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P!rnFACE 

The use of simulation is increasing rapidly in all areas of business 

decision-making. With the availability of computers to aid in mathematical 

analysis, the application of statistics to help solve business problems 

is growing. At the same time, many general-purpose simulation languages 

are being developed to make statistic s both more sophisticated and easier 

for the general manager to use and evaluate. 

This report is designed to illustrate how simulation can be used in 

tile area of computer equipment evaluation and planning. A specific 

example of the replacement of one type of printer hardware with a newer 

and faster type of hardware is simulated. The results are analyzed to 

determine where the bottlenecks are in the system and to indicate the 

effects uf changing the equipment. 
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CHAPTER I 

INTRO DU CT ION 

Background of Simulation 

In the past twenty-five years, there has been increased interest in 

a management tool called system simulation. From a specialized start in 

the defense industry, it is now used to analyze problems from designing the 

economic system of the Nation to building a bridge over the River Nile. 

The reason for such success is twofold. First of all, the use of 

the scientific method to evaluate problems is spreading to many areas 

where it was never used before. For example, in the area of business 

administration, mathematical and statistical courses are emphasized more 

every semester. In government and industry, econometric models are being 

developed to help predict future situations. The second reason for the 

growth of simulation is the advent of the computer as a business tool. 

The speed of designing and changing models allows a manager to look at 

more aspects of a problem than ever before. 

System simulation has been defined as" ... a technique that 

provides an effective means of testing, evaluating, and manipulating 

a proposed system without any direct action of the real system (7)." 

Another more descr iptive definition is" . the technique of solving 

problems by following the changes over time of a dynamic model of a 

system (11)." 
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Both of these definitions have in common the basic idea of simulation. 

The system is represented by a model which has been designed to solve a 

certain problem dealing with that system. A simulation is an experiment 

which is conducted on that model. In many cases where it is impractical 

to conduct an experiment on the sy s tem itself, as in the case of a very 

large system, the simulation makes experimentation practical. Since 

experimentation is an essential part of science, simulation aids in the 

increased use of the scientific method. 

What actually happens in a simulation is that all of the complex 

interdependencies and interactions of the model are characterized as 

formulas and are stored in the computer memory. The simulation begins at 

a specified starting state. Then the effects of events and the inter

action formulae cause the system to move from one state to another through 

instants of time. The feature of time compression can cause years of 

history to evolve in a few minutes on a computer. In the study in this 

paper, an eight-hour work shift is simulated in a matter of seconds. 

Historically, the modern use of simulation can be traced back to the 

work of von Neumann and Ulam in the late 1940's. These two men created 

the "Monte Carlo" mathematical technique of simulating a stochastic 

process with probability distributions to solve a nonprobabilistic 

problem. It was first used to solve some nuclear-shielding problems. 

In the early 1950's, the use of the high-speed computer made it 

possible to experiment with mathematical models. The result was the 

development of game theory and the field of operations research. 

Today the list of applications and the variations of those applications 

is t oo long to name. 



There are two basic approaches to simulation: continuous system 

simulation and discrete system simulation. Each approach has special 

a dvantages for different problems. 
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Systems in which the changes are predominantly smooth are called 

continuous systems. A description of a continuous system is in the form 

of continuous differential equations showing how the system attributes 

c hange with time. There are usuall y onl y a few variables and the entities 

a r e c onsidered a s a group rather than individually. The planning horizon 

is for years in the future rather than for today. A common example is 

using continuous simulation as a design tool to solve a chemical processing 

problem. 

Syst ems in which the changes are predominantly discontinuous are 

called discrete systems. A description of a discrete system is concerned 

with the events producing changes in the state of the system. There are 

usually a great many discrete entities and the planning horizon is more 

immediate. A discrete simulation is concerned with probability distributions, 

queue lengths, mean arrival times, and waiting times. The simulations 

are no rmally process-oriented and time-dependent. The problem in this 

paper, which is c oncerned with efficient machine configurations, is a 

common discrete simulation subject. 

Why Simulate? 

Many planning functions are hard to do because a decision has to be 

made without any direct experience. 

For example, the study in this paper deals with replacing some 

present hardware equipment with some equipment which is new to the computer 

installation. 
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If the manager wants to find out the effect this new equipment will 

have, he could: 

(1) call a friend who has one, 

(2) try it out to see if it works, 

(3) use traditional methods of analysis, or 

(4) test it out in a system simulation. 

In this case, the friend is usually Cities Service Oil Company and 

their advice is very helpful. But the system at Cities Service is not 

exactly like the Continental Oil system, and their research needs are 

seldom identical. 

"Trying it out" is often too expensive if you have to buy the equipment 

first to see if you want to buy it later. This is especially true if the 

problem has a planning horizon of a number of years. 

In the study presented in this paper, the traditional methods are 

highly effective and are probably the most economically feasible approach. 

However, in a larger problem, it is difficult to look at all of the 

possibilities with a traditional approach alone. 

The fourth option is to simulate the problem first. Simulation makes 

it easy to try many different possibili t ies for comparison. The system 

changes can be tested without disrupting normal operations. The results 

of the simulation can be used to provide information which may supplement 

the t raditional methods of analysis. 

As the problems to be solved become more complex, the value of 

simula tion increases. If a model is too complicated to solve with a 

dynamic programming model, or if the planning horizon is much too short 

or too long to include the variations in the system, a simulation is very 
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valuable. If a decision involves spending several hundred thousand 

dollars, it will vitally affect the future operating costs and efficiencies 

of the company. In these cases, a systematic approach is needed to 

support and to improve the intuitive analysis. 

A simulator is general in nature and can be used for many different 

types of applications. Many times one simulation model can be used to 

solve more than one problem by simply changing the "name" of the entities 

in the model. For example, the computer equipment analysis used in this 

pape r in which computer print jobs are serviced by five printers is very 

similar to a supermarket checkout stand in which customers are served 

by five checkout counters. In both cases, the problem of interest may 

be the amount of time spent waiting for service. An example of the 

adaptability of a model is the familiar "management game" in which teams 

of players simulate the management of a government department, a company, 

or an entire city. 

Of course, some models are very specific in nature. The most famous 

example is the simulation used in the National Space Program. 

One of the greatest advantages of simulation is a by-product. The 

person doing the actual programming can be the person who really under

stands the problem instead of an intermediary. Many times the analyst 

gains new insight from structuring the problem and discovers inter

relationships which were not previously known. Through the use of 

imagination, combined with new insight, more different ideas can be 

t e sted in a short period of time than would be feasible any other way. 

What you don't get out of a simulation is one answer as in an 

optimization problem. The simulation answer is an estimate o f a waiting 



time, for example, and is subject to statistical error. Any random 

variations should be considered when evaluating the results. 

A great deal of effort is required to huild a good model, even a 

simple one. If random number generation is used, sufficient retesting 

is needed to make sure the model really simulates the problem. In the 
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model in this paper, several extra checks and queues were initially 

inserted to make sure the model was operating correctly. They were later 

remo-v-ed to save process time. 

Ano ther problem can be the cost of simulation. To be practical, 

the decision problems must be of sufficient economic significance to 

justify the expense of the analysis. Computer simulation is often an 

expensive way to study a complex system. 

The most elusive of the problems associated with simulation techniques 

is that of verification. If stochastic variables are introduced into the 

simulati on, the variables used to measure system performance become 

rdndom. The analysis must include a test for autocorrelation. Initial 

bias ma y he ove rcome by eliminating the initial section of the run. 

The model is evaluated by its power to analyze the managerial 

problem being studied. Four possible ways to evaluate the model range 

from tl1e specific to the very general as proposed by Myron Tribus (3). 

First, make a detailed comparison between the computer output and 

the observa tions of the behavior of the system under study. For example, 

sit in the computer room and watch the printers. 

Second, compare thP outputs with statistics from other observations. 

For example, c·ompare the simulation runs with the ASP accounting cards 

c urrently available. 
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Third, validate the subroutines individually by observation and satisfy 

the criterion that the system is logically correct. This approach is 

used on very large systems where detailed comparison is impossible. 

Fourth, if the simulation represents the decision maker's view of 

reality and if he uses it as a tool to help him explore his understanding, 

the simulation may be "validated" for him. 

Background of the Model 

The model which is simulated in this paper is based on a real 

problem in the Central Computer Department of Continental Oil Company. 

The simulation is designed to help evaluate the effect of changing the 

configuration of some of the printer equipment in the computer room. 

In order to understand the effects of changing the hardware, some 

software background is needed. 

The print workload is processed by an IBM software system called 

"Asymmetric Multiprocessing System (ASP)." ASP is logically divided into 

a MAIN system which processes "batch" jobs, and a SUPPORT system which 

handles peripheral requirements for both the batch jobs from MAIN and 

tape input jobs. 

The present printer hardware configuration on the ASP system is 

illustrated in Figure 1. There are five printers in the system, labeled 

PlPC through PSPC. They are referenced in preferential order (Pl-PS) by 

the ASP system, and they are all located in Ponca City (PC). 

The jobs which need to be printed by the ASP printers come from two 

sources. 

The first source of jobs is normal batch output from the MAIN computer 

which is stored on disk. This type of job will hereafter be called "main 
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jobs." They have a priority assignment from nine to fourteen and are 

selected to be printed on a first-in, first-out (FIFO) basis within 

priority. This is the same transaction selection scheme used by GPSS. 

A main job is added to the print queue when it finishes processing on 

MAIN. No printer is assigned for a main job. The main jobs will print 

on the first available printer in the system, with preference given to 

PlPC through PSPC, in that order. 

The second source of jobs is output which is stored on magnetic 

tape . Th i s type of job will hereafter be called "tape-to-print jobs." 

They have a priority assignment of fifteen only. Therefore, a tape-to

print job will have precedence over any main job output. The jobs are 

s e lecte d to be printed on a FIFO basis within priority fifteen. A tape

to-print job is added to the print queue when the SUPPORT operator types 

in a request. A printer is assigned in all cases. When the assigned 

printer is available, it will be seized. 

Objectives of the Study 

Two of the objectives which GPSS is designed to meet are: (1) to 

desc ribe the current system, and (2) to explore a hypothetical system. 

The decision problem analyzed in this paper has both objectives in mind. 

The first objective is to test the printer system as it is behaving 

originally. There is no concrete way to determine the amount of time 

the printers are really busy. A hardware monitor shows when the printers 

are in "READY" status, whether they are actively printing or not. The 

accounting cards which are punched for each print job contain only the 

numbe r of lines print e d, but do not indicate the amount o f time r equire d 
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Figure 1. General Flowchart of the ASP Printer System 
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to print the lines. The GPSS simulation combines the information in the 

accounting cards with a queueing system to calculate an estimate of the 

time the jobs spend in the system. 

The second objective is to see what would happen if the system is 

changed. The system could be changed in many ways. The work rules 

could be changed. The software could be redesigned. The layout of the 

current equipment could be rearranged. 

The change which is simulated is to replace the current printers 

with a faster model of printer. The areas of interest are the resultant 

effect this change has on the utilization of the printers and on the 

speed at which the print jobs are processed. 

The prime interest is in the total output of all five printers. 

The secondary interest is in the performance of each of the individual 

printers. 



CHAPTER II 

SURVEY OF LITERATURE 

There is a great deal of activity in the area of statistical 

methodology today. Much of the concern is with simulation and the 

mathematical formulas used as its foundation. 

One of the results of this activity has been the publication of a 

number of simulation languages. Some of the languages deal with discrete 

simulation and some deal with continuous simulation. 

I~a M. Kay of Southern Simulation Service has compiled a list of 

thirty-five general purpose digital discrete simulation languages. 

(See Table I.) He excludes any special purpose and any digitial continuous 

languages. In general, there is no difference in the philosophy of how 

the languages work for modeling and simulation. They all have timing 

routines, and they all gather statistics. The reason there are so many 

languages is that simulation is still in the development stage. Some 

languages are written for specific computers. Some languages are 

developed for small refinements and pride of authorship. 

All of the authors divided the discrete languages into three categories. 

Kay calls the three categories the GASP family, the GPSS family, and 

the SIMSCRIPT family. 

The GASP family consists of subroutines of existing languages. 

Languages such as FORTRAN, ALGOL, COBOL, and PL/I are all general purpose 

11 



TABLE I 

INVENTORY OF GENERAL PURPOSE DIGITAL 
DISCRETE SIMULATION LANGUAGES 

GASP Family GPSS Family SIMSCRIPT Family 

GASP BOSS CSL 
HOCUS EGPS SEAL 
PROS IM FLOW SIMSCRIPT 

SIMULATOR 
SIMON GESIM SIMULA 
SIMQUEUE GPS SOL 
SPURT GPS K 
UNS GPSS 

GPSS/ 
NORDEN 

Source: Kay, Ira M., "An Over-The-Shoulder Look at 
Discrete Simulation Languages," Procedures 
of the AFIPS 1972 Spring Joint Computer 
Conference (1972). 

12 



13 

languages which can be used easily for simulation. The names listed in 

the GASP family are FORTRAN and ALGOL subroutines which perform timing, 

random number generating, and statistical functions. One of the advantages 

of writing simulation in languages like FORTRAN is that many programmers 

already know FORTRAN, thus eliminating the need to learn a new language. 

Also, most computer installations support FORTRAN and other general 

purpo s e languages. In the case of larger models and large amounts of 

data, FORTRAN programs may also run faster than a special language. 

The SIMSCRIPT family consists of languages which have a syntax 

of the ir own and have a compiler. They require a knowledge of FORTRAN 

and a s sume some programming skill. Programs in this group are in 

readable prose form rather than in block diagrams and look a lot like 

FORTRAN. The most widely used of this family is the language, SIMSCRIPT. 

It was designed principally for simulating discrete systems and is 

event--oriented. The languages in the SIMSCRIPT family are more complex 

and more flexible than those in the GPSS family. 

The GPSS family consists of block-oriented languages which use a 

logica l block design for describing the model to be simulated. Each 

block in the model has a specific meaning. The most widely used 

language in this family is GPSS. GPSS was designed specifically for 

simulating discrete systems. It was written especially for users with 

little or no programming experience. A central part of any program 

which runs under GPSS is a queueing system which processes the trans

actions on a first-come, first-served basis within a priority class. A 

simulated clock time is used to control the length of the job and the 

time interval between each action in the system. Languages in the GPSS 

family are easier to use but are less flexible than those in the SIMSCRIPT 

family. 
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ThL· thr ee most common continuous sys t l'm s imula ti on languages arv 

l 130/ CS:lP, 360/CS~1P, a nd DYNAMO. 

Using CSMP, a program is first designl'd as a block diagram and is 

then converted to a se t of s tatements like c:PSS . The s t a tement s include 

POKTRAN s t a t ement s a nd f unctions , data s t a t ements , a nd contro l s t a t ements . 

DYNAMO is a l anguage used mainly for Tnd us trial Dynamic s problems . 

lt is based on a mathematica l mode l of a sys t em consisting of firsr-ordcr 

diff e r ential eq uations . 

With the deve l opment of so ma ny languages , a number of t exts have 

been written f or bo th the s tudent and as a r efer e nce guide for the 

professional. One of these texts, A GPSS Primer, b y Thomas J. Schriber, 

was ve r y he lp f ul in building the mode l fo r this paper . 

With such a n array t o c hoose from, the problem becomes which language 

t o U Sl: . fn many cases , the a nswer is de t e rmined by two c rit eria . First, 

wha t l a nguage c a n the r esearcher program? Second , what language i s 

avai l a bl e on the researcher ' s comput e r ? There i s probably no one person 

whu thoroughl y unders tands all of the languages a nd cou l d thus provide 

a n expe rt opinion . Besides , the idea l l a nguage would probably d epend 

a l o t on the specific prob l em to be solved. 

The "stat e of the art" in s imulation is s till devel oping. As ye t 

the r e a r e no underlying principles guiding the formulation of a simulation 

mod e l. l~ac h a pplica t i on is a "p ioneer" to a l arge ex t e nt. The comput er 

simulation languages come the c l oses t to providing any general guidelines . 

There is very little published about a c tual GPSS simulat ion appl i cations. 

At a r ecent convention for comput e r users in Miami, a speec h was given 

by a group from the Unive rsity of Illino is . They were simu lating a 

c hange in the priorit y sc heduling a lgorit hm in a HASP-OS environment. 



The HASP software system is similar to the ASP system, and the basic 

problems are the same. The university group was concerned with how to 

select a benchmark, and how to validatt2 the results. Their simulation 

was fairly complicated and was not yet complete. 

1 5 

Much of the published material deals with Queue Theory and is very 

mathematically oriented. A good source for technical publications is the 

periodical, Operations Research, published by the Operations Research 

Society of America. 

Another periodical, Computing Reviews, has a section entitled 

"Simulation and Modeling" which lists the latest books and articles on 

simulation along with a synopsis of each publication. 



CHAPTER III 

THE RESEARCH METHOD 

One of the most common and most useful applications of simulation 

is the area of equipment evaluation. A subset of this area is the analysis 

of the efficienc y of computer hardware equipment. The IBM Corporation 

is currently spending a great deal of time and money developing methods 

of simulating different configurations to aid the manager interested 

in computer operations to determine what combination of equipment would 

be best in his particular shop. 

The purpose of this research study is to use one of the current 

simulation packages to analyze the effects of changing hardware equipment. 

The ASP system was selected for simulation because there is an 

abundance of accurate data available for defining the system. ASP 

accounting cards are punched for each job run under the ASP system 

which contain information about the characteristics of each job. Console 

listings are printed which contain the clock times for various stages 

of each job. 

The printer area of the ASP system was selected for simulation 

because it is a good example of a waiting line model. Even though the 

model itself is very simple, it illustrates the queueing theory of the 

waiting lines well. The real value of the mode l is in its ability to 

explain GPSS simulation and to expand to mor e complicated decis ion 

models . For example, the model could be expanded to include all of the 

16 



hardware in the computer shop. The logical side of the model could be 

expanded to simulate the software logic of the ASP system. 

Design 

17 

The research model may best be described by isolating the elements 

of the system and describing the logical rules which govern the inter

action of the elements. Also baste to a GPSS model is the queueing system 

which is used to control the flow of the transactions through the system. 

There are four types of elements in the system model. (See Table 

II.) 

The dynamic entities are the individual jobs which require print 

output. These print jobs are read from an input tape (JOBTAl) and become 

the transactions in the simulation. Each job which is stored on tape 

has five characteristics. The interarrival time (IA) of each job is 

the clock time at which it entered the system. The priority (PR) has 

a value from nine to fifteen, with fifteen indicating the highest priority. 

If the priority is fifteen, the job output is stored on tape. If the 

priority is less than fifteen, the job output is stored on disk from 

MAIN. The first parameter (Pl) contains the number of lines which are 

to be printed for that job. The second parameter (P2) contains the number 

of minutes required to "set up" a printer before the job can be printed. 

This includes the time to mount tapes and/or special paper forms. In 

many cases, the set-up time will be zero because the job can use the 

paper which is already mounted or the job is read from the disk, which is 

always available. The third parameter (P3) is a special parameter used 

only by tape-to-print jobs. Tape-to-print jobs are directed to a 
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TABLE II 

SYSTEM ELEMENTS OF THE GPSS MODEL 

Type of Element GPSS Name 

Dynamic Entities 

a. Units of Traffic (Jobs) JOBTAl 

b. Characteristics of the Jobs IA 
PR 
Pl 
P2 
P3 

Equipment Entities 

a. Printers PRTPl 
PRTP2 
PRTP3 
PRTP4 
PRTPS 

b. Storage PRINT 

c . Logic Switches PR 
P3 
GATE NU, PRTPl 
GATE NU, PRTP2 
GATE NU, PRTP3 
GATE NU, PRTP4 
GATE NU, PRTP5 

Statistical Entities 

a. Queues PRTQT 
REQPl 
REQP2 
REQP3 
REQP4 
REQPS 

Operat i onal Entities 

a . Pr i nter Se t-Up Time V2 

b , Pr i nt time Vl 
V3 



specific printer by the SUPPORT operator. The third parameter contains 

the assign e d printer number (1-5). 

The equipment entities are the e lements of the system equipment 

which are used by the print jobs. 

The sys tem has five printers (PRTP1-PRTP5) which can process the 

print lines for the jobs. Each printer can service only one job at a 

time . Since there may be more than five jobs active in the system at a 

time , the printers represent a potential bottleneck. The five printers 

become the five "facilities" in the GPSS simulation. 

If the five printers are considered as a group (PRINT), then the 

t o t al printer utilization can be measured. The total group of printers 

can service from zero to five jobs at a time. Since there may be more 

than fiv e jobs in the system at a time, the group of printers also 

represent a potential bottleneck in the system. The five printers taken 

as a group become the one "storage" in the GPSS simulation. 

There are three types of logic switches in the system. The first 

logic swi t c h tests the priority (PR) of each job. If the pr iority of 

the job is fifteen, the job will be processed by the tape-to-print 

sec tion of the simulation. If the priority of the job is less than 

fifteen, the job will be processed by the main job section of the 

simulation. The second logic switch tests parame ter three (P3) of the 

tape-to-print jobs only. Parameter three is used to queue the tape-to

print job to a specific printer until that printer is free. The third 

logic switch (GATE NU PRTPx) tests to see if a specific printer is free. 

If the job is a main job, the logic switch directs the job to the next 

available printer if the current printer is busy. The print ers for 
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main jobs are a lways t es ted in the order, PlPC to PSPC. If the job is 

a tape-to-print job, the logic switch direc ts the job to a queue to wait 

for a specific printer until it is free. 

The s t a tistical entities are used to gather information about the 

moveme nt of the jobs through the system. A qu eu e is a list of jobs 

whic h were delayed at a specific bottleneck in the simulation. The queue 

(PRTQT ) i s the bottleneck which results when jobs are waiting for print 

storage b ecause a ll five printers are busy. The five other queues (REQPl 

through REQPS) a r e bottlenecks which result when a tape -to-print job is 

waiting for a specif ic printer. 

The operational entities are blocks which provide the logic of the 

s ystem. 

The three special operational entities in this simulation are 

VARIABLE blocks used to calculate the amount of time it takes a job to 

print. The fi r st variable (V2) is the set-up time used to r e tain a job 

at a printer for the number of minutes specified in parameter three. 

Both ma in jobs and tape-to-print jobs may require set-up time t o mount 

paper forms . Only tape -to-print jobs require set-up time to mount a 

t a pe . The s econd variable (Vl) uses the numbe r of line s ent e r e d for each 

j o b in parameter one to calculate the time required to actually print the 

job. If the ac tive printer is a model 1403 (slower printer), the time 

i s cal c ula ted at a rate of 700 lines e ntered in pa rame t e r one . If the 

ac tive print er i s a model 3211 (faster printer), the time is calculated 

a t a rat e of 1200 lines per mi nut e . 

Al l o f the other operational entities are blocks which instruct 

the print jobs where to go and what t o do next. They are best illustrated 
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by the block diagram of the GPSS simulation in Appendix A. Each figure 

represents a specific GPSS block. The label of the block, if any, is 

found in parenthesis on the left side of the block. The command is 

placed inside the block, and the name of any referenced entity is placed 

to the right of the block. Each block is accompanied by an explanation 

of its meaning. The block diagram is a visual representation of the 

GPSS simulation itself and follows exactly the computer listing of the 

GPSS simulation in Appendix B. 

The GPSS queueing system is defined by the input arrival process, 

the queue discipline, and the service mechanism. 

Usually the pattern of arrivals into the system is given by the 

probability distribution of time between successive arrival events and 

the number of units which appear at these events. In this study, a 

magnetic tape is used to input print jobs into the system. The JOBTAPE 

instruction is used instead of the GENERATE instruction. Data for the 

JOBTAPE is gathered from actual information in the ASP system. The most 

significant field on the tape specifies an interval of time separating 

the entry of each print job from its predecessor. This time is in clock 

units (minutes) and becomes the interarrival time recorded when the 

print job enters the system. The frequency distribution of the inter

arrival times which result from the simulation run could be used to 

create a probability distribution and used in a GENERATE statement. 

The queue discipline describes the order in which customers entering 

the system are eventually served. Some of the possible queue orders are 

first-in, first-out (as at a bank window), last-in, first-out (as in an 

elevator), and random order (as when a teacher calls on students). The 

queue discipline used in this model is FIFO within a priority system. 
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The service mechanism includes a description of the time required 

to c 0mplet e a service. In this study, the service time is dependent upon 

which model of printer is chosen. The frequency distribution of the 

number of print lines which results from the simulation run could be used 

to crea te a probability distribution and used in an ADVANCE statement. 

The service mechanism also includes the number and configuration of 

servers. In this study, the printers are examples of servers in para llel, 

a nd the tape-to-print job requests are examples of assigned services. 

A system is a series of events. One of the problems which a 

simula tio n has to so lve is to decide which event will happen next. 

There fore, the central task in the simulation program is the "scan," 

which examines all potential events. 

Al l of the print jobs in this simulation are maintained in chains. 

There are four chains used, and a print job may be in any one of them 

a t any given time. The four chains are: 

(1) 

(2) 

(3) 

(4) 

the "Current Events" chain, 

the "Storage Full" delay chain, 

the "Facility in Use" delay chain, and 

the "Future Events" chain. (See Figure 2.) 

The Current Events chain is organized in descending order of priority 

and, within each priority class, in the sequence in which the jobs were 

entered into the system. Each job in the Current Events chain may be 

ei ther in active (scan) status or in a delay status. If the job is in 

active status, the GPSS scan will continually try to move it into the 

next block. If the job has been blocked by one of the printers, the 

job is put in delay status and will be skipped over by the scan. Jobs 
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Figure 2. Queuing Chains Used by the GPSS Simulation 



a r e added to the Current Events chain at BLOCK #1 in the GPSS block 

diagram (see Appendix A) and when they are r e leased from the other 

three chains. 
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The two delay chains are "pushdown" lists of jobs that are waiting 

for a printer to become free. The Storage Full delay chain is a list 

of jobs which are waiting for any available printer. A job will be in 

this chain only when all five printers are busy . Jobs are added to the 

Storage Full delay chain when they are refused entry to BLOCK #3 in the 

GP SS block diagram. The Facility In Use delay chain is a list of jobs 

which are waiting for a particular printer. A job will be in this chain 

only if it is a tape-to-print job which is waiting for a printer which 

is busy . Jobs a re added t o the Facility In Use delay chain when they 

are r e fused entry to any of the five GATE BLOCKS with no specified 

transfer field in the tape-to-print section of the GPSS block diagram. 

The Future Events chain is organized in ascending order by time. 

The job which has the smallest scheduled event time is the first in 

the chain. There are no distinctions made by priority. A job will be 

in this chain only if it is busy being "set up" or is busy printing. A 

job is added to the Future Events chain when it enters any of the ADVANCE 

BLOCKS in the GPSS block diagram. 

The second step in the design of the research is to plan the 

experiment. The simulation is run six times. Each time the speed of 

one of the printers is increased from the previous run. In the first 

run, all of the printers are slower speed printers. In the sixth run, 

a ll of the printers are faster speed print ers. The intermediate runs 

are a combination of the two speeds. 



The two assumptions in th e system design are: 

(1) Print forms changes are allowed on al l printers, and 

(2) The speed of the model 1403 printers is not affected 

by the print chain that is mounted. 

The four r es trictions in the sys t em design are: 

(1) Only the five Ponca City (local ) printers are includ e d, 

(2) The numb e r of printers simulated is always five, 

(3) Al l printing other than main j obs and tap e -to-print 

jobs is ignored, and 

(4) Onl y the first shift is simulated. 
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Any of these assumptions and r e strictions may be relaxe d in future 

runs in order to determine the effect they have on the system. 

A comparison of the price of the two types of printers is shown 

in Table III. The model 1403 printers in the shop today are over six 

years old a nd the increase in long-term reliability gained from adding 

the new equipment would help balance the difference in price. A 

financial a nalysis is not included in this study, but the cost of the 

equipmen t would certainly be considered in a real situation. 

A simulation is most meaningful to the person who designs it. 

The problem of convincing another analyst of its validity is majo r. 

A manager must become familiar with a tool in order for him to have 

confiden ce in it. Therefore, part of an effective simulation design 

is t o integrate the operating personnel into the development of the 

model . 

The final s tep in the design of a simulation syst em is to d evelop 

the 2omputer program. 



Mo de l 1403, Nl: 

Model 3211 

TABLE III 

UNIT MONTHLY COST OF TWO MODELS 
OF PRINTERS 

Printer (1100 LPM) $ 743 

UCS Adapter 

1 Print Train 97 

1 Control Unit 937 

llOO LPM Adapter 

1st UCS Adapter 

Printer (2000 LPM) $1,428 

1 Print Train 350 

1 Printer Controller 630 
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$1,777.00 

~~~~~~~~~ 

$2,408.00 
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The GPS S simulation language was chosen for this project for several 

r eason s . The first reason is a function of the GPSS system itself. GP SS 

is a comp ut e r l a ngua g e deve lope d to ease the task of building a simulation 

model. It is easy for beginner s to learn. The training for this model 

was e ntir e l y self-education from the IBM manuals and some GPSS t e xt s . 

In o rd e r t o become an expert in GPSS , it i s prohably essential to u se some 

oth~r source as well, but it i s possibl e t o l ea rn the system on an 

e l ementary sca l e with no help at all. 

The second rea son that GPSS was chosen is that it is the only 

di sc r e t e simulation system supported on the computer which was available. 

The last r eason GP SS was chosen is to evaluate it in a practical 

sen se . If it proves valuable, it may b e used to solve some real problems 

in the f uture. 

Data Base 

The essential input data for this simulation is a group of print 

j ohs whi c h are representative of the workload on the ASP system. Th e 

ASP sys tem operates six days a week, three shifts a day, with a slightly 

different t ype of workload on each shift. The three shifts are: 

(1) Shift one 

(2) Shift two 

- 8:00 A.M. t o 4:00 P.M. 

- 4:00 P.M. to 12:00 Midnight 

(3) Shift three - 12:00 Midnight to 8:00 A.M. 

The workload on shift one is heavil y oriented to processing main 

jobs a nd returning checkout runs to the use rs. The workload on s hift 

two i s mor e oriented toward running production systems. More tape -to

print jobs are done on shift two. Shift three is a light shift and has 

no spec ifi c workload. 



Part of the design of the simulation was to build a JOBTAPE to 

crea te input transactions. Since there was real data availabl e in the 

fo rm of accounting cards and console listing which were kept for one 

month after they were generated, it was logical to build the JOBTAPE 

fro m actual history. 
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Two criteria were used to select the day which would provide the 

input data. First, the day should be one without any external complica

tions. Special cases, such as one of the printers "breaking down" 

could be added to the simulation later, if desired. Second, the day 

should be one when a lot of work was processed. In this way, the greatest 

number of jobs would be waiting for service. 

To find a day without external complications, two records in the 

Operations Division were examined. First, a record kept by the machine 

operators called the "Warm Start Log" was examined from the dates of 

Oc t ober 5, 1973, through November 24, 1973. Several days were picked 

whic h had no software failures, known as "warm starts," including 

November 14. Next, a hardware log which is kept by the IBM Custom 

Engineers was examined to determine if there had been any hardware 

trouble on any of the chosen days. Again, November 14, as well as some 

other days, was error free. 

The Operations Supervisor was used as a reference to determine what 

dsys met the criteria of a full workload. It was determined that 

Wednesday, November 14, was the tenth working day of the month, whi c h 

is always one of the peak days. In fact, work had been left over on 

Thur s day morning, which happens about once a month. It was ver ified 

t hat on that day all five printers were up and running, and SUPPORT 
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operators were assigned on this basis: (1) Shift one, two operators, 

(2) Shift two, three operators, and (3) Shift three , one operator . 

The ASP accounting cards and a ll of the console listings were collec t e d 

for that day and Wednesday, November 14, 1973, became the sample day . 

Because the sample day was selected after it occurred, the SUPPORT 

o perators were not aware that a study was being made and a psychological 

bias was avoided. 

Two fields were added to the ASP accounting cards from info rma tion 

o n the con sole listings. (See Tabl e TV.) 

Field one on the ASP accounting card is the clock time when the job 

is a vailable for print processing. Fo r main jobs, this time is when the 

job finis hes processi ng on main. For tape-to-print jobs, the time is 

when the operators " calls" the job into the s ys tem. Field two of the 

ASP accounting card required quite a bit of research. The set-up time 

fo r a j ob which r e quires special forms includes the time to change the 

forms back again when the n ext job starts. It also includes end-of-reel 

r ecovery time for tape jobs. An estimat e is a lso made of the time spent 

in a n "INTERVENTION REQUIRED " status as indicated on the console messages , 

and one minute is added to every job requiring set-up because the operators 

continue to align forms after they have instruc ted the system that t he 

fo rms a r e mount ed. Two special jobs were add ed to represent two cases 

in whic h a n oper a tor ignored a mount fo rms message on PSPC and re

scheduled the job to another printer after wai ting sixty-three a nd four 

minutes respectively . The two cards added u se sixty-four a nd four 

mi nutes of set-up time , but print no lines. 

Because of the time require d to analyze these two fiel d s , the 

simulation time horizon is r estricted to first s hi ft only . The other 

three fields are fully explain e d in Table IV . 



Field Card Columns 

1 1 - 6 

2 7 - 8 

3 37-40 

4 49-50 

5 56-57 
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TABLE IV 

ASP ACCOUNTING CARD FORMAT 

Contents 

Time of day that the print job became available 
for printing in hours, minutes, and seconds. 
This data was logged manually from the ASP 
consoles. 

Number of minutes required to "set up" the 
printer with special paper forms. This data 
was logged manually from the ASP consoles. 

The number of lines printed by this job (in 
lOO's). 

The priority of the print job. Tape-to-print 
jobs will be priority 15. Main jobs will be 
priority 9 - 14. 

The printer number which was assigned for 
tape-to-print jobs. 
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A FORTRAN program was written to convert the ASP accounting cards to 

the standard GPSS tape format and to build the JOBTAPE for input to the 

GPSS simulation. The GPSS input tape format is illustrated in Table V. 

Range of Alternatives 

The problem which the simulation study is addressing is : "What 

would happen if the current slow speed printers were replaced with 

faster speed printers?" 

To analyze this problem each simulation run has one more faster 

speed printer than the previous simulation. The six runs are illustrated 

in Figure 3. The number "1403" represents the current IBM 1403 printers, 

with a maximum rate of 1100 lines per minute and an effective rate of 

700 lines per minute. The number "3211" represents the faster IBM 3211 

printers, with a maximum rate of 2000 lines per minute and an effective 

rate of 1200 lines per minute. 

Apparatus and Equipment 

The analysis done in this study is a discrete system simulation of 

an equipment evaluation problem. A detailed summary of the model is 

found in the Design section of Chapter III. A GPSS block diagram and 

the computer listing of the model are found in Appendixes A and B, 

respectively. 

The language used to develop this model is the IBM Program Product, 

General Purpose Simulation System/360/0S, 5734-XSl, Version 2, Modification 

Level 1. 

The system which is simulated by the GPSS model is the printer 

SUPPORT section of the IBM Program Product, Asymmetrical Multiprocessing 

System (ASP), Version 2, Modification Level 5. 



Fie:ld Tape Positions 

1 1 - 4 

2 5 - 8 

3 9 - 10 

4 11 

5 12 

6 13 - 16 

7 17 - 20 

8 21 - 24 
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TABLE V 

GPSS INPUT TAPE FORMAT 

Contents 

Interarrival time of a print job enterinz the 
system. (IA) 

Unused. 

Priority of the print job (9 - 15). (PR) 

Always X'80' . 

Always X'OJ' to indicate three input parameters. 

Parameter one: Number of lines printed by this 
job. (Pl) 

Parameter two: Number of clock units (minutes) 
used to "set up" the printer with special paper 
forms. (P2) 

Parameter three: The printer number which was 
assigned for tape-to-print jobs. (P3) 

Each tape record is 128 characters in length, unblocked, as is required 
hy GPSS standards. The final tape record has the words, "END OF JOB T" in 
positions 1 - 12. 

A special FORTRAN program, BUILDJOB, is required to convert the ASP 
c lock card data to GPSS tape input format. 



ASP Printer Names: PlPC P2PC P3PC P4PC PSPC 

RUN 1: 

RUN 2: 

RUN 3: 

RUN 4: 

RUN 5: 

RUN 6: 

[) [? [3iJ [? [3iJ 

[:] [:] [3IJ [y] [y] 

[3[3[:;JC?[? 
[3[3[3[3~ 
[3[3[3[3[3 
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Rules: 1. Replace a slow-speed printer (1403) with a high-speed printer 
(3211) each run. 

2. Change one printer at a time. 

Figure 3. Illustration of the Six Simulation Runs 



The printers simulated are the IBM 1403, Model Nl printer and the 

IBM 3211 printer. 

The model was programmed on an IBM System/370/155 in the Central 

Computer Department of Continental Oil Company. 
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CHAPTER IV 

RESULTS OF RESEARCH 

r;he results of a simulation are a symbolic representation of the 

c,/ system which is modeled. The output is not a precise analog of the 

actual sys tem~ Rather, the statistics in this simulation attempt to 

guide the manager to answer the question, "What if?" for six different 

printer configurations, holding all other factors constant. 

The r esults of the six simulation runs give information in three 

areas. Each of the areas provide some insight into the system as it runs 

today and as it would run with faster printers. 

The first area is an analysis of the job stream as it is read in 

from the input data tape, JOBTAPE. The job flow provides information 

about the current system which had never before been quantified. The 

five fields of the JOBTAPE are analyzed statistically, and frequency 

distr i butions are built which permit the system to be enlarged. 

The second area is an analysis of the behavior of the printers 

take n as a group. Statistics are gathered on how the Storage, PRINT, 

is use d in t e rms of time and activity. The queue, PRTQT, indicates how 

often and how long jobs have to wait for an available printer. The 

Storage area is concerned with how the system would work with new 

e quipment. 

The third area is an analysis of the b e havior of each printe r taken 

as a separat e device . Statistics are gathered on how often each printer 

is busy a nd h ow long the jobs keep each print er active. The problem is 

35 
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waiting for a specific printer t o become free [or the tape-to-print jobs 

is also studied . The printer Facility area is also concPrned with how the 

system would work with n ew equipmen t. 

Analysis of the Job Stream 

The job interarrival t i me is the first field in the JOBTAPE input 

tap e format. (See Table V.) The IA specifies a time interval which 

elapses between each job as it ent~rs the system. 

The freq uency distribution of the job interarrival times is shown in 

Table VI. To run the simulation with random number generation, the 

JOBTAPE s t ateme nt could be replaced with a GENERATE s t atement containin g 

a Function which use s the frequency distribution. 

A histogrRm of t he frequency distribution of the job int erarrival 

times is shown in Figure 4. An examination shows that most of the jobs 

in the sys t em arrive within one minute of the previous iob . This time 

span reflects actual observat i on because the operator stacks several jobs 

in the card read e r at one time , and the jobs a r e read int l, the svstem as 

i;i s t as the card reader will read them. The next greatest frequencies 

:irl' tw,, through five minut e intervals . These time int e rvals occ ur 

hl'c· ;-iuse th e job input d ec ks are allowed t o accumulate on the job submittal 

t :1hll' until the re is another group of jobs. The larger interarriva1 

times a r e indicat ive of a single l arge job which is read i n by itself . 

The job prio rity is the third field in the JOBTAPE input tape 

t, , rma t. (See Table V.) The PR specifies the priority of the job as 

it l'nters the sys t em. Jobs are serviced on a FIFO basis within their 

priority . 
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TABLE VI 

FREQUENCY DISTRIBUTION OF JOB INTERARRIVAL 
TIMES FROM JOBTAPE 

Upper Observed Percent Cumulative 
Limit Frequency Of Total Percentage 

0 67 25.00 25.0 

1 98 36.56 61. 5 

2 41 15.29 76.8 

3 20 7.46 84.3 

4 19 7.08 91.4 

5 9 3.35 94.7 

6 3 1.11 95.8 

7 2 . 74 96. 6 

8 2 .74 97.3 

9 4 1. 49 98.8 

10 2 .74 99.6 

11 0 .00 99.6 

12 1 .37 100.0 

Remaining f r equencies are all zero. 

Entries in table= 268 
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The frequency distribution of the priorities is shown in Table VII. 

To run the simulation with random number generation, a PRIORITY block 

could be used containing a Function which uses the frequency distribution. 

TABLE VII 

FREQUENCY DISTRIBUTION OF JOB 
PRIORITIES FROM JOBTAPE 

Observed Percent Cumulative 
Priority Frequency Of Total Percentage 

9 71 27.62 27.6 
10 9 3.50 31.1 
11 28 10.89 42.0 
12 88 34.24 76.2 
13 11 4.28 80.5 
14 6 2.33 82.8 
15 44 17 .12 100.0 

Remaining frequencies are all zero. 

Entries in table= 257 

A histogram of the frequency distribution of the job priorities 

i s shown in Figure 5. An examination shows that the highest used 

priority is priority twelve a nd the second mos t used is priority nine . 

Priorities nine through fourteen are used for main jobs. Priority 

n i ne ma y be assigned without approva l and is used for mos t checkout 

work. Each priority from nine to twelve must be signed by a super-

visor, the higher the priority, the higher the s upervisor. Priorities 

thirteen and fourteen are assigned by the MAIN operators . Priority 
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fifteen is r eserved for tape-to-print jobs requested by the SUPPORT 

ope r ators . During the first shift, the emphasis in on checkout work 

and a few production jobs on MAIN. On SUPPORT, the emphasis is on main 

job output with a secondary concern about tape-to-print work. This 

hist og r a m would probably be quite different during a second shift 

a nalysis . 

The number of lines printed is the first parameter field in the 

JOHTAPE tape fo rmat. (See Table V.) The number of lines is used to 

determine how long a print job is active at a printer. 

The frequency distribution of the number of lines per job is shown 

in Tahle VIII . To run the simulation with random number generation, 

an ASSIGN block could b e used for parameter one containing a Function 

which uses the frequency distribution. 

J\ histogram of the frequency distribution of the number of lines 

is s lwwn in Figure 6. An examination shows that most of the jobs print 

l ess than 1000 lines. Three overflow values with an average length 

of 147,000 lines e ach tend to inflate the mean value and the standard 

devia tion. It would be better to use the distribution as a Function 

without the three overflow values a nd to enter the overflow values 

with a specia l swi t c h in the program. 

The numbe r of minutes required to "set up" a printer is the 

second parame ter field in the JOBTAPE tape format. (See Table V.) 

The number of set-up minutes is used to determine how long a print 

job wa its for an operator to mount special paper and/or input tapes 

before the actual printing can begin. 
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TABLE VIII 

FREQUENCY DISTRIBUTION OF THE 
NUMBER OF LINES FROM JOBTAPE 

Lines: Observed Percent Cumulative Cumulative 
Upper Limit Frequency Of Total Percentage Remainder 

0 46 17.89 17.8 82.1 
1000 96 37.35 55.2 44.7 
2000 27 10.50 65.7 34.2 
3000 13 5.05 70.8 29.1 
4000 25 9.72 80.5 19.4 
5000 12 4.66 85.2 14.7 
6000 8 3.11 88.3 11. 6 
7000 5 1. 94 90.2 9.7 
8000 5 1. 94 92.2 7.7 
9000 2 . 77 92.9 7.0 

10000 3 1.16 94.1 5.8 
11000 2 . 77 94.9 5.0 
12000 0 .00 94.9 5.0 
16000 1 . 38 95.3 4.6 
20000 2 . 77 96.4 3.5 
24000 0 .00 97.2 2.7 
28000 0 .00 97.6 2.3 
32000 0 .oo 97.6 2.3 
36000 0 .00 98.0 1. 9 
40000 0 .00 98.0 1. 9 
44000 0 .00 98.0 1. 9 
48000 0 .00 98.0 1. 9 
52000 0 .00 98.8 1.1 
56000 0 .00 98.8 1.1 
60000 0 .00 98.8 1.1 

Overflow 3 1.16 100.0 .0 

Average value of overflow 147033.31 

Entries in table = 257 
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The frequency distribution of the number of set-up minutes is 

shown in Table IX. To run the simulation with random number generation, 

an ASSIGN block could be used for parameter two containing a Function 

which uses the frequency distribution. 

Minutes: 

TABLE IX 

FREQUENCY DISTRIBUTION OF NUMBER 
OF SET-UP MINUTES FROM JOBTAPE 

Observed Percent 
Upper Limit Frequency Of Total 

0 219 85.21 
1 16 6.22 
2 5 1. 94 
3 6 2.33 
4 6 2.33 
5 0 .00 
6 3 1.16 
7 0 .00 
8 0 .00 
9 0 .00 

10 0 .00 
11 0 .00 
12 1 . 38 

Overflow 1 . 38 

Average value of overflow 63.00 

Entries in table = 257 

Cumulative 
Percentage 

85.2 
91.4 
93.3 
95.7 
98.0 
98.0 
99.2 
99.2 
99.2 
99.2 
99.2 
99.2 
99.6 

100.0 

A histogram of the frequency distribution of the number of set-up 

minutes is shown in Figure 7. An examination shows that almost all 

of the jobs have no set-up time. Most of the thirty-eight jobs which 

do have set-up require less than six minutes. The overflow value of 
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sixty-- three minut es for a job which was nev e r se rviced on printer P5PC 

t e nd s to inflate the mean value and the standard deviation. It would 

be better to u se the distribution as a Function without the one overflow 

va lue a nd t o e nter the overflow value with a special switch in the 

program. 

The printer which was assigned during the actual execution on the 

ASP sys t em is the third paramet e r in the JOBTAPE tape format. (See 

Table V.) Th e printer assignment is needed only for the tap e -to-print 

jobs to r ep r esent the assignment given by the SUPPORT operator when h e 

requests a job. 

The frequency distribution of the printer assignments is shown 

i n Table X. To run the simulation with random number generation, an 

ASSIGN block could be used for parameter three containing a Function 

which uses the frequency distribution. 

TABLE X 

FREQUENCY DISTRIBUTION OF THE PRINTER 
ASSIGNMENTS FROM JOBTAPE 

Printer Observed Percent Cumulative 
Number Frequency Of Total Percentage 

1 100 38.91 38.9 
2 49 19.06 57.9 
3 68 26.45 84.4 
4 24 9.33 93.7 
5 16 6.22 100.0 

Remaining frequencies are all zero. 

Entries in table= 257 
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A histogram of the frequency distribution of the printer assignments 

is shown in Figure 8. The distribution includes printer assignments 

for both ma in jobs and tape-to-print jobs so it could not be us ed to 

assign a printer in the simulation without some change. The same 

distribution is needed for priority fifteen jobs only in order to assign 

the printers. What the distribution does indicate is the number of jobs 

which are processed on each printer in the actual data. The actual 

data can be compared with the simulated data for Run 1 in Figure 20 

and Table XIV. The most significant difference is that printer P3PC 

is as highly used in the simulated run. The other four printer assign-

ments are comparable to the actual data. 

Analysis of Print Storage 

The evaluation of the Storage, PRINT, may be divided into three 

areas. The first area shows how the storage is used in terms of time. 

The second area shows how the storage is used in terms of activity. 

The third area shows how long jobs have to wait for a printer to become 

available . 

Most of the averages in the simulations are based on the Cumulative 

Time Integral (C.T.I.). The cumulative time integral is the number of 

clock units an entity is occupied, weighted by the number of units of 

the entity which are used while there was no change in occupancy. The 

cumulative time integral is illustrated in Figure 9. 

Table XI contains statistics on how busy the storage is over an 

eight -hour period. The average contents of storage refers to the 

average number of printers which are busy and is calculated from th e 

formula: 
Average Contents 

Cumulative Time Integral 
Eight hours 
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The average contents of storage is illustrated in Figure 10. The most 

significant information in the table is that with the addition of one 

faster printer, less than four printers are busy. This might indicat e 

tha t on e of the slower printers should he eliminated. 

TABLE XI 

STATISTICAL PRINTOUT FOR STORAGE, PRINT 

Average Average Average Number Maximum 
Contents Utilization Time/Tran Print Jobs Contents 

Run 1 4.250 .849 6.754 302 5 

Run 2 3. 783 .756 6.033 301 5 

Run 3 3.514 .702 5.623 300 5 

Run 4 3. 243 . 648 5.121 304 5 

Run 5 2.935 .587 4.634 304 5 

Run 6 2.797 .559 4.417 304 5 

The average utilization of storage capacity is the average percent 

of the time that the storage was busy. This statistic is calculated by 

the formula: 
Average Utilization 

Average Contents 
Eight hours 

The average utilization of storage capacity is illustrated in Figure 11. 

The biggest drop in utilization comes with the addition of the first 

faster printer, resulting in a ten percent increase in free time. All 

of the other increases in free time are only about five percent each. 
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The average time each print job is active in storage is illustrated 

in Figure 12 and is calculated by the formula: 

Average Time Per Job 
Cumulative Time Integral 

Number of Jobs 

Each time a faster printer is added, the potential amount of time 

required to print a job is reduced. Again, the greatest gain is realized 

when the first printer is added. 

The number of print jobs in Table XI includes all of the print 

jobs as they enter the system plus an extra count of one job every time 

a tape-to-print job cannot seize the printer which it requires and must 

wait in line again for print storage. Since the original system can 

process all of the jobs during the eight-hour shift, the addition of 

faster printers changes the number of jobs processed only slightly. 

The maximum storage contents in Table XI indicates that at least 

at one time in the simulation, all five printers in print storage are 

active concurrently. Even in the sixth run, when the average utilization 

i s only fifty-five percent, the jobs enter fast enough to keep all of 

the printers active at least part of the time. 

The number of units of the printer storage which are used durin g 

the simulation are printed in Table XII. In this t2ble, time is not 

consider e d. The table tells how many printers are being used, but it 

does not take into account how long the printers are busy . There is 

also no indication which printers are being used. For example, four 

printers in use could be any four printers in the system. 

Figure 13 shows graphically the number of printers which are busy 

each time a new job seizes a printer. As the number of fast printers 
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TABLE XII 

FREQUENCY DISTRIBUTION OF NUMBER OF 
UNITS OF STORAGE USED 

Observed Frequency 
Number of 

Unit s Used Run 1 Run 2 Run 3 Run 4 Run 5 Run 6 

0 0 0 0 0 0 0 

1 13 14 15 18 18 21 

2 8 10 13 12 24 29 

3 24 43 52 60 80 89 

4 27 53 55 73 76 69 

5 230 181 165 141 106 96 

Mean Argument 4.500 4 . 252 4 .139 4 .009 3 . 750 3.625 

Standard Deviation 1.042 1.109 1.152 1.164 1 . 183 1. 214 
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increases, the times that all of the printers are busy decreases rapidl y . 

The crLtical factor is the number of times five printers are busy bec a use 

that is what causes the greatest amount of qu eueing. In Figure 1 3 , th e 

"five printers busy" is the area which is most affected, illustrating 

the benefit of adding faster printers. 

The main value of the arguments is the arithmetic average of the 

number of printers active at one time. It is computed by the formula: 

Sum of Tabl e Arguments 
Mean Value of Arguments= Number of Entries in the Tabl e 

The standard deviation of the table arguments is calculated from 

the following formula, yielding the square root of the variance: 
,. . ·------ - ----- --·--

Table Standard Deviation 
/ D2 - (Dl) 2 /D3 

J D3 - 1 

where: Dl 
D2 
D3 

Sum of the table arguments 
Sum of the squared values of the table arguments 
Number of entries in the table 

When the printers are active at all, the mean value is th e average 

number which are active. For example, in Run 1 of Table XII, when the 

printers are active, then on an average, four printers are always active, 

and five printers are active half of the time, resulting in a mean value 

of 4.500. The mean value is not to be confused with the average contents 

of storage which tells how many printers are active all of the time. 

The printers could run only one hour a day and the mean value could be 

5.000 if, for that hour, all five printers were busy. 

The queue entries in the GPSS simulation are provided to gather 

statistics on jobs which are delayed by the unavailability of a print er. 

Table XIII contains some of these statistics. 
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TABLE XIII 

STATISTICAL PRINTOUT FOR QUEUE, PRTQT 

Maximum Average Percent Average Average* 
Contents Content s Ze ros Time/Trans Time/Trans 

Run 1 25 5.141 53.6 8.172 17.628 

Run 2 11 1. 279 68.4 2.039 6 . 463 

Run 3 11 1.052 71. 9 1. 683 6 . Oll 

Run 4 6 .379 84.8 . 598 3.956 

Run 5 6 .147 89.8 .233 2 . 290 

Run 6 6 .135 90. 4 . 213 2 . 241 

*excluding zero entries 
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The maximum content s of the queue indicates th e l a rges t number of 

print jobs which are waiting for a printer a t a n y o ne time . Figure 14 

illustrates the maximum qu e u e for the s ix s imulation runs . There is a 

sharp drop in the queue cont e nts when th e first faster printer is added. 

Another sma lle d drop occur s whe n the third p rint er is a dde d. 

The average contents of the queue indica t es how many jobs on the 

average a r e waiting for a print e r at a ny o ne time . The average con t e nt 

is cal culated by: 

Average Contents 
Cumula tive Time I ntegr a l of Queue 

Eight hours 

The average cont e nt s of the queue is illustrated in Figure 15. Again, 

a s harp drop occurs when the first faster printer is a dde d. A smaller 

drop occurs when the third printer is added. 

The entry for percent of ze r o delay time indicates the percent 

of time that n o j o b ha s t o wai t for a printer . Th e percent of zero 

d e l ay jobs is il lus tra t e d in Figure 16. The a ddition of the fi r s t 

printer results in a fifteen percent increase of jobs which do not have 

t o wait for a printer. 

The ave rage time each e n t r y is in the queue, including zero e ntities, 

indicates how long the average job has to wait for a pr i nter. The 

aver age time per entry is calculated by : 

Av e rage Time Per Ent ry 
Cumula tive Time Integral o f Que u e 

Tota l Number of Entrie s 

Figure 17 illustrates the average wait time per e ntry . Th ere is a six-

minut e drop in a verage wait time when the first print e r is added . Th e 

drop in wait time for Run 1 is approximat ely sev ent y- fi v e perc e nt. Aga in, 

a n improvement is s hown when the third printer is ad d ed. 



5.g 

c; 25 z 
H 
E-< 
H 
<C 20 3: 
CJ'J 
cc. 15 0 
'; 

µ. 
0 10 
0::: 
w 
cc. 5 ::e::: 

~ 
0 

0 i 2 3 4 5 6 
RUN NUMBER 

6 Figure 14. Maximum Conten ts of Queue, PRT(")T 

c; 
z 5 H 
E-< 
H 

<C 4 3: 

CJ'J 
cc 
0 3 '; 

µ. 
0 

0::: 2 
w 
cc. 
::e::: 
::::> 1 z 

0 
1 2 3 4 5 6 

RUN NUMBER 
Figure 15. Average Contents of Queue, PRTQT 

100 

80 

CJ'J 60 cc. 
0 
'; 

µ. 40 
0 

E-< z 
w 
u 20 
0::: 
w 
p.. 10 

0 
0 1 2 3 4 5 6 

RUN NUMBER 
Figure 16. Percent of Jobs with Zero Wait Time 



59 

The average delay time for each entry which has to wait for a 

printer is calculated by: 

Average Time Per Delayed Entry 
Cumulative Time Integral of QueuE> 

Number of Nonzero Entries 

The average wai t time for nonzero entries is shown in Figure 18. Even 

though the drop in wait time is about eleven minutes, the drop is not as 

significant as in Figure 17 because the zero jobs are missing. The drop 

in wait time in Run 1 of Figure 18 is approximately sixty-one percent. 

Figure 18 shows a true picture of the wait times if all of the printers 

are busy and the operator has a "hot job" he wishes to print. 

Analysis of Printer Facilities 

Each of the five printers which share the storage, PRINT, handl e 

a share of the workload. The GPSS simulation also generate statistics 

for the printers, PRTPl through PRTPS, in terms of time used, activity, 

and wait times in a queue. 

Table XIV shows the average utili zation of the five printers during 

the simulation run. The utilization, or average percent of the time 

each printe r is busy, is also shown in Figure 19. The characteristics 

of the workload on each printer begin to show when the faster printers 

are added. In each case , whe n che specific printer is chan ged to a 

faster speed, the average utilization for that printer d ec r eases . For 

example, PRTPS is not affected by the different simulation runs until 

run number six, when it is changed to a 3211. Printer PRTP4 exhibits 

the same reaction. Printers PRTP2 and PRTPJ are b e nefited even when PRTPl 

is change d as is evidenced by the d ecreased in the ir utilization in Run 2. 
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Part of the reason PRTP4 and PRTP5 are not affected too much is that many 

long tape-to-print jobs are sent to those two printers. The utilization 

is most affected for printers which process short jobs with no forms 

change. PRTP3 has the most usage in Run 1, but it is replaced by PRTP5 

in the other runs. 

TABLE XIV 

AVERAGE UTILIZATION OF THE FIVE PRINTERS 

Printer Run 1 Run 2 Run 3 Run 4 Run 5 

PRTPl .802 .637 .602 .512 . 5] 2 

PRTP2 .795 .645 .439 .439 .410 

PRTP3 .929 .820 .808 .614 .614 

PRTP4 .824 .783 .768 .762 .502 

PRTP5 .897 .895 .895 .895 .895 

Table XV and Figure 20 illustrate the number of print jobs which 

are run.on each printer. PRTPl is definitely the favorite printer. 

The reaso,1 for this is that the main jobs always attempt to print on 

PRTPl first. The main jobs are normally short jobs with no set-up time. 

Each ti.me a printer is changed for a faster speed, the number of jobs 

assigned to it is increased from the previous run. 

Comparing the statistics for PRTP5 in Figure 19 and Figure 20, it 

is evident that in order for the utilization to be so high, the low 

number of jobs which print on PRTP5 must be very long. This theory is 

Run 6 

.512 

.410 

.614 

.502 

. 758 
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TABLE XV 

NUMRER OF JOBS PRINTED ON EACH PRINTER 

Print er Run 1 Run 2 Run 3 Run 4 Run 5 Run 6 

PRTPl 132 148 143 124 122 121 

PRTP2 52 56 70 69 66 66 

PRTP3 48 33 27 52 52 52 

PRTP4 21 17 16 16 21 19 

PRTP5 9 8 6 6 6 11 
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validated in Table XVI and Figur e 21 whic h s how the l engt h of the jobs 

which pro cess on eac h printer. PRTP5 has the long tape-to-print jobs 

and PRTPl has the short main jobs. The other three printers have a 

combination of each type of job. 

TABLE XVI 

AVERAGE TIME PER PR INT JOB ON EACH PRINTER 

Printer Run 1 Run 2 Run 3 Run 4 Run 5 Run 6 

PRTPl 2. 916 2.067 2.020 2.056 2.016 2.033 

PRTP2 7.346 5.535 3.014 3.057 2.984 2.984 

PRTP3 9.291 11. 939 14.370 5. 673 5.673 5. 673 

PRTP4 18.857 22.117 23.062 22.875 11. 4 76 12 . 684 

PRTP5 4 7. 888 53. 750 71. 666 71. 666 71. 666 33.090 

There are five special queues for the five printers which are used 

to calculate the time a tape-to-print job has to wa it fo r a specified 

printer if the one which is needed is busy. 

Table XVII and Figure 22 show the maximum number of jobs which wait 

for each printer at any one time . No jobs ever wait for printer PRTP4, 

and only one job waited for printer PRTPl during the entire simulation. 

The printer which was most active was printer PRTP3 (Queue REQP3) . This 

is natural because PRTP3 is physically located in the center of the 

print e r s . Main jobs try to seize printers from one end of the chain and 
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TABLE XVII 

MAXIMUM CONTENTS OF QUEUES, REQPl-REQPS 

Queue Run 1 Run 2 Run 3 Run 4 Run 5 Run 6 

REQPl 1 0 0 0 0 0 

REQP2 2 2 2 2 2 2 

REQP3 6 6 6 6 6 6 

REQPS 2 2 2 2 2 1 



the tape-to-print jobs a re assigned starting with PRTPS. PRTP3 then 

gets "double duty" and has the most intervention r equired. 
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Table XVIII and Figure 23 show the total number of jobs whic h have 

waited for each printer throughout the run. Again, PRTP3 has the greatest 

number of waiting times . PRTP4 is always free when it is selected, so 

there are queue times for it. Perhaps PRTP4 is seldom used for tape-to

print work. 

TABLE XVIII 

NUMBER OF JOBS QUEUED IN QUEUES, REQPl-REQPS 

Queue Run 1 Run 2 Run 3 Run 4 Run 5 Run 6 

REQPl 1 0 0 0 0 0 

REQP 2 7 8 7 7 7 7 

REQP3 25 24 24 23 23 23 

REQPS 7 7 7 7 7 5 

Table XIX and Figure 24 show the average time jobs wait in the queues 

for a specific tape-to-print printer. PRTP3 and PRTPS have the greatest 

amount of wait time. Both print er s are h ighly affected when they are 

changed to the faster speed. (See Run 4 for PRTP3 and Run 6 for 

PRTPS). 



TABLE XIX 
0 

AVERAGE TIME PRINT JOBS WAIT IN QUEUES, REQP1-REQP5 

Run 1 Run 2 Run 3 Run 4 Run 5 Run 6 

REQPl .000 .000 .000 .000 .000 .000 

REQP2 10.285 9. 750 6. 714 6. 714 6.857 6.857 

REQP3 49. 719 51. 541 51.541 26.260 26.347 26.347 

REQP5 36.142 36.142 36.428 36.428 36.428 12.799 
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Figure 22. Maximum Contents of Queues, REQP1-REQP5 
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Al l of the statistics seem to r e inf o rce two id eas . Fir st , the 

two printers which are mo s t aff ec t e d by a c hange in print speed are 

PRTPl a nd PRTPJ. The c hange exhibited by PRTPl may b e be caus e it is 

th e first printer changed, or it may be because of the workl oad. 

Second, the workload seems to be dependent upon the physical loca tion 

of the printers a nd on the search scheme for main jobs, s tarting a t 

PRTP l. 

Anot he r experimental order of changing the print speeds s hould be 

consid e r e d as a result of analyzing th e first group o f simulations. 

If onl y one printer is to be changed, which printer should it be? 
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Before the simulations were run, the logical choice would have be e n printer 

PlPC because it is th e first printer in the series to be assigned by main 

service jobs. The simulations indicate that the greatest number of jobs 

print on printer PlPC which seems to reinforce that choice. (See Figur e 20.) 

PlPC is also the printer which is located physically the furthest away 

from the operator. It processes many short main jobs which did not 

requir e many pape r c hanges. 

However, Figure 21 indicates that printer PSPC processes the longest 

print jobs. Printer PSPC is also located the closest to the SUPPORT 

operator and requires the largest number of paper changes. PSPC processes 

many long tape-to-print jobs and very few main service jobs. The 

simulation order should be tested where PSPC is the first printer altered. 

Finally, Figures 22 through 25 show that printer PJPC has the most 

wait time for service. PJPC is physically located in the center of the 

printers and is semi-close to the SUPPORT operator. The work load on 

PJPC is a combination of long tape-to-print jobs and short main j obs . 

The simulation order should be tested where PJPC is the first print er 

altered. 



CHAPTER V 

SUMMARY AND CONCLUSIONS 

The purpose of this study is to analy ze the use o f s imula t ion a s 

a business tool for evaluating computer hardware equipment. Th e GPSS 

simula tion l a nguage is used and an a c tua l proble m i s s imula t ed . 

The problem is that two speeds of print e r hardwar e a r e available 

to process the print workload in the Central Computer Department of 

Continental Oil Company . GPSS simulat i on is u sed t o ma n i pula t e , test , 

and evaluate changing the printers to n e w equipment without affec t ing 

the present day environment. 

The two objectives of the study a re t o desc ribe the c urre nt s ys t e m 

and to explore the hypothe tical system. Both obj ec t i v es a r e me t by 

analyzing the statistical output of the simulation run. The f i rst 

objective is met by obtaining frequency distributions of ma n y of the 

variabl e s in the current s y stem. These distributions may the n be u sed 

to build future simulations. The second objective is me t by compar ing 

the results of six simulation runs in whic h the hardwa r e i s c ha n g e d in 

an orderly fashion. 

The f ir s t s t e p i s t o d e v e l op a mod e l whic h inc lude s all o f t h e 

important variables which uses the GPSS t i mi n g and que ueing me thod s . 

The e lements of the model inc lude five printe rs a nd a s t o r age whi c h 

control s a ll f ive pr i nt e r s a t once . The experime n t is d e sign e d t o 

c hange one of the printers at a time to a n ewe r model of pr inter with 
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a faster speed. A s pecifi c day is selected to be simulated and, five 

variables of the system are gathered t o generate an input tape. 

The result of the simula tio n is a representation of the system as 

it would be if the hardwar e is c ha n ged. I n each case , the first printer 

t o be changed produces the greatest be n efits. Future changes are also 

beneficial to a les ser degr ee . Several different managers with different 

goals could use this s imula tio n, picking the parts whi c h deal with 

their problem. 

One of the best re s ults of a s imul a t ion is the insigh t gained into 

the current system. Severa l operational probl ems were discovered when 

the input tape data was gathered. Most of the problems dealt with the 

areas of paper forms mounting and assigning printers for tape-to-print 

jobs. 

The greatest limitation of the study was the generation of input 

data. A great dea l of effort is required to pick a representative day. 

A special program is requir e d to co nvert the input data in t o a GPSS 

input tape. If more runs are needed for the same da y of input, GPSS 

is easy to change to try new things. If a n ew day or a longer time 

period is needed, data is very difficult to collect. The solution to 

this problem is to take the frequenc y distributions which are obtained 

from the input data and to convert them to probability distributions 

for use in random number generation. In order to cover the GPSS 

program to random variables, the JOBTAPE should be replaced with these 

four blocks: GENERATE - Interarrival times 
ADVANCE - Print duration 
PRIORITY - Job priorities 
ASSIGN - Number of lines per job 
ASSIGN 
ASSIGN 

- Number of set-up minute per job 
- Specific printers for tape-to-pr int jobs 
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The next step should be t o consult with manageme nt, obtain their 

he lp in formulating new modifications t o the mod e l, and build the mod el 

for future project s . Future runs would be very h elpful i n the areas of 

workload, work rules, c onfigura tion changes, a nd software changes . Each 

area could be analyzed and problems worked into the GPSS mod el . 

An example of a workload change wo uld be to i n corporate an increased 

print load resulting from a recent con solidation of another department 

with Centra l Computer. The t i me span might be increased to shift 2 , 

shift 3, or even a month o r a year in l ength. 

The operational problems mention ed above in the tap e and pap e r form 

areas might b e evaluat ed. Fo r exampl e , tape-to-print jobs might not be 

assigned to a printer. Form c hange migh t be restrict e d on specific 

printers. 

The restric tion of five printers might be relaxed and more or fewer 

printers simulated. The order of change of the print ers might be 

altered. The print speeds on the two mode l s of printer s might be 

changed to include a range of times . 

The software can also be tested with this model . The priority 

scheme could be eliminated or altered t o test improved efficiency . Core 

storage queues could be added to insure that enough co r e was available 

to service the printers. 

In conclusion, it has been shown that GPSS simulation is an 

effec tive tool for evaluating equipment configurations . Simulation is 

very probably the tool of the future for the illumination and solution 

of many business problems. 
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GLOSSARY 

ASP. An IBM software package used by Continental Oil Company to contro l 
the flow of jobs through the computer system. 

FACILITY. A piece of equipment which can handle only one transacti o n a t 
a time . In th e case of Continental Oil, a printer which can handl e onl y 
one print job at a time. 

LOGIC SWITCH. A two-state indicator which can be set on by one print job 
and which will modify the flow of the other print jobs through the s ystem. 

QUEUE. A statistical entity which maintains a list of transactions which 
are delayed at a point in the system. For Continental Oil, the number of 
print jobs delayed and the length of the delay are recorded by the queue. 

STORAGE. A piece of equipment which can handle several transactions at 
a time. In the case of Continental Oil, the printer control unit can 
drive five printers and thus handle five print jobs at once. 

TABLE. A statistical entity which collect frequency distributions. 

TRANSACTION. A "unit of traffic" in a GPSS simulation . In the case of 
Continental Oil, a print job. 
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BLOCK DIAGRAM OF THE r,pss MODEL 
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1 

2 
(QPRNT 

QUEUE 

3 

ENTER 

4 

DEPART 

5 

K15 
(TRYPl) 

Kl 
(REQP2) 

80 

READ PRINT JOBS AT AN INTERARRIVAL RATE 
IN MINUTES DETERMINED BY THE JOBTAPE 
FORMAT, FIELD 1. 

QUEUE UP PRINT J OBS IF THE STORAGE, 
PRINT, IS BUSY. 

ENTER THE STORAGE , PRINT, WHEN IT HAS 
AVAILABLE SPACE, AND OCCUPY ONE PRINTER. 

DEPART FROM THE QUEUE WHEN THE STORAGE, 
PRINT, IS ENTERED. 

TEST FOR A PRIOR ITY OF 15 FOR THE JOB. 
IF PRIORITY= 15, TH E JOB IS A TAPE-TO
PRINT. OTHERWISE, THE JOB IS A MAIN 
JOB. GO TO TRYPl . 

TAPE-TO-PRINT: TEST TO SEE IF PlPC 
WAS ASSIGNED . IF NOT , GO TO REQP2. 



PRTP l..,_...,S.._P_R_P __ l........,. 

USEPl) 

9 

(SPRPl) 

LEAVE 

10 

QUEUE 

PRTP 

DEPART 

(QPRNT) 
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IF FACILITY PRTPl IS NOT IN USE, GO TO 
NEXT BLOCK. 
IF FACILITY IS BUSY, GO TO SPRPl. 

GO TO USEPl TO SEIZE THE PRINTER. 

FREE ONE PRINTER IN THE STORAGE WHILE 
THE TAPE-TO-PRINT JOB WAITS FOR A 
SPECIAL PRINTER. 

QUEUE UP PRINT JOBS IF THE FACILITY, 
PRTPl IS BUSY. 

WAIT IN THIS BLOCK UNTIL PRTPl IS FREE. 

DEPART FROM THE QUEUE WHEN THE FACILITY, 
PRTPl IS FREE. 

GO TO QPRNT TO ENTER THE STORAGE, PRINT. 

[BLOCKS 6 - 13 ARE REPEATED FOR PRINTERS 
PRTP2 THROUGH PRTPS.] 



14 
(TRYPl) 

15 
(USEPl 

16 

17 

18 

SEIZE 

ADVANCE 
V2 

ADVANCE 
Vl OR V3 

RELEASE 

PRTPl 

(FREEP) 

(TRYP2) 
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IF FACILITY PRTPl IS NOT IN USE, GO TO 
NEXT BLOCK. 
IF FACILITY IS BUSY, TRY NEXT FACILITY. 

SEIZE THE FACILITY, PRTPl. 

PRINT JOB IS BEING SET UP. NUMBER OF 
MINUTES IS IN PARAMETER 2 of JOBTAPE. 

JOB IS PRINTING . 
IF A 1403 IS USED, TIME IS PARAMETER 1/700. 
IF A 3211 IS USED, TIME IS PARAMETER 1/1 200. 

RELEASE THE FACILITY, PRTPl. 

GO TO FREEP TO FREE ONE PRINTER IN THE 
STORAGE. 

[BLOCKS 14 - 19 ARE REPEATED FOR PRINTERS 
PRTP2 THROUGH PRTPS.] 



20 
(FREEP) 

LEAVE 

21 

1 

2 

START 1 

0 

480 

1 

FREE ONE PRINTER IN THE STORAGE. 

REMOVE ONE PRINT FROM THE SYSTEM. 
THE RUN TERMINATION COUNT IS NOT 
AFFECTED. 

END OF MODEL SEGMENT 1. 

RUN EACH SIMULATION FOR 480 MINUTES. 
ONE EIGHT-HOUR SHIFT. 

SATISFY THE TERMINATION COUNT. 

END OF MODEL SEGMENT 2 

(TIMER SEGMENT) 
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SET THE TERMINATION COUNT TO END WHEN 
THE TIMER SEGMENT REACHES 480 MINUTES. 
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Pu r pose of Study: The purpose. of this s tudy is to analyze s Lrrnlation as 
a business tool. The particular application of simulation is in the 
area of eq uipment evaluation for computer hardware. Using Ge neral 
Purpose System Simulation language, a model is built to represent the 
printer hardware and workload in the Central Computer Department of 
Continental Oil Company in Ponca City. The experimental design is to 
replace five printers with five newer model printers in an orderly 
fashion and to compare the results of each change. Data is obtained 
from actual accounting records and console listings produced in the 
printer shop. Each print job enters the system and competes for 
the availability of one of the five printers . GPSS provides statistical 
information on printer usage and on queue times resulting from jobs 
waiting on a printer. 

findings and Conclusions: The two objectives of the study are to describe 
the current system and to explore the hypothetical situation of 
cha nging the printer hardware. Both objectives are met by analyzing 
the statis tical output of the simulation runs. One of the best 
results is an insight into the present system which is gained by 
Jeveloping the model and gathering the data . The current system is 
described by frequency distributions for five characteristics of the 
print jobs. An initial simulation run indicates the locations and 
lengths of the queues which are present in the unmodified system. 
The hypothetical situation is described by five experimental runs 
which show the locations and lengths of the queues after the 
eq uipment is changed. The simulation results can answer questions 
in man y areas of operational problems, including workloa d scheduling, 
operational work rules, and software evaluation, as well as in hard
ware planning. GPSS simulation is an effective tool to test and 
evaluate c hanging hardware equipment without affecting the current 
environment. 
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