
A PRODUCTION SCHEDULING SIMULATOR 

by 

HARIPADA NANDA 

B. Sc. (Engineering) Mechanical, Utkal University, India, 1961 

A MASTER'S THESIS 

submitted in partial fulfillment of the 

requirements for the degree 

MASTER OF SCIENCE 

Department of Industrial Engineering 

KANSAS STATE UNIVERSITY 

Manhattan, Kansas 

1963 

Approved by: 

Major Professor 



TABLE OF CONTENTS 

page 
INTRODUCTION 1 

JOB-SHOP SCHEDULING 3 

THE MODEL 5 

FACTORS CONSIDERED 6 

Jobs 6 

Sequence 6 

Processing Times 7 

Shifts 7 

Break Downs 7 

Delayed Jobs 7 

Idle Time 8 

Costs 8 

Price 10 

THE PROGRAM................................................... 10 

Program I 11 

Program II 16 

Operating Procedure 24 

INFORMATIONS FOR PLAYING THE GAME............................. 27 

Control of the Game by the Director 27 

Sample Problem 32 

Instruction for Participants 4O 

Results and Reports 41 

AN EVALUATION OF THE DESIGN OF THE GAME....................... 43 

Purpose 43 

Simplicity 43 

Realism and Verisimilitude 44 



TABLE OF CONTENTS (continued) 

CONCLUDING REMARKS 45 

ACKNOWLEDGMENT 47 

REFERENCES 48 

APPENDIX 49 



INTRODUCTION 

In the last few years in the study of operations research simulation 

has provided a ground floor for research and experimentation. Simulation 

models have been constructed to analyze complex industrial systems with 

interacting factors where usual mathematical techniques have not been 

proved to be very successful. Simulation as a general field of activity 

has to do with design, building and manipulation and study of models (3). 

The models used for simulation purposes are of two types: analytical models 

and training models. The use of analytical models has been for mathematical 

analysis, design, forecast, and do not include human decision makers. Train-

ing models are intended to teach a group of decision makers the behavior of 

the simulated system. A simulation exercise using a training model has been 

called a game. Two major types of games are in use. The first type is 

designed to provide the participants the overall picture of the system and 

to develop within them an understanding of the basic organizational 

relationships. They are interactive, competitive and deal with decision-

making at the top management level. The second type of games are called 

"Functional" games. They are designed to provide participants with experience 

of dealing with one or more kinds of problems in a specific company (3). 

A functional game for scheduling production facilities has been the 

subject of this thesis. The aim was to design a decision-making exercise for 

scheduling a job-shop by assigning relative priority among jobs. A job-shop 

of eight unlike machines was selected for such a purpose. The interval of 

decision-making was selected to be a five-day-week consisting of two eight-

hour shifts per day. A group of trainees were assumed to play this exercise 

at the beginning of each decision-interval. 



The job-shop was scheduled for a total period of eighty hours taking 

into consideration the relative priorities. A number of random discontinu-

ations* in processing were provided to alter the actual working at the above 

schedule. At the end of each decision interval a report stating the status 

of the job-shop throughout the week was assumed to be handed over to the 

players. The report consisted of a statement of the outcome of the 

scheduling decisions in terms of a brief income statement along with a list 

of jobs delayed, total idle machine hours and number of other useful 

informations. 

For the above procedure, a digital computer algorithm was formulated. 

The computer programs were written in the following steps. 

Program I: 

(a) Generating number of orders per week. 

(b) Determining machine sequences of each new order. 

(c) Determining processing time corresponding to each sequence. 

(d) Determining material cost pertaining to each job. 

(e) Determining the number of break downs in processing. 

Program II 

(a) Scheduling the job-shop. 

(b) Locating the starting hours of random break downs. 

(c) Determining the duration of each of such break downs. 

(d) Transforming the schedule due to break downs. 

(e) Computing the pertinent costs, prices, profits to serve as 

reports to the players. 

* The term break down of machines has been used alternatively. 



All calculations pertaining to the simulation were carried out on the 

IBM 1620 digital computer, using the Fortran II programming system. 

JOB-SHOP SCHEDULING 

A. job-shop presents a situation of sequencing processing of a number 

of jobs through a limited number of facilities. A job spends a period of 

time in some or all facilities. Processing time is established according 

to time standards. The predetermined time to be spent by a job on a 

particular machine may be subjected to random fluctuations such as: material 

shortage, worker absenteeism, break down of machines, etc. The aim of 

research has been to opitimize the use of facilities effectively in processing 

jobs, so as to satisfy a certain measure of effectiveness. Effectiveness is 

measured in terms of minimum cost, maximum profit, minimum processing time, 

meeting due dates, etc., which ever is most appropriate, with knowledge of 

the data pertaining to each job a decision-maker faces the problem of 

scheduling. Scheduling is to establish the order of processing of jobs 

through available facilities. 

A number of researchers (9, 10) have attempted to solve the scheduling 

problem by thermodynamic, combinational, integer-linear programming and 

waiting line approaches. The integer-linear-programming approach for solving 

general classes of scheduling problems has been introduced by Wagner (12) and 

further developed by Bowman (1), Hanne (7), and Wagner (12) himself. This 

technique seems to converge to an optimum solution, but computatiohal aspects 

of these problems have not been feasible through modern computing machines. 

The impossibility or the partial possibility of solving scheduling 

problems by the help of mathematical rigor has suggested itself to be attempted 



from the angle of simulation. Sisson (10) divides this kind of simulation 

into three major classes: A, B, and C. In approach A the number of sequences 

to be examined is reduced to a number of feasible cases by combinational 

analysis. Through proper recognition of given routings and equivalence of 

various sequences, the total number of combinations can be reduced to a 

number of feasible cases which contain an optimum solution. From these 

limited cases Monte Carlo sampling is employed to pick the optimum with a 

certain degree of confidence. This method is due to Giffer and Thompson (3, 

4). 

In case B, no algorithm is used to eliminate non-optimum schedules, but 

the optimum can be picked with any confidence interval desired, by adopting 

a suitable sampling procedure. This approach is due to Heller (5). 

The approach C, as described by Sisson, (10) is the most general simu-

lation approach. The whole job-shop situation is represented by a computer 

program. Different priority rules describing relative importance of jobs at 

different points in time are formulated. From a number of jobs waiting to be 

processed by any machine, the one with topmost priority is assigned to the 

machine. 

Rowe (8) has developed six different priority rules. A priority rule 

calculates the priority index of a job and a scheduling decision is made as 

above, when a facility becomes free. By simulation in a computer Rowe (8) 

found priority-decision rules described below to give good results. 

1. First come first served within same class of jobs, classified 

according to their dollar values. When there is a choice between 

the two value classes, the one with the highest value is assigned 

first. Rowe (8) found this rule to be suitable to meet due 

dates closely. 



2. Processing the next job in the queue with lowest processing 

time. This rule tends to minimize total expected waiting time. 

Looking at scheduling as an activity the most practical approach would 

be to schedule for achieving maximum profit or minimum cost in the long run. 

This will need an overall view of the scheduling operation involving con-

sideration of different factors giving rise to costs. A good blend of all 

such factors from overall viewpoint of the job-shop should lead close to the 

optimum. In the present state of scheduling research, it will be worthwhile 

to build up the intuition of human decision-makers for the scheduling 

operation. This thesis was aimed at developing a job-shop scheduling exercise 

to impart the idea of relative importance of jobs in a job-shop. 

THE MODEL 

The model presented assumes a job-shop consisting of eight machines 

scheduled for a period of a five-day-week. Each day consists of two eight-

hour shifts. 

The scheduling operation done by computer is based on the following 

assumptions. 

1. No machine can process more than one job at a time. 

2. Each operation once started, must be performed to completion. 

3. A known, finite time is required to perform each operation and 

each operation must be completed before any operation which it 

must precede can begin. 

5. Each job must be processed by designated sequences of operations. 

6. The sequences are such that a job goes through a machine only 

once. 

7. There is only one of each type of machine. 



The time required to move jobs between operations is negligible. 

9. The incoming jobs do not have any fixed delivery time. A job 

enters the shop at the beginning of processing and leaves the 

shop after it is processed completely. 

10. In the intervals between subsequent operations a job is stored 

in-between the processing facilities. In-process inventory is 

assumed to be unlimited. 

FACTORS CONSIDERED 

Jobs 

The job-shop receives a set of new orders each week. The new jobs, along 

with the jobs carried over from the previous week, are put to processing in a 

week's period. Weekly demand has been considered to vary from a maximum of 

15 orders to a minimum of 12 orders. There are equal chances of receiving any 

number of orders ranging from 12 to 15. The weekly demand may be affected by 

the deliveries committed in the week previous to the week under consideration. 

It has been assumed that the actual demand in any week will be reduced by the 

fraction of the jobs delayed in the previous week. 

Actual weekly demand = Random orders 

x Jobs delivered in the previous week 

Jobs handled in the previous week 

Sequences 

A job can go through three to six operations, any number of operations 

within this range having an equal chance of occurrence. The sequence of 

processing a job is independent of the sequences of the other jobs. There is 

equal chance of a job being processed by any of the eight machines at any stage 

of its processing. 



Processing Times 

Processing time of a job in any operation is considered in units of hours 

and is likely to vary in between three hours and eight hours. There is equal 

chance of occurrence of any length of hours in this range. 

Shifts 

A day consists of two eight-hour shifts, first eight hours standing for 

the first shift and the next eight hours for the second shift. The week is 

described in terms of hours instead of days; so the first day of the week con-

sists of the first sixteen hours, the second day the next sixteen hours, etc. 

Break Downs 

Discontinuities in processing have been named as break downs. Such a 

discontinuity in processing can happen due to shortage of materials, break 

down of machines, worker absenteeism and a number of other interruptions in 

the manufacturing processes. Break downs per week were assumed to be poisson 

distributed with a mean of three break downs per week. Also a poisson dis-

tribution with a mean of four hours per break down was assumed to describe the 

duration of break downs. A break down is likely to occur in any machine at 

the hour when the machine is in operation. 

Delayed Jobs 

Any job which either cannot be scheduled in a week's time or cannot be 

completed due to break down is delayed and carried over to the week next to 

the week under consideration. As mentioned earlier, jobs delayed in a week 

create a customer dissatisfaction which goes to reduce the subsequent demand. 



This consideration has been considered to be optional, depending upon the 

method of play the Director chooses. The policy of the job-shop is to lose 

the profit on any job delayed for the first time. The selling price for the 

same job is reduced by one quarter of its previous price for each additional 

week of delay. 

Idle Time 

Any time a processing facility is without a job, it is said to be idle. 

Idle hours are almost unavoidable due to the sequencial processing in a job-

shop. Idle hours existing in the prepared schedule may increase due to break 

downs in the manufacturing process. Idle time represents unproductive hours 

of the job-shop resulting in an opportunity cost or a loss of profit. 

Costs 

In a job-shop situation cost can arise due to a number of factors. Here, 

five basic costs were taken into consideration. They are: (1) over-head cost, 

(2) labor cost, (3) processing cost, (4) material cost, (5) in-process 

inventory cost. 

(1) Over-head cost arises due to over-all plant services; here a job-shop 

over-head of $800 per week has been chosen. 

(2) The labor force has been assumed to be fixed. The labor rate per 

hour has been fixed to be $3.00 for the first shift and $4.00 for the 

second shift. Under the assumption of eight workers working in a 

shift, the total labor cost has been fixed at $2,240 per week. 

(3) Besides the pay of workers, running cost of each machine has been 

assumed to be $2.00 per hour. This cost arises only when the machine 

is in operation. 



(4) The materials of different jobs vary in nature, composition and 

volume. However, the jobs have been divided into three groups 

according to the cost of materials. The first, second and third 

groups consist of jobs with high, medium and low material cost, 

respectively. Under the assumption that the material of a job can 

be of any type irrespective of the operations, a job can fall into 

any of the above groups. The material costs of high value, medium 

value and low value jobs have been fixed at 100, 75 and 25 dollars, 

respectively. 

(5) For the job-shop under study, it has been assumed that a job once 

started in any machine, does not go out of the shop unless all the 

operations on it have been finished. In between the operations a 

job is stored in the space between the processing facilities. A 

cost of 10 cents per hour per job has been arbitrarily chosen to 

account for in-process inventory. 

Total cost is the sum of all the individual costs mentioned above. 

Total cost = over-head cost + labor cost + processing cost 

+ material cost + in-process inventory cost. 

Leaving aside all the above costs a few opportunity costs arise in a 

job-shop situation due to idle machine hours. Out of them the cost needing 

most important consideration is the cost of wasted labor. This has been 

named here as unutilized labor cost. 

Total unutilized labor cost in dollars 

= 2240 - 3 x first shift hours - 4 * second shift hours. 



Price 

The selling price of any job is calculated by a pricing rule. In order 

to apply the pricing rule, the jobs are classified into two categories: 

undelayed jobs and delayed jobs. The price of any undelayed job is taken to 

be two times the estimated cost to produce the job. 

The cost of a job is estimated on the basis of the over-head cost, 

material cost, processing cost and the average cost of the labor hours to be 

spent to produce the job. 

Estimated cost in dollars = material cost + processing cost + labor cost 

+ over-head cost per each new order 

= material cost + 2 x total processing hours 

+ 3 + 4 x total processing hours 

+ 800 
Number of new orders 

Price of an undelayed job in dollars = 2 x estimated cost. 

The price of a delayed job, delayed for the first time, is estimated to 

be the estimated cost of the job. For any subsequent delay, the price is 

reduced by one quarter of the price fixed for the same job in the week before. 

THE PROGRAM 

As already mentioned in the Introduction, the computer program was 

written in two parts. Program I or the first part of the program was written 

to generate scheduling data for one decision interval. The purpose of 

Program II or the second part of the program was to determine the results 

of a play of the game. 



A brief outline of the method of computation adopted in each of the 

programs is described in this section. The detailed program in Fortran 

language along with flow charts are included in the Appendix. 

Program I 

This program goes to determine (1) the orders, (2) sequences, (3) pro-

cessing times, (4) material cost corresponding to each order and (5) the 

number of break downs per week. 

Determining number of orders. A set of random number intervals were 

defined to specify a particular number of orders, so that an equal number of 

random numbers belong to each interval. 

Random number interval Orders 

0000 - 2499 12 

2500 - 4999 13 

5000 - 7499 14 

7500 - 9999 15 

In order to determine the number of orders, a four digit random number is 

matched against the list shown above. The number of orders corresponding to 

the interval to which the random number belongs is determined. 

The number of orders determined as above is reduced by a constant of 

customer dissatisfaction to compute the actual demand of a week. 

Actual demand = orders x constant of consumer dissatisfaction. 



Following the notations of the program; 

NEUJB= DD x JBPRV - LTJOB 
JBPRV 

where NEUJB = Number of new orders. 

DD = Orders determined from the table. 

JBPRV = Total number of jobs handled in the previous week. 

LTJOB = Number of jobs delayed in the previous week. 

Determining Sequences. At the first step, the number of operations per 

each job is determined by a set of random numbers. The machine sequences for 

each operation is determined arbitrarily from a group of one digit random 

numbers. 

Random number interval Number of operations 

0000 - 2499 3 

2500 - A999 4 

5000 - 7499 5 

7500 - 9999 6 

The above table shows a list of random number intervals assigned to 

different numbers of operations. For each job a random number of four digits 

is matched against these intervals to determine the number of operations it has 

to go through. 

According to the assumptions, a job can go through any arbitrary machine 

in any of its operations. The machine corresponding to any operation is 

determined by reading in one digit from a random number card. As a machine 

number of zero is an impossibility and a number of nine is not consistent 

with the assumption of eight machines, only the numbers ranging from one to 

eight are accepted as job sequences. 



After all the sequences of a job are determined, they are arranged in a 

matrix form. In the program the sequence matrix is denoted by KSEK, where 

rows represent job numbers and the columns represent the operation numbers. 

KSEK (I, J) denotes a machine in which the Jth operation of the job is 

performed. 

Determining Processing Times. Processing time is determined for each 

sequence by assigning random number intervals to different processing hours. 

The technique adopted is the same as explained before in this section. 

Random number interval Processing time in hours 

0000 - 166$ 3 

1666 - 3331 4 

3332 - 4997 5 

4998 - 6663 6 

6664 - 8329 7 

8330 - 9999 8 

The processing times are arranged in a matrix form, the rows and columns 

of the matrix represent job numbers and operation numbers respectively. In 

the program, this matrix is denoted by NPT. NPT (I, J) stands for the process-

ing hours of the job in its jth operation. 

Determining Material Cost. Random number intervals are assigned to 

different material costs as listed below. 

Random number interval Material cost 

0000 - 3332 50 

3333 - 6665 75 

6666 - 9999 100 

A random number of four digits is matched against these intervals to 

determine the material cost for any job. 



Determining Number of Break Downs. The number of break downs in any week 

is determined on the assumption that a fractional random number represents the 

cumulative poisson probability of the number of break downs. 

Each block in Fig. 1 shows the probability of occurrence of a particular 

number of break downs written under the block. 

Probability 
of 

number of 
break downs 

0 1 2 3 4 5 6 7 

Fig. 1. Number of break downs. XBD 

The following procedure is adopted to compute the number of break downs. 

A random number of four digits is read in. This number is divided by 10,000 

to convert it to a fraction. The next operation is to add the areas of the 

successive blocks in the sketch starting from left to right, until the total 

area is equal or a little greater than the fractional random number. The 

corresponding value of the number of break downs determines the break downs 

per week. 

At the end of the program, the total number of jobs handled in a week is 

determined by adding the new orders with the jobs carried over from the week 

previous to the week under consideration. 



Input/Output. 

Table 1. Data Cards 

Table 2. Punch Output 



Program II 

The purpose of Program II was (a) to schedule the job-shop for a period 

of eighty hours, (b) to provide a number of break downs over such a schedule 

and to transform the schedule accordingly, and (c) to report the results of 

the game to the participants. The computing procedure adopted in each part 

is explained separately. 

Part (a). In practice a job-shop schedule is represented by a Gnatt 

Chart. The Gnatt Chart is a graphical representation of a schedule in which 

the bars represent machine time drawn to a particular scale. The computing 

technique adopted here for scheduling utilizes a numerical representation of 

the Gnatt Chart. This technique is explained briefly in the following lines. 

A hypothetical schedule of 3 machines for a period of six hours is shown 

in Fig. 2 in the form of the Gnatt Chart in which the shaded bars represent 

machine time and the blank ones represent idle time. The same idea of the 

schedule could have been imparted by drawing Fig. 3. 

Machines 

Hours 
Fig. 2. A Gnatt Chart 



The rows of Fig. 3 represent machines and the columns represent hours. 

To signify the presence of any job on a machine in a particular hour, the job 

number is entered in the cell corresponding to the machine and hour. Idle 

time of a machine in any hour is represented by a cell-entry of zero. 

This program was written to develop a schedule for eight machines for a 

total period of 80 hours utilizing a matrix of dimension 8 x 80. This matrix 

has been named the Original Schedule. 

The following procedure is followed for scheduling: The job with highest 

priority number is scheduled over all its operations by assigning the job 

number to the corresponding cells of the scheduling matrix. The job next in 

importance is scheduled in the remaining blank hours or the blank cells of the 

matrix. This procedure is continued until all the jobs have been scheduled. 

If the hours left over on any machine are not sufficient for the completion of 

a job, the job is carried over to the next week. Records of the starting hour 

denoting the hour in which a job enters the shop, the ending hour denoting the 

time in which a job leaves the shop, and total processing hours are kept for 

each job. The ending hour of a delayed job is taken to be the last hour or the 

eightieth hour of the week. 

Fig. 3 



Fart (b). The aim of this part of the program was to locate a few random 

break downs over the existing schedule and effect changes over such a schedule. 

Provision of Break Downs. At the outset, a matrix of the same size as 

the original schedule is formed. To locate break downs in such a matrix the 

following procedure is adopted. 

For each break down the starting hour, duration and the machine where it 

occurs, are determined by reading in random numbers. A non-zero random number 

of two digits, with its value limited to 80, is taken as the starting hour of 

break down. A non-zero one digit random number not exceeding eight in value, 

determines the machine where the break down has occurred. Care has been taken 

to locate the starting hour of a break down, only when there is a job on the 

machine. Duration of any break down is determined from a poisson distribution 

with a mean of four hours. After determining the data pertaining to break 

downs they are located in the break down matrix by assigning -50 to the 

corresponding cell values. 

Transformation of the Original Schedule. Due to the occurrence of break 

downs the original schedule goes through changes. Program was written to 

make these changes, such that the same sequences of jobs are maintained. A 

new matrix of 8 x 80 dimension is formed to carry the transformed schedule. 

1. The Original Schedule does not undergo any change until the first hour 

of the first break down. In case there is no break down, this part of the 

program is skipped through. 

2. All the cell values of the break down matrix are compared against the 

corresponding cell values of the Original Schedule. In case of a break down 

occurring in any hour of a machine, the machine's schedule is moved to the 

right by one hour until an idle hour is met to balance this. After such an 

idle hour is reached, the schedule of the particular machine does not change. 



The movement of the schedule of one machine may cause a job to appear 

with two or more machines in the same hour. Such an occurrence presents an 

impossibility, showing that the job is present at more than one machine. 

Therefore, when a job occurs on more than one machine in the same hour, the 

policy is to identify the machine showing the earliest operation on the job. 

The schedules of the rest of the machines are moved to the right by one hour. 

The above procedure is repeated, until all the cells of the break down 

matrix have been compared with the corresponding cells of the original schedule. 

In any shifting operation, if any job is moved beyond the eightieth hour, 

the total processing time spent on the job is reduced by one hour and the job 

is carried over to the next week. 

Part (c). This part of the program serves to compute relevant infor-

mations as regards the status of the job-shop through one week. 

At the outset, the time spent in processing in different shifts is 

calculated. This computation is carried out by examining the cell values 

of the final scheduling matrix, and adding one, each time a positive number 

appears. The successive addition, mentioned above is carried out in intervals 

of eight hours, where the intervals represent first shift and second shift, 

alternatively. Following a similar procedure, as above, total idle time is 

computed by identifying the cells of the scheduling matrix with zeros. 

The next step in computation, is to determine the price of each job with 

the information of material costs and processing times being read in. For all 

new orders, the jobs are identified as delayed and undelayed jobs, and the 

prices are determined using the pricing rules already mentioned. The same pro-

cedure is carried out for jobs, carried over from the previous week, with the 

exception that, instead of using material cost, etc., as data the prices 



determined in the previous week is adjusted by a pricing rule to determine 

the new price for each job. Prices of all jobs, delivered in the current 

week are summed up to give the Total Revenue earned. 

The computation of the revenue is followed by the determination of a 

number of costs. Cost of the in-process inventory is calculated by consider-

ing the total number of hours spent by the jobs in-between the processing 

facilities. All the costs, incurred during the week's period, are summed up 

to determine the total cost incurred in the week. It may be noted here that 

an estimation of unutilized labor is done by figuring the difference between 

the total pay and workers and the cost of utilized labor hours. This is not 

taken into consideration in the total cost calculation, it serves to give an 

idea of labor utilization only. 

The difference between Total Revenue and total cost is computed to deter-

mine the Net Profit which is further added to the Cumulative Profit brought 

over from the previous week. The result is a Cumulative Profit at the end of 

the week under consideration. 

The following equations will explain the method of computation. 

KOJB =5.5 KSUM + 800 NEUJB 

KRVNU = 2 KOJB For undelayed jobs 

KRVNU = KOJB For delayed jobs 

KCOST = 800 + (8 x 280) + 2(KSFT1 + KSFT2) + KTCST + KCINV 

LCOST = 8 x 280 - (3 KSFT1 + 4 KSFT2) 

NPRFT = KSVNU - KCOST 



where, 

KOJB = Estimated cost of a job 

XRVNU = Price of a job 

KSUM = Total processing hours required to produce a job 

KCOST = Total cost incurred in the week's period 

LCOST = Cost of unutilized labor hours 

NPRFT = Net profit 

KVUNU = Total revenue earned in the week 

NEUJB = Number of orders received in the week 

KPRFT = Cumulative profit 



Input/Output. 

Table 3. Data Cards 

Card group: Number 
number : of cards Description Instruction 



Table 4. Punch Output 

Card group : Number : 
number : of cards: Description Instruction 



Table 4. (continued) 

Card group : Number : 
number : of cards : Description Instruction 



2. (a) Zero memory - Type 16000 1000 000 Rs (Press Release and 

start alternatively). Press Instant-Stop, and then press 

Reset. 

(b) Load the object program in reader hopper. Press Load. 

(c) "Load Subroutines" Will be typed out on the typewriter. 

Then press Start. 

(d) After the object program is read in, "Enter Data" Will be 

typed out by the typewriter. Then load data cards as indi-

cated under Table 1. Press Reader Start and then Press the 

Punch Start. Results will be punched out and a Manual Light 

will come out on the console indicating the end of the program. 

3. Restart Procedures. The possibility of a halt occurring due to 

incorrect punching of data is very small as only two data cards 

are punched to run this program. However, in case a punching 

error is detected, data should be punched correctly and the 

following restart procedure may be tried. 

Press Reset and Insert. Type 49004.09 RS. Reader No Feed 

light will appear on the console. At this stage all data cards 

can be reloaded again without loading the object program. 

B. Program II. 

1. Console Settings: The setting of console switches are same as 

adopted for the operation of Program I. 

2. Steps (a) through (d) are same as the operation of Program I. 

Load data card groups 1-6 with a deck of random numbers, the same 

as used in the previous program. 



(e) Follow the steps as directed by the console lights. After 

a number of cards are punched intermittently, Manual light 

will appear on the console. 

At this step take out all data cards from the reader and 

press the Non Product Run Out on the reader unit to recover 

the last two cards. Then press Start. 

The information "Load Material Cost, Price and Profit Data" 

will be typed out and Reader No Feed light will appear on the 

console. Then load data card groups 7-9 on the Reader Hopper 

and press Reader Start. 

(f) After punching a few cards, the computer will again come to 

"Manual" mode. Press Start. The statement "Load Data for the 

Next Team" will be typed out and Reader No Feed light will 

appear on the console. 

At this step recover all data cards staying on the reader 

unit. Then load data cards groups 5 and 6 where data card 

group 6 represents the decision form for the second team. 

Steps (e) and (f) are repeated over and over again for 

computing results for each team. 

3. Restart Procedures. In case of a halt or an error typed by the 

typewriter all the data cards are checked to see if they are in 

proper order and punched correctly. A few restart procedures 

are suggested. 

(l) In case of an error detected in data card groups 1-5, 

Press Reset and Insert and type 4900409 Rs. Reader No Feed light 

will appear on the console. Load corrected data and press 

Reader Start. 



(ii) If an error occurs in punching data card group 6, press 

Reset and Insert, and type 4912215 RS. Reader No Feed light 

will come out on the console. Load corrected data and follow 

on. 

(iii) In case the data cards loaded in step (f) of the 

operation are not in order the information "Material Cost Cards 

are Out of Sequence" will be typed out. But this error will 

not stop the computation. 

In this case, arrange the cards in proper order. Press 

Instant Stop, Reset and Insert. Type 4912925 RS. The 

information "Load Material Cost, Price and Profit Data" will 

be typed on the typewriter. Then, follow the procedure the 

same as Step (e). 

INFORMATION FOR PLAYING THE GAME 

Control of the Game by the Director 

The play of the game is supposed to be conducted by a person, called 

the "Director". 

Director Background. The director should be familiar with assumptions 

under which this simulator is written. In case of need, he should be prepared 

to change different parameters associated with the generation of demand, 

sequences, processing hours, material cost and also the pricing policy. This 

change would be necessary only when it is felt that changing one or more 

parameters will present a more realistic game to the players. 

The following steps should be taken in controlling the playing of the 

game. 



Briefing. The players should be provided with instructions for making 

decisions. It is the responsibility of the director to explain the day to 

day scheduling operation and its importance. An explanation of the various 

costs involved in a job-shop may help the players in making most valuable 

decisions. Players may be divided into different groups, alternatively a 

single individual may form a team. 

Playing the Game. The game can be played in various ways depending upon 

the choice of the director. Two possible ways of play has been considered here. 

1. The first and the foremost way to play this game will be to issue the 

same number of jobs to each player at the beginning of a week. Depending upon 

the decisions of the players the job-shop will be scheduled by the computer 

and the results will be issued at the end of the week. Any number of jobs 

delayed, will be carried over to the next week. Each player may have a dif-

ferent number of jobs carried over. The director will generate demand for the 

next week on the computor and issue them to the players. Here, the assumptions 

regarding the generation of demand, will be a little different. Demand will 

not be considered to depend upon the number of jobs delayed in the previous 

week. In order to be consistent with the computer program to generate demand, 

it is advisable to use zero numbers of delayed jobs as data. Again for every 

week, the number of break downs should be taken to be zero. A little dis-

cussion seems to be necessary at this point. The nature of a break down is 

such that it can only start at an h o w when the machine is in operation. As 

a matter of fact, the schedule of one player is different from the other. If 

break down is considered to happen at any hour over a particular machine for 

the schedule of one player, the same hour and the machine considered may 

possibly be an idle time in another player's schedule. This supports the fact 



that no comparison can be made between the weekly performance of player if 

break down is provided. 

This way of playing the game is based on the fact that in any length of 

time, the total number of jobs issued is the same for all players and each 

player proceeds on with the result of its own decision. 

This method of play is associated with two main advantages of a 

management game. That is, the performance of a player can be directly 

measured at any time by the cumulative profit earned by him. The other 

advantage is the creation of a good competitive atmosphere among players. 

The only disadvantage of this procedure is that this may result in too many 

delayed jobs each week. 

2. The game can be played by a single player who may try to improve his 

decisions by playing it several times. Only in this case, all the provisions 

made in the program can be utilized fully. The result of decision of the 

player in one week, will affect the incoming orders in the next week by the 

delivery rule already discussed. In playing the game a number of break downs 

can be appropriately provided to test the decisions in a case of random break 

downs. This will provide the player with the experience of decision-making 

in a situation more or less practical. 

The procedure of play will be exactly the same, as described under the 

first procedure, except that the break downs generated at random by the 

Program I can be utilized as a data while playing the game in the computer. 

Basic Duties of the Director.* Each time the director has three basic 

duties to perform. They are: generating orders, issuing them to the players, 

* However, in the Procedure 2 the player may be considered as his own 
director. 



collecting player decisions, and handing over the results of such decisions 

to the players. The step by step instructions are listed below for conducting 

the game following any of the procedures mentioned before. 

(a) The director has to run the order generation program in the computer 

to generate orders for a week. The data to be used will depend on the pro-

cedure to be adopted in playing such a game. The evaluation of performance 

of a player, or a group of players, should be the basis of the value of a 

measure of effectiveness. The usual measure of effectiveness adopted for 

such a play is the cumulative profit. Some other measure of effectiveness 

like total unutilized labor cost may also be a criteria of evaluation of the 

performance of players. 

(b) From the generated data, he should take out the one with number of 

break downs punched on it. The rest of the cards are printed and one copy, 

accompanied by a decision form, is handed over to each team. 

(c) The director will fix up a decision-making-time for the players. 

Within this time a player has to fill up the Decision Form explained under 

Section (d) below. 

(d) Editing the Decision Form. A decision form is shown for the sample 

problem having 20 positions. Each position stands for the corresponding 

priority number. Each position is provided two rooms for entering a job 

number. A job assigned to any position will occupy both the columns. Any 

deviation from this procedure in filling up the decision form should be 

detected and replaced by a correct entry. 

(e) The next job of the director is to organize data in the same order 

as mentioned under Input/Output list of Program II. 

The following instructions should be borne in mind. 

(1) If the game is played for the first time, a cumulative profit 

of zero should be taken. 



(2) For any subsequent play of the game, the cumulative profit 

earned by the specific group is taken as data. 

(f) The output of the results of the game for each team should be 

printed by a general purpose board and a copy of it should be handed to the 

team. 

Under both the procedures the director has to determine the remaining 

operations and the corresponding processing times of each delayed job by 

comparing it with the data sheet of the previous week. This will be much 

easier to determine, if the sequences are checked starting with the last and 

proceeding forward. This job may be assigned to the players, the director 

being only responsible to check the correctness of the sequences and pro-

cessing times so determined. 

Critiquing. After playing the game for eight to ten times, the director 

may hold a critique session. This will include a discussion of experiences 

earned during the play of the game. The director may be asked questions 

regarding the model of the game. Some parameters of the game, like the 

demand, number of operations per job, pricing rules and different unit costs 

may be changed to more appropriate values so as to present a more realistic 

picture of the game. Discussion may also range as far as the validity of 

such a game model. The director should take active interest in explaining 

the assumptions of the model to the players and welcome suggestions for 

developing a better one. 



Sample Problem 

This problem was worked out for the first week signifying the starting 

of the game. The game was played (a) without considering break downs; (b) 

with the consideration of three break downs occurring in a week. Part (a) 

of the problem corresponds to either of the procedures 1 and 2 and Part (b) 

pertains to a single player. 

The data generated for the problem, and the results have been shown in 

the following pages. The priority decisions made are entered in the decision 

form shown below. 

Fig. 4. Decision Form 



Data for the Sample Problem. 

JOBS ORDERED THIS WEEK 15 

S E Q U E N C E S 



Processing Times (Continued) 

TOTAL NO OF JOBS HANDLED THIS WEEK 15 

J O B NO M A T E R I A L C O S T 



Part (a). 

O R I G I N A L S C H E D U L E M A C H I N E S X H O U R S 



Original Schedule (continued) 

A R E P O R T OF T H E R E S U L T S OF THE G A M E 

IDLE T I M E J O B S D E L A Y E D 

283 0 

F I R S T S H I F T H R S S E C O N D S H I F T H R S 

198 159 

IDLE T I M E D U E TO B R E A K D O W N S 

THE F O L L O W I N G J O B S ARE N O T D E L I V E R E D 

J O B NO MAT C O S T P R O C E S S I N G H R S P R I C E 



Part (b). 

O R I G I N A L S C H E D U L E M A C H I N E S X H O U R S 

Same as Part (a) 

F I N A L SCHEDULE. AFTER. B R E A K D O W N S M A C H X HR 

I N P R O C E S S I N V E N T O R Y C O S T U N U T I L I Z E D L A B O R C O S T 

16 1010 

T O T A L R E V E N U E T O T A L COST N E T P R O F I T 

7 8 l 2 2 8 9 2 

C U M U L A T I V E P R O F I T 2 8 9 2 

Job No., eto. (continued) 



Final Schedule (continued) 



A R E P O R T OF THE R E S U L T S OF THE G A M E 

IDLE T I M E J O B S D E L A Y E D 

283 0 

F I R S T S H I F T H R S S E C O N D S H I F T H R S 

193 164 

IDLE TIME DUE TO B R E A K D O W N S 0 

THE F O L L O W I N G J O B S ARE NOT D E L I V E R E D 

J O B NO M A I C O S T P R O C E S S I N G H R S P R I C E 

I N P R G C E S S I N V E N T O R Y C O S T U N U T I L I Z E D L A B O R C O S T 



Instruction for Participants 

Introduction. The game is designed to enable the player or a group of 

players to gain experience in Job-shop-scheduling practice. In this exercise 

an attempt has been made to develop the intuition of players in realizing the 

relative importance of different jobs. The players are advised to build a 

comprehensive outlook of the job-shop situation with emphasis on the different 

costs incurred. The decision-making procedure followed by a player should be 

based on a set of logical considerations which may undergo changes, as he 

gains experience in playing this game. 

This game deals with a job-shop of eight different machines to be 

scheduled for a five-day week, each day consisting of two eight-hour shifts. 

New orders are received at the beginning of the week. Total number of orders 

handled in a week's period is the sum total of jobs carried over from the 

previous week and the incoming new orders. All jobs are brought into the shop 

just before the starting of the first operation and they are taken out of the 

shop right after the processing is complete. As such, there is no fixed 

delivery time for any job. Any job which cannot be completed in a week's time 

is delayed and carried over to the next week. In between operations a job may 

be stored waiting for the next operation to be performed on it. Storage 

costs are 10 cents per job per hour. There is no limit to the in-process 

inventory. Processing costs $2.00 per hour per job. Cost of labor is $3.00 

per hour in the first shift and $4.00 in the second shift. The price of any 

job is fixed by a pricing policy. The policy of the shop is to charge a price 



two times the estimated cost of a job. Any job, delayed for the first time, 

is sold without any profit. Any subsequent delay will reduce the price of 

the job by one fourth of the price fixed in the previous week. 

Informations to Make Decision. In the beginning of each decision 

interval the director of the game will provide a list of new orders received 

with their sequences, processing times and cost of materials. The player will 

also receive the results of his previous decision. 

A player has to assign numbers to the delayed jobs picked up from the 

schedule of the previous week. The delayed job appearing first in the list 

is assigned the next higher number after the new orders. The rest of the 

delayed jobs are numbered according to their order of appearance in the list. 

Next step is to find out the incomplete sequences and processing times for 

each delayed job. This is easily accomplished by following the Printed 

Schedule* and comparing each operation with the sequence and processing time 

requirement. 

Decision-making. A player will go to make decision as regards the 

relative importance of jobs. The decisions made are entered in the decision 

form shown in Fig. 4. Any job considered to be the most important, will 

occupy the first position in the decision form. Two spaces are provided in 

the decision form for each entry. 

Results and Reports 

Results and reports of the game are submitted to each team in three 

parts as described below. 

In the ease of a single player this operation is done over the final 
schedule. 



(1) Original Schedule. The schedule of the shop without considering 

break downs is termed as the "original schedule." "Original Schedule" is 

printed in the result sheet in four parts, where each part represents the 

schedule of the shop for twenty hours. The rows and columns of the matrix 

represent machines and hours respectively, with the job numbers appearing as 

the matrix elements. For example, if job 10 appears under column 4 and row 1, 

it shows that the tenth job is scheduled on the first machine in the fourth hour. 

The informations regarding total idle time and the number of delayed jobs 

under the present schedule is printed underneath the original schedule. 

(2) Final Schedule.* The next item on the results sheet represents the 

schedule under which the job-shop has gone through as a result of a few break-

downs occurring at random. 

(3) A Report of the Results of the Game. The third part provides the 

following informations as the result of the game. 

(a) Processing times in different shifts. 

(b) Idle hours created as a result of break downs. 

(c) Price of all jobs. 

(d) In-process inventory cost. 

(e) Unutilized labor cost. 

(f) A statement of income showing revenue, total cost, net profit 

and cumulative profit. 

Item 'b' stating the idle time due to break down, may not help the 

player in evaluating his decision; still then it will give him an idea as 

regards the effect of break downs in job-shop. This may be considered as a 

valuable information for a job-shop trainee. 

This is not reported in case of procedure 1. 



AN EVALUATION OF THE DESIGN OF THE GAME 

Any gaming exercise is valid, if it serves the purpose for which it is 

designed. The evaluation of a game from this angle, can only be made after 

the game has been played many times. Still then, an attempt can be made to 

evaluate a design from a number of basic considerations. Kibbee (6) has 

mentioned four basic constraints over which a game model is formed. They 

are; purpose, simplicity, verisimilitude and reality. 

Purpose 

As already mentioned, the present design aims to serve a single purpose: 

to teach the players the relative importance of different jobs in a job-shop. 

The present knowledge is inadequate to say that such a game will serve the 

purpose. This suggests to evaluate this exercise from the angle of the 

remaining constraints. 

Simplicity 

Simplicity is a vital consideration in the design of any gaming exercise. 

Simplicity can be judged in consideration of four main facets. They are: 

simplicity of participation, simplicity of computation, simplicity of 

administration and simplicity of construction. 

The fourth element deals with the length of time spent on programming 

for the computer. This does not seem to be a consideration under academic 

activity, so discussion is based on the first three only. 

The simplicity of participation has been kept fairly simple, the task 

of a player being limited to arrange the jobs in a particular order. A few 

minutes of decision-making time may be considered to be good enough for such 



a task. Simplicity judged from the computational viewpoint, is debatable. 

The computational steps covered for adjusting the schedule after random 

break downs, are numerous. The larger the number of break downs, the longer 

is the computing time. The digital algorithm formulated, needs extensive 

storage locations, which suggests for an expensive computer to play a similar 

game involving a larger job-shop scheduled for a longer interval of time. 

Simplicity of administration, in other words, conducting the play is 

a consideration solely to assist the director. This exercise assumes a 

model, which will not need much explanation on the part of the director, 

making briefing simple. The handling of data cards and running the program 

on the computer has been made handy by a number of automatic computer 

instructions. 

Realism and Verisimilitude 

Realism and verisimilitude are two important considerations pertaining 

to a game model. Realism is considered important in case, the game goes to 

describe a specific situation. For example, the purpose of the game may be 

to show the price-demand behavior of a particular commodity. In contrast with 

realism, verisimilitude means the appearance of reality to the players. A 

training-purpose game stresses mainly on the appearance of reality only. 

The game dealt here, has ignored some considerations pertaining to a 

real job-shop situation like: the assumption regarding the delivery and 

routing of jobs, etc. These assumptions do not seem to interfere in realizing 

the relative importance of different jobs, they mearly present a situation 

different from reality to some extent. A little attempt of imparting reality 

to the exercise has been made in providing break downs. This may not affect 



decision-making very much, still it will go to provide an idea of the 

changes that can occur over a prepared schedule due to random discontinuations 

in processing. An increase in the amount of idle time, increase in the number 

of jobs delayed and increase in the cost of in-process inventory caused due 

to break downs may be a matter of interest for a trainee. 

CONCLUDING REMARKS 

The simulator presented in this thesis has been designed to work with 

over-all priorities assigned to different jobs. In practice, the importance 

of different jobs are subjected to changes, as they move towards completion. 

This suggests a priority order system changing with time. Rowe (8) cited 

some priority rules, which were small algebraic expressions, used to compute 

the priority index of a group of jobs waiting to be processed, and one having 

the lowest number was assigned to a machine. In playing a job-shop scheduling 

game manually, a player may calculate priority index to aid him in schedulihg 

effectively. The same is difficult to adopt in case of a computer game. 

However, a program can be written to utilize a large number of priority rules 

and the task of the player may be to select one of the rules. This will only 

be another version of a problem solving simulation, the spirit of gaming being 

completely lost in it. The characteristics of a gaming exercise needs the 

decisions to be made in numericals. The following procedure may help to 

develop a good computer game for job-shop scheduling. 

The players of the game will be given the task of assigning relative 

priority to jobs on a machine basis. In other words, a player has to arrange 

the jobs in a particular order for a specific machine. This will result in 



a decision form of the form of a matrix, where the columns will represent 

machines and rows will represent priority positions. The matrix cells will 

occupy job numbers and in the absence of a job, a cell will bear a zero. This 

will occur- as the matrix will specify the maximum dimensions of jobs and 

machines. A computer program can be written to schedule to job-shop with this 

new system. Such a program can be tied with Program II (b) and (c) to get a 

report of the results in a similar form. 
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APPENDIX 



Program I 

C A P R O G R A M TO G E N E R A T E O R D E R S FOR THE J O B - S H O P 









Flow Chart for Program I 
54 









Program II 

Part (a) 

C A P R C G R A M TO 5 C H E D U L E THE J O B - S H O P FOR F I V E - D A Y W E E K 







Part (b) 

C A P R O G R A M TO P R O V I D E B R E A K D O W N S O V E R THE O R I G I N A L S C H E D U L E 



C A P R O G R A M FOR D E T E R M I N I N G THE A C T U A L J O B - S H O P S C H E D U L E A F T E R 

C B R E A K D O W N S H A V E O C C U R R E D 



















Flow Diagram for Program II 

Part (a) 
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A Glossary of Symbols* 

BD Number of break downs 

BDF Factorial value of BD 

Duration of a break down in hours 

Factorial value of the duration of a break down in hours. 

IDTM Total idle hours in a week 

IDTMB Idle hours caused due to break downs 

IDTMW Idle hours without considering break downs 

JBPRV Number of jobs handled a week previous to the week of play 

JDEL (1) Delayed job, where, I = Job No. 

JOBS Total number of jobs handled in a week 

KBD Number of break downs 

KBDH Duration of a break down 

KCINV Total cost of the in-process inventory 

KCOST Sum of all the material costs 

KEND (I) Last hour of a job in the shop, where, I = Job No. 

KOJB Estimated cost of a job 

KRN A random number 

KRVNU Price of a job in dollars 

KSVNU Total revenue earned in a week in dollars 

KPRFT Cumulative profit in dollars 

KSUM Total processing hours required to produce a job 

KSTRT (I) Starting hour of a job, where, I = Job No. 

* 
This section covers the symbols used in the computer programs to 

define the main variables. Minor symbols used to redefine these variables 
have been ignored. 



A Glossary of Symbols (continued) 

KSEK (I, J) Operational sequence of a job, where, I = Job No., and 

J = Operation No. 

KKS (I) Total processing hours consumed by a job in a week, 

where I = Job No. 

KSS (I) Temporary locations used in Program II, where, I = 1, ..., 8 

L Number of delayed jobs 

LBD (I, J) Temporary locations used in Program II, where, I = 1,..., 8 

and J = 1,..., 80 

LBF (I) Temporary locations used in Program II, where, I = 1,..., 80 

LF First hour of break down 

LCOST Total labor cost 

MX A cell value of the matrix for the original schedule 

MY A cell value of a matrix to locate the break downs 

MZ A cell value of the matrix for Final Schedule 

NEUJB New orders received in a week 

NOP Number of operations required to produce a job 

NPRFT Net profit of a team in a week 
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The object of this thesis was to develop a computer algorithm to be 

used in playing a job-shop scheduling game aimed at developing the intuition 

of the participants in realizing the relative importance of jobs in a 

job-shop. 

The job-shop conceived is one with eight machines scheduled for a five-

day week satisfying a varying demand of twelve to fifteen jobs a week. 

The participants of the game are supposed to decide upon the relative 

importance of jobs by assigning priority numbers to different jobs from their 

individual point of view. The job-shop is scheduled separately on the basis 

of the decisions made by each player and the schedules developed are evaluated 

by a number of measures of effectiveness. The results are handed over to the 

players at the end of each decision interval. The players are supposed to 

gain experience from the results of their previous decisions to make priority 

decisions in a more effective way so as to receive better results. 

The computer program was written in two parts; one to generate orders 

for each week and another to simulate the production shop. Second part of the 

program consisted of three subsections. The first subsection was meant to 

schedule the job-shop, the second was to generate random break downs over such 

a schedule and the last was to compute the results of the simulation and 

report them to the players. 

The program was written in Fortran II machine language for the IBM 1620 

Digital Computer with 60 K storage. 


