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CHAPTER 1
INTRODUCTION

Approximately one-fourth of the meals consumed in the United
States are eaten away from home, and indications are that this
number will increase. The importance of food services in commercial
establishments, hospitals, industrial plants, feeding units, military
services, schools and institutions have had an exciting yet show-
developing history. Today's trend in large universities with expanding
building programs and complex residence hall systems is toward
centralization of food services. No single method of service is more
universal to all segments of food service than cafeteria operation
(Zipfel and Triplett, 1958). Due to increasing enrollment in schools
and colleges, cafeteria food service systems in academic imstitutions
are facing waiting line problems. Due to the rise in cost of labor
and equipment the emphasis is on the effective utilization of food
service equipment. The facilities and the service operations should
be planned effectively so that the customers can be served efficiently,
so as to return to work or classes on time. Therefore the cafeteria
management faces the necessity of improving the efficiency and speed
of cafeteria service, in addition to planning, for expansion of
existing facilities or new facilities so as to answer the common demand

by youth for speed, convenience and low cost.

1.1 DESCRIPTION OF THE CAFETERIA SYSTEM
A cafeteria system generally consists of a service and a dining

area. The service area contains food items and checkout statioms.



The dining area consists of a group of tables which provide eating
facilities for the customers. A schematic diagram of a cafeteria
system is shown in Fig. 1.

The customers enter in the service area, select their food
items and join the shortest queue for checkout at checker and cashier
stations. On completion of these operations the customers enter the
dining area and sit in chairs to eat their food.

The function of the checker is to check the food items and
hands over total food cost for the customer, The function of the
cashier is to receive the payment and make change for the customer.
In a cafeteria the checking and cashing may be separate operations
or a combined operation depending upon the factors like number of
arrivals and the service times, In the experimental model, checking
and cashing are separate operations at noon time while for other

periods of the day, it is a combined operationm.



Dining area

Service area

Customers

Fig. 1. Schematic diagram of a cafeteria system.



CHAPTER 2
LITERATURE REVIEW

In 1965 Fetter and Thompson [6] developed three simulation
models which contained essential features of various subsystems of
a hospital. This study was concerned with problems in the design
and utilization of hospital facilities, Three subsystems studied
were (1) the maternity suite, (2) an outpatient clinic, and (3)

a surgical pavilion. The objective was to give hospital management
the guiding lines that will forecast operating characteristics for
alternative designs and, for a given number of facilities, the
effect of adoption of alternative operating policies., The effect
of change in admission rate, length of stay etc. were examined to
guide the hospital management in its long-range planning.

Thompson and Fetter [R1] simulated the activity of the maternity
service under varying admission rate. They determined the relation-
ship between size of hospital and percentage occupancy keeping the
average length of stay and number of beds relative to demand
constant for all runs. They observed a little difference in occupancy
when admission rate is 4000 or more per year, but below that rate,
the occupancy tends to rise significantly.

Lipton [14 developed a simulation model of a assembly job shop
to plan a new facility, so that management could know, for the next
three years, the requirement of space and manpower they need, the
most effective plant layout and whether an overhead conveyor system

was to be used. To solve the above problems data were collected from



an existing assembly job shop. It was found that the model developed
underestimated the true situation. All the management objectives
could not be realized but the results achieved were close to the
actual situation which gave management useful and good informatiom.

To illustrate the power of simulation, Skeith and Curry Q9]
solved the problem of machine maintenance work at the Sun 0il Company -
DX Division. The problem was solved by using GPSS as the simulation
language. The number of events which may occur in the system was
limited to 40. Three models were simulated using FIFO (first in-
first out), LIFO (last in-first out), and random principle and one
repairman., A fourth model was simulated using the FIFO principle and
two repairmen, a fifth model was simulated using the FIFO principle,
two machine classes and one repairman. The five models gave a quick
comparison about waiting time, repairmen utilization and average
number of machines waiting using different repair policies.

Schiller and Lavin [8] undertook the problem of predicting
the requirement of new facilities to meet contemplated changes
in a company's business operation. The company wanted the consoli-
dation of three warehouse facilities at one of the three locations.
The problem was concerned with predicting new truck-dock facilities
required to handle truck flow of the three different warehouses
and considering the future openings of new stores. To analyze the
problem, a complete survey of truck arrivals at the three warehouse
locations were made far a seven-week period, from which arrival
activity at the consolidated warehouse was determined. The next

feature studied was truck servicing time. To simulate the docking



operations, the interarrival times and service times were obtained
by random selection from their respective frequency distribution
curves, By varying specified number of service docks, the problem
was simulated to give movement of trucks through the dock system,
length of waiting queue and the amount of waiting time in the queue,
The simulation was run for several days of docking operations to
give average results of waiting time for each of the specified
service docks, The simulation results were useful for management
planning in regard to cost and policy informationm.

Edie [ 5] used probability theory to study the operation of
collection of vehicular tolls for the Port Authority of New York.
Before this study, the number of toll collectors provided for
operating a toll plaza were determined on the basis of judgement
and rule-of-thumb work standards. But to achieve savings in toll
collection expenses and better service to the public, observations
were made. Data collected was the number of vehicular arrivals in
30-second intervals, extent of the backup in each open toll lane and,
toll transaction count at half-hourly intervals. By the application
of probability theory the relation between traffic volume, number
of toll booths and grade of service was determined., Then the system
was established to tell in advance the number of toll booths required
at any time of day.

Linder [15] described how a simulation model was used to find
numerical relationships between the number of telephone lines and
agents in an airline's telephone reservation office, volume of work-

load and the specified grade of service. It took a 5 year sequence



of research activities to relate standard of service and manpower
requirements, The study helped in making models which were useful

for making better decisions about the future, The most important

part of this study was its emphasis on a technique for evaluating

the costs of alternative strategies regarding customer service,
instead of calculation of agent and line requirements. This technique
provided office managers with a powerful management tool for

manpower planning. The paper also described the work which is in
progress to improve the method of forecasting telephone workload

and to produce a fully automated system for budgeting and planning.

A study of real-time human decision-making was done by
Bainbridge, Beishon, Hemming and Splaine [1] using a plant simulator.
The simulated plant used in these experiments was a five-furnace
electric and steel-melting shop. The operator'srwork was to control
the electric power to the whole shop and was to maximize the steel output
under given restrictions of energy consumption rate. The aim of the
series of experiments was to develop a method for measuring the
mental load on operators caused by process-control tasks. These
measurements would be invaluable for manpower planning and for man-
machine interface design.

The problem of peak hour operation in a bus terminal was solved
by the Port of New York Authority operationms research team [10] using
traffic simulation and Monte Carlo methods. On working days between
5 and 6 P.M., about 20,000 New Jersey bound commuters entered the
Port of New York Authority Bus Terminal in New York city and about

400 buses used to arrive in the terminal to load the commuters and



then depart during this peak period of one hour. Due to traffic
conditions buses arrival times deviated from their scheduled arrival
times. Consequently when the bus arrived in the loading zone, its
berth might be either vacant or occupied, . If the berth was vacant
on its arrival, the bus was denied entrance due to blocking conditions
or if ahead of schedule, it was withheld to avoid creating a block.
The optimum relationships of the length of waiting lines to the
number of tandem berths on a single lane loading platform was useful
for efficient design for any future construction of bus terminal. A
limited number of days of peak hour operations were observed to find
frequency distributions of bus arrivals and commuter passengers.
The study pointed out that as the platform length increased more
holding space per berth was required to maintain the same grade of
service for passengers. Other problems were pointed out regarding
optimum loading policy, dispatching systems and what sort of schedule
was optimum for a given arrival behaviour and berth arrangements.,

0f particular interest to this authér is the usefulness of the
simulation techniques as applied to food service systems. A few
studies have been reported about food service systems. An interesting
study of the design of cafeteria counters was made by M. Chartrand [31].
The study analyzed the causes of delay in service lines. The main
objectives were to reduce waiting time and service time, while serving
many customers from the counter, Delays were found to be generated
by (1) poor service due to insufficient and untrained personnel; (2)
poor layout at hot food, coffee, and check-out statioms; (3) customers

making selection of food; and (4) getting proper change. Arrival



distribution, the number of checkout counters, service distribution
and queue discipline were also examined. Among several useful
principles considered was the arrangement of stations in parallel
rather than in series., It was observed tiat service time may be
reduced by eliminating multiple stops at counter stations; making it
possible for customers to break out of line, It was noticed that
self-service items should be placed parallel to the moving line,
whereas service items should be placed at right angles to it.
Various designs of the operation were studied and compared, but
there is no evidence that actual studies had been conducted.

Kinckrehm [11] used the simulation technique to determine the
effect of changes in layout or operating procedure on the time customers
spend in a cafeteria line, the rate of flow of customers and the
utilization of facilities. A single line cafeteria was selected
for collection of data for this study. This study illustrated that
a simulation technique may be used by food service management to
determine the time the customer spends in the cafeteria service line
and through changes in layout and operating characteristics, the
best policy may be choosen. This analysis is also helpful for
effective future planning.

Laudon [13] undertook study to develop a generalized cafeteria
simulators. The main objectives were (1) to develop through the
use of computer simulation, a generalized cafeteria model which could
be used as an experimental tool in the optimization of an existing
cafeteria system or for future design; (2) to provide a general and

flexible cafeteria model which could be easily adapted to any specific



cafeteria system; and (3) provide a measure of effectiveness to
determine the estimated performance of the system at a reasonable

cost.
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CHAPTER 3
THE PROPOSED PROBLEM

3.1 PURPOSE OF THE STUDY

A queueing problem at the check out étation in a cafeteria
arises when either the service facilities stand idle or a customer
has to wait in the line to be served, Increased investment in
labor and service facilities, will involve high operating costs due
to the idle time of the facilities. But on the other hand not
providing enough service facilities will involve excessive waiting
time to the customers [20]. Many customers don't object to a reasonable
waiting time but will not tolerate a lengthy waiting period [17]. It
is therefore desirable to obtain an optimum balance between the idle
time of the facility and the customers waiting time, depending upon
the system performance criterion used,

To determine whether proposed designs for future cafeteria
system are effective and efficient, the management needs to evaluate
the performance of the system at a reasonable expense. Due to
practical and economical difficulties, it is not feasible to do
experimentation in the actual cafeteria. So some technique needs to
be used to determine the effect of arrival rate, service time and
number of service stations on the time customers spend in the queue.

We begin our evaluation of the system by assuming certain
performance levels for the checkout operation. We could provide one

checkout station which may not be able to take care of the load of
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arrivals or we could provide so many checkout stations that no customer
has to wait in the queue. But the latter policy becomes very expensive
while the former policy is obviously undesirable. Therefore a
compromising policy has to be adopted by employing a certain number

of checkout stations. To achieve the objectives it was decided to

use the following desired performance level for the checkou; operation,

"No more than ten per cent of the customers wait in the queue

for more than .75 minute".

Based upon the above performance level our purpose of the study
is three fold:

1. To forecast the optimum number of checker and cashier service
stations required in 1975 at Kansas State University union
cafeteria,

2, To evaluate the number of operators required for service
during different periods of the day.

3. To forecast the number of chairs needed in the dining area
in 1975.

In order to obtain reasonable answers to these questions, it will
be necessary to find the following statistics and relationships for
the various configurations of the system investigated.

(a) The waiting time distribution of the customers in the queue -

The customers wait in the queue before they are being served.
The length of waiting-time of different customers is

represented by a waiting time distribution,



13

(b) The service times distribution of the checkout operator -
The service time is the length of time taken to serve
an individual customer. In majority of cases it is
assumed that service times of different customers are
independent random variables, which can be represented by
the service time distribution.

(¢) The inter—arrival time distribution of the customers - The
inter—-arrival time is the time between arrivals, which
is given by the inter-arrival distributiom.

(d) The distribution of time between departures after the
checkout operation - The elapsed time between customers
departure after the checkout operation is called time
between departures, which is given by the probability
distribution,

(e) Average utilization of checkout operator which is given

by the proportion of time the operator was busy.

Total time performing service
Total run time

Average utilization =

3.2 SYSTEM DESCRIPTION:

COMPONENTS: Components ére those entities of the system, which are
independently defined and whose collective performance gives the output
of the system [17]. There are many components we are studying in

the cafeteria system: notably (1) the customer, (2) the service
stations and (3) the waiting line at each station.

VARIABLES: These are the attributes of the system which have different

values under different conditions of the system.
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There are many variables in this system but we want to restrict
ourselves and list the desired variables.

1. Mean time between arrivals

2, Time between departures

3. Waiting time in the queue

4, Mean service time

5. Number of checkout stations
PARAMETERS: There are those attributes of the cafeteria system,
which do not change during the simulation run because of any change
in the system during the simulation. The pertinent parameters of
the cafeteria system are (1) distribution of time between successive
arrivals, (2) service time distribution, (3) the number of checkout
stations. We notice that the "number of checkout stations" is
specified both as a variable as well as a parameter. This is so
because the experimenter can control the number of service stations
during any set of iterations of the simulation. Therefore the "number
of service stations: is a parameter for'each set of iterations of

simulation, but it can be varied during the complete simulation.

3.3 ASSUMPTIONS
Following are the important assumptions considered to study the
system.
1. All checkers, cashiers, and checker-cum-cashiers work at
the same rate,
2. Enough space exists for the queue which may develop in
front of each station.
3. The distributions of time between arrivals, and service

times remain same throughout the period being studied.



Mean arrival rate is constant, regardless of the number

of customers waiting in the queue (customers do not turn
away when queue length is long).

Customers after joining the queue, do not shift to other
queues,

Each customer will join the "Minimum" queue length, that is,
the line with the least number of customers.

At the start of the simulation, the system is empty, that is,
there is no customer in the system, nobody in the queue,

and the facilities are idle,

The service time distribution of checker-cum-cashiers is
same for models 1, 2, and 4.

All the checkers, cashiers, and checker—-cum-cashiers are

working at normal pace,

3.4 DATA FOR THE EXPERIMENT

It is necessary to collect data for the cafeteria system to

determine:
(1) the probability distribution of interarrival times
(2) the service time distribution for each check-out operation
(3) the service time distribution at the tables i.e. occupancy

time distribution in the chairs in the dining area. In
other words, how long the customer stays in the dining

area.

Inter-arrival Time Distribution: One of the basic parameters

required to queueing or waiting line analysis is the mean

arrival rate, The probability distribution of arrivals has

15
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been observed to be Poisson in nature in most of the queueing
problems. Detailed discussion is in [10,14,5]. So to study a
cafeteria system, it is assumed that the number of customers
arriving in the system per unit time has a Poisson distribution
i.e. inter-arrival distribution is exponential.

Data was collected for five days (one work week) between
period 7.30 A.M. to 4.00 P.M, to determine average interarrival
rate, Number of arrivals at the checkout stations in the state
room (snack side), and the cafeteria (main food service) were
counted with the help of hand counter for each 15 minutes period.
The number of arrivals on each side were added to give the
total number of customers arriving for each period. These obser-
vations were taken during the summer semester. The following
assumptions were made to determine the number éf customers, who
will use the cafeteria facilities at a future date say in 1975 as
shown below.

(1) The customers using the cafeteria facilities are directly
proportional to the number of students, staff and
faculty at Kansas State University.

(2) The faculty and administrative staff also increases in
the same ratio as the total enrollment in the university.

Fall semester 1968-69:

Total enrollment = 12570
Faculty and staff (excluding students) = 2700
Total = 15270
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Summer semester 1968-69:

Total enrollment = 4209
Faculty and staff (excluding the students) = 2141
Total = 6350
. . 15270 _ . .
Multiplying the observations by a factor of 6350 2.4 will give

the total customers who used the cafeteria services during Fall 1968-
69. The above data were collected from the Office of Admissions and
Records at Kansas State University.
Estimated number of customers in 1975:

Total enrollment in Fall 1968-69 = 12570

Faculty and staff = 2700

Total = 15270

Estimated enrollment [ ] in 1975= 16000

_ 16000 _
Faculty and staff in 1975 = 33570 * 2700 = 3420
Total = 19420

_ 19420 _
Ratio = 15270 1.27
Total multiplication factor = 2,4 x 1.27 = 3.06

The observed arrivals were multiplied by the multiplication factor to
forecast the approximate number of arrivals in 1975 during the given
duration.

The variation of arrivals into the system was observed as shown
in Fig. 2. The figure shows the average number of arrivals during
each 15 minutes perioa of the day. To take into consideration the
variation of the system loading, it was felt desireable to divide

the whole day arrival pattern into four periods, which will give
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four distributions of arrivals each having a different mean. In this

study, the first three periods are of 2 hours duration and a fourth

period of 2 1/2 hours duration,

Table 1 shows mean arrivals during each period of the day. X

represents the average number of customers arriving in the system

during each duration. The mean inter-arrival time (T) is determined

for each period or model by the following equation.

duration

T = 5

Service Time Distribution: the other significant parameter in the

queueing problem is service time. Four service time distributions

for four
(D
(2)
(3)

(4)

different operations are being considered as follows:
the service time distfibution of the checker
the service time distribution of the cashier
the service time distribution of the checker-cum-cashier
(when operations of checker and cashier are combined)
the service time distribution at the chairs in the dining
area,
The service time distributions of checker and cashier are
used in simulating model 3, when both the operations are
separate, while the service time distribution of checker-
cum-cashier is used in simulating models 1, 2 and 4, when
both the operations are combined. The design and analysis
of the system is done on the basis of the existing system.
The service time is obtained using a stop watch

calibrated in one hundredth of a minute. The service time

19



TABLE 1
Table 1. Mean inter-arrival time (T) for each model
Model no. Period of day Duration A T in secs
in seconds
1 7:30 - 9230 900 268 3,36
2 9:30 - 11,30 900 315 2,86
3 11,30 - 13:30 900 311 2.90
4 13.30 - 16.00 900 167 5.39
_ duration

T =

A

20
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of a customer was taken as the duration of time, when a
customer started getting attention or service and until
the service is finished. The service time at the chair
or occupancy of the chair is the difference of time the

customer arrives at the chair and leaves the chair,

To determine the service time distributions, data were collected

for four operations as discussed above. The number of observations

to be made for each operation was calculated by using the following

procedure adopted by the Maytag Company as mentioned in Barnes [2].

(1)
(2)

(3)
(4)
(5)

Take ten good readings.

Determine the range R, which is the high value minus the
low value.

Determine the mean i,

Determine R/X.

From table, determine the number of readings required for
95% confidence level and +5% precision. A final check was
made to determine whether enodgh observations had been
made, it was found that the observations recorded for each

service time distribution was within the 95% confidence

interval and usually between +4% to +6Z precision.

Distribution curves were made out from the collected data and

Chi-square tests of goodness of fit were performed to check the

statistical conformity of the observed probability distributions of the

services. A good fit at a .05 significance level was obtained. The

service time distribution of the checker is found to be normally

distributed with a mean equal to .15 minute and standard deviation is

047 minute.
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The service time distribution of the cashier is found to be normal

with mean equal to .21 minute and standard deviation .07 minute.

The service time distribution of the checker-cum-cashier is also
normally distributed with mean .15 minute and standard deviation

.043 minute,

The service distribution at chairs is found to be a normal distribution

with mean being 32.5 minutes and standard deviation 17 minutes.



CHAPTER 4
DESIGN OF THE SIMULATION MODEL

This type of problem is known mathematically as a queueing
problem., The analytical techniques are available to solve simple
queueing models, while for a complex queueing model, the analytical
techniques may not be available. Consequently, simulation has been
found to be a valuable and useful tool in analyzing systems in
which a waiting line problem is to be studied.

According to Mize and Cox [17], simulation is, '"the process
of conducting experiments on a model of a system in lieu of either
(1) direct experimentation with the system itself, or (2) direct
analytical solution of some problem associated with the system'.

A carefully constructed, simulation model is the duplication of
environment in which observations can be made under controlled
conditions. A simulation model represents the actions and inter-
actions of the components of the system under varying conditionms.
Simulation technique appears to offer opportunity for observing the
estimated performance of the cafeteria system. Although simulation
techniques should usually be used when all other techniques have been
examined and found wanting, simulation has certain characteristics
which are preferable to other techniques. With simﬁlation, time

can be expanded or compressed to furnish observations in any desired

degree of detail,

4,1 COMPUTER PROGRAM
The logical model and data need to be translated into a computer

program, The computer model can be written in any of the simulation
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languages such as GASP II, GPSS or Simscript. To simplify the
programming, GPSS (General Purpose Simulation System) was chosen as
the easiest to apply to the cafeteria problem. The cafeteria model
can be modified readily once written in GPSS., In GPSS, statements
are written in terms of block commands,

Most simulated studies are concerned with systems whose events
are time-ordered, The computer program should be able to move the
model through simulated time, causing events to occur according to
desired order and proper time interval. The timing problem in
digital simulation models arises from the fact that, while the
components of the real system function simultaneously, the components
of the simulated system function sequentially, because a digital
computer executes its instructions one at a time [41].

Two basic time-flow mechanisms are available to represent
the flow of time in a simulation model: the uniform-increment
method and the variable-increment method. In the uniform-increment
method the program up dates the status of the system being simulated
once for each time increment, changing the status of the parts of the
system according to the events taking place in the system. The time
increment method can be assumed to represent as long or short a period
of real world time as desired. In the variable-increment method, the
change of status of the system occur at irregular intervals according
to the size of interval between events.

The choice of thé two time-flow mechanism depends upon the nature
of the processes in the system being studied and upon the way the
model was formulated. The uniform-increment method is preferred for

the systems where events occur at regular intervals of time. To simulate
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the cafeteria system, the variable increment method was adopted to
move the system through time, The controlling factor in the cafeteria
system is the time between successive arrivals.

The various models in the system can be described by using block
diagrams or flow diagrams. They consists of a series of blocks,
each of which represents some step in the action of the system, The
block diagrams for various models are shown in Appendix A,

The GPSS / 360 program consists of a set of simple entities,
which are divided into four classes: dynamic, equipment, statistical,
and operatiomal.

The dynamic entities in the GPSS/360 are called "tranmsactions',
These represent the units of traffic in the system, such as customers
in the problem, These transactions can be "created” and "destroyed"
as desired during the simulation run. A number of "parameters" are
associated with each transaction whose values are assigned by the
experimenter to represent characteristics of the transactionm, For
example a transaction representing a customer might carry in a
parameter the queue number which the transaction will join for
service.

The equipment entities represent elements of the system which
are acted upon by "transactions', These entities include "facilities",
and "storages". A facility can give service to one transaction at
a time, A storage can handle several transactions simultaneously.

The checker or cashier station represents a facility, and the pool
of chairs in the dining area represents the storage in the proposed

problem,
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Two types of statistical entities are called, '"queues" and
"tables" which are provided to measure the system behaviocur. The
queue entity keeps a record of the transactions being delayed at one
or more points in the system, and maintains a record of the average
number of transactions being delayed in the queue and the length of
delay for each transaction, A table may be used to collect any
desired frequency distribution. Each table has an argument, and the
specified number of intervals into which the values of the argument
can fall,

The operational entities are called "blocks'". The blocks
provide the logic of a system and command the tramsactions what to
do next and where to go., These four classes of entities constitute

the language of GPSS/360.

4.2 PROGRAM DESCRIPTION

The computer programs for various models in the system are shown
in Appendix B. The computer program contains a number of blocks.,
The first block in Fig. 23 is a GENERATE block which creates transactions
(customers) which enter into the system. Field A of the GENERATE block
specifies the average or mean time between originations. This mean
may be modified by specif&ing either a spread or a function as a
modifier in field B. The function FN1 in the GENERATE block indicates
that the mean inter-arrival time of i%a minute is modified by a
function arbitarily called function 1. This computes the time between
arrivals which is a random number whose distribution is 1 time: the

distribution defined by function 1, The basic time increment is set

to be-E%E minute i.e. 1 unit of simulated time is equivalent to
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E%E minute in the real time scale.

When a transaction passes through the SELECT block which contains
UMIN" in column 14, it (transaction) will "select" the queue which
has minimum number of customers in it (the queue) for service. The
index number of the queue ﬁhich the transaction will join is referenced
by the value of transaction parameter specified in field A of the
SELECT block. The transaction parameter is 12 as specified in field
A of the SELECT block. Fields B and C of the SELECTMIN block specify
the lower and upper limits of the queue to be selected by the trans-
actions., If there are two or more queues with the same minimum number
of transactions (customers), the transaction will "select" the first
minimum queue out of all the minimum queues,

The QUEUE block indicates that the transaction enters that
queue for service (checker station), whose index number is given by
the value of transaction parameter 12, A QUEUE block immediately
passes the transaction through the block if the next block can be
entered, Otherwise a QUEUE block holds the transaction until the
next block can be entered. A QUEUE block is incorporated in the
simulation models for the purpose of gathering statistics or trams-
actions which are delayed by a number of reasons.,

The next block in the model is a SEIZE block. The tramsaction
can enter in this block only, if the facility (checker station),
whose index number is given by the value of transaction parameter
12, is unoccupied. In the simulated model, the facilities are the

checker stations, When a transaction is able to enter a SEIZE block,
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it immediately goes to next sequential block without any time delay.
The next block in the model is a DEPART block, which specifies the
queue number in field A and the number of transactions to be removed
from the queue in field B, A 1 or blank in the B field means, one
transaction is removed from the queue. The DEPART block removes one
transaction from the contents of the queue; the index number of the
queue is given by transaction parameter 12. The SEIZE block and
DEPART block allow the transaction to engage the facility (checker
station) and leave the queue whenever the facility is unoccupied.
These two blocks do not cause any delay to the transaction for any
amount of simulated time.

The ADVANCE block indicates that the transaction is delayed in
the block equal to its service time., The transactions (customers)
are served in each queue according to FIFO (first-in first-out)
principle.

The symbol FN2 specifies that the function, arbitrarly designated
function 2 is to be used as modifier. Delay time in the block will
consequently be a random quantity whose distribution is 1 times the
distribution specified by function 2, The transactions are delayed
for a finite time in the ADVANCE block.

After the transaction has spent time in the ADVANCE block, it
then enters the RELEASE block. This releases the facility (checker
station) whose index number is given by the value of transaction
parameter 12, and also makes it possible for transactionms (customers)
waiting in the queue (if any) or arriving at a later date to take over

the facility. After the checking operation is over, the transaction
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again joins the minimum queue for service at the cashier station.
The transaction then seizes the facility, departs from the queue, is
delayed in the ADVANCE block and releases the facility as discussed
before.

The transaction finally joins the queue if any, to enter the "storage".
The "storage" is defined as the pool of chairs in the dining area in
this problem. The ENTER block and LEAVE block are used when the
transactions enter and leave the storage. The storage capacity is
defined in field A of the storage card, which represents the number
of chairs in the pool. Other blocks are incorporated in the program
to define the various operations as discussed above.

To gather certain statistics of the system the TABULATE block
is incorporated in the program. Field A of the TABULATE block
signifies the number of the TABLE in which statistics are to be
gathered. The type of statistics to be tabulated is defined on a
separate TABLE defination card. The TABULATE block with 1 in field
A in Fig. 23 points out to the program that inter-arrival times
of the transactions are to be gathered in Table number 1, The time
between departures of the transactions are gathered in table 2 by
using TABULATE block.

To determine the waiting time distribution and the service time
distribution, "MARK" block is used along with."TABULATE" block.

Each transaction in the block diagram possesses a transit time. To
compute the transit time the program marks each transaction with the
clock time (MARK TIME) at which the transaction enters the system,

Then transit time at any point in the system is computed as clock
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time minus MARK TIME. The MARK block is incorporated so that the
transit time of the transaction is reset to zero after the trans-
action has been in the system for some time, Field A of the MARK
block specifies the parameter number n. The transaction which passes
through the MARK block will have the absolute clock time stored in
parameter n. So parameter transit time (MPn) of the transaction is
determined as follows:

Parameter Current absolute - Value of Parameter n of
MPn = Transit = clock time the transaction

Time
The waiting times distribution of the transactions (customers) in the
queues at the checker stations is determined by using MARK 3 and
TABULATE 3 blocks, whose values are entered in table 3. The service
times distribution of the transactions at the checker stations is
determined by incorporating MARK 6 and TABULATE 5 blocks whose values
are entered in table 5. The waiting times and service times distri-
butions of the transactions at the cashier stations are determined
by incorporating other TABULATE and MARK blocks in the model.

Finally, the transaction enters the TERMINATE block, where it is
destroyed to remove it from the computer memory., A simulation time
is controlled by using GENERATE block and TERMINATE block., TERMINATE
block has 1 in field A, All other TERMINATE blocks in the program
have blank fields A. The START card signifies that all input data
has been received and the program may proceed. Field A of START
card specifies the number of terminations to be executed before the
simulation run stops. The final print out at the end of the run may

be suppressed by using "NP" in field B of the START card. A blank
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field B means, a final printout is required. Field C of the START
card signifies a "snap interval" after which a normal statistical
printout occurs., The run termination count (KA) in field A of the
START card defines the length of the simulation as = RUN TIME =
KA x m (GENERATE block mean time).

To keep the events in the correct time sequence, the GPSS/360
program simulates a clock which is recording the time that has been
reached in the model of the real system, The time shown by this
clock at any instant is described as "absolute clock time". Another
clock which can be addressed by the user is called the "relative
clock time". The RESET card in the model is used to set all the
numerical attributes to the queues, facilities, storage, and blocks
equal to zero. The RESET card removes those attributes which are
collected at the start of the simulation run and then collects
statistics after the steady state conditions are reached. This card
also sets the relative clock time to zero.

The function of the CLEAR card is to set both the relative clock
time and the absolute clock time to zero. The seeds of the eight
random number generators are not reset, All the transactions in the
model are destroyed. The numerical attributes to the queues,
facilities, storage, and blocks are set to zero as in the RESET card.
The second iteration is made after CLEAR card is inserted. The
SIMULATE card indicates that the model is to be run if no serious
errors are found. If there is no SIMULATE card in the model, the
job will terminate after the assembly phase., For each model two

iterations are made for each run.



4.3 COMPUTER MODEL VALIDATION

A computer simulation model is considered
obtained from the simulated model are close to
would be obtained by the real-world system the
supposed to represent. Data obtained from the

cafeteria system for 2 hours were analyzed and
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valid if the results
the results that
computer model is
simulation of the

compared with ob-

served data as shown in Table . The results indicate extremely

small differences between observed and simulated data. Analysis

of the difference between simulated and observed mean service time

for each facility was made using the t test [6]. No significant

differences were found between the observed and the simulated mean

service time for each facility.

Observed and simulated service times at each facility are plotted

in Figures 3 through 5. The cumulative frequency distributions of

the service time for the observed and simulated data seem to be in

agreement.
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TABLE 2
Comparision of observed data with simulated data using mean service time of each facility.
Statistical
Observed data Simulated data analysis
Facility Mean Std. dev. of Mean Std. dev. of t Degrees
service the mean service the mean distribution of
time time freedom
(min) (min) (min) (min)
Checker-cum-  0.150 0.047 .146 -.043 +0.65 2302
cashier
Checker 0.150 0.043 0.146 0.043 +0.80 2829
Cashier 0.209 " 0.070 0.207 0.070 +0.33 2811

From

table t critical

(a < ,05) = 1.98
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CHAPTER 5
THE ANALYSIS OF SIMULATION RESULTS

This chapter deals with the simulation results obtained for four
models. The determination of the steady state conditions for each
model are discussed. Each model was simulated for differen; runs
having two iterations in each run. The typical simulation output
for models 2 (9:30 - 11:30 A,M,), and 3 (11:30 - 1:30 P.M.) of the
first iteration of a run are given in Appendix C. The results of
all the simulation runs pertaining to each model are discussed

separately.

5.1 STEADY STATE

A simulation model requires several cycles to warm up to their
normal operating characteristics. In the cafeteria model, the
normal operating conditions are not attained until a number of
customers have entered the cafeteria. To study the normal operating
conditions of the system, it is desirable to collect statistics after
the steady state conditions are attained. Two alternatives are
open: (1) the simulation run may be long enough so that the error
caused by including the transient-period data is small or (2) after
the steady state conditions are attained the transient-period data
are discarded with a RESET card which leaves the transactions
(customers) in the system, after which the simulator can be run
further to collect the steady state data only. Unfortunately no

analytical techniques are available to determine the steady state
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condition beforehand. So to determine the steady state condition

of a model, the best way is to experiment with the model itself. The
criterion used in the determination of the steady state conditions
are the mean time between departures, and the per cent utilization

of the checkout operators,

The determination of the steady state for each model is given
in Figures 6 through 9. It is seen that the mean time between
departures and per cent utilization of checkout operators reach
the steady state condition at 15 minutes of simulation for each

model,

5.2 DETERMINATION OF NUMBER OF CHECKER AND CASHIER STATIONS

As discussed in chapter 3, increasing the number of checkout
stationé will involve high costs due to a high percentage of idle
time at the statioms. But on the other hand, by not providing
enough checkout stations, the customers will have to wait too long.
To obtain a compromise between two conflicting interests, the activity
of the cafeteria system was simulated under varying numbers of
checker and cashier stations keeping the inter-arrival time distri-
bution and the service time distributions of the checkout operators
constant for all rums,

The checker and cashier stations were designed for third period
(11:30 - 1:30 P.M,) of the day only, as the checkout load is more
than in any other period of the day. The checkout load depends upon
the arrival rate and service times of the checkout operators, The

service times of the operators in model 3 is more than in any other
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model., For each number of checker stations, the distribution of
waiting times of the customers, maximum queue length and per cent

of idle checker time were determined. The simulation results are
shown in Table 3, Figure 10 shows the distributions of waiting times
of the customers when the model was simulated using 4 and 5 checker
stations,

It is concluded that 4 checker stations are needed for the
busiest time periods of the day which satisfy the criterion of
desired performance level as shown by results in Table 4. The most
surporising result is the larger differences in system performance
by using 3 or 4 checker stations. The results indicate that by
designing for 3 checker stations, 100%Z of the customers wait more
than 0,75 minute, while with 4 checker stations only 0.2% of the
customers wait more than 0.75 minute. It is doubtful that the food
service management realizes the drastic difference in system per-
formance an additional service station can make. Figure 11 shows
that as the number of checker stations increases, the mean waiting
time of the customers decreases while per cent idle time of the
checker station increases.

To determine the number of cashier stations for the third period,
the distribution of waiting times of the customers, maximum queue
length and per cent of idle cashier time were determined for each
number of cashier stations., The results of the simulation runs are
contained in Table 5; The clear relationship between the number of
cashier stations, the mean waiting time of the customers, and the

per cent idle cashiers time is plotted in Fig. 12, It would seem
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Fig. 11. Design curves for various numbers of checker stations: Model 3.
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that there is little difference in the average waiting time of the
customers when the number of cashier stations is 6 or more than 6,
but less than 6 the average waiting time of the customers tends to
rise significantly.

The waiting time distributions of the customers by using
either 5 or 6 cashier stations are given in Fig. 13, By using 5
cashier stations, 12,1% of the customers wait more than 0.75 minute
while by using 6 cashier stations no customer waits more than 0,75
minute. So the 'optimal' number of cashier stations required for
the cafeteria system in 1975, satisfying the criterion of performance
level is 6. It can be realized from the results in Table 4, the
drastic difference in system performance an additional cashier
station can make from 4 to 5 cashier stations.

To determine the 'optimal' number of checker-cum-cashiers for
models 1, 2, and 4, the statistics of the waiting time distribution,
maximum queue length, and the per cent qtilization of the checker-
cum-cashiers were collected under varying numbers of checkers-cum-
cashiers., The relationships between the number of checker-cum-cashiers,
the mean waiting time of the customers, and the per cent of idle
checker-cum-cashiers time were plotted for each model as shown in
Figures 14 through 16, The waiting time distributions for different
numbers of checker-cum-cashiers were plotted as shown in Figures 17
through 19. The simulation results for each model are shown in
Tables 6 through 8, keeping the other two system parameters i.e.
the inter-arrival time distribution and the service time distribution

of the checker-cum-cashier constant for all runs. The 'optimal’
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number of checker-cum-cashiers for each model which satisfies the
criterion of performance level are determined from the simulation
results as given in Table 4. The optimal numbers are:

(a) For model 1: 3 checker-cum-cashiers

(b) For model 2: 4 checker-cum-cashiers

(c) For model 4: 2 checker-cum-cashiers

To determine the number of chairs required for the cafeteria
in 1975, the system was first simulated for 120 minutes for the
second period (9:30 -~ 11:30 A.M.) when the mean arrival load is
maximur as shown in Table 1. The program worked, and it was found
that about 800 chairs will be sufficient. But later it was felt
that taking a period of 2 hours would considerably lower the mean
of the arrival rate. Then the model was simulated for peak period
of 60 minutes (11:30 - 12:30 P.M,) as shown in Fig. 2. But the
program stopped due to error 599 - Which means the limits of GPSS/360
COMMON core exceeded, The REALLOCATE card was used to increase the
COMMON core, which helped to run the program further to a certain

extent., But the program again stopped due to error 599.

5.3 THE EFFECT OF VARIATION IN SERVICE TIME DISTRIBUTION FOR CHECKdUT

OPERATION:

The service time distribution of model 1 was varied keeping the
numbers of checker—cum—cashiers and the inter-arrival time distribution
of the customers constant for all runs. The simulation results for
various values of mean and standard deviation of the service time

are shown in Table 9. The results indicate that the mean waiting time
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of the customers increases sharply with an increase in the service
time. Conversely by a little decrease in the service time of the
checkout operation, the mean waiting time of the customers can be
reduced considerably., With an increase by 20% of mean and standard
deviation of the service time distribution (From 8.10 and 2.54 to
9,90 and 3.11 seconds), an increase of 71,3 percent of customers
(From 0.2 to 71.5) who wait more than 0.75 minute is obtained as
given by results of iteration no. 1.

The results also indicate that, an increase in the service time
of the checkout operation, has no significant effect on the mean
time between departures. The average utilization of the checker-cum—
cashiers also increases with an increase in the service time of the
checker-cum-cashiers, The effects of variation in the service time

are plotted in Fig. 20 for iteration 1.

5.4 THE EFFECT OF VARIATION IN ARRIVAL RATE OF CUSTOMERS

The Table 10 shows the simulation results under varying mean
arrival rate or mean inter-arrival time of customers keeping the
other system parameters constant for all runs. Figure 21 shows the
influence of number of arrivals per minute, on per cent of the
customers who wait more tﬂan 0.75 minute at the checkout operation.
It is readily apparent that, with the same service time and number
of checkers and cashiers, the per cent of customers waiting more than
0.75 minute will increase rapidly with an increase in the arrival rate.
The results indicate that while 6 cashier stations are capable of
handling the increased arrival rate (23.2 customers per minute), 4

checker stations, will soon reach the critical load after which the
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desired performance level will decrease sharply as shown in Fig. 21.
An increase in 12.1% of arrival load (from 20,7 to 23.2 customers per
minute) increases the per cent of the customers waiting more than
0.75 minute from 0,2 to 10,0 as shown in Table 10.

The results also show that at a mean arrival rate of 25 customers
per minute, 81,7% of the customers wait more than 0.75 minute, but by
introducing a constant arrival rate of 25 customers per minﬁte, 4
checker stations are still capable of handling the increased load and
no customer has to wait more than 0.75 minute., It could be concluded
that if classes could be scheduled so as to strive for constant arrival
rate, the efficiency and performance of the cafeteria system can be
increased considerably.

The effect of arrival rate on the time between departures and
per cent utilization of the checkers is also shown in the graph (Fig. 21).
The time between departures decreases while per cent utilization of

the checkers increases with an increase in the arrival rate.
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CHAPTER 6
SUMMARY AND CONCLUSION

The purpose of this study was to develop a simulation model to be
used as an experimental tool to determine the future design of service
facilities for the checkout operations of a cafeteria food service
system,

The cafeteria simulator developed was written in GPSS/360 language
and a digital computer, the IBM 360, was used for the implementation
of the simulation., Necessary data to manipulate the model was obtained
by timing each checkout operation. The observed service times data
were fitted with continuous probability distributions and both observed
and theoretical frequency distributions were plotted. The arrival
distribution was assumed as Poisson. To determine the mean arrival
rate of customers during each period, the total number of customers
arriving during each 15 minutes were counted for five days.

Two computer programs were written as given in Appendix B. In
the first program the functions of checker and cashier are combined.
This program was used to simulate models, 1, 2, and 4, when the checkout
operation is combined, The second program was used to simulate model
3, when the checkout operation of checker and cashier is separate.

Both the programs were simulated to determine the future design

(1975) of the checkout stations and the requirements of checkout
operators for each period. The criterion used in selecting the number
of checkout stations or operators is that not more than 10% of the
costomers wait for 0.75 minute in the queue., 4 checker stations and

6 cashier stations seems to be the best sclution to take up the

peak load period (11:30 - 1:30 P.M.,). By incorporating variations in
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the service times of the checkout operations and the inter-arrival
times of the customers, the effects on the desired performance level,
mean waiting time, facility utilization, and time between departures
were studied.

This study illustrated that the developement of the computer
model of a cafeteria system can help the food service management for
both future planning and operations of checkout facilities of a
cafeteria system, The model could be simulated by introducing changes
in the service time, and the inter-arrival time; and best plan and

policy could be adopted,
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ENE
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SIMULATE
%
¥ PRAAGRAM FOR FODEL THREE
%
1 TAELE TA,092425
Vi TARLE TAy0,42425
3 TABLE MP3,044, 30
4 TAELFE PP4 4,044,430
5 TABLF MPBHs B 42420
6 TABLL MFP104642420
1 FUNCTIOCN RM14C24 INTERARRIVAL TIMe CIST

o059 0247/ 0l3e507/ 015, eTB83/22+1e07/02521a387/e331a71/a35,2407/26,244F
0659229/ 0513034/ 0694e41/aT15e8/aT516e68/aCaTal5/3854%21467/02910.7"
.95'14-43/-96;15.51!.Q?'16.9/.98,18.85/.99,22-19/.995,25.53
0958129495/ 4599,33.29
2 FUNCTION RNZ2,C22 SERVICE TIME DIST-CHEICKER
0C236435/eC23605/7eClyTabb/e059Te91
0-119043/0y15v10.5?/0.2,11.38/8.3,12.46!C.4113.92/¢5,15.0/.5116;5‘
0-7'17-54/0-8y19062/0.85,19.48/0.9,20.52/0.95'22.09/0.96,22;5
0097,23¢l/C.QB;23965/”.9qy25.05/0.995g26-12/0.999,25.35
3 FUNMCTICNM RM3,C21 SERVICE TI#E DIST-CASHIER
0034728700427/ 00549443 /21,11497/e15413668/42315:1/03317:4"
.4'19925/-5g21.0f-6g22.75/.7,24.55/.81Zboqf-EﬁfZB-BEf.q-30-
.95;32-56/.95v33-3/-'-37,3@.?/-98,35.‘9/.‘3‘?;37.4/.995,39.15/.‘5 R
GENERLETE 1y FMlgawasF GEMERATE CUSTNOM=RS FOR CAFETZ 14
TABLLATE 1 RECCORD INTECRARRIVAL TIKZS
SELECTMIN 1241444+Q SELECTS SHURTEZST QUEUE FCR SZTRVILT
MARK 2

QUELC - *12 JOIN QUEUEC FCR SERVICE

SETZE *12 SEI17= CHE=ECKER FOR SCRVICE

DEPART *12 LFAVE SZRVICE QUFLE

TABLLATE 3 RECURD WAITIMNG TIMES

MARK [

ADVANCE 1,FN2 GENSRATC NCRMAL SERVICE TIME
RELEASE *]12 RELEASE SERVICE FACILITY

TABLLATE 5 RECCRD SERVICE TI#T LCIST CF CFECKZ-Z
SELECTMIN 545,109yC SELECT SHCRTSST CUZUE FOR PAYMIIT
MARK 4

QuzlLt *5 JOIN CUZUE FOR PAYM=NT

SEIZc *5 SEIZE CASEIER FTOR SZRVICE

DEPART *5 LEAVE S=RVICT QU=UFR

TAPLLATF 4 RECGRD WAITING FIMES

MARK 10

EDVANCE 1,FMN3 GFNERATZ NC2aMAL S=rNVICE TIvE
RELEASE 5 RELFEASE SERAMICE FACILITY

TAPLLATE &

- -



START
RESET
START
CLEAR
START
EMD

1500,4P
12CCC

12000

RUN FOR 15 MINUTES
RUN FNKR 2 HCZURS

PUN FOR 2 BCURS

A0 PRINTOUT
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APPENDIX C

- This appendix includes the simulation output of model 2 (for

4 checker-cum-cashiers), and model 3 (for &4 checkers and 6 cashiers).
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PAZ MUV TOTAL AVIRAGC
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6 £l 17+813
[S T66 156352
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TArLS TN RUCARD INTERARRIVAL TIvOS

ITPIES TN TALRLE MEAN APGUMEMNT STANLGARD S-VIAT[OM
2753 44355 fLo 27
Upe=2 np SFERVET PER CceNT CUNMULATIVL
LIMIT FPECU=XCY (F TUTAL PERCERNT AT
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2 721 2E.18 LEa
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TARL™T TG 2RCORE TIHYZ BETWEEW DEPSATURZCS

NTRIFS I* TARLE HEAN ARGUMENT STAYMLARS DeVvIATION

2T57 4,352 389335
P27 CFESERVED PLR C=nNT CUMULATIVE
LIMLT Frrousaey TF TrTAL PERCENTAGE

] 231 2259 fleh
2 £10 29.57 : 319
4 531 21.43 5G4
6 461 16472 76,1
2 200 10,58 7 al
19 1R85 6211 33,
12 108 3.91 JT1ab
14 35 1.0¢8 8
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TAPLE TC FTCORD WAITING TIMES

NTRICS IM TaRLE MEA™ ARGUMINT STAMIANY Do dLATICY
27154 14.969 13eul4
Upprer FrrRSERVED PZ2 CENT CUMULATT Ve
LI»IT FREMUENCY CF TUlAL pIrCeENiAl.
0 294 14,30 1440
4 179 445 Z{le8
& 304 11453 31,7
12 468 16.59 _ 4F i
16 437 15,66 ELaT
20 210 : 11.25 7559
24 190 6469 745
29 134 4, 86 i
32 29 3,23 IO
36 T1 ZoBT 52,5
40 42 Y w5l 3548
44 32 1416 Gl 2
48, 29 1.05 G972
52 15 « 54 9T
56 15 .56 I
60 14 s 50 9r a8
&4 =1 « 29 39,1
68 & o 14 5G4 3
76 4 o 14 Q.7
EC 3 « 10 GG 0
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2757 l4.607 Lg 343
UPPER NBSERVED PER CINT CuMULATIVC
LIKIT FRECUSNCY fF TOTAL PERCENTAGE
4 0 - 00 o U
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This thesis is concerned with the development of a computer
model of cafeteria system used for the optimization of checkout
stations for future designs. Necessary data consisting of service
times for checkout operations were collected. A day of cafeteria
operation was divided into four periods; each period representing
a model. GPSS (General Purpose Simulation System) was used as a
simulation language; which is efficient and easy to apply to the
waiting line problem,

Models 1 (7:30 - 9:30 A.M.), 2 (9:30 - 11:30 A.M.) and 4 (1:30 -
4:00 P,M.) are simulated when both the operations of, checking and
cashing are combined, and model 3 (11:30 - 1:30 P.M,) is simulated
when both the operations are separate, Two iterations for each run
were made under varying numbers of checkout stations keeping the
service time and inter-arrival time parameters constant.

Variations in the service time distribution and inter-arrival
distribution were incorporated to study the effects on the mean
waiting time, desired performance level; utilization, and time between
départures. It was determined that by using 4 checker stations and
6 cashier stations for the peak load period (11:30 - 1:30 P.M.), an
additional arrival load of 12,1% can be accomodated. But after the
critical load, any inérease in arrival load will considerably lower

the desired performance level,



