTP
CUTP

670
680

69: 27 FORMAT! '('QUEUE DISCIPUINE IS ASSUMED TO BE NONPR I OR I T Y * ) CUTP 690
7C: 
71:

625 FORMAT I///*0***** INFORMATION AND RESULTS FOR PRIORITY CLASS', 
1i *****,/)

I 3,CUTP
CUTP

7C0
710

72:
73 :

6655 FORMAT I
1.6)

•CCUMULATIVE UTILIZATION CF PRIORITY 1 UP TO*,13,* IS =* , F9CUTP
OUTP

720
730
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74: 6656 FO'-'yAT ( • CTCT AL SERVER UTILIZATION FOR SYSTEM =•
75: 6657 FORMATIIHL)
76: 665° FURMAT(///'0***** TOTAL RESULTS OF SYSTEM *****•)
77: 26 FCR^ATI'OCUEUE DISCIPLINE IS ASSUMED TO PE PREEMPTIVE-RESLME
78: 1ITY«)
79: 61 FORMAT! ' CMEAN INTERARRIVAL TIME TA=
80: 62 FORM IT( ' CMEAN ARRIVAL RATE LAMBDA =
ei: 662 FORM AT(•CMEAN ENTRY RATE ENTRY=
E2: 63 FORMAT! ’CMEAN SERVICE TIME TS=
83: 663 FURM AT ( «GVAP IANCE OF SERVICE TIME VAR =
84: 64 FORMAT ( ' OMEAN SERVICE RATE ML =
85: 65 FORMAT!•CSERVER UTILIZATION  RhC=
86: 665 FU»MAT( ' CTRAFF IC INTENSITY PSI =
87: 66 FORMAT! ' OPROPORTION OF TIME SYSTEM IS IDLE PC =
88: 666 FU'^MA T! • C PR08A3I LI TY ARRIVAL UILL NOT HAVE TO kAIT PNOkT =
89: 668 FORMAT('CPRORABILITY ARRIVAL kILL HAVE TC WAIT . . . . PD=
9C: 669 FORM AT(’CMEAN DELAY FOR THOSE OBLIGED TO WAIT . . DELAY =
91: 67C FORMAT!'CINTERARRIVAL TIME PER CUSTOMER TB =
92: 67 FORMAT!' PROB! NO. OF CUSTOMERS IN SYSTEM =',I2,') . . P(
93: 1=*,F9.4)
94: 667 FORMAT!'CMEAN NUMBER OF EMPTY CHANNELS  AVEC=
95: 68 FORMAT! 'CMEAN NUMBER OF CUSTOMERS IN SYSTEM L =
96: 69 FORMAT! 'CVARIANCE OF NUMBER IN SYSTEM VARL =
97: 7C F0RMAT('C9CK OF THE TIME, NUMBER IN SYSTEM IS LESS THAN
98: 71 FG?MAT('C95g OF THE TIMF, NUMBER IN SYSTEM IS LESS THAN
99: 72 FORMAT! •'"MEAN NUMBER OF CUSTOMERS IN QUEUE LC =

ICC: 73 FORMAT!'CVARIANCE OF NUMBER IN QUEUE  VARLQ=
1C1: 74 FORMAT! ' CMEAN TIME IN SYSTEM W =
1C2: 75 FORMAT! 'CVARI ANCE OF TIME IN SYSTEM VARW =
1C3: 76 FORMAT !'C90A’ OF THE TIME, TIME IN SYSTEM IS LESS THAN
1C4: 77 FORMAT!'C95i OF THE TIME, TIME IN SYSTEM IS LESS THAN
105: 78 FORMAT!'CMEAN TIME IN QUEUE kQ =
1C6: 79 FORMAT('OVAPIANCE OF QUEUE TIME  VARWG=
1C7: 3C FT’sMAT!'C9C5; OF THE TIME, TIME IN QUEUE IS LESS THAN
1C8: 81 FURMAT! 'C95g OF THE TIME, TIME IN QUEUE IS LESS THAN
1C9: 32 FORMAT!' PROPORTION OF TIME SYSTEM 1$ FULL . . . . PC,12
11C : 19.4)

F9.4)CUTP 740 
OUTP 750 
CUTP 760 

PRIOROUTP 770 
OUTP 78C 

F9.4)0UTP 790 
F9.4)CUTP 8C0 
F9.4)0UTP 810 
F9.4)CUTP 820 
F9.4)CUTP 830 
F9.4)0UTP 84C 
F9.4)CUTP 850 
F9.4)CUTP 860 

,F9.4)0UTP 870 
F9.4)0UTP 880 
F9.4)CUTP 890 
F9.4)0UTP 9C0 
F9.4)0UTP 910 
12, ' )CUTP 920 

CUTP 930 
F9.4)0UTP 940 
F9.4)CUTP 950 
F9.41CUTP 960 
F9.4)0UTP 97C 
F9.4)CUTP 980 
F9.4)CUTP 990 
F9.4)OUTP1CCC 
F9.4)CUTP1010 
F9.4)CUTP1020 
F9.4)0UTP103G 
F9.4 )CUTP1040 
F9.4 )CUTP1050 
F9.4)CUTP1C60 
F9.4 )0UTP107C 
F9.4 )CUTP1080 

' ) = ' ,F0UTP1090 
CUTP11C0
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111: 882 FCPMAK'CPRCPCRTICN CF TINE A CUSTOMER IS IN SYSTEM COWN=',F9.4)OUTP111C
112: nm=5/: CUTP1120
113: IF(K.GC.U) WRITE (6,88) IPNUM CUTP1130
114: IF(K.LT.ll) WRITE(6,9) IPROB 0UTP114C
115: k R I T E ( 6,1 C ) K CUTP1150
116: WP ITE(6,11 ) CUTP1160
117: GC TO ( 1,2,3,4,5,6,7,8,10 1, 101, 111, Hit 111 ) , K CUTP1170
118: 101 CALL BAD(N) CUTP1180
119: C*** POLEL 1 CUTP1190
120: 1 WRITE(6,12) 0UTP12C0
121: WRITE(6,14) 0UTP1210
122: wRITE(6,18) ICHANS 0UTP1220
123: WRITE(6,20 CUTP1230
124: WRITE(6,22) CUTP1240
125: 1110 CONTINUE CUTP1250
126: WRITE(6,61) TA(NUM) CUTP1260
127: WRITE(6,62) LAPBCA(NUM) CUTP127C
128: WRITF(6,63) TS CUTP1280
129 : WPITF(6,64) NU CUTP1290
130 : WRITE(6,65) RHC OUTP13CO
131: WRITF(6,66) PO CUTP1310
132: IF(K.E(J.8) GO TO 11111 CUTP132C
133: CO 1111 1=1,N CUTP1330
134: WRITE(6,67) I,I,P(I) OUTP1340
135: 1111 CONTINUE CUTP1350
13b: 11111 CONTINUE OUTP1360
137: kRITE(6,68) L CUTP1370
138: WPITE(6,69) VARL CUTP1380
139 : WRITE (6,70) PIN90 OUTP1390
140: WRITF(6,71) PIN95 0UTP14CC
141: WRITF(6,72) LQ CUTP1410
142 : IF(K.EC.B) GC TO 1109 OUTP1420
143: WRITE(6,73) VARLQ CUTP1430
144: 1109 CONTINUE CUTP1440
145 : WPITE(6,74) W CUTP1450
146: WRITC(6,75) VARW 0UTP146C
147: WRITF(6,76) PIW9C CUTP1470
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14P: kRITF(6,77) PIk95 CUTP1480
149: UVI IF(6,78) WQ CUTP1490
15C : IF(K.EC.B) RFTURN CUTP15CC
151: kRITF(6,79) \/ARkQ CUTP15 10
152: kRITE(6t8C) PlVvU90 CUTP1520
153: kPITE(6t81) PIUQ95 OUTP1530
154: RETURN CUTP1540
155: c*** KOLEL 2 CUTP1550
156: 2 CONTINUE CUTP1560
157: kRITE(6,12) 0UTP1570
15?: WRITF(6,14) CUTP1580
159: kRITE(6,18) ICHANS CUTP1590
16C : kRITE(6,21) ICAP 0UTP16C0
161: k R I T F ( 6,2 2 ) CUTP1610
162: 1113 continue CUTP1620
163: kRITE(6,61) TA(NUM) CUTP163C
164: kRITE(6,62) LAMBDA(NUM) CUTP1640
165: IF(K.E0.5) kRITE(6,662) ENTRY CUTP1650
166: kRITE(6,63) TS 0UTP1660
167: kRITE(6,64) MU 0UTP1670
168: IF(K.E(J.5.0R.K.EQ.6) kRITE(6,665) PSI CUTP1680
169 : kt?ITE(6,65) PHO 0UTP1690
170: kRITE(6,66) PO 0UTP17CC
171: IF(K.FQ.7) GO TO 1116 CUTP1710
172: IF(K.EC.8 ) GO TO 1116 OUTP1720
173: NA=N-1 OUTP1730
174: IF(K.EC.6) NA=N CUTP1740
175: C01H2 1 = 1, NA CUTP1750
176 : kRITE(6,67) I,I,P(I) CUTP176C
177: 1112 CONTINUE CUTP1770
178: IF(K.FC.6) GO TO 11016 CUTP1780
179: k R I T E ( 6,8 2 ) N , P ( N ) CUTP1790
l&C : 11C16 COiNTI NUE 0UTP18C0
181: IF(K.F0.3.0R.K.E0.5.0R.K.EQ.6) kRITE(6,666) PNCkT 0UTP1810
182 : IF(K.FC.3.CR.K.EC.6) WRITE(6,668) PD CUTP1820
183: IF(K.EC.3.CR.K.tQ.6) kRITE(6,669) DELAY 0UTP183C
184: IF(K.FQ.3 . OR.K.EO.6) WRITE!6,67C) TB CUTP1840
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185: IF(K.FO.5.OR.K.EQ.6) UR ITE(6,667) AVEC CUTP1850
186 : IFIK.EC.3) WRITE(6,882) DOWN CUTP1860
187: 1116 CONTINUE CUTP1870
188: URITE(6,68) L CUTP1880
189: UP I TP(6,72 ) LG CUTP1890
190: URITF(6,74) U 0UTP19CC
191:
192:

URITP(6,78) UGl
RFTURN

CUTP1910
CUTP1920

193: C*** PODEL 3 CUTP193C
194: 3 CONTINUE 0UTP1940
195:
196:

URITF(6,13) IPUP
U'>ITE(6,14)

CUTP1950
0UTP1960

197:
198:
199:
2CC:

URITE(6,18) ICHANS
URITE(6,2C)
U R IT E ( 6,2 2 )
GO TO 1113

0UTP1970
CUTP1980
OUTP1990
CUTP2CC0

2 01: c*** r'CiPEL 4 CUTP2010
2C2 :
2C3:
224:

4 CONTINUE
U R I T E ( 6,1 2 ) 
UR I TE ( 6 , 14 )

0UTP2020
0UTP2C3C
CUTP2040

2C5 : IF( I FIND.EG. 1 ) GO TO 4 5 CUTP2050
2C6 :
2C7:

URITE(6,18) ICHANS
GO TO 46

0UTP2060
CUTP2070

2C8: 45 uRITE(6,19) PRCEislT,T CUTP2080
2C9: URITE (6,11118) ICHANS CUTP2C9C
21C: URITF(6,11018) TERP CUTP21C0
211:
212 :
213:

46 CONTINUE
URITE(6,2C)
URITE(6,22)

CUTP2110
CUTP2120
0UTP2130

214: URITF(6,61) TA(NUM) CUTP2140
215 : URITE(6,62) LAPBCA(NUM) OUTP215O
216 : URITK6,63) TS CUTP2160
217: WRITF(6,64) PU CUTP2170
218: URITE-(6,665 ) PSI CUTP2180
219: URITF(6,65) RHC 0UTP219C
220: URITF(6,66) P3 CUTP22C0
221: CO 1114 1=1,N CUTP2210



PAGE 7

222 WRITE(6,67) I, I,P( I ) CUTP2220
223 1114 CCNTINUE CUTP2230
224 kRITF(6,68) L CUTP2240
225 H R IT E ( 6,7 2 ) LQ CUTP2250
226 " I T E(6,73) VARLQ OUTP2260
227 U.R I Tiz ( 6,7 4 ) W CUTP2270
228 WRITE(6,75) VARWI CUTP2280
229 WR ITE(6,78) WO 0UTP2290
23C WRITE(6,79) \/ARWiG 0UTP23C0
231 RETURN CUTP2310
232 c* * * RODEL 5 0UTP2320
233 5 CONTINUE CUTP2330
234 WRITE(6,12) CUTP2340
235 WRITE(6,14) CUTP2350
236 W R I T F ( 6,1 8 ) ICHANS OUTP2360
237 WRITF(6,21) ICAP CUTP2370
238 W R I T E ( 6,2 2 ) CUTP2380
239 GO TC 1113 0UTP2390
240 c*** MODEL 6 0UTP24C0
241 6 CONTINUE CUTP2410
242 ITE(6,13) IPOP OUTP2420
243 WRI TE(6,14) 0UTP243C
244 W.PITE(6,18) ICHANS CUTP2440
245 WR ITE (6,20 CUTP2450
246 WRITE(6,22) 0UTP2460
247 GO TO 1113 CUTP247C
248 c*** MOCEL 7 CUTP2480
249 7 CONTINUE 0UTP249C
250 WRITF(6,12) CUTP25C0
251 IF(VAR.LT..0001) GO TO 1107 CUTP2510
252 WRITE(6,15) 0UTP2520
253 WRITF(6,663 ) VAR CUTP2530
254 CO TO 1108 CUTP2540
255 1107 WRITE(6,16) CUTP2550
256 1108 CONTINUE 0UTP2560
257 W.R ITE(6,18 ) ICHANS CUTP2570
258 WRITE(6,2C) OUTP2580



PAGE 8

259 : R IT E ( 6,2 2 ) CUTP2590
260: GO TO 1113 CUTP26CC
261: C*»* NUC’EL 8 CUTP2610
262: 8 CONTINUE CUTP2620
263 : hPITE (6,12) GUTP263C
264: k^ITE(6,17) ERLANG CUTP2640
265 : hRITE(6,18) IOFANS CUTP2650
266: kRITE(6,20) 0UTP2660
267: VxR I TE ( 6,22 ) CUTP2670
268: co to me CUTP2680
269: c*** FOOLll, PCCL12, AND 1^00113 0UTP2690
270: 111 CONTINUE CUTP27C0
271: k R I T E ( 6 , 12 ) CUTP2710
272: CO 114 1 = 1,NUNS CUTP2720
273: IF( ITYPE( I ).EQ.l) URITE(6,614) I 0UTP2730
274: IF( ITYPE( I ).EQ.2) kRITE(6,615) I CUTP2740
2 75: IF( ITYPEt I).EQ.3) WRITE(6,616) I 0UTP2750
276: IF(ITYPE(I).EQ.4) kRlTE(6,617) I 0UTP276C
277: 114 CONTINUE CUTP2770
278 : kRITf-(6,18) ICHANS OUTP2780
279: kRITL(6,20) CUTP2790
280 : IF(K.EQ.U) kRITE(6,25) CUTP28C0
281 : IF(K.EC.12) WRITE(6,26) CUTP2810
282 : IF(K.EQ.13) kRITE(6,27) CUTP282C
283: CO 117 1=1,NUNS CUTP283C
284: URITE(6,625) I CUTP2840
285 : k R I T E ( 6,61 ) T A ( I ) CUTP285C
286: kRITF(6,62) LANBOA(I) CUTP2860
287: kP ITE(6,63) TTS( I) CUTP287O
288: kRITF(6,64) TMU(I) 0UTP2880
2 89: kP.ITE(6,65) RO(I) 0UTP2890
290: kRITF(6,6655) I,U(I) CUTP29C0
291 : kRITE(6,6656) TPSI CUTP2910
292: kRITF(6,68) TL(I) 0UTP292C
293: kRITF(6,72) TLQ(I) CUTP2930
294: kRITE(6,74) TSYS(I) 0UTP2940
295: IF(K.E0.13) kRITE(6,78) TC CUTP2950
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296: IF(K.LT.13) k,RITE(6,7R) TTO(I) 0UTP296C
297: kRITE(6,6657) CUTP2970
298: 117 CLNTINUE CUTP2980
299: kRITE(6,6658) CUTP2990
3CC : TAA=1./TLAMR CUTP3CC0
301: WRITE(6,61) TA A CUTP3010
302: WRITE(6,62) TLAMB □UTP3020
3C3: WRITE(6,63) TB1 CUTP303C
3C4: TAB=1./TB1 CUTP3040
3C5: WP.ITE(6,6A) TAB CUTP3050
3C6: WRITE(6,6656) TPSI 0UTP3C6C
3C7: WPITF(6,68) L CUTP307C
3C8: WRITE(6,72) LO CUTP3080
3C9: WRITE(6,74) TAVG CUTP3C9C
310: WRITE(6,78) TQAVG CUTP31C0
311: RETURN CUTP3110
312 : ENO CUTP3120
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1: SUPRCUTirJE MOMENT MOME 10
2: c*** SUHROLTINE moment IS CALLED FROM SUBROUTINE SOLVE WHEN PRIORITY MOME 20
3: c*** MODEL OR MULTI -CLASS SERVICE DISTRIBUTIONS ARE SPECIFIED MOME 30
A : c*** REFERENCES MEYER PAGES 159,160,190 MOME 40
5: c*** REFERENCES IBM MANUAL PAGES 12-14 MOME 5C
6: c ** ♦ R0(I) IS FRACTION OF SERVER UTILIZATION CUE TO TRAFFIC IN I-TH CLAMOME 60
7 : c * * * TLAMR IS TOTAL.MEAN ARRIVAL RATE MOME 70
«: c*** El AND B2 ARE FIRST TWO MOMENTS ABOUT MEAN MOME BC
9: c*** VAR = B2 - Bl**2 MOME 90

10: (;*** TRI AND TB2 ARE MOMENTS FOR OVERALL SERVICE TIME MOME ICO
11 : c*** L(I) IS CUMULATIVE UTILIZATION DUE TO TRAFFIC OF PRIORITY 1 UP TO MOME 110
12: 0*** M IS CLASS OF ERLANG DISTRIBUTION kHICH CORRESPONDS TO SERVICE MOME 120
13: c* ** DISTRIBUTION OF CLASS I. MOME 130
14: c**» J=ITYPE(I) IS TYPE OF SERVICE DISTRIBUTION OF CLASS I. MOME 140
15: c*** 1= EXPONENTIAL^ 2 = GENERAL, 3= CONSTANT, 4= ERLANG MOME 150
16: c*** TPSI IS TOTAL UTILIZATION OF THE SERVER MOME 160
17: C0MMCN/BLK7/ AR I V AL,KPR I 0R, ID I SC,FSERV,VAR,ERLANG MOME 170
1«: COMMON / BLK8 / TA(10),TS,NUM,I PROB,LAMBCA(10),MU MOME 180
19: COMMON / BLK18 / I TYPE( 1C ) , ILANG(10),TTS(10) ,TMU(10) ,TVAR(10 ) MOME 190
20: COMMON / BLK19 / Bl(10),B2(10),TB1,TB2,U(10) ,R0( 1C),TLAMB MOME 2C0
21: CCMMCN/BLK20/NUMS MOME 210
22: C0MM0N/RLK21/TPSI MOME 220
23: c*** VARIABLE TYPE SIZE COMMON BLOCK COMMENT MOME 230
24: c*** R1 R 10 19 FIRST MOMENT MOME 24C
25: c * * * P,2 R 10 19 SECOND MOMENT MOME 250
26 : c*** TB1 R 1 19 TOTAL FIRST MOMENTMOME 260
27: c*** TH2 R 1 19 TOTAL SECOND MO . MOME 270
2ti : c*** L R 1C 19 CUMULATIVE RO MOME 280
29: c*** RU R 10 19 SERVER UTILIZATICNMOME 290
30: c*** TLAMB R 1 19 TOTAL ARRIVAL RATEMOME 3CC
31: REAL LAMBDA MOME 310
32: N=1U MOME 320
33: 5UML=C. MOME 330
34: c*** LOOP TO DETERMINE Bl AND B2 , TLAMB, RC(I) MOME 340
35: CO 12 I=1,NUMS NOME 350
36: TSC = TTS(I )*TTS(I ) MOME 360
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37: |v= I L *SNG ( I ) MCME 370
38 : J=ITYPE(I) MOME 380
39: IF(J.LT.l.CR.J.GT.4) CALL BAD(M MOME 390
4 0: GG TO ( 1,2,3,4),J MOME 400
41: 1 Pl ( I )=TTS( I ) MOME 410
42: H2(I)=2.*TSG MOME 420
43: GO TO 11 MOME 430
44: 2 G1 ( I )=TTS( I ) MOME 440
45: B?(I)=TVAR(I)+TSQ MOME 450
46: GO TO 11 MOME 460
47: 3 Pl( I )=TTS( I ) MOME 470
4R : 82(1)=TSG MOME 480
49: CO TO 11 MOME 490
5C : 4 El(I) = (FACT(M)/FACT(M-1 ) ) *(TT$( I)/M ) MOME 5C0
51 : E2(I)=(M+1)/^*(TSC) MOME 510
52: 11 TLAMrt=SUPL+LAMBDA(I) MOME 520
53 : RO( I ) = LAPELA(I )*B1 (I ) MOME 530
54: SUPL=TLAPB MOME 540
55: 12 CONTINUE MOME 550
56: TP 1 = 0 . MOME 560
57: TB2 = n . MOME 570
58: SUMU=C. MCME 580
59: C*** LCOP TO DETERMINE TB1, TP2, U(I) MOME 590
60 : CO 13 I=1,NUMS MOME 6C0
61 : TB1=LAMBOA(I)/TLAMB*B1(I)+TB1 MOME 610
62: TP?=LAMBDA(I)/TLAMB*B2(I)+TB2 MOME 620
63 : U( I ) = SUMU + P0(I) MOME 630
64 : SLML=L(I) MOME 640
65: 13 CONTINUE MOME 650
66: IF(5IJMU.LT.l. ) GO TO 6 MCME 660
67: N = 7 MOME 670
68 : CALL PAD(N) MOME 680
69: RETURN MOME 690
7C : 5 CONTINUE MOME 7C0
71: T P S I = TL AM P* TP 1 MOME 710
72: C*** NUNP^FEMPTIVE MOME 720
73 : IF( ICISC.EC.4) GO TO 14 MOME 730
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7 A : c*** PPFE^PTIVE-RESUME t'Cr'E 740
75: IF( iniSC.EC.5) GO TO 15 NON'E 750
76: c*** NO PRIORITY MOR'E 760
77: I F( ICISC.E0.6) GO TO 16 NONE 770
7P : CALL BAD(M NOPE 780
79: 14 CALL I^CDLll POPE 790
ftO: RETURN RONE 800
81: 15 CALL M0DL12 MOPE 810
82: RETLRN POME 820
83: 16 CONTINUE POME 830
84 : CALL ^0CL13 POME 840
85 : RETURN MOPE 850
86: END POPE 860
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1: SUPRCUTINE PTAB(A,BtC,C) PTAB 10
2: c*** SUPRTUTINE TABULATES PRIORITY RESULTS INTO A TABLE PTAB 20
3: C*** P IS INSERTEO IN FRONT OF NORMAL SYMBOL NAME PTAB 3C
A: C*** BLK27 IS IN COMMON KITH PELT PTAB 40
5: COMMON / BLK26 /IPNUM PTAB 50
6 : COMMON / BLK27 / PL(20),PLQ(20),PW(20),PkO(2C) PTAB 60
7: PL( IPNUM)=A PTAB 70
8: PLC( IPNUM )=B PTAB 80
9: PW( IPNUM)=C PTAB 90

1C : PKG(IPNUM)=0 PTAB ICC
11: RETURN PTAB 110
12 : END PTAB 120
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1 : SUBROUTINE PCUT(IPNUM) POUT 10
2: CCWCN / ELK27 / PL ( 20 ) , P LG ( 20 ) , PW ( 20 ) , PhQ ( 20 ) POUT 20
3: hRITF(6,8) POUT 30
4 : 8 FORMAT(•1*** SUMMARY RESULTS OF MULTI-STREAM MODELS *** ' ) POUT 40
5: hRITG(6,9) POUT 50
6: 9 FORFAT(*rpRCBLEMl,7X,'MEAN',9X,'MEAN* ,9X, 'MEAN',9X, •MEAN'/' NUMBERPOUT 60
7 : 1•,RX, •NUMBER *,7X,'NUMBER',7X,'TIME',9X,'TIME'/15X,* IN' , UX, ' IN' , 11P0UT 70
P: 2X,'IN',UX,'INV15X,' SYSTEM',7X,'QU EUE',8X,'SYSTEM' ,7X, 'QUEUE'Z/ZJPOUT 80
9: 1C F0RMAT(6X,I2,3(7X,F6.3),6X,F6.3//) POUT 90

1C: CO 1 I=1,IPNUM POUT ICO
11: hRlTE(6,10) I ,PL(I ) , PLC( I ) ,PW( I ) ,PWQ( I ) POUT no
12: 1 CONTINUE POUT 120
13: RETURN POUT 130
14: END POUT 140
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1 : SUBP.CUTINE TA8U( A,B,C,C,E, I PROB) TABU 10
2: c*** SUBROUTINE TABULATES CCPPCN RESULTS INTO A TABLE CF ARRAYS TABU 20
3: c*** ELK12 IS IM COMMON WITH SUBROUTINE CUTTAP TABU 30
4 : CCMMCN/BLK12/TPC(20),TL(20),TLG(20),TW(2C),TWQ(2C) TABU 40
5 : c*** T IS INSERTEC IN FRONT OF NORMAL SYMBOL NAME TABU 50
6: TPC(IPROB)=A TABU 60
7: TL( IPROB) = B TABU 70
R: TLO(IPRCB)=C TABU 80
9: TW( IPROB)=D TABU 90

1C : Tw((IPROB)=E TABU 100
11: RETURN TABU 110
12: ENO TABU 120
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1: SUPROLTINE CUTTAB I IPRCB) CUTT 10
2: C*** SUBROUTINE PRINTS RESULTS OF SUBROUTINE TABU CUTT 20
3 : CGFRCN/RLK12/TPO(20),TL(20),TLQ(20),TW(2C),TkQ(2C) CUTT 30
A: kRITE(6,R) CUTT 40
5: 8 FURMATt ' 1*** SUMMARY RESULTS OF SINGLE STREAM MODELS ***' ) CUTT 50
6: 9 FORMAT(’OPRORLEM PRCB. MEAN MEAN MEAN CUTT 60
7: 1 MEAN'/’ NUMBER SYSTEM NUMBER NUMBER TIME CUTT 70
8: 2 TIME'/14X,’IS',1CX,'IN',1CX,'IN',1CX,'IN'»1CX,'IN' /14X,•EMpCUTT 80
9: 3TY' ,7X,’SYSTEM',6X,1GUEUE SYSTEM QUEUE'///) CUTT 90

1C : 1C Fr_RMAT(6X,I2,4(6X,F6.3),6X,F6.3//) CUTT ICC
11: wRITF (6,9) CUTT 110
12 : CO 1 1=1,IPR08 CUTT 120
13 : kRITE(6,1C) I ,TPO( I ),TL(I),TLQ(I),TW( I ) , TWQ(I ) CUTT 130
14: 1 CONTINUE CUTT 140
15 : RETURN CUTT 150
16: ENP CUTT 160
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1: SIJRROLTINE ^GDLl MODL 10
2: c*** POISSON / EXPONENTIAL SERVICE / ONE SERVER MODE 20
3: c*** FIFO ASSUMED MODL 30
4: c*** LNLIVITED CIJEUE MODL 40
5: c*** LNIIPITED POPULATION MODL 50
6 : c*** POOL SUBROUTINES ARE A SERIES OF SUBROUTINES TO CALCULATE RESULTS MODL 60
7 : c*** OF VARIOUS MODELS MODL 70
8: c*** ROUTINES ARE CALLED FROM SUBROUTINE SOLVE MODL 80
9: c*** PLK6 AND BLK8 ARE IN COMMON WITH MAIN, SOLVE, AND OUTPUT MODL 90

1C : c*** BLK9 AND BLK10 ARE IN COMMON WITH SUBROUTINE OUTPUT MODL ICC
11: c*** VAR BEFORE SYMBOL REFERS TO VARIANCE OF VARIABLE MODL 1 10
12: c*** THE FOLLOWING SYMBOLS ARE SIMILAR FOR ALL MCCL SUBROUTINES MODL 120
13: c*** PI REFERS TO 90 AND 95 PERCENTILE OF VARIABLE MODL 130
14: c*** C AFTER SYMBOL REFERS TO QUEUE OR WAITING LINE ONLY NOT SYSTEM MODL 140
15: c*** PC IS PROPORTION OF TIME SYSTEM IS IDLE MODL 150
16: c*** P(N) IS PROBABILITY N NUMBER OF CUSTOMERS ARE IN SYSTEM MODL 160
17: c*** N IS ALSO USED AS ERROR NUMBER MODL 170
18: c*** L IS MEAN NUMBER OF CUSTOMERS IN SYSTEM MOLL 180
19 : c*** W IS MEAN TIME IN SYSTEM MODL 190
20 : c*** K IS MODEL NUMBER MODL 2C0
21: c*** RHO IS SERVER UTILIZATION MODL 210
22 : c*** RED SHOULD BE LESS THAN ONE MODL 220
23: C0MM0N/BLK6/PRCENT,I POP,I CHANS,T, ICAP, IF IND MODL 230
24: COMMON / BLK8 / TA(1C) , TS ,NUM,I PR0B,LAMBCA(10),MU MOLL 240
25: COMMON / BLK9 / RHO,PC,P(5C),L,VARL,PIN9C,PIN95,LC,VAR LG MCCL 250
26: COMMON/BLKIO/W,VARW,PIW9C,PIW95,WQ,VARWQ,PIWQ90,PIWO95,N MODL 260
27: RFAL LAMBDA,L,LQ,MU MOCL 270
28: K=1 MODL 280
29: RHO=TS/TA(NUM) MODL 290
30: c*** IF RHO GE 1 Then SYSTEM DOES NOT REACH STEADY-STATE MOCL 300
31: IF(RHO.LT.l.) GO TO 1 MOCL 310
32 : c*** ERRCO NUMBER MOCL 320
33: N = 7 MOCL 330
34: CALL BAD(N) MOCL 340
35 : RETURN MOCL 350
36: 1 PU=1.-RHO MOCL 360
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37: PC2=P0*P3 r'ODL 370
38: RHQ2=RH0*RH0 POOL 380
39: SL|h*=PC NOCL 390
40 : c*** icnp TO CALCULATE P(N) NOCL 400
41: CO 3 N=1,1C NOCL 410
42: P (,J ) = PC*RPO**N NOCL 420
43 : SU^sijy + P (N ) NODL 430
44 : IF(SUy.GT..95) GO TO 4 NOCL 440
45: 3 CO ITINUE NOCL 450
46: c*** SIZE OF P VECTOR NOCL 460
47: N = 1C NOCL 470
48: 4 L=RHC/P0 NOCL 480
49 : VA9L=L+ (L*L) NOCL 490
50 : LG=L-RHC NOCL 500
51: VARLQ=(RHC2*(1.+RHC-RHC2)) / PC2 NOCL 510
52: Vv= TS / PG NCCL 520
53 : VARU = (TS*TS) / P02 NOCL 530
54: PIh9C = (2.3*TS) / PO NOCL 540
55: PU95 = (3.0*15) / PC NOCL 550
56: PIM90 =(ALCG10(.10) / ALOG10(RHO))-1.0 NOCL 560
57: PIN95 =(ALCG10(.05) / ALCG10(RHC))-l.0 NOCL 570
58: hC= (RHO*TS) / PC NOCL 580
59 : VARWG = ( (2.0 - RHO) * RFO * TS**2) / PC2 NOCL 590
60 : PIUC9C = kQ * (1.0/RHO) ♦ ALCG((100.*RHC )/10.) NOCL 600
61: PIWIJ95 = WG * (l.C/RHO) * A LOG ( ( 1C 0 . *RHC )/5.0 ) NOCL 610
62 : IF(PIN9O.LE.O.) PIN90=C.C NOCL 620
63 : IF(PIN95.LE.0.) PIN95=0.0 NOCL 630
64: IF( PUQ90.LE.C. ) PIGC9C = 0.3 NOCL 640
65: IF(PIWG'95.LE.G. ) PIWC95=C.O NOCL 650
66: CALL TABU(PO,L,LQ,W,WO,IPRCB) NODL 660
67: CALL CLTPLT(K) NOCL 670
68: RETURN NOCL 680
69: ENO NOCL 690
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1 : SHR8CUTINE MCDL2 MODE 10
2: C*** PTISSCN / EXPONENTIAL / 1 / LIPITEC GUEUE = ICAP MOCL 2C
3: C0MM0N/BLK6/PRCENT,I POP,I CHANS,T,ICAP,IF IND MOCL 30
4: CONDON / ELK8 / TA( 1C ) ,TS,NUM,I PROB,LAMBCA( 10), MOCL 40
5: COMMON / BLK9 / RHO,PO,P(50),L,VARL,PIN9C,PIN95,LC.VARLQ MOCL 50
6: COMMCN/BLKlG/W,VARW,PIk9C,PlW95,WC,VARk0,PIhQ90,PIWG95,N MOCL 60
7: REAL L.LC.MU MOCL 70
H : REAL LAMBDA MODE ec
9: K = 2 MOCL 90

1C : J=ICAP + 1 MOCL ICO
11: XJ = FLOAT(J) MODE 110
12: RHO = TS / TA(NUM) MOCL 120
13: c*** A AND B ARE TEMPORARY VARIABLES MOCL 130
14 : A=1.G - RFC**J MODE 140
15: e= 1.0 - RHO MOCL 150
16: P 0 = B / A MOCL 160
17 : DO 1 N=l,ICAP MOCL 170
18: P(N)= (B/A) * RHO**N MOCL 180
19: 1 CONTINUE MOCL 190
20: N= ICAP MOCL 200
21: L = RHC*( ( 1 .C-XJ*(RHO**ICAP) + ICAP * RHO**J) /(B*A)) MODE 210
22: LG' = L-1. + PC MOCL 220
23: k=TA(NUM)*L MOCL 230
24: kC=W-TS MODE 240
25: CALL TABU(PO,L,LQ,k,kQ,IPRCB) MOCL 250
26: CALL OUTPLT(K) MOCL 260
27 : RETURN MODE 270
28 : END MOCL 280
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1 : SUBRCUTINE f/CDL3 MOCL 1C
2: C*** POISSON / EXPONENTIAL / 1 / LIMITED PCPLLATICN = IPCP MOCL 20
3 : C*** REFERENCES PAGE 39 IBM JOURNAL, P 304 HILLIER, 0 P 56 HINESMOCL 30

: CCMMCN/BLK6/PRCENT,I POP,I CHANS,T,I CAP,IF IND MOCL 40
5: COMMON / BLK8 / TA(1C) , TS , NLM,I PROB,LAMBCA(1C),MU MOCL 50
6: COMMON / ELK9 / RHO,PC,P(50),L,VARL,PIN9C,PIN95,LG,VARLQ MOCL 60
7: COMMCN/BLK1O/W,VARW, PIIn90,PIW95, W C, V ARWQ , P IWQ90, P IWQ95,N MOCL 70
8: COMMCN/BLK13/DChN MOCL 80
9: COMMON / BLK14 / PNOWT MOCL 90

10: COMMON / ELK24 / TB,PC,DELAY MOCL ICC
11: REAL L,LU,MU MOCL lie
12: REAL LAMBDA MOCL 120
13: INTEGER FACT,PRCENT MOCL 130
14: K = 3 MOCL 140
15: RHO=TS/TA(NUM) MOCL 150
16: IF(RHO.LT.l.) GO TO 13 MOCL 160
17: N = 7 MOCL 170
18: CALL BAD(N) MOCL 180
19 : RETURN MOCL 190
20 : 13 CONTINUE MOCL 2CC
21: IFACT=FACT(IPOP) MOCL 2 10
22: Sl.JMPO=l .0 MOCL 220
23: MOCL 230
24: DO 1 1 = 1,IPOP MOCL 240
25: JJ= IPOP-I MOCL 250
26 : A=( I FACT/FACT(JJ ) ) *RHO** I MODL 260
27: P(I)=4 MOCL 270
28: SUNPO=SUMPC+A MOCL 280
29: 1 CONTINUE MODL 290
30 : PC=1./SUMPC MOCL 3CC
31: CO 2 N=1,IPOP MOCL 310
32 : P(N)=P(N)*PC MOCL 320
33: 2 CONTINUE MOCL 330
34: N= I POP MOCL 3 40
35: L=lPOP-( 1 .C/RHC)*(l.C-PO) MOCL 350
36 : L(J=I PCP-( (LAMBCA(NUM)+MU ) / LAMBDA ( NUM ) )*( 1 .-PO ) MODL 36C
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37: c *** TP IS MEAN TIME BETWEEN BREAKDOWNS MODL 37C
38: TB=IPCP*TS/(l.-PO) MOCL 3EC
39: c*** RM IS SERVER UTILIZATION MODL 390
4C : c * * * DOWN IS TEE PROBABILITY MACHINE K IS DOWN MODL 4C0
41: RM=1.-PC MOCL 410
42: Cnw'N=l.-( (TA (NUM ) /TS ) / I POP )*RM MOCL 420
43 : W=TB-TA(NUM) MODL 430
44: WU=W-TS MOCL 440
45: PNOWT=PC MOCL 450
46: PD= 1. - PNOWT MOCL 460
47: DELAY= WQ / PD MOCL 470
43: CALL TABU(PO,L,LQ,W,WC,IPRCB) MOCL 480
49: CALL OUTPUT(K) MOCL 490
5C : RETURN MODL 5CC
51: END MOCL 510
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1: SUBROUTINE ^CDL4 MOCL 10
2: G*** POISSON / EXPONENTIAL / >1 = ICHANS MOCL 20
3: CCN'yON/BLKb/PRCENT, I POP, I CH ANS, T, I CAP, IF IMO MODE 30
4: CONMGN / BLK8 / TA(1C) , TS , NLM,I PRCB,LA^BCA(10),NU MOCL 40
5 : COMMON / BLK9 / RHO,P0,P(5C),L,VARL,PIN9C,PIN95,LC,VARLQ MOCL 50
6: CORyOM/BLKlO/W, VARW, P IV<90 ,P IW95, WQ, VARWQ, PIW090, P I WO 9 5, N MODE 60
7: COR^ON/BLKll/AVEC ,ENTRY,PSI MOCL 70
8 : CUMMON/RLK16/TERM MOCL 80
9 : REAL L,LC,RU MOCL 90

10: REAL LAYRDA MOCL ICO
11: INTEGER FACT MOCL 110
12 : c*** PSI IS TRAFFIC INTENSITY, THIS IS A DIMENSIONLESS RATIO MOCL 120
13: c*** INDICATING THE IMPACT OF A TRAFFIC STREAM UPON A MOCL 130
14: c*** SERVICE SYSTEM. MOCL 140
15 : c*** RATIO OF MEAN SERVICE TIME FOR CUSTOMERS TO MOCL 150
16: c*** MEAN TIME BETWEEN CUSTOMERS ARRIVALS MOCL 160
17: PSI=LAMBDA(NL‘M)/MU MOCL 170
1.8 : G*** IF IF IND IS 1 THEN NUMBER OF CHANNELS IS TO BE FOLND MOCL 180
19: G*** START WITH CHANNELS EQUAL TO FIRST INTEGER GREATER THAN PSI MODE 190
20: G * * * THIS IS NECESSARY FOR RHC TC BE LESS THAN 1 MOCL 2C0
21: IF(IFIND.EQ.1) ICHANS=PSI+1.01 MOCL 210
22: 1C CONTINUE MODE 220
23: RHC=PSI/FLCAT(ICHANS) MOCL 230
24: IFIRHO.LT.l.) GO TO 13 MOCL 240
25 : N = 7 MOCL 250
26: CALL BADIN) MOCL 260
27: RETURN MOCL 270
28 : 13 CONTINUE MOCL 280
29 : MM=ICHANS-1 MOCL 290
39: KK = C MOCL 300
31 : SUM=0. MOCL 310
32 : DO 1 K=KK,MM MOCL 320
33: C=FACT(K) MOCL 330
34: SUM=SUM+PSI**K/D MOCL 340
35 : 1 CONTINUE MODE 350
36: K = MM MOCL 360
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37: PC = l./(SUN+(PSI**ICHANS)/( FLOAT(FACT(ICE ANS))*(1 .-REC)) ) MOCL 370
3P: SUM=pr MOCL 380
39 : IF(EM.FC.C ) GO TO 22 MOCL 390
AC : 00 2 1 = 1 ,NE MOCL 4CC
41: P(I )=((PSI**I)/FACT(I) )*PC MOCL 410
42 : SUN=SUM+P(I) MOCL 420
43 : 2 CONTINUE MOCL 430
44: 22 CONTINUE MOCL 440
45: C = 1 .-SUM MOCL 450
46: IF(IFIND.EG.O) GO TO 23 MODL 46C
47: PM = Q MOCL 470
4A: POkiER=-l.*( FLOAT! ICHANS)-PSI )*T/TS MOCL 480
49: C*** TERM IS -gTILE VALUE CALCULATED FOR THIS NUMBER OF SERVERS MOCL 490
5C: TFRM=l.-PM*EXP(PCkER) MOCL 5C0
51: TEPM= ICC .*TERM MOCL 510
52: C*** kHEN TERM IS .GE. TO PRCENT THEN MINIMUM NUMBER OF CHANNELS MODL 520
53: C*** IS FOUND MOCL 530
54: IFITERM.GE.PRCENT) GO TO 23 MOCL 540
55: ICHANS=ICEANS+1 MOCL 550
56: GO TO 1C MOCL 560
57: 23 CONTINUE MOCL 570
58 : JJ=ICHANS+1G MOCL 5P0
59: A=FACT(ICEANS) MODL 59C
6 G: CO 3-N=ICHANS,JJ MOCL 6C0
61: K K = N-I CHANS MOCL 610
62 : P ( N') = ( PSI**N*PO ) / ( A*ICHANS**KK ) MOCL 620
63: SLM=SLM+P(N) MOCL 630
64: IF(SUM.GT..95) GO TO 4 MOCL 640
65: 3 CONTINUE MOCL 650
66: N= JJ MOCL 660
67: 4 CCimTINUE MOCL 670
68 : LC=(PO*PSI**ICHANS *RHO)/(FACT(ICHANS)*( 1.0-RH0)**2) MOCL 680
69 : L = I.C+PSI MOCL 690
7C : k()=LO*TA(NUM) MOCL 700
71 : k=WC+TS MOCL 710
72 : A=(l.-RHC)*(l.-RHC) MOCL 720
73: \/ARkQ=( ( 2 .—C ) *C* T S* TS ) /( I CHANS* I CHANS* A ) MOCL 730
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7A: VAP.Inl=VARHQ*TS*TS I^OCL 740
75:
76 :
77:
78:
79:
80:

VaRLC=(RHC*C*(l.+RHO-PHO*Q))/A PGCL 750
CALL TABU(PO,L,LQ,W,WQ,IPROB) MOCL 760
K=4 MOCL 770
CALL OUTPUT(K) MOCL 780
PFTUP.N MOCL 79C
EXD MOCL 8CC
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1: SUBROUTINE NCDL5 MOCL 10
2: c*** POISSON / EXPONENTIAL / >1 / LIMITED QUEUE = ICAP MODE 20
3: c*** REFERENCES PAGES 310-311 HILLIER AND LIEBERMAN, AND PAGES 4MODL 30
4: c**» HINES MOCL 40
5: COMMON/BLK6/PRCENT,I POP,ICHANS,T,ICAP,IF IND MOCL 50
6: COMMON / BLKR / TA(10 ) ,TS,NUM,I PROP,LAMBCA( 10 ) ,MU MODE 60
7: COMMON / BLK9 / RH0,PO , P(50),L,VARL,PIN9C,PIN95,LC,VARLQ MOCL 70
8: COMMON/BLK 1C/W, VARW,P IVi9C,PIW95, WQ,VARWC ,PIhQ90,PIWC95,N MOCL 80
9: COMMCN/RLKU/AVEC ,ENTRY,PSI MODE 90

10: C0MM0N/BLK14/PNCkT MOCL ICO
11: REAL L,LQ,MU MOCL 110
12: REAL LAMBCA MODE 120
13: INTEGER FACT MODE 130
14: PS I =LAMBDA(NUM)/ML MOCL 140
15 : RhC=PSI/ICHANS MOCL 150
16: 10 FORM ATI'0***** WARNING CAPACITY IS LESS THAN NUMBER CF CHANNELS') MOCL 160
17: IF( ICAP.LT.ICHANS) WRITE(6,10) MOCL 170
18: c*** JK IS MINIMUM OF CAPACITY OR CHANNELS MOCL 180
19: c*** CAPACITY IS GENERALLY AT LEAST AS LARGE AS THE NUMBER OF CHANNELS MOCL 190
20: JK=MINC(ICAP,ICHANS) MOCL 2C0
21: JN=JK-1 MOCL 210
22: SLM1=1.0 MODE 220
23: CO 1 1=1,JK MOCL 230
24: SUM 1=SUM l+(PS 1**1 )/FACT I I ) MOCL 240
25: 1 CONTINUE MODE 250
26: IE=ICAP-ICHANS+1 MOCL 260
27: SUM2=I l.C-RHO**IE)/( l.C-RHO) MOCL 270
28: PO = l.C/(SUMl + ((PSI**ICHANS)/FACT( ICHANS) )*SLM2) MOCL 280
29: DO 3 N=1,JK MOCL 290
3C: P(N)=(PSI**N/FACT(N))*PC MOCL 3C0
31 : 3 CUNT INUE MOCL 310
32 : S=FACT(ICHANS) MODE 32C
33: N=ICHANS MOCL 33C
34: PI ICHANS ) = I(PSI**N)/S)*PC MOCL 340
35 : J=ICHANS+1 MODE 350
36: DO 4 N=J,ICAP MOCL 360
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37: M*1=N-1 MOCL 370
38: P(N)=P(NM1)*PSI/ICHANS MOCL 380
39: A CONTINUE MOCL 390
AC: N = v*\XC( ICAP, ICHANS) MOCL AGO
Al: IF(ICAP.GT.ICHANS) GO TO 6 MOCL A10
A2 : LC=O. MOCL A20
A3 : SUI^O. MOCL A3C
AA: CO 5 1 = 1, ICAP MOCL AAO
A5: SUM=SUM+I*P(I) MOCL A50
A 6: 5 CONTINUE MOCL A6C
A?: L = SUM MOCL A70
AB: 6 CONTINUE MOCL A80
A9 : I=ICAP-ICEANS MODE ASO
5C: LU=(PC*PSI**ICHANS*RHC)/(S*(1.-RHC)*(1 RHO))*(1.-RHC**I-I*RHO**I*MOCL 5C0
51: 1(1.-RHO ) ) MOCL 5 10
52: SUP1=C. MOCL 520
53: SUP2=PC MOCL 530
5A: J=ICHANS-1 MOCL 5A0
55: CO 7 1=1,J MOCL 550
56: SUM1=SUI^1 + I*P ( I ) MOCL 560
57: SUM2=SUM2+P(I) MOCL 570
58: 7 CONTINUE MOCL 580
59: c*** PROB OF NO WAITING TIME MOCL 590
60: PN0kT=SUM2 MOCL 600
61: L = SUMI+10+1CHANS*(1.-SUM2) MOCL 6 10
62: SUM=ICHANS*PO MOCL 620
63: CO 8 1 = 1,ICHANS MOCL 630
6A: SUM=SUM+(ICHANS-I)*P(I) MOCL 6A0
65 : 8 CONTINUE MOCL 650
66: IL=ICAP-ICHANS MOCL 660
67: c*** ENTRY RATE TO SYSTEM, THIS IS LESS THAN ARRIVAL RATE CUE TO LCSSESMOCL 670
68 : ENTRY=LAMBCA(NUM)*(1.-P(ICAP)) MOCL 680
69 : k=L/ENTRY MOCL 690
70: kU=LO/ENTRY MOCL 700
71: SUM=ICHAMS*PO MOCL 710
72 : CO 9 1 = 1, ICHANS MOCL 720
73: SUM=SUM+(ICHANS-I)*P(I) MOCL 730
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74: 9 CONTINUE MOCL 740
75: Q*** AVERAGE NUMBER OF EMPTY CHANNELS MOCL 750
76 : AVFC=SUM MOCL 760
77: CALL TABU(PO,L,LQ,k,kQ,IPRGB) MOCL 770
78: K=5 MOCL 780
79: CALL OUTPUT(K) MOCL 790
8C : RETURN MOCL 8C0
8 1: END MOCL 810
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1: SUBROUTINE M0DL6 MOCL 10
2 : 0*** POISSON / EXPONENTIAL / >1 / LIMITED POPULATION MODE 20
3 : CUMMON/RLK6/PRCENT,IPCP,ICHANS,T,ICAP,IFIND MODE 30
4: COUPON / ELK8 / TAI 10) , TStNUM,IPR0H»LAMBCAI10),MU MOCL 4G
5: CCPMON / PLK9 / RHO,P0,P{5G),L,VARL,PIN9C,PIN95,LC,VARLQ MODE 5 0
6: COMMCN/BLKIO/W.VARW,PIW90,PIW95,W0,VARWQ,PIW090,P I HQ95,N MODE 60
7: CCNM0N/BLK11/AVEC ,ENTRY,PSI MOCL 70
R : COMMON / ELK 14 / PNOWT MOCL 80
9 : COMMON / PLK24 / TH,PD,DELAY MODE 90

10: REAL L,LC,MU MODE ICO
11: REAL LAMBDA MOCL 110
12: HTEGFR FACT.PRCENT MODE 120
13: PSI=LAMBDA(NUM)/MU MOCL 130
14: RHO=PSI/ ICFANS MOCL 140
15: IF(RHO.LT.l . ) GO TO 13 MODE 150
16: N = 7 MOCL 160
17: CALL BADIN) MOCL 170
18: RETURN MOCL 180
19: 13 CONTINUE MODE 190
20: N=IPCP MOCL 2C0
21 : M= ICHANS MODE 210
22: NF = F \CTIN) MODE 220
23: MF=F^CTIM) MODE 2 30
24: SUM1=1. MOCL 240
25: SUM2=C. MODE 250
26: DO 1 I=1,M MOCL 2 60
27: A=(NF*PS1**1)/(FACTIN-I)*FACT(I)) MOCL 270
28 : SUM1=SUM1+A MOCL 280
29: P I I ) =A MODE 290
3C: 1 CONTINUE MUCL 300
31 : MM=M+1 MODE 310
32 : CO 2 I=MM,N MODE 32C
33: NF=I-M MOCL 330
34: H=(NF*PSI**I)/(MF*M**NE*FACT(N-I)) MODE 340
35: PI I)=P MODE 350
36: SUM2=SUM2+B MODE 360
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37: 2 CU.'JTI \IUE MOCL 370
38: P^^l ./(suy1 + SUM2) MODE 380
39: cn 3 1=1,N MODE 390
40 : P( I )=P( I )*P0 MOCL 4C0
41: 3 CONTINUE MGCL 410
42: LG = O. MODE 420
43 : nc 4 I = py,!\ MOCL 430
44: LQ = LQ + ( I —f* ) *P ( I ) MOCL 440
45: 4 CUNTINUF MOCL 450
46 : C*** AVERAGE NUMBER OF EMPTY CHANNELS MODE 460
47: AVFC=M*PC MOCL 470
48: PNUhT=P0 MOCL 480
49: CO 5 1=1 MODE 490
5C: AVFC=AVEC+(M-I)*P(I) MOCL 5C0
51: PNOV»T = PNUhT + P ( I ) MOCL 510
52: 5 CONTINUE MODE 520
53: L=v+LQ-AVEC MOCL 530
54: kU=LC/(LAMBOA(NUM)*(N-L)) MOCL 540
55: k=L/(LAMPCA(NUM)*(N-L)) MODE 550
56 : TB=TS+TA(NUM)+UQ MOCL 560
57: PD= 1. - PNUViT MOCL 570
58 : LELAY= WL / PD MOCL 580
59: CALL TABU(PG,L,LQ,W,WQ,IPRCB) MOCL 590
6C: K = 6 MOCL 600
61: CALL UUTPUT(K) MOCL 610
62 : RETURN MODE 620
6 3: ENO MOCL 630
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1 : SUBROUTINE PCDL7 MODE ia
2: C*** PUISSON / GENERAL / 1 / VARIANCE = VAR MODE 20
3: C*** IF VAR = C THEN SERVICE DISTRIBUTION IS CONSTANT MODE 30
At C** * REFERENCES PAGES 11-13 IBN JOURNAL AND PAGE 3C1 HILLIER MODE 4 0
5: COMMON/BLK6/PRCENT,I POP,I CHANS,T, I CAP, IF INU MODE 50
6: COMMON/BLK7/ Ar I V AL,KPRI OR,10 I SC,FSERV,V AR,ERL ANG MODE 60
7: COMMON / BLK8 / TA(10) , TS , NUM,I PROB,LAwBDA(10),MU MODE 70
8: COMMON / ELK9 / RHO,PO,P(5U),L,VARL,PIN9C,PIN95,LC,VARLO MOLL 80
9: COMMOH/BLK1U/W,VARW,PIW90,PIW9b,hC,VARWU,PIWQ90,PIWQ95,N MODE 90

K' : REAL L,LG,MU MODE ICO
11: REAL LAMBDA MODE 1 10
12: A=LAMRDA(NUM) MODE 120
13 : RHO=A/MU MODE 130
14: IFIRHO.LT.l.) GO TO 1 MODE 140
15 : N = 7 MODE 150
16 : CALL BAD(N) MODE 160
17: RETURN MODE 1 70
18: 1 Pu-1.-RHO MODE 180
19: LL = A*A*VAR+RHO*RHG/(2.*(1.-RHO) ) MODE 190
20: L=RHC+LQ MODE 2C0
21: kO=LQ/A MODE 210
22: Vi = WC + TS MODE 220
23: CALL TABU(PO,L,LQ,h,UO,IPRCB) MODE 2 30
24: K = 7 MODE 240
25 : CALL OUTPUT(K) MODE 250
26 : RETURN MODE 260
27: END MODE 270
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1: SUBROUTINE MCDLB MOLL 10
2: q ** * POISSON / ERLANG - K / 1 CLASS FLAG IS ERLANG MODE 20
3: c*** ERLANG CLASS IS EQUAL TO R1 E AN**2/V AR IANC E MODE 30
4: c*** REFERENCES PAGES 13-20 IBP JOURNAL, AND PAGES 302-303 HILLIMOCL 40
5 i c*** SPECIAL CASE OF GENERAL WITH VARIANCE EQUAL TO 1./ERLANG*PU**2 MODE 50
6 : CCPM0N/RLK6/PRCENT,IP0PTICHANS,T,ICAP,IFIND MODE 60
7: COP^ON/HLK?/ ARIVAL.KPRICR.IDISC.FSERV,VAR,ERLANG MODE 70
«: CUPMON / BLK8 / TA( 10) ,TS,NUM,I PROB,LAPBCA(1C),MU MODE 80
9: COMMON / BLK9 / RHO,PO,P(50),L,VARL,PIN9C,PIN95,LQ,VARLQ MODE 90

10: COMMON/BLK10/W,VARW,PIW90,PIW95,WQ,VARWQ,PIWQ90,PIWQ95,N MODE 100
11: C0MM0N/BLK11/AVEC ,ENTRY,PSI MOLL no
12 : PF AL L,LG,MU MODE 120
13: INTEGER ERLANG MODE 130
14: RFAL LAMBDA MOLL 140
15: A=LAVRDA(NUM) MODE 1 50
16 : VAR=TS*TS/ERLANG MODE 160
17: RHO=A/MU MOCL 1 70
18: IFIRFO.LT.l.) GO TO 13 MODE 1 80
19 : N = 7 MODE 190
2C: CALL BAD(N) MODE 200
21: RETURN MODE 210
22: 13 CONTINUE MODE 220
23: LQ= ( A*A*VAR+RHC*RHC1) / ( 2 .* (1 .-RHC ) ) MODE 230
24: WC=LQ/A MOCL 240
25: W=WC+TS MODE 2 50
2b : L = A*W MODE 260
27: PP= 1 .-PHO MOLL 270
28: B=(RHO/(1.-RHO)**2) MOCL 280
29: C=RHO*(10.-RH0)/6. MOCL 290
30: E=(3.-3.*RHO+RHO*RHC)/ERLANG MOCL 3 CO
31: E=(RHO*(8.-5.*PH0))/(6.*ERLANG*ERLANG) MOCL 310
32 : VARL=B*(1.-RHO/2.*(3.-C-C-E)) MOCL 320
3 3 : F=(TS/(l.-RHC))**2 MOCL 330
34: 0=1 .-RHU*(4.-RHO)*(l.-l./ERLANG)/6. MODE 340
35 : F = 1 .+ 1./ERLANG MODE 35C
36: C=l.-(RHO/2.)*(1.-1./ERLANG) MOCL 360
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37: CC=C*O MODE 37C
38: V ARtM = F* ( G*H-CO ) POLL 38u
39: SK^AW=SCRT(VAP.W ) MODE 390
AC : S IGMAL=SORT(VARL) MODE ACO
Al: PI'|9D = L + 1.3*SIGMAL MUCL AID
A2 : PIN95=L+2.0*SIGMAL POOL AZO
A3: P I U9O = W+1.3*SIGMAW MODE A30
AA: P Ik95 = W + 2.C*SIGMAhi MOCL AAC
A5 : CALL TABlJ(PL,L,LC,WtWG,IPROB) MOCL A50
A 6: K = « MODE AfcO
A7: CALL CUTPLT(K) MODE A70
A8: R F J L R .M POCL A80
A9 : trsr MODE A90



PAGE 1

1: SUBROUTINE MCDLll MODE 10
2: c*** POISSON/ PAnY/ 1/ NCNPREEMPTIVE PRIORITY MOCL 20
3 : c*** REFERENCE PACES 24-26 IBM JOURNAL MODE 30
4: c*** SUBROUTINE IS CALLED FROM SUB MOMENT, USED TO CALCULATE OUTPUT. MODE 40
5: c *** THF FOLLOWING SYMBOLS ARE THE SAME FOR MCDL11, MCCL12, AND MODL13 MODE 50
6: c*** TO MEAN kAIT TIME MODE 60
7: c*»* TTC(I) MEAN WAITING TIME FOR SERVICE OF AN ARRIVING I-CUSTOMER MODE 70
8: c** * TSYS(I) MEAN TIME FOR A I-CUSTCMER TO GET THROUGH TEE SYSTEM MODE 80
9: c»** 1QAVG AVERAGE WAITING TIME FOR ALL CUSTOMERS MOCL 90

1C: c*** TAVG AVERAGE TIME IN SYSTEM FOR ALL CUSTOMERS MODE ICO
11: c*** TLC(I) MEAN NUMBER OF I-CUSTOMERS WAITING IN LINE MODE 110
12: c*** LO MEAN NUMBER OF TOTAL CUSTOMERS WAITING IN LINE MOCL 120
13: COMMON / BLK8 / TA(10),TS,NUM,I PROB,LAMB0A( 10),MU MODE 1 30
14 : COMMON / BLK9 / RHO,PO,P(50),L,VARL,PIN9C,PIN95,LC,VARLQ MODE 140
15: COMMON / BLK19 / B 1 ( 10),B2(10 ) ,TH 1,TB2,U(10),RO(10),TLAMB MOCL 1 50
16: C0MMCN/BLK20/NUMS MODE 160
17: C0MMCN/BLK21/TPSI MODE 170
18: COMMON / BLK22 / TQ , TTC ( 1 0 ) , T(JA VG , TSYS ( 1 C ) , TLQ ( 10 ) , T AVG , TL ( 1C ) MOCL 180
19 : REAL LAMBDA,LC,L,MU MODE 190
20: TQAVG=n. MODE 2C0
21: CO 2 I=1,NUMS MOCL 210
22: J= 1-1 MOCL 220
23: IF (J.EC.C) GOTO 1 MODE 230
24: TTC'( I ) = ( TLAMB*TB2 ) / ( 2.* ( 1 .-U( J ) )* (1 .-U ( I ) ) ) MODE 240
25: CU TO 2 MOCL 250
26 : 1 CONTINUE MODE 2 60
27 : TTU(I) = (TLAMB*TB2)/(2.*(1.-U(I ) ) ) MODE 270
28: 2 continue MOCL 280
29: CO 3 I=1,NUMS MODE 290
30: TUAvG=LAMBCA(I)/TLAMB*TTQ(Il+TQAVG MODE 3CC
31: TSYSI I) = TTC( I )+Bl( I ) MOCL 310
32 : TL( (I ) = LAMBDA(I)*TTQ( I ) MODE 320
33 : TL(I)=TLC(I)+RCII) MODE 330
3 A • 3 CONTINUE MOCL 340
35 : TAVG=TQAVG+TB1 MOCL 350
36: LC=TLAMB*TCAVG MODE 360



37: L=LC+TPSI
3S: CALL PTAB(L,LQ»TAVG>TQAVG )
39: K = 1 1
AC : CALL CUTPLT(K)
41: RETURN
42: E N L
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MODL 370
MODL 3 80
NODL 3^0
MODL 4C0
MODL 410
MODL 420
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1: SUBROUTINE M0UL12 MODL 10
2: c*** POISSCN/ PANY/ 1/ PREEMPT IVE-RESUME PRIORITY MODL 2C
3: c*** REFERENCE PAGES 24-26 IBY JOURNAL MUCL 30
A: c*** SIMILAR TO MGULU MODL 40
5: COMMON / PLK8 / T A ( 1 C ) , T S , NUM , I PR OB , L AMIB C A ( 1 u ) , M U MODL 50
fc: CEiMMON / BLK9 / RHC , PO , P ( 50 ) , L , VARL T PI N9C , P I N95, LC , V ARLQ MODL 60
7: COMMON / HLK19 / B 1 ( 1C ) , R 2 ( 10 ) , TB 1, TB2 , U ( 1C ) , RLi ( 1C ) , IL AMB MOCL 70
8 : CCMMCr;/BLK2C'/NUMS MODL 80
9: CnMM0N/BLK21/TPSI MODL 90

IT : COMMON / BLK22 / TO , T TO ( 1 C ) , T(J A VG , T SYS ( 1 C ) , T LQ ( 10 ) , T A V G , TL ( 1C ) MOCL ISO
11 : REAL LAMIBCA,L,LG,MU MOCL 110
12: CO 3 I=1,NLMS MODL 120
13: J J=I— 1 MOCL 130
14: A = n. . MOCL 140
15: LO 1 J=1,I MODL 150
16: A=A+LAMBDA(J)*82(J) MODL 160
17: 1 CONTINUE MOCL 170
18 : C = R1(I)+A/(2.*(1.-U( I))) MODL 180
19: IF(JJ.EQ.C) GO TO 2 MOCL 190
2'j: TSYStI) = !./(l.-U(J J) )*C MOCL 200
21 : ^0 TO 3 MODL 210
22 : 2 TSYStI)=C MODL 220
23: 3 CO 1TINUE MOCL 230
24: TAVG^^. MODL 240
25: ED 4 I=1,NUMS MODL 250
26: TT(.'( I ) = T S Y S ( I )-Bl( I ) MOCL 2 60
27: T AVG=TSYS(I)*LAMRDA( I )/TLAMB MODL 270
28: TL( I)=LAMPCA( I )*TSYS(I ) MODL 280
29: TLC(I)=TL(I)-R0(I ) MODL 290
3c: 4 CONTINUE MOCL 300
31: L=TAVG*TLAMR MODL 310
32: TQAV*; = TAVG-TB1 MOCL 320
33: LC=L-TPSI MOCL 330
34: CALL ptaril,LC.TAVG,TQAVG) MODL 340
35 : K = 12 MODL 350
36: CALL OUTPLT(K) MOCL 360



37: P^TURN
3 H : l N P
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MODE 370
MODE 380
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1: SUPKOUTINE MnDL13 MODE 10
2: c * ** PUISSGN/ MA.JY/ 1/ NO PRICRITY MODE 20
3: c*** RFFERENCE IBM PAGE 25 MOCL 30
4: CCivynN / BLKP / TA( 10 ) ,TS 1 PROB, LAMBC A( 10 ) , MU MODE 40
5: COMMON / BLK9 / RHC,PO , P(50),L,VARL,PIN9C,PIN95,LG, VARLQ MODE 50
6: COMMON / BLK19 / B 1 ( 10),B2(10),TB1,TB2,U(1C),RO(1C) , TLAMB MOCL 60
7: CGMM0N/BLK20/MUMS MODE 70
a: C0MM0\7BLK21/TPS I MOCL 80
9 : COMMON / BLK22 / TQ,TTG(1C),TQAVG , ISYS(1C ) ,TLO(10), TAVG,TL(1G) MOLL 9 0

10: REAL LAMRLA,L,LU,MU MOCL ICO
11: RHO=TB1*TLAMB MODE 110
12: TO=TLAMB*TB2/(2.*(1.-RHC)) MOCL 120
13: TAVC=TQ+TB1 MODE 130
14: CO 1 I=1,NUMS MODE 140
15: TSYS(I)=TC+B1(I) MODE 150
15: TL(I)=LAMBCA(I) * TSYS(I) MODE 160
17: TLC( I ) = LAMBDA(I) * TG MODE 170
18: 1 CONTINUE MODE 180
19: TOAVG=TG MOCL 190
2C : TPS I = RHO MOCL 2 00
21: L=TLAMB * TAVG MOCL 210
22: LQ=TLAMB * TQ MOCL 220
23: CALL PTAB(L,LG,TAVG,TQAVG) MOCL 230
24 : K=13 MODE 240
25: CALL OUTPLT(K) MOCL 250
26 : RETURN MOCL 2 60
27: END MODE 270
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28:
29:

PLCCK DATA
ClWCN/BLKl/ JAC, JBC , JOO, JDC, JEC, JFC, JGC, JHC, JIG, JJC, JKC, JLC, JMC

BLCC
BLOC

10
2u

3C: CUNMniM/BLK2/ JNC , JOG , J PC , JGC , JPG , J SC , JIG , JUG , J VC , J WC , J XC , J YC , J ZC BLCC 30
31 : CCPN'PN/BLKB/ JOC , J 1C , J 2C , J3C , J4C , J5C , J6C , J 7C , J 8C , J9C BLOC 40
32: C0NPCN/BLK4/ JPLUS,JPINUS,JPER,JDI V,JMUL,JECU,J8LANK,JCOMMA,JCOLONBLCC 5C
33: CUMM(JN/e.LK5/JPCENT BLOC 60
34: DATA JAC,JBC,JCC,JDC,JEC,JFC,JGC/ * A *, • B* , *C*, • D* , 1 E*, 1 F • , • G ’ / BLOC 70
35: DATA JHC,JIG,JJC,JKC,JLC,JMC,JNCZ •H*,* I 1 ,1 J•, • K* , • L 1 , 1 M • , • N • / BLOC 80
36: DATA JCC,JPC,JGC,JRC,JSC,JTC,JUG/ *C*,’P*,*Q*,*R•,•S*,•T•,•U* / BLOC 90
37: DATA JVC, JInC, JXC, JVC, JZC, JCC, J1C/ * V* , * W , ' X * , • Y • , *1 1 , 1 O’ , * 1 « / BLCC 10 J
38 : DATA J2C,J3C,J4C,J5C,J6C,JTC,J8C/ ’2 ’ , ’ 3 1 ,’4 ’, ’ 5’,’6 ’, ’71,* 8 ’ / BLCC 110
39: DATA J9C,JPLLS,JMINUS,JPFR,JDIV / •9• / BLCC 120
40: LATA JMUL,JECU,JBLANK,JCONMA,JCOLCN / / BLCC 130
41: DATA JPCENT/'?’/ BLCC 140
42 : tND BLOC 150


