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Summary

A computer laboratory is presented for assisting
students in understanding inventory systems, construct-
ing mathematical inventory models, and finding optimal
decision rules. Four computer programs and the principles
guiding their preparation are discussed:

ISL-1: Balancing Carrying, Shortage, and
Replenishing Costs

ISL-2: The Deterministic Reorder PointLot Size System

ISL-3: The Probabilistic Reorder Point--Lot Size System

ISL-4: A General Inventory Systems Simulation

Four manuals describing the use of the programs are

included. Each manual specifies how the unit costs, the
demands for inventory, and a variety of policy decisions are
presented to the computer. It gives illustrations of actual
inputs and outputs, and also suggestions on model construction
and/or optimization. Observations are made on the methodology
of production of computer laboratory manuals.

The use of the laboratory by students is discussed.
Observations are made on adapting the programs to any computer
system, on testing the laboratory, and on extension of the
work to other fields.
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1. Introduction

1.1 Inventory systems is a field in which carryings

shortage, and replenishment costs can be controlled by

making appropriate decisions (see references [1], [2],

[3], [5], and (6]). This field has a wide range of

theoretical and practical applications. It is particu-

larly suitable for the 6tudy of model building and the

derivation of optimal decision rules. Students of

inventory systems can extend their learning experience

to other fields in Operations Research, Management

Science, Industrial Engineering, Economics, Business

Administration, etc.

1.2 Computer time sharing systems can now be used

economically as an aid in the teaching process. They

seem to be particularly useful in simulating an ideal

laboratory environment for the study of inventory

systems. This report describes computer programs and

manuals for sudh an inventory systems laboratory.

1.3 The leboratory has been designed to give the student

IHFee major options for each inventory system under study:

A. Simulation of inventory fluctuation

B. Long term averages
C. %bole of total costs

He can use the options to check whether he understands

the inventory system (Option A), whether the model he has

constructed seems to be correct (Option B), and whether he

has found reason6bly good decision rules (Option C).

2



2. Inventory Systems Computer Programs

2.1 Inventory systems are characterized according to such

factors as costs (carrying, shortage, and replenishing),

demands (deterministic or probabilistic), leadtime (zero

or non-zero), and policy (when to order and how much).

By varying these and other factors, the number of different

inventory systems that can be constructed is practically

infinite. This report deals witn only four inventory

systems. Each is described in detail in an appropriate

manual in the appendices.

2.2 The first system (ISL-l) is intended mainly to give the

student an appreciation for the need to balance carrying,

shortage, and replenishing costs. In the second system

(ISL-2) demand is constant and leadtime is zero. This is

an excellent system for learning how to build a model and

how to determine optimal decision rules.

The third system (ISL-3), which is an extension of

ISL-2, allows demand to be both deterministic and probabilistic

It is a relatively complex system for which it is rather

difficult to construct a model. The problem of finding
optimal decision rules is even more difficult.

The fourth system (ISL-4) is a rather general inventory

system. It allows the study of systems with a variety of

properties and policies. These include lost sales, probabilistic

leadtime, prescribed variable demand, and the inventory policies

(z,q), (z,Z), and (t,Z). Systems with some of these properties

are known to be extremely difficult to analyze. The simulation

option of Program ISL-4 is therefore particularly usefUl for the

study of such systems.

2.3 A number of principles were used in preparing the programs

for the four inventory systems.
A. The output from the computer will consist only of requests

for data and instructions, and the execution of the instructions.

B. As many data and instructions as possible will be wesented at

one time.
C. A special feature for checking correct results is not necessary.

00/S. ...41.414.0
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Principle A essentially means that the program
will not provide text material of any sort. Such
material should be in the manual. Principle B ensures
concentrated decisions by the student and economic
utilization of the computer. Principle C has been used
in the belief that the student is the better judge of
correct results.

2.4 The mathematical formulation of the programs is
based on reference [5]. Program ISL-1 is essentially
Example 1-0, pp. 4-7. Program ISL-2 is related to
Section 5-1, pp. 79-84. Program ISL-3 is mostly based
on Section 13.3, pp. 246-252. Most of the mathematical
formulation of Program ISL-4 is new. Portions of the
program are based on Sectton 12-3, Tv. 217-224.

The main coding and implementation was done in the
BASIC language (4] on the GE-265 Time Sharing System.
At the end of each manual the full listing of the program
is given. All illustrations in the manuals exemplify
inputs and outpits on the GE-265 system.

The programs were also coded and implemented in the
FORTRAN IV language on the IBM-7094 Batch Processing
System. The listings of the programs are given in the
Appendix E. The outputs from these programs, using the
data following each listing, are almost identical with
the corresponding outputs in the manuals.

6 3. Inventory Systems Laboratory Manuals

3.1 We consider the preparation of manuals to be a most
important task in using computers in the teaching process.
The manuals in. Appendices A to D should be regarded only
as a first attempt to exemplify the methodology which is
involved.



3.2 Several principles have guided us in preparing the

manuals.
A. The manual should only deal with the laboratory.

Instruction on inventory systems should be given in the

classroom and/or in a textbook.

B. The manual should be read before the laboratory.

The student should come to the laboratory prepared with

data for the computer.
C. The manual should contain numerous illustrations

which provide examples of the precise inputs to the

computer and actual copies of output from the computer.

3.3 Each of the manuals in Appendices A to D includes

ES' following sections:

A. Presentation of data

B. Illustrations
C. Construction of model and/or optimization

D. &tensions and problems for solution

E. Listing of the BASIC program

Section A descAbes the parameters, the controllable

variables, and the available output options. it gives

the names of all these variables in the program. Actual

examples of data and/or inputs are also given.

Section B provides illustrations of actual computer

runs with data and/or inputs, and outputs.

ln Section C a few suggestions ere given on the

construction of the model and/or on the method of findiag

optimal decision rules.

Section D discusses some of the limitations of the

system and suggests possible extensions. All these

extensions require changes in the computer program. The

section also includes several problems for solution using

the program as it is.

5



Section 2 gives the full listing of the computer

program as it is coded in BASIC and stored in the GE-265

system. TIP, listing is mainly intended for the teacher.

3.4 The actual production of a manual is a time consuming

3-6E which requires extensive planning. Much thought

must be given to the illustrations, to ensure exemplifica-

tion of all the features and shortcomings of the computer

program.

We used the editing capabilities of the Time Sharing

System for the production of portions of the manuals. It

was hoped thet the complete manuals could be stored in the

computer so that changes could easily be made. However, our

experience has shown that this method of production was

rather time consuming and costly.

4. Use of the Iiii)wetudents

4.1 Full use of the laboratory will be made at The Johns

Hopkins Uhiversity in the academic year 1966-69 in the

undergraduate course "Elementary Inventory Systems." This

course was not offered in 1967-68.

4.2 The laboratory was pretested by graduate and undergraduate

students at Johns Hopkins. It was also used in the author's

courses "Advanced Inventory Systems" in the Fall of 1967, on

a number of occasions. This preliminary use seems to indicate

that the laboratory is an effective teaching device. lt was

gratifying to see the smile on a student's face when the

long term averages which he predicted were actually printed

by the computer. It was interesting to watch another student

who claimed to have found the optimal decision rules of a

system. He used the option in the program which gave the

costs in the neighborhood of his solution but to his surprise,

the solution was not optimal. Eventually he found the correct

solution and he also smiled.

6
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4.3 The following observation can be made regarding the
maximum benefit that can be derived from the laboratory.
A. Students should be assigned several problems for

solution in advance. They should come to the laboratory
with several sets of data and a full list of the results
they expect from the computer.

B. Students should work in groups of, say, 3 to 5 students.
Each group should be supervised by a laboratory assistant.

C. Whenever it is appropriate, students should submit a
brief report documenting their work.

5. C4nclusion

5.1 The inventory system laboratory described in this
report is ready for use by students on the GE-265 Time
Sharing System and on the IBM-7094 Batch Processing System.
It can be adapted for use on any other computer system with
relative ease.

5.2 Several principles have been suggested to guide the
preparation of the computer programs and the manuals for
the laboratory. These principles, as well as the laboratory
as a whole, should now be sUbjected to detailed testing.

5.3 The methodology developed for the inventory systems
laboratory can be readily applied to other fields. ln
particular, the following fields within Operations Researdh
seem to be especially suitable: queueing theory, game theory,
response surface analysis, stochastic allocation models,
reliability theory, and replacement models.

7
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1. Introduction

The main purpose of the inventory system used in this laboratory

(System 1) is to introduce the student to the balancing of carrying costs,

shortage costs, and replenishment costs, by trial and error methods In

other laboratories ISL-3, ISL-4) the inventory systems can be used

for construction of mathematical models and for evaluation of optimal

decision rules.

2. Properties of System 1

2.1 Demands

The planning horizon is composed of N periods. The demand D(I) at

the beginning of period I is known. The student supplies the values of N
D(1), D(N)

2.2 Uhit Costs

The cost of carrying inventory is Cl per unit per period. The cost of

shortage is C2 per unit per period. The cost of replenishing is C3 per

replenishment. The student supplies the values of Cl, C2, and C3.

2.3 Decisions

The program allows for two types of decisions:

A. The initial inventory which is available at the beginning of the flint

period, B(1). There is no replenishing cost associated with this amount.

B. When should replenishments be made and in what quantities. Vp to N

replenishments may be specified. A cost of C3 is associated with each

replenishment. The decision variables are I(1), R(I(M)),

where I designates a period at the beginning of which there is a replenish-

ment of R(I) and where 14 is the number of replenishments.
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2.4 Constraints

lt is assumed that the demands during the planning horizon are exactly

met by replenishments. That is,

D(1) + + D(N) = R(I(1)) + +R(I(M))

Thus the initial inventory B(1) is equal to the amount on hand at the end

of the horizon.

2.5 Ob ectives

For the given demands and unit costs the student must determine by

trial and error the decisions which will give a minimum total cost of the

inventory system.

3. Presentation of Data

3.1 Periods: N

The.planning horizon is composed of a specified number of periods.

These periods maybe days, weeks, months, etc. The number of periods is

given in a data statement:

910 DATA < N >

FOr examae, for a planning horizon of 12 months the data statement is:

910 DATA 12

3.2 Demands: D(l),D(N)

In eadh period I there may arise a demand of D(I). The demand is

given in a data statement:

920 DATA < D(1),...,D(N) >

For example, the demand in tons for the 12 monthhorizonwould appear as:

920 EATA 10,20,20,30,20,30,0,0,40,30,20,20.



(Note that for each period there must correspond a number designating the

demand for that period, even if that demand happens to be zero.)

3.3 Costs: Cl, C2, C3

The carrying cost, Cl, is measured in dollars per unit per period.

For example: $.20 per ton per month. The shortage cost, C2, is measured

in dollars per unit per period. For example: $5.00 per ton per month.

The replenishing cost, C3, is measured in dollars. For example: $10.00

for each relaenishment. The inventory costs are placed in a data statement,

thus:

930 DM< Cl,C2,C3 >

For example,

930 MT& .20, 5.00, 10.00

3.4 Initial Inventory: B(1)

The program permits the inclusion of any initial inventory, B(1),

left over from a previous planning horizon. This information is given in

a data statement:

940 MTA < B(1) >

For example, for an initial inventory of 10 tons the data statement will be:

940 =ft 10

3.5 Replenishments: When - I, Haw much - R(I)

As with the initial inventory, the program also permits control of

replenishments. One has to furnish 14 periods, I(1) to I(K), and with eadh

period, I, a corresponding replenishment, R(I). This appears in a data

statement as:

950 < I(1), MI(l)), MIND >

4



5

For example, suppose N = 12 months, and replenishments axe desired at

the beginning of the months: 2,4,9, and 11 with the quantities: 40, 80,

70, and 50 respectively. The data statement would then appear as:

950 DOA 2,40,4,802970,11,50.

(When additional lines axe needed to accommodate all the replenishment

information, the lines from 951 through 959 may also be used.)

3.6 Summary

Five data lines are needed. The first three constitute the parameters

of the inventory prOblem: the length of the planning horizon, the demands,

and the unit costs. The last two lines are the controllable variables:

the amount on hand at the beginning of the planning horizon and the

replenishments during the horizon. The general form of the data statement is:

910
920 DATA < D(1), ...2D(N) >
930 nkTh < C1,C22C3 >
940
950 DATA < .1(1), R(I(1)), .900, R(/(M)) >

For example:

910 DOA 12
920 DaPi 10,20,20,30,20,30,0,0,40,30,20,20
930 lak .20,5.00,10.00
940 1111MA 10

950 1TA 2,40,4,8099970911,50

In Section 5.2 (p.12) the printouts resulting from these data are given.

4. EXamples

Three examples are given in this section. In all the examples the

paanning horizon is composed of 12 months. Oa January 1 the demand is

10 tons, and at the beginning of the other 11 months the demands are:

20,20,30,20,30,0,0,40,30,20, and 20. The total annual demand is thus 240 tons.

/3



The unit costs are also the same in all three examples. The

carrying cost is 0.20 per ton per month, the shortage cost is 0.00 per

tca per month, and the replenishing cost is *10.00 Per replenishment.

In all the examples in this section it is assumed that replenishments

occur at the same interval of time and that the quantity replenished is

constant.

4.1 Example 1

Suppose the initial inventory on January 1 is zero and suppose that

4 replenishments of 60 tons each are scheduled for January 1, April 1,

July 1 and October 1. The data and results would be:

910 DA TA
92o DATA
930 DA-TA
9 41:1 DATA
950 DATA

NIA1

WAIT.

IsL-1

PEtaCID

1

2

3
4
5
6

7

a
9

10
11

12

12

1 Ul 20, 20, 3J, 20,
20, 5.00, 1 ij UJ

11 60, 4, 60, 7, 60,

11:32

30, 01 1j1 40,

10, 60

03/04/67

30,20, 20

BEGIN) aEPLEVIS-NEVf DEMANJ D ENID

0 60 10 50

50 0 20 30

30 0 20 10

10 60 30 40

40 0 20 20
20 16 30 -10

-10 60 0 50

50 0 0 50
50 0 40 10

10 60 30 40

40 0 20 20
20 0 20 0

6



AVEr<AGE
UlIf COST
COST/PEnIOD.

TOIAL COST

TIME: 1 SECs.

CAAmYI4G

26.6667
.e
503333

64.

SiOATAGE flEPLEVIS-NE4T TOTAL

.333333
5

4.16667

50.

. 333333
10
3. 33333

40.

12.3333

154.

These results are self explanatory. The average amount carried is

the average of the amounts in the last column, with the -10 replaced by 0.

The average shortage is 10/12 = 0.83333. Since there were 4 replenishments,

the average number of replenishments per month is 4/12 = 0.333333.

4.2 &ample 2

Suppose the initial inventory on January 1 is again zero, but 6

replenishments of 40 tons each are scheduled. The data and results are now:

910 DATA 12
920 DATA 10s 20s 20s 30:20: 30s Os Os 40, 30s 20s 20
930 DATA . 20s 5. 00s 10. 00
940 DATA 0
950 DATA 1s 40:,3: 40: 5: 40: 7: 40, 9: 40: lls 40

NUA
4AIT.

7



ISL-1 11:43

PERIOD BEGIN

03/04/67

REPLENISHMENT DEMAND END

1 0 40 10 30
2 30 0 20 10

3 10 40 20 30

4 30 0 30 0

5 0 40 20 20
6 20 0 30 -10
7 -10 40 0 30
a 30 0 0 30
9 30 40 40 30
10 30 0 30 0

11 0 40 20 20
12 20 0 20 0

CARRYING SHORTAGE REPLENISHMENT TOTAL

AVERAGE 16.6667 .833333 .5

UNIT COST .2 5 10

COST/PERIOD 3.33333 4.16667 5 12.5

TOTAL COST 40. 50. 60 150.

TIME: I SECS.

EXarAple 2 illustrates how costs can be changed by a suitable change

in replenishments. In Example 1 the total cost is $154.00 per year,whereas

in Exaaxple 2 it is $150.00. The student should note that the increased

replenishment cOsts were more than compensated for by the decreased carrying

costs.

4.3 Example 3

Suppose now that replenishments are the same as in example 2 but that

the initial inventory on January 1 is 10 tons. The data and the results are now:

8



910
920
930
940
950

DATA
DATA
DATA
DATA
DATA

12
108208208 308
.208 5. 008 10.
10
18 408 38 408 58

208
00

408

308 08

78 408

08

98

408

408

308

118

2 08

40

20

ROI
AA I T.

ISL-1 11:47

PERIOD BEGH

06/04/67

REPLEJI S6iMENT DEMA1D EVD

1 10 40 10 40
2 40 20 20
3 20 40 20 40
4 40 0 30 10
5 10 40 20 30
6 30 30 0
7 0 40 0 40
8 40 0 0 40
9 40 40 40 40
10 40 0 30 10
11 10 20 30
12 30 0 20 10

CARRYING SHORTAGE REPLEN I SP-IME.1 T TOTAL

AVERAGE 25.6333 5

UNIT COST .2 10
COST/PERI OD 5.16667 5 10.1667

TOTAL COST 60 122.

TIME: 1 SECS.



4.4 Summary

The costs in the three examples can now, be summarized.

EXAMPLE CARRYING SHORTAGE , REPLENISHING TO=

1 64 50 4o

2 40 50 60 150

3 62 o 60 122

We note that by appropriate decisions any one of the three types of costs

can be increased (or decreased). This usually results in a decrease

(or an increase) in some other cost. The woblem of finding the best

decision is discussed in the next section.

In passing one should note that in every example the annual

replenishments equalled 240 tons - the total annual demand. If the

totals were not equal, say, if one replenishment of 230 tons is scheduled,

then the following result will be printed:

910 DATA 12

920 DATA 10,20,20,30,20,30,0,0,40,30,20,20
930 DATA .20,5.00,10.00
940 DATA 10

950 DATA 1,230

NUN
WAIT.

ISL-1 11:57 08/04/67

REPLENIS4MENITS AAE MOT EUJAL DEMAVDS
CHECK LIMES 920 AND 950

TIME: 1 SECS.
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5. Optimization

Analytic methods of optimization are discussed in other manuals. The

student should use program ISL-1 to find an optimal decision by trial and error.

The examples in this section illustrate a trial and error approach.

5.1 EXample 4

A earefUl study of the results of &ample 3 indicates that inventories can

be drastically reduced if replenishments are not constant but are equal to the

corresponding 2 months' demands. Thus, for no initial inventory one can get:

9110
920
930
940
950

DATA
DATA
DATA
DA TA
DATA

12

20* 5.00* 10.
0
1 30* 3* 50* 5*

00

50* 9* 70* I I* 40

RUN
WAIT.

ISL-1 12:02 03/04/67

PERIOD BEGIN REPLENISHMENT DEMAND END

1 o 30 10 20
2 20 o . 20 o
3 o 50 20 30
4 30 0 30 0
5 o 50 20 30
6 30 0 30 o
7 o o o o

.

s o o o o
30
0
20
o

9 0 70 40
10 30 0 30
11 0 40 20
12 20 0 20

.CARRYING SHORTAGE REeLENISiMEN1

AVERAGE 10.8333 0 .416667
UNIT COST .2 5 10
COST/PERIOD 2.16667 0 4.16667

TOTAL C OS T 26. 0 50.

TIME: 1 SECS.

TOTAL

6.33333

76.



5.2 Example 5

FUrther trial and error attempts may eventually lead to the following

results which seem to be optimal:

910 DATA 12

920 DATA 10s20,20,30,20,30,0,0,40,30,20,2U
930 DATA .20,5.00,10.00
940 DATA 10
950 DATA 2,40,4,80,9,70,11,50

tIUN

AIT.

ISL-1 12:09

PEKIOD BEGIN

03/04/67

NErLEAIsiME4T DEmAAD EN)

1 10 0 10 0
2 40 20 20
3' 20 0 20 0
4 0 30 30 50
5 50 0 20 30
6 30 0 30 0
7 0 0 0
8 0 0 0 0
9 0 70 40 30
10 31/ 0 30 0
11 0 50 20 30
12 30 0 20 10

CAdtlYIAJG SHOnTAGE riEPLEVIS4ME4T TOTAL

AVEKA3E 14.1667 0 .333333
OMIT COST .2 5 10
COST/PEKIOD 2.83333 0 3.33333 6.16667

TOTAL COST 34. 0 40. 74.

TIME: 1 SECS.

o
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5.3 Example 6

AA another example consider an inventory system with a planning

horizon of 7 days. Each weekday there is a demand for 5 box cars. Oa

Saturday there is a demand for 10 cars. There is no demand on Sundays.

The carrying cost is $10.00 per car per day. The shortage cost is $20.00

per car per day. The replenishing cost is .c)Iloo.00 per x;eplenishment.

What is an optimal replenishing policy?

One can first attempt to balance carrying costs and replenishing

costs while avoiding shortages. Suppose that only one replenishment is

made per week. Then 35 cars would have to be ordered, say, on Monday.

The carrying cost would then be $1000 per week and the replenishing cost

would be $400 per week for a total of $1400 per week.

For two replenishments per week, say 20 cars on Monday and 15 cars

on Thursday, the carrying cost is $400 per week. The replenishing cost

is $800 per week so that the total cost is $1200 per week.

For three replenishments per week the replenishing cost alone is

$1200 per week. Hence, if shortages are to be avoided the optimal solution

seems to be:

910 DATA 7
920 DATA 5, 5s 5s 5,10s 0

930 DATA 10,201400
940 DATA 0
950 DATA 1205,15

RUN
JAI T.
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ISL-1 14:03

PERIOD BEGIN)

Od/04/67

REPLEAIS-IMENJT DEMANID E.N1 D

1 0 20 5 15
2 15 0 5 10
3 10 0 5 5
4 5 0 5 0
5 0 15 5 10
6 10 0 10 0
7 0 0 0 0

CARRYIVG SriORTAGE REPL.ElIsHME41 TOTAL

AVERAGE 5.71429 0 .235714
UNIT COST 10 20 400
COST/PERIOD 57.1429 0 114.2d6 171.429

TOTAL COST 400. 0 800. 1200.

TIME: 1 SECS.

5.4 EXaniple 7

In Example 6 no shortages were allowed. One can now consider shortages

as follows:

Sgppose that instead of two replenishments of 20 and 15 cars one Chooses

19 and 16 respectfUlly. This will reduce inventories'on Mondays, Tuesdays,

and Wednesdays, but will cause a shortage on Thursday. The net effect,

however, will be a saving of 3 x 10 - 20 = $10 per week. Similar consider-

ations lead to the.following solution which see= to be the optimal solution.

2 .2

14



0

910 DATA 7

920 DATA 5,5,5,5,5,10,0
930 DATA 10,20,400
940 DATA 0

950 DATA 1,15,5,20

206
230

RUN
dAIT.

ISL-1 14:29 08/04/67

CARRYIMG SqORTAGE REPLENISiME1T TOTAL

AVERA3E 3.57143 .714236 .235714

UNIT COST 10 20 400

COST/PERIOD 35.7143 14.2357 114.236 164.236

TOTAL COST 250. 100. 800. 1150.

TIME: 1 SECS.

Note that deletion of Lines 206 and 230 has eliminated the detailed

wintouts of the inventory fluctuations. The student may wish to use this

option when he is interested only in the summary of the results.

2 3



6. EXtensions and Problems for Solution

6.1 &tensions

$ystem 1 is restricted in a number of ways. For example:

A. Leadtime is assumed to be zero.

B. Demands occur only at the beginning of each period.

C. The cost of shortages are measured in dollars per unit-per period.

D. Demands are assumed to be known (deterministic).

It is possible to relax these restrictions. However, to do so one wuld

need to change the Program ISL-1 (see Section 7). The student will find that

changes in the properties A4 B, and C above are relatively easy to handle.

However, this is not the case with property D.

6.2 Problems for Solution

A. Find the solution of the system described in Section 4 (p. 5) when:

Al. The carrying cost is $2.00 per ton per month (instead of $0.20

per ton per month).

£2. The shortage cost is $50.00 per ton per month (instead of $5.00

per ton per month).

£3. The replenishing cost is $100.00 per replenishment (instead of

$10.00 per replenishment).

B. Find the solution of the system described in Example 6 (p. 13) when

each unit cost is 10 times as large.(Solve these separate cases as Problem A

above.)
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C. Demand is known to cycle over a 14-day period: it is 10 on days 1,2,

snd3; 15 on days 4 to 7; 5 on days 8,9, and 10; and 7 on days 11 to 14. The

carrying cost is $1.00 per unit per day, the shortage cost is $1.00 per unit

per day, and the replenishing cost is $10. What is an optimal replenishing

policy?

D. Demand is uniform at the rate of 2400 points per year. The carrying

cost is $0.56 per part per year. The ordering cost is $42 per order. No

shortages are allowed. What is the optimal lot size?

E. The weekly demands in an inventory system during one year are

.22120212523.134,130,434,130,331,23130,321212020,131,233,230,432,130,230,331,12

1,2,2,3,0,1,1,1,1,3. The carrying cost is $1.00 per pound per week, the shortage

cost is $10.00 per pound per week, the replenishing cost is $30.00 per replenish-

ment. Find an optimal replenishing policy.

F. Solve the system of Section 4 (p. 5) when the monthly demands are equal

to 20 tons each.

G. Solve EXample 6 (p. 13) when the Saturday and Sunday demands are for

5 cars (instead of 10 and 0 cars).



7. Program IsL-1

01 kEM ISL-1 FOk MANUAL. 1

02 NEM 3Y E.AADDOA AND 0.6kAA1EN, TiE JOiNS 10PKIAS JNIVEkSITY
95.DIM B(60),k(60),D(60),E(60)
100 LEI D = 0
105 LET N = U
110 kEAD 4
115 FON I = 1 TO 4
120 kEAD D(I)
122 LEf D = D + D(I)
125 4EX1 I
127 kEAD C1,C2,C3
123 kEAD B(I)
130 kEAD I
135 IF 1=-99 TiEl 150
137 kEAD k(I)
140 LEI :=A ;I(I)

142 30 10 130
150 IF D = k EN 200
155 ekI41 "mEPLEAIsrIXEAfs AkE NOT E.JJAL DEMANDS"
160 PRIAT "CIEC-< LINES 92u AND 95,6"
170 STCP
200 LET II =

202 LET 12 = 0
204 LET 13 = 0
206 PmINT "?EkIOD", "BEGIA kEPLENIS0-IME4T", "DEMAND", "END"
203 PkINT
210 FOk I = 1 TO A
220 LEI E(I) = B(I) + k(I) - D(I)
230 PRIAT I, B(1), k(I),D(I),E(I)
240 IF E(I)>=0 NE4 250
245 LET 12 = 12 - E(I)
247 30 TO 270
250 LET Il = II + E(I)
27u IF k(I)> TiEN 230
275 30 10 235
230 LET 13 = 13 + 1

235 LET a(I + 1) = E(I)
20 NEXT I

300 LET Il = II/4
305 LET 12 = 12/4
310 LET I3=I3/4
315 PkIlf
316 PRIAT
320 PRINT " "CAkkYING S10k1AGE kEPLE4ISrIMEAT", "10TAL"
325 PRINT
330 PRINT "AVEkAGE", 11,12,13
335 PkIlT "UNIT COST", C1,C2,C3
340 PkIAT "COST/PEkIOD",I1*C1, I2*C2, I3*C3, I1*C1+12*C2+I3*C3
345 PRINT
350 PRINT "TOTAL COST", I1*C1*4, I2*C2*4, I3*C3*4,
351 PkIAT I1*C1*N+I2*C2*4+I3*C3*N
910 DATA 12
920 DATA 1 0,20, 20, 30, 20, 30, OP 0, 40, 30, 20, 20
930 DATA .20,5.00,10.00
940 DATA 10
950 DATA 2,40,4,30,9,70,11,50
998 DATA -99
999 END

2 6
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1. Introduction

This laboratory deals with a deterministic reorder point -

lot size system. The system is an extension of ISL-1 and forms

a basis for two other laboratories: ISL-3 and ISL-4. Program

ISL-2 has 3 distinct uses:

A. For any reorder point and lot size the student can

find out how the system behaves over a reasonable

number of periods, and what the corresponding

averages are. This is a way to determine whether

he understands the system.

B. The student can next attempt to build a model for

the behavior of the system in the long run. He

can use the computer program to test his model by

comparing numerical results that he derives on

paper with the numerical results derived on the

computer.

C. Once the model of the system has been determined,

the student can address hirpelf to the problem of

optimization: How to find the optimal values of

the reorder point and the lot size. He must attempt

to find decision rules leading to the desired values.

Any numerical results that he obtains can bu checked

with the third type of output availabl l'rom the

computer program.
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2. Pr3sentatIon of Data

The student can control all the parameters in this program.

some will be fixed for several runs of the proram, namely, the

demand and the unit costs. These are entered in the primary input

statement. The other parameters, which may vary with each run,

are entered a3 secondary input. They include such variables us

the reorder point, the lot size, the initial inventory, etc.

2.1 Damand and Unit Costs (Primaff Input)

The demand, U, can take on any positive value. Its dimension

is in quantity units per time period,where the quantity units may

be a ton, gallon, etc., and where the time period may be a day,

a week, a month, etc.

There are three types of unit costs. The unit carrying cost,

Cl, is in dollars per unit per period. The unit shortage cost, c2,

is also in dollars per unit per period. The unit replenishing cost,

in dollars per replenishment.

The request for primary input is in the form:

DU/AND, CARRY, SHORT, REPLEdi

? < iT Cl, C2, C3 >

(The computer does not print the variable sycribols, they are printed

here as a visual aid to the student.)

Suppose the time period is one week and the quantity Unit is a

ton. Then, for example, we mic,ht have a demanj a 5 toilL por week, a

unit carrying cost of *1 per ton per week, a unit shortae east of.

cj
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:,;) per ton per w(!ek, and a unit replenishinf: cost, of .36 frn"

replenishment. Thus, the response to the input statement would be:

1124AND,CA1111Y,SNORTIMPLZI

? 5, 1, 91 36

212 Decision Variables and OptionC (Secondary Input)

The program requires 10 secondary inputs durint; its running:

the reorder point, S; the lot size, Q; the simulation index, Xl;

the initial inventory, Ql; the number or periods to be simulated, NI

the number of periods to be printed, N1; the long term averatles

index, X2; the total costs index, X3; the rcorder point and lot

size increment, J1; and the primary input index, D.

lAch of the indices Xl, X2, X3, and D should be either 0 or 1.

If X1 = 1, then the simulation starts with an initial inventory

of Q1 units and is carried out over N periods. The details of the

first N1 N periods are printed. In addition, a summary of averages

for the II periods is also printed. If N1 = 0, only the summary is

printed.

When X1 = 0, the simulation option is not used. In that case,

the values of Ql, N, and Ill are irelevant; however, they must be

supplied.

If X2 = 1, then the long term averages summary is printed.

This can be compared with the simulation summary. If X2 . 0, then

the long term averac;es summary is not printed.

3 a

,440.X1,6,1164.4C1,...4

3
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;1.3 1, then a table or cor;t in printed in the

nely,huorhood, J1, 01'the r,order point 3 and Ulf: lot ulv.e

If D . 1, then at the end of the current run, the computer

t

will ask for new primary input ( new demand and unit costs

will have to be supplied). Thereafter, or if D = 0, the computer

will ask for new secondary input information. Thus, if the student

wishes to retain the old primary input data and only change the

secondary inputs on the next run of the program, he should enter 0

as the value for D.

The request for secondary input is in the form:

POINT,LOT,SIM,INIT,RUN,PRINTSAVE,COSTS,ST...T,DATA

? < S, Q, Xl, Ql, H. Hl, 4?, X3, J1, D >

For example, the student may supply the following inputs:

POINT,LOT,SIM,IHIT,RUM,PRINTS,AVAI,COSTS,OTP,LATA

? -5, 20, 1, 10, 100, 8, 1, 1, .5, 0

This input indicates that the student is interested in a reorder

point of -5 and a lot size of 20. He wants a simulation with an

initial inventory of 10 units to be run over 100 periods. He asks

that the details for the first 8 periods(and a summary for the 100

periods) be printed. The student also asks for the long term averaciec

sunmary. He also wants the table of total costs for reorder points

of .5.5, -5, and -4.5 units and for lot si:les of 19.5, 20, and 20.5
;

units. Finally, he indicates that be would like another run with the

same primary input.

3

4
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3. Illustrations

The illustrations in this section are designed to exemplify

all the capabilities of Program ISL-2. They also form the basis

for the next section which deals with models and their solutions.

3.1 Balancing Carrying and Replenishing Costs

Jxamples 3.11, 3.12, and 3.13 illustrate the inputs and

outputs relating to an inventory system in which the demand is

5 tons per month, the carrying ccst is $1 per ton per monthland

the replenishing cost is $36. Na shortages are allowed. Hence,

in the primary input the shortage cost is chosen as 09999

per month. In all examples the reorder point is 5 tons. This

ensures that no shortages occur. The lot size in all examples is

20 tons. Therefore replenishments occur every 4 periods.

In i!bcample 3.11 the secondary input calls for a simulation

with an initial inventory of 15 tons. 10 periods are to be

simulated and the details for all these periods are to be printed.

The output is self-explanatory. Note that replenishments indeed

occur whenever the reorder point isreached.

In i'lxample 3.12 there is a request for a simulation over

100 periods and for the long term averages. The output is ac,ain

self-explanatory. One observes that the simulation averaaes and

3
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and loni; term averuzes are identical. They differ, though, from

the results in 4xample 3.11.

The secondary input of -btample 3.13 calls for total costs or

reurder points or 0, 5, and 10 tons, and lot sizes C:o; 15, 20, und

25 tons. The last entry in the input ensures u suhquent call

for a new primary input. dote that the entry in the ct:nter of the

table, :;124 per period, is the same as the cost obtained in

.!=ample 3.12.

I SL- 2 22: 53 W2 SAT 12/23/67

THE DETERMINISTIC REORDER POINTLOT SIZE SYSTEM

DEM AN Da CARRY, SHORT, REM.. EN
? S. 1, 99999, 36 Illustration 3 .1

POINT,L07 SIZE, SIM, INI T, RUN, PRINTS* AVER, COSTS, STEP, DATA
? 5. 20. 1. 15, 10, 10, 0, 0, 0, 0

REORDER POINT = 5 LOT staE = 20

SIMULA.TION

kbeample 3 .11

PER. BEGIN DEMAND END CARRY IN G SHO R ?AGES REPL EN I SHM EN TS

1 15 5 10 12. 5 0 0

2 10 5 5 7. 5 0 1

3 25 5 20 22. 5 0 0
4 20 5 15 17. 5 0 0
5 15 5 10 12. 5 0 0
6 10 5 5 7. 5 0 1

7 25 5 20 22. 5 0 0
8 20 5 15 17. 5 0 0

9 15 5 10 12. 5 0 0

10 10 5 5 7. 5 0 1



41 S(NIULfk1 ION 01. 10 PERIOD:A
>..c.nip1e 3.11 ( corit d

CARRYING SHORTAGES HE:FL EN1 SHM EN I S

"ARAG
LN1 T

S ER PERIM D

101AL CO SI S PER = 2zi.E3

14 0 . 3
1 99999 36
14 0 10.8

4, *if 4 4 * 4. .4 4 * * * * * *-'r h I` lr t -su .r a-

t-OINIDLOT SIZE, SIM, INI Ta kW. PRINTha AVER, COSTS, STEP, DATA kDcarap1e 3.12? 5. 20s I P 15, 100, 0, 1, 0, 0,

REORDER POINT = 5 LOT SIZE = 20

SIM UL ATION

FOR A SIMULATION OF 100 PERIODS:

CARRYING SHORTAGES REPL EN I SHM EN IS

AVERAGES
WIT COSTS
COSTS PER PERIOD

1OTAL CO S.1 S PER PERIOD =

15 0 25
1 99999 36
15 0 9

TH E LONG TERM AVERAGES

CARRY IN G SHORTAGES REPL EN I SHM EN S

AVERAGES 15 0 . 25
UNIT COSTS 1 99999 36
CO ST S PER PERIOD 15 0 9

10 TAL COSTS PEN PERIOD = 24
**********************

PO IN T, LO S16E, SIM, INI T1 PLINIs ISs AVER, CO 3 1 S./ ST EP, DATA
? 5, 2 Op Op Op Op Op Oa i P 5, I

REORDER PO IN T = 5 LOT' LAZE =

3

xarriple 3 .13..... IMO

"1-;0



THE TO T AL COST TABL E

15
LOT SIZES

20 25
R.POINT

0 19. 5 19 19. 7
5 24. 5 24 24. 7
10 29. 5 29 29. 7

Exupple 3.13 (Cont,d)

3.2 Balancing Shortage and Replenishing Costs

In Examples 3.21 and 3.22, Ls in the previous section, the

demand is 5 tons per monthsand the replenishing cost is :136.

However, this time no inventory is to be carried and the shortage

cost is $9 per ton per month. The appropriate entries have been

made in the primary input.

The secondary inputs and the corresponding outputs in

Examples 3.21 and 3.22 are self explanatory. Hote the effect of

the carrying cost on the total costs in the table of ..:icample 3.22.

... . 4. ... ..... ... 4. 4.0.....,..

D EM AN D, CA I.( KY SHO k1 , It EI'L EN

? 5, 99999, 9, 36 Illustration 3.2

POINT,L01 SIZE, SIM, I NIT, kUN, P'kIN1 S, AVEk, COSI S, ST EP, DATA 11%ample 3.21

? -10, 10, I , 0, 10. 4, 0, 0, 0, 0
.

!

REOkDEk POINT = - 10 LO7 SIZE = 10

SIMULATION
i

L PEk. BEGIN DEMAND END CAkkY IN G SHOWIAGEL kEn. ENI bt-IM EN IS
,i 1 0 5 - 5 0 2. 5 0

2 - 5 5 -10 0 7. 5 1

3 0 5 - 5 0 2. 5 0
4 - 5 5 - 10 0 7. 5 1



FOR A SIMULATION OF 10 PERIODS*

Exteinee 3.21 (Cant Id) 9

CARRYING SHORTAGES REPLENI SHMENTS

AVERAGES 0 5 5
UNI 1 COSTS 99999 9 36
l.:0 SI S 14Ek IdLkIOL) 0 45 18

10 TAL COSTS PER PERIOD a 63

******************* al
POIN 7,1.07 SI E, SIPI, INI T, HUN, PRINTS, AVER, COSTS, STEP, DATA
? -10, 10, 1, 0, 100, 0, 1. 1, 2. 5, 1 Fa.e 3.22

REORDER POINT = -10 LOT SIZE 10

SIMUL ATION

FOR A SIMIJ.ATION OF 100 PERIODS:

CARRYING SHORTAGES REPLENI SHM EN TS

AVERAGES 0 5 . 5
UM 7 CASTS 99999 9 36
COST S PER PERIOD 0 45 IS

10 AL (YJ 515 PER ri Eldon 63

THE LONG TERM AVERAGES
CARRYING SHORTAGES REPL EN I SHM EN TS

AVERAGES 0 5 5
UNIT COSTS 99999 9 36
COSTS PER PERIOD 0 45 18

TOTAL COSTS PER PERIOD = 63

THE TOTAL COST TABLE

LOT SIZES
7. 5 10 12. 5

0.POINT
12. 5 170. 25 175. 5 70. 65

-10 147. 75 63 25050. 2
-7. 5 57.75 31293 100034.



3.3 iAluncin CarryinL; and Shorta,;c Costs

.1xamp1es 3.31 and 3.32 illustrate inventory systems in which

only the reorder point is subjec..; to control. This is the reason

for selecting a zero cost of replenishing in the primary input,

and for equating the demand and the lot size (5 tons).

The reader should attempt to explain the carryintr, and

shortage averages. Otherwise, tac outputs arc self-explanatory.

1 n. alb me ip 0P 3IL 41* 4111

DEMAND, CARRY, SHO RI, REM EN
? 5, 1, 9, 0

POINT,LOT SIZE, SIM,INI T,KUN,PRINTS,AVER, COSTS, STEP, DATA
? -2, 5, 1, 3, 10, 4, 0* 0* 0. 0

REORDER POINT = -2 LOT SIZE = 5

SIMUL ATION

Illustration 3.3

Example 3.31

PER. BEGIN DEM AN D EN D CARRYING SH0R1AGES REM. EN I SHM EN TS
1 3 5 - 2 .9 .4 1

3 5 -2 . 9 .4 1

3 3 5 -2 .9 .4 1

4 3 5 - 2 9 .4 1

FOR A SIMULATION OF 10 PERIODS:

CARRY I NG SHO k1AGES REPL EN I SHM EN 7 S

AVERAGES . 9 . 4 1

UNIT COS1S 1 9 0
CO S1 S PER PERI 0 D . 9 3. 6 0

TO 1 AL COSTS PER PERIOD = 4.5

****-******V411.4.***- 4. *
3-1

10
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P v. aeb .0 or 0 0 -ell...* + r t +

POINT,LO I SIZE, SIM, Ts RUN, PRINTS, AVER, COSTS, STEP, DATA
? 1, 5, 1, 4, 10, 0, 1, 1, 0. 5, 1

REORUER PO IN 1 = 1 LOI WiE = 5

SIMUL ATION

FOR A SIMLLATION OF 10 PERIODS:

AVERAGES
UNIT COSTS
COSTS PER PERIOD

TOT AL COSTS PEk PERIOD = 2.5

Ebcample 3.32

CARRYING SHORT AGES REM.- EN I SHM EN S

1 6
1

1. 6
9
.9

THE LONG TERM AVERAGES

CARitY I N G SHORTAGES REFL.. ENI SHM EN 1 S

AVERAGES 1. 6 1 1

UNI 1 COSTS 1 9 0
COSTS PER PERIOD 1. 6 .9 0

TO TAL COSTS PER PERIOD = 2. 5

H E TO T AL CO ST "I A BL E

LO1 SIZES
4. 5 5 5. 5

R. POINT
1 5 3. 25 3. 25 3. 29 545
1 2. 361 1 1 2. 5 2. 65909

5 2. 02778 2. 25 2. 47727

* * * * a a .

%IV



3.4 Ba1ancin6 Carrying, Shortage, and Replenishing Costs

In a certain senst, ilxamplEs 3.41 and 3.42 are extensions

of all previous examples. No special constraints are

Imposed on the inventory system. The demand is 5 tons per

month, the carrying cost is per ton per month, the shortage

cost is $9 per ton per month, and the replenishing cost is ti36.

Previous examples seem to indicate that the optimal

reorder point is about -1 ton and that the optimal lot size is

20 tons. However, the table of 2xample 3.42 shows that

that optimum is elsewhere.

.....
DEMAND* CARRY* NOk1 itEtt EN
? 5* 1, 9* 36 Illustration 3.4

1-.0IN1*L.01 !...)I4E, SIM, INI Ts itUNaNkIN1S,AVENoCOSIS, STEP, DATA
? -1, 20* 1, 14, 1 Os 10, 0, 0, 0, 0

REORDER POINT = -1 LOT SIdE = .20

SIMULATION

'Axample 3.41

PER. BEGIN DEMAND END CARRY IN G SHOR T AG ES REPL EN I SHM EN 1 S

1 14 5 9 11.5 0 0
2 9 5 4 6.5 0 0
3 4 5 sm 1 1.6 1 1

4 19 5 14 16.5 0 0
5 14 5 9 11.5 0 0
6 9 5 4 6.5 0 0
7 4 5 ..1 1.6 1 1

8 19 5 14 16.5 0 0
9 14 5 9 11.5 0 0
10 .9 5 4 6.5 0 0

3 7



FOR A SIMLLATION OF 1`o PERIODS: &ample 3.41 (pont

CARRY IN G SHORTAGES REPL ENI SHMENTS

AVERAGES 9. 02 02 2
UNIT COS1S 1 9 36
COSTS PEk PERIOD 9. 02 16 7. 2

101AL CO SIS PER PERIOD = 1ri 4

POIN1,L01 SIZE, SIM, I NIT, RUN, PRINTS, AVER, COSTS, ST EP, DATA
? -1, 20, 0, 0, 0, 0, 1, 1, 1, 1

REORDER POINT = -1 LOT SIZE = 20

THE LONG TEfM AVERAGES

AVERAGES
UNIT COS1S
COS1S PER PERIOD

D,c I !II le 3.112

CARRYING SHORTAGES REFLENI fiHM EN TS

9. 025 025 25
1 9 36
9. 025 225 9

TO1AL COSTS PER PERIOD = 18. 25

THE TOTAL COST TABL E

19

18. 0263
18.2368
18 9737

LOT SIZES
20

18.
18. 25
19

21

18.
18.
19.

0238
3095
0714

* Ar 4, JO * -11. * 41. 4. 4. * O. 4.

0
MaIN.01111141



1.5 Special Features

In all illustrations considered thus far the inputs were

such that the reorder point was always reached precisely. That is,

we never had a case where the amount on hand at the end of a period

was oelow the reorder point. k1xamp1e 3.51 now illustrates such a

case. Note also that the simulation results do not agree with the

long term averages.

Example 3.51 also shows that the reorder point of -2 tons and

a lot size of 20 tons provide a locally minimum cost of 0.8 per

month.

In ii:xample 3.52 we chow haw to change the basic period. In

all previous examples the period was one month, or say, 30 days.

In .1..%amp1e 3.52 the period is 6 days. Hence, a demand of 5 tons

per month is equivalent to 1 ton per day. Similarly, we have a

carrying cost of 00.2 per ton per 6 days, and a shortage cost of

0..8 per ton per 6 days. The replenishment cost of *36 is not changed.

Note now that the simulation results are identical with the

long term averages. Also note that all costs are one-fifth of the

costs in .;:xample 3.51, since the period is now 6 days instead of

30 days.

I 4Pr- Ir. -0 Ir. 4. API..... or 1. .r ".

pEMANU CAkkY SHOkI, kEk3L EN
I? 5, I , 9, 36 LIEgallta



IN1.1.01 SI id F.. SIM. INI1 kLIN. PhD! 1 S. AVER. COSTS. STEP, DATA

20, 1, 14, 100. 10, 1. 1. 0.1. 1

I.F.ORDEN POINT = -2 LOT SIZE 20

SIMUL ATION

15

Ittaigple 3.51 (Cont

PEk. bEGIN DEMAND END CARRYING SHORTAGES REMENI SHMENTS

1 14 5 9 11. 5 0 0

e 9 5 4 6. 5 0 0

3 4 5 -1 1. 6 .1 0
4 - 1 5 -6 0 3. 5 1

5 1 4 5 9 11. 5 0 0
6 9 5 4 6. 5 0 0

7 4 5 -1 1. 6 .1 0
8 -1 5 - 6 0 3* 5 1

9 1 4 5 9 11. 5 0 0
10 9 5 4 6. 5 0 0

FOR A SIMLLATION OF 100 PERIODS:

AVERAGES
T COS

COSTS PER PERIOD

101AL COSTS PER PERIOD = 22.

T H E L 0 N

CARRYING SHORTAGES REPLENI SHMEN TS

4.9 .9 25
1 9 36
4.9 8 1 9

7 ERM AVERAGES

CARRYING SHORTAGES RE11..E1I SHMENTS

AVERAGES 8. 1 .1 25
UNIT COSTS 1 9 36
COSI S PER PERIOD 8 1 .9 9

TOTAL COSTS PER PERIOD = 18.

THE TO TAL COST TABL E

N.POIN1
19.9

LOT SIZES
20 20. 1

-2.1 18 0033 18. 0025 18. 0022
-2 18. 0003 18. 18. 0002
-1.9 18. 0023 18 0025 18. 0032

41411.4101141******
(41-

It. A
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bei414 . CAkitY, SHO ram_ EN
? la 2. l do 36

"11...111118111.10111117u.

POIN 1. L.O1 SI ZE, SIM, INI To RUN PRINTS* AVER, COSTS, STEP* DATA
? .-2. 20, 1, 4* 100, id I/ 1, 1 0.1, 1

ki.OKIJER KIINT = 2 LOT SIZE = 20

SIM UL ATION

Pl.e 3.52

PE.k. bb.61N UEM AN U END CARRYING SHORTAGES REM FN I SHM ENT S
1 4 1 3 3.5 0 0
2 3 1 2 2.5 0 0
3 2 1 1 1 5 0 0
4 1 1 0 .5 0 0
5 0 1 1 0 .s 0
6 -1 1 2 0 1 5 1

7 18 1 17 17.5 0 0
8 17 1 1 6 16.5 0 0

16

FOR A SIM LLATION OF 100 PERIODS:

CARRYING SHORTAGES REFL EN I SHM EN TS

AVERAGES 8.1 . 1 05
UNIT COSTS . 2 1.8 36
COSTS PER PERIOD 1 62 . 18 1.8

TO TAL CO ST S PEN PERIOD = 3.6

THE LONG TERM AVERAGES
CARRYING SHORTAGES REFL. EN I SHM EN TS

AVERAGES 8. 1 . 1 05
WI T CO STS . 2 1.8 36
COSTS PER PERIOD 1 62 .18 1.8

t

TOTAL COSTS ,PER PEkIOD = 3.6

H.POINT
- 2.1
-2

THE TO TAL CO ST TAEIL E

LOT SIZES
19.9 20 20.1

3.60065 3.0005 3.60045
3.60005 3.6 3.60005
3.60045 3.6005 3.60065

' 64,* , 4,
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The change of period length is also illustrated in

samples 3.53 and 3.54. The examples deal with an inventory

system in which the demand is 2400 parts per year, the carrying

cost 1040.56 per part per year, and the replenishing cost is

$42. No shortages are allowed.

One can show that the optimal reorder point is 0 and

that the optimal lot size is Goo partc. Note the meaningless

output in the simulation of kIxample 3.53 and how this is

corrected in .eXample 3.54.

. . ..... P 11010 *4 + 4116

DEMAND, CARRY, SHORT, kEPL EN
? 2400, 0. 56, 99999, 42 Example 3.53

PO IN 1, LO 1 SIZE, SIM, INI To RUN, PRINTS, AVM. COSTS, SI EP, DATA
? 0, 600, 1, 600, 10, 5, 1, 1, 10, 1

RED RDER roINT = 0 LOT SIRE = 600

PER.
1

2
1

3
1

4
1

5

BEGIN
600
1200

3000

4800

6600

DEMAND END
2400

2400

2400

2400

2400

SIM

1800
3600

5400

7200

9000

ULA1

CARRY I N G
75

ION

SHORTAGES
675
0

0

0

0

REPL MI SHM EN IS
1

2400

4200

6000

78 00

QA,



FOR A SIMLLAIION OF 10 PERI O DS:

CARRY I N G SHO ICI AGES

AVERAGES 7. 5 8 707. 5

WIT COSTS
. 56 99999

COSTS PEk PERIOD 4. 2 8 7074129

TOTAL COSTS ?Di PEMOD = 100741338

I'zcagrae 3.53 (Cont'd)

REPL EN I SHM EN TS

1

42
2 42

THE LONG TERM AVERAGES

CARRY I N G SHOk7AGES REPL ENI SHM EN TS

0 4
99999 42
0 168

AVERAGES 300 .

WI T COSTS 56
COSTS PEk PERIOD 168

TOTAL COSTS PER PEMOD = 336.

RPOINT
i 0
0
10

THE TO TAL COSI TABL E

LO7 SIZEli
59 0 600 610

88 04.99 8 663. 7 8 527. 13
336. 047 336. 336. 046
341. 647 341 6 341. 646

DEMAN 0, CARRY, SHO RI, REPL EN
? 200, 0. 046667,99999, 42

kalcample 3.54

POINT,LOT SIZE, SIM, INI T, RUN PRINTS, AVER, COSTS* STEP, DATA

? 0, 600, 1, 400, 12, 6, 1, 1, 10, 1

REORDER POINT = 0 LOT SIZE = 600

:.

1_

3.6



SIMUL A 1 ION i.axample 3.5)1 (Cont ,(1)

PEA. IJEGIN DEMAND END CARRYING SHORTAGES REPL EN I SHMENTS

1 400 2(00 200 300 0 0

2 200 200 0 100 0 1

3 600 200 400 500 0 0
4 400 200 200 300 0 0
5 200 200 0 100 0 1

6 600 200 400 500 0 0

FOR A SIMLLATION OF 12 PERIODS:

CARRYING SHORTAGES REPL EN I SHM EN 1 S

AVERAGES 300 0 . 333333
UNIT COSTS 046667 99999 42
COSTS PER PERIOD 14. 00(01 0 14.

TO1AL COSTS PEk PERIOD as 28. 0001

THE LONG TERM AVERAGES

CARRYING SHORTAGES REPL EN I SHM EN TS

AVERAGES 300 0 . 333333
UNI T COSTS . 046667 99999 42
COSTS PEk PERIOD 14. 0001 0 14.

TO TAL COSTS PER PERIOD = 28. 0001

THE TO TAL COST TABLE

LOT SI Z ES
590 600 610

R. POINT
-10 8502. 03 8360. 79 8224. 18

0 28. 0041 28. 0001 28. 0039
10 28. 4707 28. 4668 28. 4706

**********************
DEMAND, CARRY, SHORT, REPL EN

STOP

RAN 30 SEC.

c

19
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4. Constructioa and Solution of the lodel

A thorou11 understanding of how the system behaves is

n,:cessury be`2()re tle.1 student can zonstruct a model of tne system.

Thi:: understanding is achieved by the us": ol* tie simulation option

oV tile program.

Once the system is completely understood, one should attempt

to predict the lonL; term averaces for any primary input and any

reorder points and lct sizes. This is the essence of constructing

a mathematical model of the system. The student can check his

model by comparing numerical restlts of his model with those given

by the program.

After the model has been constructed, thu student. must find

an analytical method for the determination o1 the optimal reorder

point and lot size. Although he may 1We tne costs option of the

proc_:ram to test his optimizin::: technique, the student must

mathc:matically justify his results - specific precaution should be

talzen to eliminate the possibility of assuming that a local minimum

is the global minimum.

4.1 Understanding the System

A good way to understand a system is to see it work. The

student should therefore select SOMe values for U,S, and Q and

;;raphically descy:ue the pro!:ress of the nys Lem :L Lifla o

;low much inventory is carried (or In :liort:v;eY: whun

there a replenishment? etc. ns selection of vuduel: should rell,,ct

20

1
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the following situations:

(a) No shortages are allowed (S k 0).

(b) No inventory is carried (S + Q s 0).

(c) Inventory is carried and shortages are allowed (S < 0 and 8 + Q> 0).

Next, he should calculate the three averages: inventory carried,

shortages, and replenishments. These should be checked against the

results that the computer gives in the simulation averages.

4.2 Construction of the MOdel

The general model of the system may be represented by the

equation

C(e,q) = el Ii(slq,r) + c2 I2(s,q,r) + c3 I3(sobr) (1)

s = rPorder point

q = lot size

C = total cost per unit time

c = carrying cost per unit per unit time
1

c2
= shortage cost per unit per unit time

c
3
= re/genii:thing cost

Il= average amount carried

12= average shortage

3
= average number of replenishments per unit time.

r = demand per unit time

To find II,I2,I3, for any sag, and r6cmo may wish to consider the

following cases:

41-
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(u) L;norta;:.. LIrk All(me4
77--

%Ails ease it; equivrilent t() that liCintLely lanw.

It snould ue obvious that s 0, imlee the model I:::

C(L,q) c
1 1

(s,q,r) + c, (")

The student should now show that 11 is a linear function or s and q,

and that 1
3

is not a function of 3.

(b) No Inventory is Carried

This case is equivalent to stating that cl is ininitely lare.

The model is now:

C(slq) = c212(s,q,r) + c3I3 (s,o,r)

L, should be shown to be a linear function of s and q, and 1
3

to ue as

in Case (a).

(c) Prescribed Lot Size

In this case the lot size is fixed, say, at qp,- rt, when t is tne

lenrIth of the period. Then 1
3

Is fixed too. AssUMe then that - 0.c3

The model becomes

i) 1
,qp) + c2 12(s,$)

145



UaL: L, IthoUld .0%: determined for three distinct situations:

(1) s 0, (2) 0 a 0, and (3) s 0 and s + 0. The
1P

results for the first two situations correspond to Cases(a) and

(b) respectively. In situation (3) one has to show that and

10 are quadratic functions of s.

Tiiu General Case

After constructinG the models of Cases (a), (b), and (c),

the General model of fiquation (1) can be immediately constructed.

The model should be stated in the form:

j Ca

C(s,q) ) Cc

Cu

s := 0

rs+q:*-0

+ q 0

(5)

;iicrt C
a
and C

b
are as in .quatiorr(2) and (3) respectively and

Cc in part as in ,Auation (4).

i;s the models are bein constructed the student, can check

them with the lon,?, term averaGes option of the proram. The

examples in the first four illustrations of the previous sectlJpn

correspond respectively to Cases (a) to (d).

4.3 Solution of the Model

After the model of a system has been constructed one Generally

wishes to find the optimal values of the contr&Aable variables.

The process of findirk; these values is referred to as the solution
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model. Thus we are interested in findinc; the optimal

valur.:s of the reorder point and the lot size. We will refer

to values a2 s
o
and g

o

IL is af;ain advisable to consider the four casf:s described

in the previous section.

In Case (a) -Lae student snould show that so 0 and that

q
o

is a function of r,
1,

-and ci3

In Case (c), the student sh)uld show that s
o

is a function

o , c
1

, and c
2.-p

Fiaally, in Case (d), he shculd show that s
o

is not positive

and a function of r, c , and and that q is another function
1' 2

c3,
o

of r, c , , and
1

c
2

e3 .

The optimal functions which the student derives may be

checked usinf_L the table of total costs of the proj;ram. Sec the

details in ,xamplcs 3.13, 3.22, 3.32, 3.42, 3.51, 3.52, 3.53, and 3.51.

.17



5. nsions and Z'roblems for Solution

5.1 z:tcw.;ions

changinz some of the properties of the inventory system

c).' Program ISL-2,a variety of new systems can be obtained. For

exam;fle, if demand is allowed to 'vary and follows some given

probability distribution, we would have the probabilistic reorder

point - lot size system. This has been done in Program ISL-3

which is described in another manual. Less extensive extensions arc

stated in the form of exercises.

A. Program ISL-2 assumes that shorte4es are made up - this is the

classical back-order case. What changes should be made in the

program for the lost-sales case, in which shortages are not made up.

B. ,Xtend Program IGL-2 for systems in which leadtime is L periods.

The leadtime should be specified with the primary output.

C. Chaa.;e Proram ISL-2 so that the controllable variables are the

sr:heduling period t and an order 1:.:vel S (instead or the reorder point

s and the lot q). In the new system replenishments occur every

t periods. The replenishment raises inventory to a level O.

D. In Program ISL-2 the lot size q is added to inventory instantaneously.

Extend the program to allow the addition to stock to be at a rate p.

ixtend Program ISL-2 to an inventory system with 2 items. For the

first item the rate of demand 15 r
1

the carrying cost is e
11

per unit

per unit time, and the shortage cost is
c21

per unit per unit time.



The corrervondinc parametrIrs for the second item are r2, c12, and

c22. The replenishment cost is c3. This cost is incurred whenever

one or both items are replenished.

5.2 Problems for Solution

A. In 1!:xample 3.51 there is a marked difference between the

simulation results and the long term averages.

(1) Axplain the reason for the difference.

(2) What would be the simulation results for initial

inventories of 15? 16? 17? 18? 19?

B. Explain the simulation results in Example 3.53.

C. Find the optimal solution of a deterministic reorder point

lot size system in which the demand is 6 lb. per month, the

carrying cost is $0.75 per pound per month, the shortage

cost is $1.50 per pound per month, and the replenishing

cost is $54.00.

D. Solve Problem C above if the respective quantities are

25 lb., $9 per pound per month, $16 per pound per month, and

$288.

11:. Solve Problem D when the reorder point and the lot size muut

be integer multiples of 20 lb.

.1' 3
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Fro3ram ISL-2 27

11,L) ALM Lit E. JALJUIM itNI) K1CHAkD SALrlhh, ME JOAN to HOPKINS VLIIS11Y
11 Li

1nIN '1" 1HE DE1ERMINIS11 C tiEOKDEk POINT-LOT SIZE SYSTEM"
weN1NJ1

itOrNi
164
161, iti.M YKIMAkif IN1-1J1
1 7 isj ri,<INT"LAIMAN1.4 LAKNY SP4OhTa ki.11 EN"
180 1NtLJ1 Us G1 C2, C3
220 SUb 7(ôk)k)

LIOI0 1050
99%0

WOO KEM SECONUAkY
1o10 GG:.:LIE 7000
1040
1050 e N 1-10 1N1 LO 1 SIZE, SIM, INI To kUN, PkINT So AifEli, COSTS. L'1 Et'. 1.411A"
1060 iNr't.'11 So Ladl 1, U1oN,N1,42.43,J1,
14)70e-KIN1
1060YKIN
10910ekIN1"hE0111.4..K POINT = "S, "L01 S14E =
11:301-idN
I 1/40rkIN1
1150 IF 41=1 MEN 2000
1160 IF A2=1 1HEN 3000
1170 IF X3=1 1HEN 4000
1171 e'KIN1" ************************
1175 IF U=.1 MEN 165
1180 G010 1000
1999
2000ithIN1" SIMULATI 0 N"
2002 L E.1 A1= 0
21004 LE1 A2=0
2006 LE1A3=0
2010 IF N1=0 THEN 2050
2020ii<INI

2040eNIN1"rEtt. ESEGIN DEMAND END CAhktING SHOkilAGP; NEH-EN IS
2050 FOk 1 = 1 10 N
2051 IF Li1<=0 MEN 2059
2052 IV (61-U)<0 'NEN 2056
2053 LET 11=61- U/2
21. 54 LE1 12=0
2055 G010 2061
2056 LE1 I 1=Li1t 2/ ( 2*U)
2057 LET 12=(641-WI2/(24W)
?-ioS8 (3010 2061
2059 L E1 I 1=0
2660 LE1 I2=-61+11/2
2061 LE1 Li2=1:1-L
2062 IF w2>5 THEN 2066



iL- 'e CON1INUEli

2063 LEI
2064 LE1
206 5 60
2066 LE1
2067 LET
2069 IF

13=1
Y=612+

10 2069
1 3=0
Y=G2

12011 IHEN 2080
2070ekiNI IS (41.1 U: U2, I 1,1 2, I 3
208 LT1 1=Y
208 2 LEI A1=A1+I 1
2084 L El A2= A2+ I 2
208 6 LEI A3=A3+I 3
209 0 NMI I
2100 LEI I 1=A1/N
2110 L EI 2= A2/N
2120 LEI I 3=H3/N
2121 ritI1'1
2122 ekIN1
2123 ekINT
212 5 PRINT FOR A SIM LLATI ON OF "NI; " PERIODS:"
2130 GOSUB 6000
2320 GOSUB 7000
2330 G010 1160
2999
300014kIN1"
3002 1-*IN1
3003 GO SUB 5000
3005 GO SUB 6000
3100 G010 1170
3999
4000 REM GOS1 1ABLE
4002 LET S9= S
4004 LET 19=
4006 LET S( 1)= 59-J1
4010 LET S(2)= S9
4020 LET S( 3)=59+J1
4030 L ET( 1)=149-J1
4040 LEI (i( 2)=b9
4050 LEI GI( 3)= 09+J1
4060 GOSUB 700.0
4070 PRINT"
40130Pid N
409 (ORIN T
'ii 010eitI N '1" LO 1 SI Z ES"
4'150FRINI " Li( 1)1 E( 2) (4( 3)
4160PkIN "ic. t40 IN 'I"
4170 FOk 1=1 10 3
413 0 LET S=SC I )
419 0 PRI N I 5,
4200 FOR J=1 10 3
410 1- El 6=U( J)

T H E

THE LONG 1 EkNI AVEkAGES"

7 0 1 AL COST 1 ABL E"

.rJ



U.- 2 CON1 I N Uk.:1)

4220 GO Sub 5000
4230 ?RINI C1*I 1+C2*I2+G3*1 3,
4240 NEXT J
.4250 PkI N 1
4260 N EX I I
4261 FNIN 1
4270 GO 10 1171
4999
500k) itEM 1 1. I2a 1 3
5005 LEI 3=U/L)
5010 S< 0 Ih4EN 5050
5020 LEI I 1=S+61/2
5030 L EI 12= 0
5040 kEIUkN
5050 IF S<U MEN 509 0
5060 LEI I 1=(U+S)12/( 2*(g)
b0M L Ei I 2= St 2/ ( 2*(a)
508 ?) k El UhiN
5090 L El 1 1= 0
5100 L EI 2= S+ Li/ 2
5110 11E1 UhN
5999
6000 kEM AVEkAGES AND CO ST S
6005 GO SUB 7000
6010PkIN1" CAkkt IN G SHO k1AGES kEPL EN IS
6020 PKINT
60401-itINI"AVEKAGES", " "a I 1, 2aI 3
6050ehIN 1" UN I 1 COSTS", " "a C 1. C2. C3
6060PhIN1"C0 SI S PEk NEkI OD". C1*I 1. C2*I 2. C3*1 3
6070Pki NI
6080PkIN1"10TAL COSiS 1,Eit PERIOD = "C1*I 1+C2*12+ C3411 3
6170 kEl UNN
6999
7000kEM 3 SPACE SUB
7010 PRINT
7020 PkI N
7030 PkI N
7040 kET UkN
7999
9999 ENU
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1. Introduction

This laboratory deals with System 3 which is an extension of

System 2. Whereas in System 2 demands are known and constant, in

System 3 demands are probabilistic. Otherwise the two systems are

identical. As in ISL-2, the program can be used as follows:

A. For any reorder point and lot size the student can

find out how the system behaves over a reasonable

number of periods, and what the corresponding averages

are. This is a way to*determine whether he understands

the system.

B. The student can next attempt to build a model for the

expected behavior of the system in the long run. The

The construction of the model will probably prove to be

a challenge. The student can use the computer program to

test his model by comparing numerical results that he

derives on paper with the numerical results derived on the

computer.

C. Once the model of the system has been determined, the

student addresses himself to the problem of optimization:

How to find the optimal values of the reorder point and the

lot size. This is strictly a mathematical problem for which

it is rather difficult to get a closed form solution. The

student must attempt to find an algorithm leading to the

desired values. Any numerical results that he obtains can be

dhecked with the third type of output available from the

the computer program.

2
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2. The Probabilistic Reorder Point - Lot Size System

2.1 Demands

The demand X during a reviewing period is a random variable

which can take discrete values; 0, U, 2U, etc., up to the maximum

demand of X2. The probability of demand, P(X), must be given. The

student supplies the value of U, X2, P(0), P(U),...,P(X2).

2.2 Unit Costs

The cost of carrying inventory is Cl per unit per reviewing period.

The cost of shortage is C2 per unit per reviewing period. The cost of

relaenishing is C3 per replenishment. The student supplies the values

of Cl, C2, and C3.

2.3 Output

The program allows for three types of outputs:

A. Simulation. For a run of size 1.1 the inventory system is

simulated by giving 14 demands from the probability

distribution supplied by the student. The simulation provides

detailed printouts for the first T periods. For each of

these periods the average amount carried, the average shortage,

and an indication of whether there was a replenishment are

supplied. At the end of the simulation the overall averages

and the corresponding costs are printed. The student has to

supply the values of the initial invertory IO, the run size /4,

and the number of desired printouts T.
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B. Long Term Averages. If this option is indicated the

computer prints the expected values of the average

inventory, average shortage, average number of replenish-

ments per unit time, and the corresponding expected costs.

C. A Table of Expected Total Costs. For this option expected

costs in the neighborhood of the specified reorder point

and lot size are printed.

2.4 Decisions

The student can control the reorder point S1 and the lot size Q.

These variables, as well as the variables controlling the'output, are

supplied by the student as input during the running of the program.

When the third output option is elected the expected total costs are

given for the values of Sl-U, Sl, and and Q-U, Q, and

2.5 Objectives

The student supplies the unit costs and the probability distribution

of demand in data statements. Thereafter, he has three major objectives:

A. To check whether he understands how the system behaves using

the simulation option of the program.

B. To construct the model of the system and to use the model

to determine numerical values of the expected average

inventory which will be carried, the expected shortages, the

expected number of replenishments, and the expected total

cost of the system. The long term averageG option of the

program allows him to check whether his model indeed

describes the system.

414
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C. To develop an algorithm for finding the optimal values

of the reorder point and the lot size. The table of

expected total costs can be used to check the algorithm.

3. Presentation of Data and Inputs

3.1 Unit Costs: Cl, C2, C3

Three unit costs have to be supplied by the student. The unit

carrying cost is in dollars per unit per reviewing period. The unit

shortage cost is also in dollars per unit per reviewing period. The

unit replenishing cost is in dollars. The general data statement is:

9010 DITA < Cl, C2, C3 >

For example, if the unit carrying cost is $5 per ton per week, the

unit shortage cost is $50 per ton per week, and the unit replenishing

cost is $40, the data statement reads:

9010 TWA 5, 50, 4o

3.2 Probability Distribution of Demand: P(0), P(U),...,P(x2)

Demand can take the values of 0,U,2U,...,X2-U,X2. The corresponding

probabilities are P(0),...,P(X2). The general data statement is in form:

9020 LATA < U, X2 ) PM, *3P (X2 ) >

For example, for demands of o,2,4,6, and 8, with corresponding probabilities

of .052.24,.38,.21, and .12, the data statement is:

9020 DNEk 2,82.053.243.383.213.12

Obviously, the sum of the probabilities must be equal to 1. The cumulative

probability distribution is computed by the program and is printed

immediately. If the cumulative probability distribution of X2 is not equal

to 1, the student should stop the execution of the program and check his

data statements.

5



3.3 Inputs

The program requires 8 inputs during its running: the reorder point

Sl, the lot size cla an index Y related to simulation, the initial

inventory 10, the simulation run size M, the number of periods to be

printed T2 an index S related to long term averages, and an index R

related to the table of expected costs.

Each of the indices Y,S, or R should be either 0 or 1.

When Y=0, the simulation option is not used. In that case, the

values of 10, 114 and I are irrelevant; however, they must be supplied.

If Y=1, then the simulation starts with an initial inventory of

TO units, it is carried out over M periods,and the details of the

first T periods are printed. If T=0, only the averages for the

simulation are printed.

If 5=1, then the long term averages are printed. (These can be

compared with the simulation averages.) If S=0, then the long term

averages are not printed.

If R=1, then a table of expected costs is printed in the neighbor-

hood of the reorder point S1 and the lot size Q. Otherwise such a table

is not printed.

The request of inputs is in the form:

POINT, LOT STU, SIM, IN1T, RUN, PRINTS, AVER, COSTS

? < 61 2 Y 10 3 14 3 T , S R >

For example, the following inputs may be supplied:

POINT, LOT SIZE, SIM, IN1T, RUN, PRINTS, AMER, COSTS

? 0 , 10 2 1 , 10 , 100, 5 , 1 , 1

j.

6



In this example the student is interested in a reorder point of 0, and

a lot size of 10. He wants a simulation with an initial investing of

10 to be run over 100 periods. He asks that the details for the first

5 periods be printed. He also wants the long term averages and a table

of expected costs.

4. Illustrations

Two illustrations are given in this section. The first illustrates

the full capabiliiies of Program ISL-3. The second deals with a

deterministic reorder point - lot size system and alloys a comparison with

Program ISL-2.

4.1 Illustration 1

The reviewing period in a reorder point - lot size system is one week.

The carrying cost is *5 per pound per week, the shortage cost is $50 per

pound per meek, and the ordering cost is $40 per order.

Denand may be assumed to occur in units of 2 pounds, with a maximum of 8

pounds in any week. The demand probabilities maybe assumed to be P(0) . .05,

P(2) = .24, P(4) = .38, P(6) = .21 and P(8) = 1._2.

For some reorder points and lot sizes one wishes to study the behavior

of the system and to Check long term averages. One also wants to check whether

some specified re,.,rder point and lot size give a minimum total expected cost.

The data, the computer outputs, the inputs, and the results are given

on Pages 8 to 10.

C 3
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9010 DATA 5, 5j, 4j
9J2d DATA 2, 30 05, 24, . 33* 21* . 12

ISL-3* 21:36 W2 WED 10/25/67

THE PROBABIL I STI C REORDER PO T- LOT SI ZE SYSTEM

CARR(I\IG COST = 5 PER UII T PER PERIOD
SiORTAGE COST = 50 PER UNIT PER PERIOD
REPL EV I SP1I N1G COST = 41.4 PER REPLEN3 I S4MEN T

DEM Al D PRO BABI L I TY CUM UL ATI VE
0 05 05
2 24 29
4 33 67
6 21 83

12 1.

******0******************************kR4:*********************

PO IN Ts LO TSI ZE, SIM IV! TP RUVs PRI TSs AVER, COSTS
? 4.es 14, 1* 102 10* 100 00 0

REORDER POINT =-4 LOT SIEE = 14

PER BEGIN

SIMULATION'

DE1AND E1D

1 10 6 4
2 4 2 2 .

3 2 2 0
4 0 4 4
5 10 2 8
6 El 4 4
7 4 2 2
8 2 8 6
9 8 4 4
10 4 2 2

Dcample 4.11

CARRYING Sq1RTAGE5 REPLE1ISIMEATS

7 o 0
3 o 'ei
1 0 0
o 2 1

9 0 0
6 es o
3 0 0
.25 2.25 1

6 o o
3 0 0

FOR A SIMULATION) OF 10 PERIODS:

DEMA4D

AVERAGES
%NI T COSTS
COSTS PER PERIOD

CARRYI \1G SHORTAGES REPL EMI SHM EV TS

3. 6 3.825 . 425 .2
5 50 40
19. 125 21 25 S.

TOTAL COST PER PERIOD = 43. 375

***************************************Vit******** 4c1c*******



POI TPLOTSI?-1E, SIM, !VI To UV/PRINTS, AVER, COSTS
? 4, 14, 1, 10, 500, 10, 1, 1

REORDER PO 4 LOT SI EE = 14

SIMULATION)

Dcample 4.12

PER BEGIN DEMAND END CARRYING SHORTAGES REPLENI

1 10 2 8 9 o o

2 8 6 2 5 el fa

3 2 4 -.2 5 . .5 o

4 ...2 6 ...8 o* 5 1

5 6 4 2 4 o o

6 2 8 6 25 2.25 1

7 8 8 o 4 o o

8 0 6 6 o 3 i

9 s 4 4 6 o o

10 4 4 o 2 o o

FOR A SIAULATION OF 500 PERIODS:

DEY1 AND

AVERAGES
UVIT COSTS
COSTS PER PERIOD

4.172

CARRYING RTAGES REPLENII SHM El TS

2.88067 1. 00267 . 293
5 50 40
14. 4033 50.1333 11.92

TOTAL COST PER PP.RIOD = 76. 4567

LOVG TERM AVERAGES

DEM AN D CARRYING SHO RTAGES REPL EN I SHM EV TS

AVERAGES 4. 22 2. 91571 1. 02571 . 301429
U:\JIT COSTS 5 50 40
COSTS PER PERIOD 14. 5736 51. 2357 12. 0571

TOTAL COST PER PERIOD = 77.9214

THE EXPECTED TOTAL CO ST TABLE

LOT SIEE = 12 14 16
R.POIVT6 130. 342 115.929 106. 369

4 84. 3333 77.9214 74. 3625
2 56. 6533 55. 6236 56. 1062

Cr -



POI4T,LOTSIiEsSI4,/lIT,U1,PRIVTS,AVER,COSTS
? 2, 0, 0, 0, 0, U, 1

REORDER POINT = 2 LOT SIZE = 8 :111:amp1e 4.13

THE EXPECTED TOTAL COST TABLE

LOT SHE = 6 3 10

R.PONT
0 53. 5333 45. 75 46.89
2 50. 0167 48.575 48. 75
4 56.5333 55.9625 56. 66

4: ***lc* 4:***** ****************-.4********** 4:144:1: *********** *lc**

POD' T, LOTSI SIMs Tp.RUNI,PRINITS, AVER, COSTS
? Op 10, 1, 4, 1000, 0, 1, 1

REORDER POINT = 0 LOT SIZE = 10

Example . 3.11.

SIMULATION)

FOR. A SIMULATIO1 OF 1000 PERIODS:

DEMAND CARRYING SHO RTAGES REPL EV I SHM EN TS

AVERAGES
UN I T COSTS
COSTS PER PERIOD

4.336 3.9 7667
5
19.8333

. 214667
50
10.7333

. 434
40
17. 36

TOTAL COST PER PERIOD = 47.9 767

LONG TERM AVERAGES

DEMAND CARRY! VG SHORTAGES REPLEV/ SivIEN TS

AVERAGES 4. 22 4. 032 . 192 . 422
T COSTS 5 50 40

COSTS PER PERIOD 20. 41 9. 6 1 6.58

TOTAL COST PER PERIOD = 46.89

THE EXPECTED TO TAL CO ST TABLE .

LOT SIZE = 10 12

R.POINT2 67. 7625 60.1 56. 6533
0 48. 75 46.89 47. 3167
2 48. 575 43. 75 50. 5333

drdaV,......01WPONCAM.41.4,11,44,74,004.
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Exapples 4.11, 4.12, 4.13, and 4.14 illustrate the following

points:

a. The simulated demands follow the given distribution. Different

simulations use different sequences of demands (see Examples 4.11

and 4.12). The mean demand is 4.22 (see Example 4.12 under

Long Term Averages). However, the simulated mean demand varies

even for large simulations (in Example 4.12, for a simulation of 500,

it is 4.172, while in Example 4.14, for a simulation of 1000, it is

4.336).

b. The method of Obtaining simulation averages and costs is illustrated

in Exapple 4.11, where only 10 periods are simulated. This example

also clearly illustrates the behavior of the system from period to

period, the resulting average amounts that are carried and/or are

short, and whether replenishments are ordered (and delivered).

c. The nethod for computing long term averages is not illustrated, of

course. This is one of the principal tasks the student has to work on.

d. Examples 4.12 and 4.14 can be used to compare simulation averages and

long term averages.

e. Example 4.13 provides an illustration of a reorder point S1 and a

lot size Q which are, in a certain sense, locally optimal, since

C(s1,Q) s C(S1 U,01) and C(Sl,Q) C(s1,Q ± U)

AA can be seen from EXample 4.14, the optimal solution appears to be

81=0 and Q = 10, with a minimum cost of $46.89 per week.

(17
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4.2 Illustration 2

Program ISL-3 can handle both probabilistic and deterministic

reorder point - lot size systems. However, as compared with program

ISL-2, it is not flexible for deterministic systems in the display of

The Expected Total Cost Table. In Program ISL-2 the step for various

reorder pcdnts and lot sizes osn be specified with the input. In

Program ISL-3 the step equals the basic demand unit U.

Examples 4.21 and 4.22 illustrate a system with deterministic

demand of, say, 5 tons per month. The expected costs in Example 4.21

Should then be interpreted to be in dollars per month. If one desired

a smaller basic quantity unit, say, I ton, then the basic time unit

would have to be 30/5 = 6 days. For this time unit the data and

results are as in EXample 4.22. The costs are now in dollars per

6 days. Thus the cost for a reorder point of -2 and a lot size of

20 is $3.6 x 5 = $18 per month.

.5. Construction and Solution of the Model

The properties of the inventory system to be studied can be

summarized as follows: Demand x during some reviewing periodwis

uniform and follows a discrete prObability distribution P(0), P(u),

where u is some basic unit and x is the maximum

demand duringw. The carrying cost is cl per unit per unit time, the

shortage cost is c2 per unit per unit time, and the replenishing cost

is c3.



9010 DATA 1936,,
9020 DATA 5,5+0,1
RUN

ISL-3* 21:55 W2 WEO 10/25/67

THE PR0BA8ILISTIC RE1RDER POtNT, LOT SIZE SYSTEM

CARRYING COST = 1 PER UNIT PER PERIOD
SHORTAGE COST = 9 PER UNIT PER PERIOD
REF:LENISHING COST = 36 PER REPLENISHMENT

DEMAND
0
5

PROBABILITY
0
1

CUMULATIVE
0
1

aarmle

*************************************************************

POINT,LOTSIZE,SIMANIT,RUN,PRINTS,AVER,COSTS
? Op 200 Op 00 Op Op Ox 1

REOliDEk POINT = 0 Uji SIZE.= 20

THE EXPECTED TOTAL COST TABLE

LOT SIZE =. 15 20 25
R.POINT
-5 22.6333 20.25 19.7
0 1.9.5 19 19.7
5 24.5 24 24.7

POINT,LOTSIZE,SIM,INIT,RUN,PRINTS0AVER,COSTS .

?.STOP

RAN 6 SEC.

6
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9010 0A1A .2s 1.8s 36
9.J20 OAIA 1,1,(1,1
RUA

ISL-3* 99:01 0.9 ::E0 13/25/67

THE PO3AHILISTIC SEOrRDE:: Liu's

CAAYIAG COzIJ = .2 PEr.: UNIT Ht.-% t''130

G3S1' = i . t.i i HoEi

,Ic:PLE:.:1sHING COSI = 36 REPLNFIH.4E,\T

Oi.MANO

. U
1

t08AE:111i1Y

1

CUAJLAiIVF.
0
1

acaraple 4.22

********4:*******s.,*********;1**4:****4:

? 2. , c; .. ,.(18

R.POINT.

2

L'i S1it. = 2J

I.XPEGTEU TOTACCOST.T?:04.E

19 PO PI

3.66842 3.65 3.64286
3.69526 3.6 3.6:)476
3.64737. 3.65 3.6619

*******************************4***************************

POINTPLOIS13E3SIMs1NIfsEWNsPINISsAVEksCOSIS
? STOP

,NAN

*V*

7

`446x4,-`,,-Aittvt.i'.2.`4t pgza...kwk-,,,

14



An(s2q) policy is used. That is, inventories are reviewed

every period IT. When the amount on hand is $ or below, a replenish-

ment of q units is added to inventory immediately. If the total

amount is still at s or below, another q units are added. As

many replenishments of q are added until the amount on hand is

larger than s. However, only one replenishment cost of c
3

is incurred,

no matterhow many q's are needed to raise inventory above s.

The model of the system can be represented by:

C(s,q) = c1I1(s,q) c2I2(s,q) c3I3(s,q)

where C is the expected total cost of the system per unit of time,

11 and 12 axe respectively the average amount carried and the average

shortage, and 13 is the number of replenishments per unit time.

The solution of the model is a pair of optimal values s q
o o

Which minimize C. Namely

C(s0,q0) s C(s,q)

5.1 Construction of the Model

TO find C(s,q) one only needs to find Il(s,q), I2(5 ,q), and I3(5 ,q).

lt is suggested that the student first find
3
(s2q). He should then find

1,1(s,q) when I2(s,q) = 0. Next he should find Il(s,q) - I2(s,q). Finally,

he should find 12(s,q).

7/
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As the student proceeds in finding the appropriate part of the

model, he should use the Long Term Averages option of Program ISL-3

to dheck his results. To do so he'll have to assume numerical values

for w, u4 P(x) (M=10,9Xima )9 C
12 ?

and c
3°

He'll then have

to prepare the corresponding parameters for the data in Lines 9010 and

9020. He should next.compute I2, and I3, for several sets of

suitable values of s and q. He willthen be ready to use ISL-3 to

dheck whether his answers agree mith those provided by the program.

The student may also wish to use the Simulation option of the

program to help in understanding.the behavior of the system. For

example, he may mish to examine the probability distribution of the

amounts on hand at the beginning of each reviewing period.

This manual contains the detailed listing of Program ISL-3.

Naturally, the model of the system can be ineerred from this listing.

It is hoped that the student will refrain from doing so. He should

attempt to build the model only through his understanding of the

inventory system. Program ISL-3 should only be used to check numerical

results, in the same manner that a physicist dhecks a model of a

physical system when he performs an experiment.



5.2 The Solution of the Model

The problem of finding the values of s and q which minimize the

expected total cost of the system C(s,q) is an optimization problem.

The student is required to develop an a3gorithmvhich will yield the

optimal values so and go. This algcrithm is not part of Program ISL-3.

The only thing the program can do is display the costs in the neighbor-

hood of some specified s and qsas in Examples 4.1.2, 4.13, and 4.14.

It should be pointed out that the function C(s,q) should not be

assumed to be convex. Special precaution must be taken to eliminate

the possibility of assuming that a local minimum is the global minimum

(e.g., compare the expected total cost tables of EXamples 4.13 and 4.14).

Insights into the optimization problem may be gained by studying,

in order, Models A to E:

Model A. The units of shortage cost and replenishing cost are

relatively very large compared to the unit carrying cost.

Model B. The unit of rhortage cost is relatively large compared

to the units of carrying cost and replenishing cost.

Model C. The lot size is fixed. An algorithm is required to

find only the optimal reorder point so.

Model D. An algorithm is required for finding a local minimum

of C(s,q).

Model E. An algorithm is required for finding the global minimum

of C(s,q).

73
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6. EXtensions and Problems for Solution

6.1 EXtensions

Program ISL-3 may be extended by relaxing or changing some of the

properties of the inventory system:

A. Instead of zero leadtime one may have a leadtime of L periods. L may

be a constant or a variable with a probability distribution G(L).

B. The backorder assumption is replaced by the lost sales assumption.

That is, shortages are not made up and instead of c2 being in dollars

per unit quantity per unit time, it is in dollars per unit quantity.

C. The reviewing period w is a variable subject to control.

D. A replenishing cost of c
3

is incurred for each lot size (inStead of

one cost for each replenishment - see Page 15).

6.2 Problems for Solution

A. In an inventory system with an (s,q) policy, no shortages are allowed.

The amounts in inventory are reviewed every 2 weeks. The probability

distribution of demand during a 2-week period is Given by P(0) = 0.25,

P(5) = 0.20, N10) = 0.10, P(15) = 0.20, and P(20) = 0.25. The

carrying cost is $320 per unit per week. The replenishing cost is

$180.00.

Assuming that the lot size must be a multiDle of 5 units,

find the optimal lot size and the corresponding expected minimum

total cost of the system.

-

7st
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B. In a probabilistic lot size system with no shortages, the

probability density of demand during a reviewing period w is

f(x) = 6x(l-x), 0 s x s 1.

Find the optimal lot size as a function of A = c
3
/c 1w.

C. In a reorder-point system the prescribed lot size is 6 units.

.The reviewing period is 1 week. The prObability distribution

.of demand during the reviewing period is P(0) = 0.05, P(2) = 0.24,

P(4) = 0.38, P(6) = 0.21, and P(8) = 0.12. The unit carrying

cost is c
1

= $5 per week. Find the optimal reorder

point for three possible unit costs of shortage c2 = $5, c2 = $50,

and 02 = $100 per meek-.

D. The probability density of demand during the reviewing period

is f(x) = 6x(1 - x) 0 s x s 1. An (s,q) policy is employed.

The numerical values of the units of carrying cost and shortage

cost are equal. What are the optimal reorder points for lot sizes

of 0.1 and 2.0?

E. Is the solution found in Example 4.14 the optimal solution?

F. Solve an extension of Problem D when the reviewing period is

2 weeks, the carrying cost is $5 per unit per week, the shortage

cost is $5 per unit per week, and the replenishing cost is $20.

G. Solve Problem B when f(x) = 12(x - 1/2)2, 0 s x s 1.



H. Find the solution of the probabilistic reorder point - lot size

system when v = 1, P(0) = 0.08, P(10) = 0.10, F(20) = 0.20,

P(3O) = 0.30, P(40) = 0.16, P(50) = 0.10, and P(60) = 0.06,

or 1, c2 = 10, and c3 = 25. Show that the minimum expected cost

of the system is 49.35.

I. Solve an extension of Problem A when the unit cost of shortage

Is $50 per ww,k.

20



7 .Prozrara ISL-3

ISL-3*

3000REM ay E.VADDOR AND I.PRESSMAN
3010 DI4 P(50),FC50),0(50),G(50),W(50),4(50),V(50)
3020AATP=?.ERC50)
30304ATO=iER(50)
3040 PRINT" TriE PROBAHILISTIC REORDER POINT LOT SIiE SYSTEM"
3050 PRINT
306(JREADC1,C2sC3
3070PRIVT"CARRYING COST ="C1)"PER NIT PER PERIOD"
3030PRINT"SiORTAGE COST ="C2)"PER UNIT PER PERIOD"
3090PRIVT"REPLEVISiI4G COST ="C33 ".PER REPLEVISHAENT"
3100LETW1=1
3110 PRINT
3120 READ U,K2
3130 LET J2=INT(42/U+.01)
3135LETX5=0
3140 FOR J =0 TO J2
3150 READ PCJ)
3155LETX5=X5+J*U*P(j)
3160 NEXT J
3170 LET J=J2
3180 LEr A=0
3190 LET B=P(J)/J
3200 LET 0(J)=A+3/2
3210 LET A=A+3
3220 LET J=J-1
3230 IF J=0 T4EV 3250
3240 (3OTO 3190
3250 LET 0C0)=PC0)+A/2
3260PRIVT"DEMAND","PR0BA8ILITY","CUMULATIVE"
3270 LET VC0)=PC0)
3280 LET G(0)=0(0)
3290 LET WC0)=G(0)
3300 LET F(0)=P(0)
3310 LET NCO)=WCO)
3320FORJ=01049
3330 LET FCJ+1)=F(J)+P(J+))
3340 LET V(J+1)=VCJ)+F(J+1)
3350 LET G(J+1)=GCJ)+0(J+1)
3360 LET W(J-1.1)= W(J)+G(J+1)
3365IFJ>J2THEN3330
3370PRI4TJ*L6P(J),F(J)
3380 LETN(J+1)=N(J)+WCJ+1)
3390 NEXT J
4000 PRINT
4010 PRIAT"***********f:**************4c****4c*;c***********************V
4020 PRINIT
4030PRINIT"P1V4T,LIrsiiEDSIM,INII1,RU1,PHIlTS,AVE;i,COSTS"
4040IVPUT SlsOpYpIO,M,T,Spii
4045PRIAT
4046PR11T 77



v. 7...T,

I SL CON TI \WED

4047PRI T"REORDER POINT ="Sl; "LOT SI "PIE ="0
4043PRI
4049PRINT
4050IF Y= 1 TrIE15000
4060 IFS= 1TAE.N6000
4070IF:Z= 1 TrlE\17000
4030GO TO 4000
5000 PRINT
5010 PRINT
5020 Pril\J T" SIMULATION"
5030 PRIVT
50530IFT<=0TNE4 5120
5090 PRINT
5100 PRI.4 T"PER BEGIN DEMAND END ", "CARRYING", "SHORTAGES REM. EN I S4M3

5110 PRINT
5120 LET Bl= I 0
5130 LET L1=0
5140 LET L2=0
5150 LET L3=0
5155LETL6=0
5160 LET K=0
5170 FOR J= 1 TO M
5180 LET Y=RIJA( 0)
5190 LET.J9=0
5200 IF F(J9)>Y TriE4 5230
5210 LET J9=J9+1
5220 COTO 5200
5230 LET X = 9*U
5240 LET El= 61/C
5250 IF B1 <=0 TriEN 5300
5260 IF El <0 Tr( EN 5330
5270 LET Ii =CB1+E1)/2
5230 LET 12=0
5290 GOTO 5350
5300 LET 12= (E1-131)/2
5310 LET 11=0
5320G0 105350
5330 LET I 1=B112/(21c(B1E1))
5340 LET I2=E1t2/(24cCa1E1))
5350 IF El > SI THEN 5410
5360LETI 3=1
5370 LET E2= El
5380 LET E2=E2+0
5390 IF E2> S1 Tri EN 5430
5400 GOTO 5330 41

5410 LETI 3=0
5420 LET E2=E1
5430 IF 1> T THEN/ 1:450
5440 PRINT J; Bl; X; El I 1212,13
5450 LET L1=L1+I1

22



ISL-3* CONTINUED

5460 LET L2=L2+I2
5470 LET L3=L3+I3
5475LETL6=L6+X
5480 LET B1=E2
5490 NEXT J
5500 PRINT
5510 PRINT "FOR A SIMULATION OF"M:" PERIODS:"
5520LETI1=L1/1
5530LETI2=L2/1
5540LETI3=L3/4
5545LE1X6=L6/M
5550G0SU83500
5560G0 T04060
6000G0 SUB8000
6010 PRINT
6020 PRINT
6030 PRINT" LONG TERM AVERAGES"
6035LETX6=X5.
6040G0 SUB8500
6070G0 T04070
7000 PRINT
7010 PRINT
7020 PRINT" THE EXPECTED TOTAL COST TABLE"
7030 PRINT
7040PRIVT". LOT SIZE ="..0-U,O,O+U
7050PRINT"R.POI4T"
7060 LET S1=S1-2*U
7070 LET 0=0+U
7080 FOR I=1 TO 3
7090 LET S1=S1+U
7100 PRINT SI,
7110 LET 0=0-3*U
7120 FOR J=1 TO 3
7130 LET 0=O+U
7140 GOSUB 8000
7150 PRINT CP
7160 NEXT J
7170 PRINT
7180 NEXT I
7390G0T04000
8000 LET B= IATC(S1+0-U)/U+.01)
8010IFB>=ONE48060
.8020LETI1=0
8030G0T08150
8060 LET A= INT((S1-U)/U+.01)
8070 IF A<0 TdEN. 8100
8080 LET I1=C(U.:2)/0)*(N(13)-N(A)),
8090GOT03150
8100 LET I1=((Ut2)/0)*1(B)
8150 LET I2=I1+X5/2-C(0+U)/2)-S1.



SL- 3* CO1 TINUED

8152 IF 12> 1 E- 6 THE1 8160
8154 LET 12=0
8160 LET D= I1T((O--1.1)/U+
8200 LET 13=C 1-(U/Q)*V(D.))/W1
8210 LET C=C1*I 1+C2*I 2+Cat 3
8220RETUR\I
8 500PRINT
8 502PRIVT
8 505PR1 T" "DEMAVD", "CARRY I NIG", "Sr(3:iTAGES REPL D11 SHMENITS"
8 510PRIN T
8 520PR IN T"AVERAGES", X6, I 1, 12,1 3
8 530?RI TuLAII T COSTS", " ", CI, C2, C3
8 540PRINT"COSTS PER PERIOD ", C1.14I 1, C2*Iatc34cI 3.
8 550PRINT
8560PRINT"TOTAL COST PER PERIOD ="C1*I1+C2*I2+C3*I3
8 570RETURN1
9000 REM DATA <C1, C2, C3, U, X2, PC 0), PC Ws P( X2)>
9310 DATA 5,50,40

.9020 DATA 2,3, .05, .24i .33, .21, .12
9999 ENID
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1. Introduction

This laboratory has been designed for the analysi3 of a variety of

inventory systems. In particular it is suitable for

A. Construction of mathematical models.

B. Checking of Decision Rules.

C. Study of sensitivity of costs to parameters and/or decision rules.

D. Comparing methods of generation of random demands and their use.

E. Analysis of complex inventory systems for which usefUl mathematical models

cannot be constructed.

2. Properties and Policies of the Available Systems

2.1 Demand

Demand during a reviewing period may be deterministic or probabilistic.

It occurs uniformily over the period. The characteristics of the demand axe

supplied as data.

2.2 Replenishments

Replenishments occur only at the beginning of reviewing periods.

Quantities ordered are always delivered after the lapse of the appropriate

leadtime.

Leadtime may be deterministic or probabilistic. Its characteristics are

supplied as data.

2



2.3 Costs

Four types of costs can be balanced: carrying, shortage, replenidhing,

and reviewing. Information needed to determine the unit costs is supplied

as data.

Carrying costs are based on the unit cost of the item and on the

percentage of annual carrying cost. The unit is in (WON].

Shortage costs are either of the back order type (in [WON]) or of

the lost sales type (in [WO).

The replenishing cost is in ($]. It does not depend on the amount

replenished.

The reviewing cost is in [0. It is incurred every reviewing period.

2.4 Policies

Three inventory policies may be used. The type of policy and its

parameters are supplied as inputs during phe execution of the program.

Various policies and parameters may be examined for each set of demand,

leadtime, and costs data.

Ptlicy 1 is the reorder point - lot size system. Policy 2 is the

reorder point - order level system. Policy 3 is the scheduling period -

order level system. For eadh policy one has to specify when inventory is

ordered (reorder point or scheduling period) and how much is to be ordered

(lot size or order level).

The reviewing period is also slibject to control and is the third

parameter which is supplied for each policy.



2.5 Simulation

A. The number of periods to be simulated is supplied as input during

the execution of the program. The number of periods for which detai7

to be

B. remands are simulated over a specified number of periods so that

their dist7Abution is equal to the distribution of demand supplied as data.

The identical demands are used for each simulation. The number of periods

is supplied as data.

3. Presentation of Data and Inputs

3.1 Cost Data: T9,C9,P92H,C2,C3,C4

A. The Period T9

The basic time unit is the period T9. It is measured in days.

For example, T9 = 7 days. In this case, then, the period is one week.

B. The Unit Carrying Cost: Cl

The unit cost of the item is C9; e.g., C9 = $1285.714 per ton.

The annual percentage of carrying cost is P9; e.g., P9 = 205. The unit

carrying cost, Cl, is therefore equal to T9 * C9 * P9/360 * 100. For example,

Cl = 7 * 1285.714 * 20/36000 = $5 per ton ler week.

The progrmm assumes that the year is composed of 360 days and that CI

is measured in [WM per period.

C. The Unit Shortage Cost: C2

Two cases are distinguished through the index H: shortages are made

up (the back order case), H = 1; and shortages are not made up (the lost sales

case), 11=2. If 11=1 then C2 is in (41/[q] per period, e.g. $50 per ton per week.
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If Hg--2, C2 is in (0/[g], e.g., $50 per ton.

D. Replenishing and Reviewing Costs: C3, C4

The rerlenishing cost is C3 per replenishment; e.g., C3 = $40.

The reviewing cost C4 is incurred every reviewing period W. E.g., if

C4 = andIf= 3 weeks, then a reviewing cost of $2 will be incurred

every 3 weeks.

E. The Cost Data Statement

The cost data is presented in Line 9010:

9010 DATA. < T92092P9,H,C2,C3,C4 >

For example,

9010 DV& 7, 1235.714,20,1,50,40,0

3.2Leadtime Data: 12L or 2,L1,1,21,32F(L1), F(Ll+13)2...2F(L)

The index B distinguishes between deterministic leadtime (B=1) and

probabilistic leadtime (B=2). When B=1 then leadtime is L periods; e.g.,

L=0 weeks. When B=2, the minimum leadtime is Ll, the maximum leadtime is

L, and the leadtime step is 13. The cumulative distribution of leadtime is

given by the non-decreasing non-negative sequence F(L1), F(Ll+L3),...,F(L-13),

F(L) where F(L) = 1. For example, if leadtime ie 123252 or 7 weeks with

equal probabilities, then 3=1, L1=1, L=7, 13=2, F(1)=0.252 F(3)=0.502 F(5)=0.75,

and F(7)=1.

For deterministic leadtime the data statement is:

9020 DATA < l,L >

For example,

9020 Da2A 1,0
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For prcbabilistic Leadtime the data statement is

9020 DATA.< 2,1121,2132F(12),F(L1-1-1Z),...,F(I) >

For example,

9020 DATA 221272220.2520.5020.75,1.

3.3 Demand Data: 1 X 1 2 Xl+X3 2G

The index C distinguishes between deterministic demand (C=1) and

prObabilistic demand (C=2). When C=1, the demands are X(1), X(2),...2X(N4).

For example X(1)=5, X(2)=1, X(3)=4. (In this case N4=3, but this value does

not have to be suwlied.) The demands 52124252124252... are used in the

simulation.

When C=2, the minimum demand is Sl, the maximum demand is X22 and the

demand step is X3. The cumulative distribution of demand is

G(X1), OX14X3),... 2G(X2-X3), G(X2)=1. For example, if the probability

distribution of demand is P(0)=0.052 P(2)=0.242 P(4)=0.382 P(6)=0.212 and

N8)=0.12, then C=2, X1=0, X2=8, X3=2, G(0)=.152 G(2)=.292 G(4)=.67, G(6)=.88,

and G(8)=1.

For deterministic demand the data statement is

9030 DATA < 12X(1),X(2), >

For example,

9030 DATA < 125,124 >

For xcbabilistic demand the data statement is

9030 DATA < 22X12X22X32G(X1),G(Xl+X3)2...2G(X2) >

For exanple,

9030 DATA 22028222.052.292.672.88,1

Pe



3.4. remands Cycle: N4

When demand is deterministic (C=1) the demands cycle every N4

periods, N4 does not have to be specified.

When demand is probabilistic (C=2), demands also cycle ever N4

periods. The program generates random demands so that their distribution

over N4 periods will equal the given distribution G(X1),...,G(X2). The

number of periods N4 should be selected accordingly. It is given in the

data statement

9010 DATA < N4 >

For example,

9010 DATA 100

3.5 Summary of rata Statements

The general format of the data statements is:

9000 DNIA
9010 DAM
9020 MT&
9020 mu
9030 DATA
9030 DM

< N4>
< T9,C92P92H,C2,C3,C4 >
< 1,L > or
< 2,L1,1,2132F(L1),F(1.1L3),.
< 1,x(1),x(2),... > or
< 2,X12x22X32G(X1),G(X1+X3),

For example,

9000 MTA. 100
9010 DATA 7,1285.714,2021250,40,0
9020 DM 1,0 or
9020 WA 2,1,7,220.2520.50,0.75,1
9030 DnA 15,1,4 or
90030 nuk 2,0,8,22.052.292.672.88,i

...,G(X2)=1 >



3.6 Policy inputs: POLICY,'..111M,HOW MUCH,R2VIEU

During the execution of the program, the user has to supply the

policy, J, and its parameters V(1), V(2), and V(3). The policy J can

be 1,2, or 3. When J=1 (the reorder point-lot size system) V(1) is the

reorder point and V(2) is the lot size. When J=2 (the reorder point-order

level system) V(1) is again the reorder point but V(2) is the order level. When

J=3 (the scheduling period-order level system) V(1) is the scheduling

period and V(2) is the order level. For any policy,V(3) is the reviewing

period: the number of basic periods in the reviewing period.

...:xamples of inputs are:

POLICY,WILM,HOW MUCH, REIMW

A. 1 9 -2 , 10 2 1

B. 2 9 0 , 14 9 2

C. 3 9 4 , 10 9 4

In Case A inventory is reviewed every period. When the amount on hand

and on order is -2 or below, an order is placed for 10 units.

ln Case

and on order

B inventory is reviewed every 2 weeks. When the

or below
is zeros/an order is placed to raise this amount

amount on hand

to 14 units.

ln Case C the amount on hand and an order is reviewed every 4 periods.

Orders are then placed so as to raise the amount to the level of 10 units.

8
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3.7 Simulation Inputs: SIA RUN,PRINTS

When the user supplies the policy inputs he also has to supply the

size of the simulation run, M, and the number of periods, N, for which

detailed information should be printed. Obviously, N M. When N=0

no detailed printouts are given, only the summary of results is printed.

When N=1, only a brief summary is given. For example,

SIN RUN,PRINTS

A. 10 , 10

B. 100 , 0

C. 500 -1

In Case A, 10 periods will be simulated and details for each period

will be printed. In Case B, 100 periods will be simulated, no details

for individual periods will be given, but a standard summary of results

will be printed. In Case C, 500 periodswill be simulated and only a

brief summary will be printed.

3.8 Optimization Inputs: ADV WIABLE,STEP

Together with the policy and simulation inputs the user has to supply

2 optimization inputs. The first optimization input, Os is a policy variable

and can bejo,1,2, or 3. When 04 then the optimization option is ignored.

Otherwise, three consecutive simulations are executed. The same input

parameters are used in every simulation with the exception of the policy

.variable O.



The optimization input, X39 is

three consecutive simulations the

V(0),V(0) + X3, and V(0) +X3 +

a step for the variable O. In the

variable assumes the values

.3 respectively. This capability is

usefUl for checking optimal solutions.

Examples of optimization

In Case Ao the optimi

will be given. (The

will be given for

simulations will

3.9. summary

inputs are:

ADV VARIABLE,STEP

A. 0 , 0

B. 3 , 1

C. 2 g

zation option is ignored, and only one simulation

step, too, is ignored.) la Case B, three simulations

V(3), V(3) + 1, and V(3) + 2. In Case C, the three

be for V(2), V(2) + 5, and V(2) + 10.

of Inputs

The ge

POLICY91.

neral format for reauest of inputs is:

4,HOW MUCH,REVIEW,SIM RUN,PRINTS,ADV VARIABLE,STEP
\

? < J 9 (1), V(2) , V(3) , 101 0 X3 >

Examples of inputs are:

10 9 1 , 10 , 10 9 0 9 0

? 2 , 0, 14 9

3 , 4, 10 9

2

4

, 100

, 500

,

9

0

4.

9

9

3

2 9

1

5

0

-,,,z-sAtedIAlgq"

10



In Case A the reorder point is -2, the lot size is 10, and the

reviewing period is 1. There will be 10 periods in the simulation and

the details of each of the 10 periods will be printed. No variable will

be advanced - only one siimilation will be executed.

In Case B the reorder point is 0, the order level is 14, and the

first reviewing period is 2. There will be 100 periods in eadh simula-

tion and only the summary of r4su1ts will be printed. In the second

simulation the reviewing peridd will be 3, and in the third it will be 4.

In Case C the scheduling,period and the reviewing period are both
4

4, and the first order level is 10. Each simulation will have 500 periods

and only brief summaries will; be printed. In the second simulation the

order level will be 15, and n the third it will be 20.

Illustrations

Two inventory systems treated in this section. They illustrate

.a:LL the capabilities of Pro7 am ISL-4 and they provide examples of actual

computer outputs.

4.1 Illustration 1

In an inventory syste- the weekly demands are in units of 2 pounds

and have the probabilitiesi P(0)=.05, P(2)=.24, P(4)=.38, P(6)=.21, and

P(8)=.12. Leadtime is zer. The cost of one pound is $1285.714, and tbe

annual carrying cost is 2 of this cost. Shortages can be made up, but

there is a penalty cost of $50 per pound per week. The ordering cost is

$40.

9 /



Simulate the system usinG three different policies.

The data, the computer output, the three inputs, and the results

are given below:

9000 DATA 100
9010 DATA 7s 1285.714s 20, 1, 50, 40, 0
9020 DATA 1, 0
9030 DATA 2, 0, 8, 2, 005, .29, .67, .88, 1

KEY
READY.

RUN
WAI T.

1SL- 4 16:08 141. FRI 09/29/67

INVENTORY SYSTEMS liMULATION ONE PERIOD= 7 DAYS

UNI T COST= 1285. 7)1PERCENT/YEAR= 20 CARRYING COST/UNI T/PERIOD= 5.
t

SHORTAGES MADE Ur
i

SHORTAGE COST/UNI T/PERIOD= 50
./

REPLENISHING CO* = 40 REVI EWING COST= 0

LEADTIME 0 /1 'ERIODS

DEMAND p,/ BABIL I TY

0 05
2 24
4 38
6 .21
8 12

IN 100 'ERIODS: AVERAGE DEMAND, = 4. 22 STANDARD DEVIATION = 2.11462

r,



) POL. I CY, WHEN, HO W MUCHa REVI EW, SIM RUNL. PRI N TS, ADV VARI ABLE* STEP ainp1e 4.11

? 1 a 2 a 8 1 5 5 0 a 0

40 40 NO 40 Oa Is vs MI 40 Oh CO

REORDER POINT =-2 LOT SIZE :3 8 REVI EWING PERIOD = 1

PER BEG DEM EN D AVA ORD REC CAR SHO
RO LADED OFF

REP REV

1 6 6 0 0 0 0 3 0 0 1

2 0 2 2 2 8 8 0 1 1 1

3 6 2 4 4 0 0 5 0 0 1

4 4 4 0 0 0 0 2 0 0 1

5 0 2 2 2 8 8 0 1 1 1

FOR A SIMULATION OF 5 PERIODS:

CARRYING SHORTAGE REPL EN I SH REVI EW

AVERAGES 2 . 4 . 4 1

UN I T COSTS 5. 50 40 0

COSTS 10. 20. 16. 0

TOTAL COST PER PERIOD= 46.

***************************************************************
POLI CY.. WHEN, HO W MUCHaREVIEW SIM RUN, PRINTS, ADV VARI ABLE, STEP

? 2 0 10 a 1 100 a 8 a 0 * 0

40 OD OP 40 SI 40 MO 40 40 lib lib MO

REORDER POINT = 0

PER BEG DEM END

ORDER LEVEL =

AVA ORD

10

REC

REVI EWING PERIOD = 1

CAR SHO REP
ROUNDED OFF

1 10 6 4 4 0 0 7 0 0

2 4 2 2 2 0 0 3 0 . 0

3 2 2 0 0 10 10 1 0 1

4 10 4 6 6 0 0 8 0 0

5 6 2 4 4 0 0 5 0 0

6 4 4 0 0 10 10 2 0 1

7 10 2 8 8 0 0 9 0 0

8 8 8 0 0 10 10 4 0 . 1

FOR A SIMULATION OF 100 PERIODS:

REV

1

1

1

1

1

1

1

1

CARRYING SHORTAGE REPLEN I SH REVI EW

AVERAGES 4. 65667 146667 37 1

UN I T COSTS 5. 50 40 0

COSTS 23. 2833 7. 33333 14. 8 0

TO TAL COST PER PERIOD= 45. 4167
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***************************************************************
POLI CY. WHEN, HOW MUCH, REVI EW. SIM RUN, PRIN TS, ADV VARI ABLE, STEP ,caple 4.13
? 3 , 3 , 12 2 , 600 , 7 o

G O OD VID OD OD OD OD IVO OD

SCHEDLLING PERIOD = 3 ORDER LEVEL = 12 REVI EWING PERIOD = 2

PER BEG DEM END AVA. ORD REC CAR SHO REP REV
ROUNDED OFF

1 12 6

2 6 2
3 4 2
4 12 4
5 8 2
6 6 4
7 12 2

6 6
4 4
2 2

0 o 9 0 o 0
o o 5 0 o 0

10 10 3 0 1 1

s s 0 0 10 0 0 0

6 6 o el 7 o o o

2 2 10 10 4 0 1 1

10 10 0 o 11 o o o

FOR A SIMULATION OF 600 PERIODS:.

CARRY IN G SHORTAGE REPL EN I SH REVI EW

) AVERAGES 5. 985 315 333333 333333
UN I T COSTS 5. 50 40 0

COSTS 29. 925 15. 75 13. 3333 o

TOTAL COST PER PERIOD= 59. 0083

POL I CY, WHEN, HO W MUCH. REVI EW, SIM RUN, PRINTS, ADV VARI ABLE, STEP
? STOP

RAN 19 SEC.

The following points should be ncted:

a. Line 9000 on Page 12 assures that 100 randan demands are generated.

These demands follow the given distribution and are used in the

identical order in Examples 4.11, 1 .12, and 4.13.
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b. In Line 9010 on Page 12, H=1 assures that shortages are made up

and that the reviewing cost is zero.

c. Since the generated demands follow precisely the given distribution

the mean and the standard deviation on Page 12 are also the mean and

deviation of the distribution.

d. The abbreviations in Examples 4.11, 4.12, and 4.13 are:

PER = period, BEG = begin, DEM = demand, END = end, AVA = available,

'ORD = order, RIM = receive, CAR = carrying, SHO = shortage,

REP = replenishment, REV = review.

e. In Example 4.11, the average amounts carried in the four weeks are

1,0,5,2, and 0 pounds. Hence, the overall average is (3+0+5+2+0)/5 = 2

pounds, as can be seen in the summary of the results. In a similar way

other averages are commuted.

f. In Example 4.12 no shortages occur during the first 8 weeks. However,

some shortages occur during the remaining 92 weeks, so that the overall

average is .146667 pounds.

g. In EXample 4.13 the iniout specifies a scheduling period of 3 weeks, and

a leviewing period of 2 weeks. The program disregards the value of the

reviewing period whenever the third policy (J=3) is used. It always

assumes that in this case the reviewing period and the scheduling periods

are one and the same.
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4.2 Illustration 2

In an inventory system demands cycle every 7 weeks in the following

order: 4,2,6,4,8,2, and 4 tons. Leadtime can be zero, one, or two weeks

with respective probabilities of .2, .6, and .2. The cost of one ton

is $1285.714, and the annual carrying cost is 20% of this cost. Whenever

demand cannot be satisfied, there is a loss of $50 per ton. The replenish-

ing cost is $4o and the reviewing cost is $1.5.

*Simulate the system using three different policies. For Policy 1

detailed printouts are desired for 15 weeks For Policy 2 oray a summary

is desired, and for Policy 3 only a brief summary is desired.

The data, output, input, and results are given in Pages 17 and 18.

The following points should be noted:

a. The demands in all examples follow the pattern illustrated in Example 4.21.

b. During the 10th week, in EXample 4.21, the correct average amount in

inventory is 42/26 = 1.333. Only the rounded off value is given in

the table. However, the correct amount is used for the summary.

c. The main reason for the increase in shortages in Example 4.22 as compared

with Ekample 4.21 is the change in the reviewing period.

d. The abbreviations in the brief summary in Example 4.23 correspond to

those listed earlier. TOT stands for 'total'. All the numerical values

are costs per period.

e. For an explanation of the 1.5 cost of reviewiro. in Example 4.23, see

note g. of the previous section.
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5. Optimization

Comments on the construction of models and on the methods of

finding optimal solutions are given in Manuals 2 and 3. In this

section we only illustrate the use of the optimization feature of

Program ISL-4.

We consider Illustration 1 of Section 4.1. Suppose one is

interested in Policy 1, and it is conjectured that the optimal reorder

point is 0 and the optimal lot size is 8. The data, outputs, inputs,

and results are as on Pages 20 and 21.

The inputs in Example 5.1 have been selected so that the lot size

is fixed at 8, and three reorder points are used: 0,2, and 4, the step

being 2. One notes that the total cost for a reorder point of 2

(48.7258) is lower than the costs for reorder points of 0 and 4 (48.9925

and 55.9575). Similarly, in Example 5.2 the reorder point is fixed at 2.

'The cost for a lot size of 8 (48.7258) is lower than the costs for lot

sizes of 6 and. 10 (49.8742 and 48.75). A further check (Exapple 5.3)

indicates that for fixed reorder point of 2 and lot size of 8, a

reviewing period of 1 week has the lowest cost (48.7258). It may thus

appear that the conjecture is true. Unfortunately, this is not the

optimal solution, as can be seen from EXample 5.4.

Incidentally, the long range expected costs can be shown to be:

Lot Size 6 a 10 12

Reorder Point

-2 81.717 67.762 60.100 56.658
0 53.583 48.750 46.890 47.317
2 50.017 48.575 48.750 50.533
4 56.533 55.962 56.66o 58.792

9 9
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IbL-4 16:35 w2 FI 9/29/67

1

INVENrMY SYSIEMS SIXULATIJN, 9NE PE:t1)1)= 7 DAYS

UNII COt,T= 15.71 PEq1EV1/YEA= CANKY1W; Cqs1/ONIT/PE.:10D=

SH)'.1TA1ES AAI!'E iI4 SH)qTAG COliI/J',II/PiA0U= 50

hE,ILENISHING COBT= 4f: 2EVIEAMG C)ST=

LEAO1P1E=

UEMANU Pr(U8AUILITY

0 (50

2 .24
4

6 .21

a .12

IN 10A PEt-zIODS: A)EAG D4NU = 4.22

20

S1ANDAiD DEVIATION = 211462d

*******ig**ic**4c4 4 ic*******4********************le**Ic***t****Ic*****

1JOLICYpHNp,10... UCi IEsSIM RUN,P,UNISpADV VAiIABLEpSTE? Tzutrimae 5.1

? 1, 0, So 1,

mEOWEri POINT = 0 LOT SIF.E

CA= 15.6775 SHJ= 12.275

KE0r0)ER FOINI = 2 LOT SIiE

CAR= 24.7442 SHO= 2.94167

REORDEri POINI = 4 LOT SIEE

CAm= 34.4925 SHO= .425

50.j, -1p 1,

= 8 PEIOD = 1

NEP= 21.04 REV= 0 TOT= 4F.I.9925

= 8 REVIExING PERIOD = 1

REP= 21.94 REV= 0 TOT= 4,8.7P5P1

= 8 REVIEANG PEriIOD = 1

rP=. 21.04 REV= 0 TOT= 55.9575



***************************t***********************************

POLICY,...HENsH:Y4 MUCHsREVIEwsSIM MAsPRINTSsADV VA'7iIABLEsSTEP ?ce.nrole 5.2
? I, 2s 6s Is 59Us 10 2, 2

REORDER POINT = 2 LOT SIZE = 6 REVIEAING PERIOD = I

CAR= 19.6559 SHO= 3.65333 REP= 26.56 REV= 0 TOT= 49.8742

kEONIJEN POIN1 = 2 LOT SIEE = 8 REVIEANG PERIOD = 1

GA= 24.7442 SHO= 2.94167 AEP= 21.04 REV= 0 TOT= 48.7258

REOkDER POINT = 2 LOT SIEE = 10 REVIEAING PERIOD = I

CAR= 29.67 SHO= 2.2 REP= 16.88 REv= 0 TOT= 4F.75

***************************************************************

eULICY,NHEN,HO:: MUCHsAEVIE'AsSIM RUNsPRINTSsADV VARIAaLEsSTEP acample 5.3
? 10 20

REOiDER POINT

Cokt<= 24.7442

riEOrtuEN PUIAT

CAR= 16.7842

liEUxuEtt POINT

CAK= 12.3692

80

= 2

10

LOT SIZE

500s

= 8

10 30

REVIEANG PERIOD = 1

SHO= 2.94167 fiEP= 21.04 REV= 0 TOT= 413.725?

= 2 LJT SHE = 8 NEVIE.NING PERIOD = 2

SHO= 28.9417 REP= 17.76 REV= 0 TOT= 63.4858

= 2 LOT SIZE = 8 REvIEAING PERIOD = 3

SHO= 83.9917 REP= 12.88 REV= 0. TOT= 109.241



***********I:************************************************#**
POLICY, 41-{EN,HOA MUCH, f 1E,Sflva itU:vsPITS,ADV VARIABLE, STEP :..1xartple 5 .4
? 1 / Os I 0/ / 500, 1 ,

PEOrcbEri POINT = LOT SI ZE = 10 kEVI E,v1 NG PERIOD = I

CAR= 20. Al SHJ= 9.6 REP= 16.88 REV= 0 TOT= 46. Ft9

***************************************************************
POLICY, MUCH, REA Ew, S RUN, PR INTS.ADV VARIABLE. STEP
? STOP

KAN 75 SEG.

6. EXtensions end Problems for Solution

6.1 Extensions

Program ISL-4 is quite a general program and allows for the analysis

of a great variety of inventory systems. However, it is still possible

to extend the program in many directions. Some of these extensions are

stated in the form of exercises.

A. The initial inventory in ISL-4 depends on the policy used. When J=1,

the initial inventory is V(1) + V(2), otherwise it is V(2). Examine the

adequacy of this initial inventory, especially when leadtime is not zero.

Suggest other initial values to reduce the necessity for larger simulation

runs.

B. The occurrences of leadtime in a simulation may not necessarily follow

the prescribed distribution of leadtime (e.g., Example 4.21). Suggest a

more satisfactory method for generating leadtime.

C. The cost of replenishing is independent of the amount replenished.

Change the program so that this.cost will be some function of this amount.

/ A./



D. Assume that the cost of reviewing is zero and eliminate all the

printing statements related to reviewing. However, leave the REVIEW

variable (V(3) in the program and allow its value to be supplied as

input.

E. In ISL-4 whenever an amount P is ordered, this amount is actually

received after the elapse of the appropriate leadtime. Change the

program so that the amount received is a random variable from some

distribution one of whose parameters is P.

F. Define a fourth policy (J=4) and allow its use during the execution

of the program.

6.2. Problem for Solution

A. In a reorder point - lot size system, the amounts in inventory are

reviewed every 2 weeks. The probability density of demand during a

2.4reek period is given by f(x) = 6x(1 x), 0 s x 1. The carrying

cost is $5 per unit per week, the shortage cost is $5 per unit per week,

and the replenishing cost is $20. Convert the density to a discrete

distribution and show that the optimal lot size and reorder point are

approximately 2.0 and - 0.8 respectively.

B. Find the solution of a reorder point - lot size system when the

reviewing period is one week, the probability distribution of demand

during a week is P(0) = .08, P(lo) = .10, 101(20) = .20, P(30) = .30,

P(40) = .16, P(50) = .10, and P(60) = .06. The carrying cost is $1 per

unit per week, the shortage cost is $10 per unit per week, and the

replenishing cost is $25. Show that the minimum expected total cost of

the system is $49.35 per week.

/03
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C. The demand during any week is either 0 or 1 with probabilities

0.4 and 0.6 respectively. Leadtime is 3 weeks. The carrying cost

and the shortage cost are $1 per unit per week and $5 per unit per

week respectively. The replenishing cost is $2. A (t,z) policy is

used. Find the optimal scheduling period, the optimal order level,

and the corresponding expected minimum total cost of the system.

D. In a reorder point - lot size.system inventories are reviewed

every week. Leadtime is 3 weeks. During any week there is a demand

for one unit with the probability 0.6. Otherwise there is no demand.

The carrying cost is $1 per unit per week, the shortage cost is $5

per unit per week, and the replenishing cost is $2. Find the optimal

reorder point, the optimal lot size and the corresponding minimum

expected total cost.

E. ln an inventory system with a reorder-point-order-level policy the

.reviewing period is 2 weeks. The probability distribution of demand

during the reviewing period is P(0) = 0.20, P(0.5) = 0.24, P(1,0) = 0.40,

P(1.5) = 0.16: The carrying cost is $5 per unit per week. The shortage

cost is $10 per unit per week. The replenishing cost is $40. What is the

optimal reorder point and what is the optimal order level?

F. la an inventory system the reorder point is 2 and the order level is 5.

The probability distribution of demand on any day is P(o) = 0.5, P(1) = 0.3,

P(2) = 0.1, and P(3) = 0.1.

(1) Show that the probability of-11 replenishment on any day is 25/108.

(2) By changing Program ISL-4, show that on the average there will be

227/54 units in stodk at thebeginning of each day.
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G. ln an inventory system the reviewing period is 1 week. Demand

during the reviewing period has the distribution P(0) = 0.2, P(1) = 0.4,

P(2) = 0.4. The carrying cost is $1 per unit per wLek, the shortage

cost $1 per unit per week, and replenishing cost $1 per replenishment.

Compare the minimum costs of the sytem for each of the three policies.
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7. Prosram IsLi..4

OREM By E.NADDOR
1000DIMFC11),GC20),HC20),VC3)
1002DIMXC500)
1005READN4
1010READT9,C9,P9,H,C2sC3,C4
1020LE1C1=19*C9*P9/36000
1030READB
1040IFB=2THEN 1080
1050READL
10706010 1160
1080READL1sLoL3
1100 FOR I = LI TO L STEP L3
1110 READ FCI)
1130 NEXT I
1160 READ C
1170 IF C = 1 THEN 1230
1180READX1,X2oX3
1185READGCX1)
1190LETHCX1)=INTCGCX1)*N4+.01)
1195FORI=X1+X3TOX2STEPX3
1200READGCI)
1205LETHCI)=INTCCGCDGCIX3))*N4+.01)
1210 NEXT I
12206010 1350
1230LETX4=0
1240LETX5=0
1250LETI=1
1260 READ XCI)
1270 IF XCI) = 9999 THEN 1320
1280LETX4=X4+XCI)
1290LETX5=X5+XCI)*(CI)
1300 LET I = I + 1

1310 GOTO 1260
1320 LET N4 = I 1

1330G0T0 1470
1350LETX4=0
1360LETX5=0
1370F0RI=1T0N4
1380LETX=X1
1390LETY=RNDC0)
1400IFY<GCX)THEN 1430
1410LETX=X+X3
14206010 1400
1430IFHCX)=OTHEN 1380
1432LETXCI)=X
1435LETHCX)=HCX)I
1440LETX4=X4+X
1450LETX5=X5+X*X
1460NEXTI
1470LETX5=SORCCX5-.X4*X4/N4)/N4)

/04
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ISL-4 CONTINUED

1480LETX4=X4/N4
2000PRINT
2010PRINT"INVENTORY SYSTEMS SIMULATION, ONE PERIOD="T9;"DAYS"
2020PRINT
2030PRINT"UNIT COST="CWPERCENT/YEAR="PWCARRYING COST/UNIT/PERIOD="C1
2040PRINT
2050IFH=2THEN 2080
2060PRINT"SHORTAGES MADE UP. SHORTAGE COST/U4IT/PERIOD="C2
2070G0T0 2090
2080PRINT"SHORTAGES NOT MADE UP. SHORTAGE COST/U4IT="C2
2090PRINT
2095PRINT"REPLENISHING COST="C3;"REVIEWING COST="C4
2096PRINT
2100IF8=2THEN 2130
2110PRINT"LEADTIME="U"PERIODS"
2120G0T0 2190
2130PRINT"LEADTIME","PROBABILITY"
2140PRINT
2150PRINTL1,F(L1)
2160FORI=L1+L3TOLSTEPL3
2170PRINTI,FCI)FCIL3)
2180NEXTI
2190PRINT
2200PRINT
2210PRINT"DEMAND
2220IFC=2THEN 2270
2230F0RI=1TON4
2240PRINTXCI);
2250NEXTI
2260GOT0 2350
2270PRINT"PROBABILITY"
2280PRINT
2290PRINTX1,
2300PRINTGCX1)
2310FORI=X1+X3TOX2STEPX3
2320PRINTI,
2330PRINTGCDG(IX3)
2340NEXTI
2350PRINT
2360PRIN1"IN"N4P6PERIODS: AVERAGE DEMAND ="X4PSTANDARD DEVIATION ="X5
3000PRINT
3010PRINT"*************************************************************V
3020PRINT
3030LETE=1
3040PRI N T"POL I CY, WHEN, HOW MUCH, REVI EW, SIM RUN, PRINTS, ADV VARI ABLE, STEP";
3050PRINT
,3060INPUTJ, VC 1 ), V(2), 3),M,N, Os X3
)4000PRINT
4010PRINT" ........
4020PRINT

/



I SL 4 CONTINUED

4030LETZ= VC 1 )
4040LETQ=V( 2)
4050LETW= VC 3)
4500LETJ1=0
4510LETJ2= 0
4520LETJ3=
4530LETJ 4= 0
4540IFJ=1THEN 4580
4550LET02=
457060T0 4610
4580LETQ2=E+0
4610F0RI=0T0L+ I
4620LETR( I ) =0 11

4630N EXTI 1/

5000IFJ=2 THEN 501/)
5010IFJ=3THEN 50' 3
5020PRINT"REORDO POINT ="Z3 ' LOT SIZE ="Q;
5030G0T0 5070
5040PRINT"REORUfr PO IN T ="El "ORDER LEVEL. ="03
5050G0T0 5070 /
5060PRINT"SCHF9L IN G PERIOD ="E; "ORDER LEVEL = "Q;
5070PRINT"REV4.1WIN G PERIOD ="W
6000IFN4=0T1471/ 7000
6010PRINT '1"

6020PRINT"P!: BEG DEM END AVA ORD REC CAR SHO REP";
6030PRINT": REV"
6040PRINT'', ROUNDED OFF"
6050PRINT!
7000FOR4 /.f TO M+L
7010 LE'l`al 1 = 02 +
7020 L'7,' X = XCI(
7030 1 f 02=01 -

RC 0)
NOINTC CK 0. 01)/N4) )
X

7100 fl 02 >= 0 THEN 7150
711r/ 4. el > 0 THEN 7180
712/".ET 1 = 0
714 LET 12 = -001 + in)/2
74/4GOTO 7200
.v,0 LET II = (01 + Q2)/2

/460 LET 12 = 0
ii170GOTO 7200
7180 LET 12=02t 2/C 2*X)
7190 LET I1=01t 2/C2*X)
7200IFH= 1 THEN 7540
7205IF02>=0THEN 7540
7210LETI2=-02
7220L ET02= 0
7520 LET A = 0
7530 GOTO 7550
7540 LET A = 02
7550 IF L = 0 THEN 7590



ISL-4 CONTINUED

7560 FOR I = 1 TO L
7570 LET A = A + RCI)
7580 NEXT I
7590 LET P = 0
7600 LET 13 = 0
7605 LET 14=0
7610 IF J = 3 THEN 7680
7620IFK/W=INT(K/w)THEN 7626
76246010 7800
7626LETI4=1
7630 IF A>a THEN 7800
7640 IF J = 2 THEN 7690
7650 LET P = P + 0
7660IFA+pc=ETHEN 7650
7670G010 7710
7680 IF K/E4>INT(K/3) THEN 7800.
7685 LET 14=1
7690 LET P = 0 -' A
7700IFP=OTHEN 7800
7710 LET I3*= 1

7720 IF B = 1 THEN 7780
7730 LET I = Ll
7740 LET Y = RNDCW) ,

7750IFYFCI)THEN 7790
7760 LET I = I + L3
7770 GOTO 7750
7780 LET I = L
7790 LET RCI + 1) = RCI + 1) + p
7800 FOR I = 0 TO I.
7810 LET RCI) = RC1 + 1)
7820 NEXT I
7830 LET RCL+1) = 0
71375IFK4=LTHEN 7920
7880 LET J1 =
7890 LET J2 =
7900 LET J3 =

J14 Il
J2 + 12
J3,#. 13

7910LETJ4=J4+14
7920 IF K'N THENM950
7930PRINTK;01;X;42;A;P;R(0),INTCI1+.5),INTCI2+.5)313;
7940PRINTI4
7950 NEXT K
8000LETI1=J1/M
8010LETI2=J2/M
8020LETI3=J3/M
8030LETI4=J4/1
8040LETK1=I1*C1
8050LETK2=I2*C2
8060LETK3=I3*C3
8070LETK4=14*C4
8080LETK 0=K 1+K2+K 34



ISLs.4 CONTINUED

8090PRINT
8100 PRINT
8110IFN<OTHEN 8260
8120PRINT "FOR A SIMULATION OF "M"PERIODS:"
8130 PRINT
8140PRINT" ","CARRYING","SHORTAGE","REPLENISH",
8150PRINT"REVIEW"
8160PRINT
-8170PRINT"AVERAGES",I1,12,I3,
8180PRINTI4
8190PRINT"UNIT COSTS",C1,C2,C3,
8200PRINTC4
8210PRINT"COSTS".K1,K2oK3,
8220PRINTK4
8230PRINT
8240PRINT"TOTAL COST PER PERIOD="KO
8250G0T0 8290
8260PRIN1"CAR="K1,"SHO="K2,"REP="K3,
8270PRINT"REV="K4,
8280PRINT"TOT="K0
8290IF0=OTHEN 3000
8300IFE=3THEN 3000
8310LETE=E+1
8320LETWO)=VC0 )+X3
8330G010 4000
9000DATA100
9010DATA7,1285.714,20,1,50,40,0
9020DATA1,0
9030DATA2,0,8,2,.05,.29,.67,.88,1
9998DA1A9999
9999END

/
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Appendix E

FORTRAN Listings and Data

ISL-1: Balancing Carrying, Shortage, and

Replenishing Costs

Listing

Data

ISL-2: The Deterministic Reorder Point.-

Lot Size System

Listing

Data

ISL-3: The PrObabilistic Reorder Point--

Lot Size System

Listing

Data

ISL-4: A General Inventory Systems Simulation

Listing

Data
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112

113

115

117

119

123

125

131



rgel : B1anein4 ONmnrimg, Slawftge , and Replenishing Coats
ISL1 BY E.NADDOR AND OLE BRAATEN
FORTRAN VERSION BY RICHARD SACHER
THE JOHNS HOPKINS UNIVERSITY, BALTIMORE MO. 21218

BASED ON MANUAL ISLIg SEPTEMBER, 1967

DIMENSION 0(50).E(50),R(S0)0(50)
REAL 11, 12, 13, 1119 121, 131

INITIALIZATION

15 DEMAND*0.
REPLEN*0.

12-0.
113*0.
DO 20 101.80

20 RIII*O.

READING OF DATA (NIEPERIODS.D(I)*DEMAND.C14243.UNIT COSTS)

READ15911 N
READ(592) 40111, 1.101
READ (5,2) Cl, C2o C3

READING OF DECISIONS DATA* BM-BEGIN, 1.1)(1)*PERIOD AND REPLENISHMENT

READI3.21 B(1)
XN e N
DO 125 10104

125 DEMAND*DEMAND DIU
130 REA01598$ I, R(I)

IF (I) 150,100.100
100 REPLEN REPLEN R(I)

GO TO 130
150 IF (REPLEN DEMAND) 999.200.999

MAIN PROGRAM

200 DO 285 1111.N

EIII*8111.R111-0111
IF 1E111) 24092509250

240 12 12 E(I)
GO TO 270

250 11 so Il E(I)
270 IF (R(1)1 2859285.280
280 13-13 I.

285 111111*E(I)

AVERAGES

I11*II/XN
121.12/XN
131*13/XN
COST12411.C1
COST2012141C2
COST3013143
COST4*COST1 COST2 COST3
COST11*COST1001

112

ft,



COST21nCOST2XN
COST31=COST3OIN
COST41 COSTI1 COST21 COST31
MRITEI6,3)
MRITE(6,4) II011(1),R(1),0111,E(1), In 1,N)

MRITE(6,5)
WRITE(6,6) I11,121,131,C1,C2,C3
WRITE(6,7) CO5TI,C05T2,C05T3,COST4,COSTII,COST21,COST31,COST41
GO TO 1000

999 WRITE(6,10)

NEM DATA

ISL-1 jCont'd)

1000 GO TO 15

FORMAT STATEMENTS

1

1 FORMAT(8110)
2 FORMAT(SF10.2)
3 FORMAT(1141,//14X014 PERIOD,18X,SHBEGIN,18KOHSHORTAGES,M,
1 6HDEMAND,21KOHEND//)

4 FORMATI1140.6X,112,4F25.2)
5 FORMATI/0///36X0H CARRYING,17KOHSHORTAGES,13X,14HREPLENISHMENTS,
1 16KOHTOTAL//1

6 FORMAT(1H0g6KOHAVERAGEOKOF25.2//6X,10H UNIT COSTOX0F25.2)
7 FORMATIIH0,6X,IIHCOST/PERION1X,4F25.2/////6X,11H TOTAL COST,
1 2Kg4F25.2)

8 FORMATII10,F10.2)
0 FORMATIIHI,///////40X.52HREPLENISHMENTS ARE NOT EQUAL TO DEMANDS.
1CHECK DATA.)

END__

20.
30.

5.00

20.
20.

10.00

30.
20.

20. 30.

SDATA

4.$

Ec I

12
10.
40.
.20
O.

1 60.
4 60.
7 60.

10 60.

12
10. 20. 20. 30. 20. 30.

41.1. 40. 30. 20. 20.
.20 5.00 10.00

EL O.
1 40.0
3 40.0
5 40.0
7 40.0
9 40.0
11 40.0

12
I4A 10. 20. 20. 30. 20. 30.

ka. 3 40. 30. 20. 20.
.20 5.00 10.00

10.0

133

0. 0.



1 40.0
3 40.0
5 40.0

40.0
9 40.0

11 40.0
-99

12

44.4 10. 20.
40. 30.
20 5.00

10.0
11 230.0

12
10. 20.
40. 30.

4:14.1 .20 5.00
0.

cw. 4 1
3
5
9

11
-.99

12
i5.3. 10.,

40.
fi.g.6 .20

10.0
2
4
9

11
-99

5.0
10.0

0.
1
5

§5,4. 5.0
10.0

EA.7 0
1

5
-99

I3L-1 (Cont ,d)

20. 30. 0.20. 30. 0.
20. 20.

10.00

20. 30. 20. 30. 0. 0.
20. 20.

10.00

30.0
50.0
50.0
70.0
40.0

20.
30.

5.00

40.0
80.0

70.0
50.0

20.
20.

10.00

30.
20.

5.0

5.0

0.20. 30. 0.

5.0
20.0

20.0
15.0

5.0
400.0

5.0
400.0

5.0 10.0 0.0

5.0
20.0

15.0
20.0

5.0 10.0 0.0



ISL-2: The Daterminletie 103cordWr FairalAt Size .Rnitem

ISL-i BY E.NACCCR ANC RICHARD SACHER
FORTRAN VERSICN BY RICHARD SACHER
THE JOFNS PCPKINS UNIVERSITY, BALTIMORE, MD 21218

BASIC CN MANUAL ISL-2, OCCLMBER, 1967

COMMON XL, Air X5.I1,12,13
CIMENSICN CCSI5(3), 59131, Q9(3)
INTLGER X1,X2,X3,0
REAL J1.11,12,I3

PRIPARY INPLI

500 REAC(5,1) XL,C1,C2,C3
1 FORMAT(4F10.2)

SECENCARY INPUT

1000 REAC(5,4) XSIIXCIIXION1,N,N1.X2,X3,J1,0
4 FOR7AT(2F10.2010,F10.2,4I5,F10.2010)

SINLLATICK ANC/CR AVERAGES AND/OR COSTS

IF (XI) II6C,1160,2000
1160 IF (X2) 117C,1170,3000
1170 IF (X3) I1ec.1180,4000

TO PRIMARY CR SECCNCARY INPUT

SINLLATES TFE SYSTEM OVER A GIVEN NUMBER OF PERIODS

1180 IF (C) 5CC,ICOC,500

2000 WRI1E(6,2)
2 FCRNAT(11-1,16X,e8HTHE DETERMINISTIC REOROER
IPCINT-LCT SIZE SYSTEM///)
hRITE(6,3) CI,C2,C3,XU

3 F0RPAT(17/4 CARRYING COST = ,F6.2,20H PER UNIT PER PERIOD,39X,
1161-SHORTAGE COST = ,F6.2,20H PER UNIT PER PERIOD/21H REPLENISHING
2C051 = ,F6.2,18H PER REPLENISHMENT,37X0HDEMAND = ,F6.2.

3 171 UNITS PER PERIOU)
hRITE(6,5) )(SOW
F0RNATI//21X,17H REORDER POINT = ,F6.2,32X,11HLOT SIZE a .F6.2//1
WRITE16,61

6 FORPAT(IF ,50X,1911SIMULATI0 N////)
41=C.
A2=C.
A3=C.
IF (NI) 2C4C,2C50,2040

2040 IIRITC(6,16)
16 F0RNAT(5X,71 PERIOD,5X,5HBEGINOX,6HDEMANDOXONENO,27X,OHCARRYING

1,11x,9FSFCRTAGES.6X,I3HREPLENISHMENT/)
2050 CC d090 I=1,N

IF (XCI) 2059,2059,2052
2052 IF (XC1-XL) 2056,2053,2053
2053 I1=XOI - XUI2.

12=C.
GO 10 2C6I

2056 Ii = XCI**2 / (2.*XU)

1.15



IM0-2 (Cort'd)
12 = I XC 1-XL )**2/(2.*X1 )

GC IG 2CEI
2059 11=C.

12 = XU/2. - XC1
2061 XG2 = XCI XU

IF IXC2 - XS) 2063,2063,2066
2063 13=1.

Y = XC2 XC
GC IC 2CE9

2066 13=C.
= XC2

2069 IF (I - NI) 207C,2070,2080
2070 14 = 13

WRI11(6,E) I,XCI,XU,X92.11,12,14
8 FORNATI/1h ,I9,F12.2.2F10.2,13X,F20.2,F19.2,11.5)

2080 XC1 = Y
AI = AI + 11

A2 = A2 4 12

2090 A3 = A3 4 13

CONPUTES AVERAGES FOR ThE SIMULATION

hR11E 1E9211 N

21 FORNAT (/// 2311 FOR A SIMULATION OF , 14, 9H PERIOOS//)

XN =
11 = A1/XN
12 = A2/XN
13 = A3/XN
WRIIE(6,S)

9 FOONAT(//67X,9N CARKYINC,I1X,9HSHORTAGES,6X,14HREPLENISHMENTS//)
WR11116,1C) 11,12,I3,C1,C2,C3

10 FCRNATISH AVEKAGES,51X,F15.2,2X,2F17.2//11H UNIT COSTS,49X,FI5.2,

1 2X,2F17.2)
COSII = C1*I1
CCSI2 = C2*I2
COSI3 = C3*I3
CCSI4 = CCSII + COST2 + COST3
WRI1E(6,11) COST1,COST2,COST3,COST4

11 FORPATI/17H CCSTS PER PERI00,43X,F15.2,2X,2F17.2//25H TOTAL COSTS

IPEN PERICC =,F8.2I
GO TO ilec

COPPUTES THE LCNG TERM AVERAGES OF THE SYSTEM

1000 hKIIEI6,21
WRIIE(6,3) CI,C2,C3,X0
WRIIEI6,51 XS,X4;
WRITEIG,17)

17 F0141AT(/////43)1,34H1 0 NG TERM AVERAGES/////)
hRI1E16,9)
CALL AVGES
CCSII = CI*11
C0ST2 = C2*I2
COSI3 = C3.13
COST4 = CCM. + COST2 + COST3
WR11E(6,1C) I1,12,13,C1,C2,C3
WRIIC(6,11) CCSTI,GOST2,COST3,COST4
GC 10 117C

us



ISL-2 (Contql
CONFUTES 101AE COSTS FOR SPA ECIFItO R)ORDER POINT AND LOT SUE ANO A
NEIGHBCRI-COE IhtM

4000 to411E16,21
hRI1L16,31 01,C2,C3,XU
1011E(6,5) XS,XC
t0I1E16,1111

18 10RNAT1/////43X,37HIHE 101AL COST TABLE
1////56X.91- LC! SI/E//1
CO 600 L = 1,3
XL = L
A9 = 1X1-2.111J1
59111 = xS A9

600 C.9111 = XC A9
WRI1E16,121 (C9111, L = 113)

12 F010/11111- 123X0F20.21
WRI1E16,131

13 FORNAT(141- RECRCER POINT)
00 4260 1=1,3
XS = S9(I)
CO 4240 J=1,3
XQ = 91J1
CALL AVGES

4240 COSI5(J) = C1*11 + C2.12 + C3.13
4260 wRI1E16,141 XSICOS15

14 FORPAT1/1F ,F9.2,14X0F20.21

TO PRIPARY CR SECONDARY INPUT

GO TO ileo

ENG
SUeROUTINE AVGES

CONFUTES AVERAGES FOR THE LONG TERM AVERAGES AND THE TOTAL COSTS OPTION

CONNON XL, XC, xS,I1,12,I3
REAL 11,12,13
13 = XU/XC
IF 1XS) 5C5C,5020,5020

5020 11 = XS XC/2.
12 = O.
REILRN

5050 IF IxS XQ1 5090,5060,5060
5060 Il = 1XC+XS11,2/(2.eXQ)

12 = XS42/12.010
REILRN

5090 11 = O.
12 = XC/2. - XS
RETERN
ENE

SDATA
11 3,1 5, . 1.0 99999.0._ 36.0

L. 311 J. 20.0 1 15.0 IC 10 0 0 0.0
Ita 5.0 20.0 1 15.0 100 0 0.0

Li. 313 5.0 20.0 0.0 0 5.0
Lil. 5.0 99999.0 9.0 36.0

IL "4 '104aC 10.0 0.0 10 4 0 0 0.0
1C.0 1 0.0 100 0 1 1 2.5
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Tfr, 1% 5,0 1.0 9.0
1

1

0.0
3.0
4.0

ISL-2 (Cont,d)

0
1

0
1

0.0
0.5

0
1

IC
10

to

0
t6411-2.0
tv.114. -1,c

5.0
S.0

V. 44 Soc 1.0 9.0 j6.0
IC

0
10

0
0
1

0
1

0.0
1.0

0
1

t,,. -1.0
L'4`12 -14tc

20.0
_____2cC

1

C

14.0
0.0

le. 341 AeiI_EL
-2.0 20.0

9.0 36.0
10 1_

1

1 0.1 1

1

1

1 14.0 100
_

100

10

10

L.A.,. I.0
1

... ..
4.0

42.0
600.0

8

5

5

I 0.1-2.0 20.0
r 2400 0 C.56 99999.0

1 1 10.0r.. bs 4 0.0 6C0.0 1

". 200.0 0.046E61 99999.0
1

42.0
600.0 1 1 10.0 Iix 3.14 0. tC0.0
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ISIA: The Probabilistic Reorder Point--Lot Size teM

ISL-3 H it

fORIRA% VERSILN HY RICHARD SALHER
THE JO-NS HCPKINS UNIVIRSIIY, BALTIMORE MO, 21218

BASLC Ch PANLAL ISL-3, UMBER, 1967

THIS PRCGRAP IS FCRPAFTFO FOR A 132 POSITICN PRINTER.
10 CHANCE FCR A 120 POSITION PRINTER, SLOTRACT 6 SPACES FROM

EACP FCRPAT CARC. ,

CIPtNSICh P(5C),F(50),U99(50),G(50),M160),V130),COSTI3I
INTtGER 1,SIR
REAL NI501,1C,11,12,13,J4,L1,12,13,16
CCPPCN C,C1,C2,C3,I1,12,13,Q,S1,U,N,V,X5,W1

3020 CC 3030 J=1,5C
P(J)=0.0

3030 C99IJ)=C.0
3040 0411E16,1)

1 FORPAT(11,1,22X,88HTHE PRO 8ABALISTIC REORDER
IPCINT -LCT SIZE SYSTE M)

REACING ONC PRINTING Of; COST DATA

3060 REAC(5,2) C1,C2,C3
2 FON1VAT(PF10.2)

1070 WR11E(6,3) C1,C2,C3
3 FORPAT(/I6X,161- CARRYING COST =,F9.2,20H PER UNIT PER PERI00,35X,

I 151-SHORTAGE CCST =,F9.2,20H PER UNIT PER PER101)//43X,20H REPLENIS
21IKL CCSI =,F9.2,181i PER REPLENISHMENT)

3095 IRAN = 2217
3100 WI = 1.

ROILING CF CEPANO OAIA

3120 REAL(5,2) U,X2
3125 J4=X2/U .C1

3130 J2=IFIXIJ4141
3135 X5=C.
3137 REAC(5,2) I PIJ), J=1,J2 )

3140 CO 3155 J=1,J2
3150 XJ = J
3155 X5=A5.11101J)*(XJ-1.)

THE ECUIVALENI CISTRIBUTION

3170 J=J2
3175 XJ = XJ - 1.

3180 A=C.
319C d=P(J)/XJ
3200 C99IJ)=A E/2.
3210 A=A4E
3220 J=J-1
3225 XJ=XJ-1.
3230 IF (J-1) 325C,3250,3190
3230 C99(1) = Pill Al2.

PRINTING CF CtPANO DATA
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3260
5

3270

11310-3(Cont,d)
10411E16,$)
FORNATI///44X0h DEMAN0111x111HPROUABILITY,10X,IONCUMULATIVE//)
V(I)=P(1)

3280 G11) = (SSII)
3290 %11)=G(1)
3300 FI1)=P11)
3310 KI1)=W11)

CCPPUTING (3,%,F,N

3320 CC 338C J=1,49
3330 FIJ.1)=F1J)4PIJi1)
3340 VIJ.I)=VIJ) FIJ+1)
3350 GIJ41)=GIJ) C99(J.1)
3360 WIJ.1)=h(J) GIJ.I)
3365 IF IJ-J2) 3?f7,3367,338C
3367 XJ = J

3368 XJI = (XJ-1.)0.4
3370 hRlft16,f1 XJ140(J),F(J)

6 FORNATIIE ,29X0F20.2//)
3380 KIJ.I)=NIJ) %IJ.1)

PAIN PRCGRAM

4000 WRITE 16,98)
98 FORMATIIE1)

4010 WRITE16,7)
7 FORhAT(///4EX,35H ItititilltrniltitOW***** //)
REALING CF CECISION VARIABLES, ETC (8 NUMBERS)
IF fIRST CF 8 NUMBERS IS LARGERpc) THAN 90CC.0 ThEN NE% COST AND DEMAND DATA ARE READ

4040 REAC(5,P) S1,(;INY,10,M,1,S,R
8 FORNAT(2F10.2,I10,F10.2,4110)

4041 IF (S1-SCCO.C) 4042,4042,3020
4042 XM =
4047 wRI1E16,S) SI,C

9 FORN4T(///21X,I6H REORDER POINT =,F9.2,42X,10HLOT SIZE =,F9.2///)

SINLLATICK AND/CR AVERAGES AND/OR COSTS

4050 IF (NY-1) 4C6C,5000,4060
4060 IF 1S-11 407C,600014070
4070 IF (R-I) 40CC,7000,4000

SIPLLATICK

5000 hRITF(6,1C)
10 FORNATIlh 157X,I9H5 IMULATI0 N////1

5080 IF IT) 512015120,5100

PRINTING CF I,EACINGS FOR DETAILS OF SIMULATION

5100 6RITE(6,11)
II FORNATIIIX,71- PERIOCOX,5H0EGINOX,6HDEMANDOXONENDIP27X,

I 81-CARRYING,11X01tSHORTAGES,6X,I3HREPLENI5HM(NT)

INIIIALIZE SINLLATION
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5120 el=lc
5130 LI = 0.
5140 12=C.
5150 L3=C.
5155 L6=C.
5160 K=C.

PAIN SIPLLAlICN

5170 CO 5480 J=104

RAKCCP CEPANC X

ISL-3 (Cont ,d)

5180 V = UCRNRT(IRAN)
5190 J9 = 1

5200 IF ( F(J9)V I 5210,521CO225
5210 J9=J9+1
5220 GO IC 52CC
5225 XJ9 = J9 I

5230 X=XJ9sU
5240 E1=e1X

AVERAGES+ CARIEC(1.1),,SHORT(12)

5250 IF 181) 53000300,5260
5260 IF (El) 533CO270,5270
5270 11=(81 + E1)12.
5280 12=C.
5290 GC IC 535C
5300 12=1(1E1)/2.
5310 11=C.
5320 GO IC 535C
5330 11=eles2/(2.11(81E1))
5340 12=E111+2/(201181E1))

REPLENISFIPENT. 13(0 OR 1)

5350 IF (EIS1) 53600360,5410
5360 13=1.
5370 E2=EI
5380 E2=E2 +
5390 IF (12SI) 53800380,5430
5410 I3=C.
5420 12=t1
5430 IF (JT) 5435,5435,5450

PRINTINC CF CETAILS OF SIMULATION
5435 NI3 = 13
5440 WRITE(6,12) J,e1,X,E1,11,12,N13

12 FORPAT(11-0,EXII9,F12.2,2F10.2,13X,F20.2,F19.2,115)

ACCOULATICh OF AVZ.RAGES

5450 LI=LI + 11

5460 12=12 + 12
5470 13=13 + 13
5475 L6=16 + X

5480 8I=E2

SUPPARY OF SIPCLATION AVLRAGES
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1111-3 (Cont ,d)
5515 XM =
5520 11=L1/XP
5510 12=12/XP
5540 I3=L3/XP
5545 X6=L6/XP
5549 WRIIL(6,8504)
8504 FCRPAI (///5X, 201'FOR A SIMULATION OF 916,8H PERIODS)
5550 wRIIE16,85C51
8505 FCRPAT(//54X,7F DEMANUet3X,8HCARRYING,11X0HSHORTAGESOX,

1 14VREPLENI5P.MENTS)
5551 WRITEI6,852CI XetI1,12,13,C1,C2tC3
8520 FORPATI/EX,Sh AVERAGE5,26X,2F20.2,F19.2,F17.2//6X,111$ UNIT COSTS,

I 4SX,F15.202X,2117.21
5552 COST1=C1011
5553 COST2=C212
5554 CCSI3 = C313
5555 CCSI4=CCST1 4 CZS12 + C05T3
5556 WRIIEI6,854CI COSTI,GOST2eCOST3eCOST4
8540 FORPATI/eX,1714 COSTS PER PERI00,43X,F15.2,2X,2F17.21/6X,25H TOTAL

1COSIS PEP PERICC =,F8.21
WR11E(6,99)

99 FCRPAT(/////IN I

5560 GO IC 4Cte

LCKL TERN AVERAGES

6000 CALL AVER
6030 hRIIE(6,13)
13 FCPPATI48X,341- 1 0 NG TERM AVERAGE SI

6035 X6=X5
6040 IIRI1EI6te5GFA
6041 WRITE(6,852C) X6,I1,12,13,C1,C2,C3
6042 COSTI=C1.11
6043 CG512=C2.12

CCST3=C3.13
6044 COSI4=CCSTI + CCS12 + COM
6045 hRI1EI6,854CI CCSTI,COST2,COST3,COST4

WRIFE16,991
6070 GO IC 4C7C

EXPECTEC TOIAL COST TABLE

7000 hRITEI6,141
14 FORPA1(43X,47HEXPECTE0 TOTAL COST TABLE////

1 62X,91 LCT SILE)
7035 C11=C-1
7036 C12=t;
7037 C13=C +
7040 611111(6,151 C11,C112,Q13

15 FORNAT(1P.0,29X,3F20.2121X,14H REORDER POINT)
7060 SI=S1-201L
7070 C = + L
7080 CO 7180 1=1,3
7090 S1=S1 + L
7110 C=C-3.*L
7120 CO 7150 J=1,3
7130 C=t, +

7140 CALL AVER



7150 COSI(J) = C
7180 wRIIEI6,1f) S1,C0S1

16 FORNAT(1I-C,SX,4F20.2)
7390 GO IC 4CCC

ENE

ISL-3 (Cont'd)

SURRCUTINE tVER
CINI-NSIOK V(50)
HLAL N(SC)01C011012,13,J401-1,1210-3,L6
INTEGER 1,SoR
COPPCN c,c1,c2,c3,11.12,13.u,s1,U,Notoc5oli

soco e.(st c - C)/C + .01
8005 NB = INT(R) + I

8010 IF (NB - 1) ec2coo5oocso
8020 II=C.
8030 GO IC 8I5C
8050 IF (SI) 810C,81C0,8060
8060 A = (SI - U)/U + .01
8069 NA = INT(A) I

8080 11=I(U*412)/C),IN(N8)-N(NA))
8090 GO TO 8150
8100 11=I(U**2)/CIIININBI
8150 12=11 + X5/2. - (ID+U)/2.) - SI
8151 IF (12 - .00C001) 8153,8155,8155
8153 12 = 0.
8155 C =IC-UI/C 4 .C1
8160 ND = INTIC) + 1

8200 13 = 11.- (L/C)4VINUII/W1
8210 C=C1411.1 + C241I2 + C30113

RETURN
ENC
FUNCTION CCRKIITIJI
THE FUNCTION UCRNRT IS A UNIFORMLY DISTRIBUTED RANDOM NUMBER GENERATOR
WRITTEN PY NANCELL BELLMORE, THE JOHNS HOPKINS UNIVERSITY
THIS FUNCTIEN WAS WRITTEN SPECIFICALLY FOR THE IBM 7094. THE ARGUMENT,
IRAN, PEST RE INITIALIZED TO AN ODD INTEGER NOT DIVISIBLE BY 5 AND MUST
LIE OETWEEN C AND 4194303
JRAN = J
JRAN = JRAN*2051
JRAN = JRAN (JRAN/4194304)*4194304
J = JRAN
U = JRAK
Y = U/41943C3.0
UORNRT = Y
REILRN

SDATA
5. !C.

'44,1 2. e.
_ .05 .24

40.

.38 .21 .12
6.4.11 -4.0 14.0 1 10.0 10 10 o
cr.4ta- -4 . C I4.0 1 10.0 500 10 1

11.4,04 2. 8.0 0 0.0 o o o
et,4"4 lo.c 1 4.0 moo o 1

9999.0 0.c c 0.0 o o o
1.0 9.0 36.0

V" 5.0 5.0
, 0.0 I.0

44'4.'1 0.0 20.0 0 0.0 0

9999.0 c.c C 0.0
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44, 0.2 i.e 36,0
t.0 1.0
0.0 1.0

614.11-2. C 20,C C 0.0 0 0 0

ISL-3 (Contql)

lot



IATekik Genen61 Iimmtory %fete= StmiUtion
C 151-4 UY E.rwrErw

FCRIRAN VERSION BY RICHARD KESSINGER ANO JON WESTON
THE JOHNS MCPKINS UNIVERSIIYI BALIIMORE MO. 21218

8ASLC CN PANLAL ISL-4, CCTOBER, 1967

INIEGER 14.19,11g8gL.L1,L3g1f,X1,X2,X3/C,X,E.W.J,V,MeNg0
INIEGER XE.X7914,L5,1X
REAL C9,P9,C2,L3,C4,C1,PN4,6,F,XAgXBIX41X5IX0,PgAt031,02,03014
HEAL 1102,13,14,J1,J2,J3,J4.K1,K2,K3,K4,K0

SUOROUTINE RRNIII GENERATES RANDOM NUMBERS
IN THE INTLRVAL 0 TO 1. SUPPLIED BY THE USER

1ETY=RRN( 12)

1000 CINENSICK F(11)9G120),V13I,IHI10I,R(20),IRI20I
1002 LINENSICN X(50C)

RIALING CF LA1A AND INITIALIZATION

1005 REAL 15,11 N4
1007 IFIN4.EC.99S9/GC TO 9998

I FURNAT (110)
1010 REAL 15,2ITS,C909,M,C2,C3,C4

2 FORYAT (I10,F10.4,F10.4, I10,F10.4,F10.4,F10.4)
1015 F19=19
1020 CI = IF1S*C5*PSI/36000.
1030 REAL 15,31 e

3 FORNAT (110)
1040 IF IB.EC.2I GC 10 1080
1050 REAC (5,3) L
1070 GC TO 116C
1080 REAC 15,4/ 11,1,13

4 FCRNAT (3I1C)
14=1.11
15=1+1

1110 CO 1130 1=14,15913
1120 REAL (5,5) F11/

FORNAT (F10.4)
1130 CONTINLE
1160 REALI5,3/ C
1170 IF IC.EC.1I GC 10 1230
1180 REAL (5,4) X10(20(3

X6=X1+1
X7=X2+1

1185 REAL (5.5) GIX6I
1187 FN4 =
1190 IHIX6I = GIXEI*FN4 4.01
1193 IA = X6 X3
1195 CC 1210 1=1A,X7,X3
1200 REAL (5,5) CII/
1203 18 = I-X3
1205 IHII/ = 1011 .-GIIB//*FN4 4.01
1210 CCNIINUE
1220 GC IC 135C
1230 )(4=C

1240 X5=C
1250 1=1
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1260 RCAL(5,6)X(1)
ISL-(COAt'd)

6 FCROAT (110)
1270 IF (x(i).EC.S9S43) GO (0 1320
1275 XU = x(1)
1280 X4 =X4 4)1C
1290 X5 = X5 4 XC4XE
1300 1=141.

1310 GC IC 126C
1320 114 =

1325 4=K4
1330 GC IC 147C

GEKLRAIICN CF Kit RANUUM NUMBERS

1350 X4 =0
1360 X5=C
1370 CC 1460 1=1,1\4
1380 IX=X1.41
1390 Y=ORN(C)
1400 IF (Y.LT.G(IX)) GC 10 1430
1410 IX = IX 4 X3
1420 60 IC 14C0
1430 IF ILHIX).EC.CI GO TO 1380
1432 X(I)=IX-1
1%34 FX=X(I)

IH(IX)
1440 X4 = X44FX
1450 X5 = X5 4 FX.FX
1460 CONTINUE

PEAK ANC STANDARD OLVIATION

1470 X5 = SCRT(IX5-X411X4/FN4)/FN4)
1480 X4 = X4/FK4

PRINTING CF I-EACINGS ANO UATA

2000 hRIFE (6,7)
7 FORMAT (/)

2010 WRIIE (ete) 19
8 FORMAT (42H1INVENTORY SYSTEM SIMULATION, ONE PERIOD =,I10,5H DAYS)

2020 hRITE (6,7)
2030 WRI7k (699) C909,C1

9 FORMA7(13H UNIT COST = ,F10.4,161I PERCENT/YEAR = ,F10.4,29H CARRYI
CKG COST/UNIT/PERIOD = ,F10.4)

2040 hRIIE. (6,7)
2050 IF (H.EC.2) GC TO 2080
2060 hRITE (6,10) C2

10 FORNAT (50I- St-ORTAGES MADE UP. SHORTAGE COST/UNIT/PERIOD = ,F10
C.4)

2070 GC 70 2CSC
2080 WRIIE (6,11) C2

11 F0RMAT(521- SKRTAGES NOT MADE UP. SHORTAGE COST/UNIT/PER100=,F10
C.4)

2090 NRI1E (6,7)
2095 hRiTE (6,12) C3pC4

12 FORMAT 122H REPLENISHING COSTS = ,F10.4,19H REVIEWING COSTS = ,F10
C.4)

2096 hRITE (6,7)
2100 IF (B.EC.2) CO TO 2130
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Oort'd)
2110 WRIIF (foli) L

13 FLRPAT (121$ LEALTIME = ,I10,8H PERIODS)

2120 GO IC 2I9C
2130 wRIlL (6,14)

14 FCRMAI (flh LEADIIMF PROBABILITY)

2140 wRIIE (to)
2190 wRIIE(6,15) 11, F(L1+1)

15 fOkNAI ,I1C,5X,F10.4)
2155 IC = L1+13+1
2160 CC 218C 1=IC,15,11

2169 IC = I-13
2167 XA =F(I)-F(IC)
2168 IAA=I-1
2170 wRITE ((,15) IAAIXA
2180 CONIINL(
2190 WRIIE (6,7)
2200 wRiu (60)
2205 IF (C.EC.2) CC TO 2270
2210 WRIIF (6,16)

16 FORNAT (71- CENANC)

2215 WRIIE (6,7)
2230 CC 2250 I=I,N4
2240 WR(IE (6,17) X(I)

17 FORNAT (1)- ,7111)
2250 CCNIINUE
2260 GO IO 235C
2270 WRITE (6,18)

18 FORNAT (291- DEPAND PROBABILITY)

2280 wRIIL 1E01
2290 WRIIE (6,19) X1,G(X6)

19 FCRMAT (1)- ,I1C,5X,F10.4)
2300 IG = X6+X3
2310 CC 2340 I=IC,X7,X3
2320 IJ=1-X3
2325 XR = G(I)-G(iJ)
2326 IA8=1-1
2330 WRIIE(6,19) IAB,X8
2340 CONIINUE
2350 wRIFE (6,7)
2360 WRITE (6,20) N40(40(5

20 FORNAT (41 IN ,(10,2714 PERIODS- AVERAGE DEMAND = ,F10.4,22H STANDA

CRC CEVIATICK = ,F10.4)

PAIN PRI:GRAN

3000 WRITE (6,7)
3010 wRIIE (6,21)

21 FoRypT (761.
ciiiiiiii**114110**011.1111****)

3020 WRITE (6,7)
3030 E=1

REACING CF CCNTROLLAULE ''ARIABLES, ETC. (8 NUMBERS)

3050 REAC(5,23) J.V( 1),V(2)0(3),M,N,O,X3
23 FORNAT (611C)

3051 IF(J.EC.SC9S)GC TO 1005
3040 wRIIL (6,22)

22 FORPAT (761-1 POLICY, wHEN, HOW MUCH, REVIEW, SIM RUN,PRINT
CS, ACV VARIAeLE, STEP )

"NSP':'8(0.1e4-541,4-ategai`Wftt ;

121



4171,1T`,,,,47:1,7

EL-iCont'd)
3045 hRITE 16,71
3055 WRITE 46,24) J.V111,V(2),V131,m,N,U,X3

24 FORMAT I1P 9819)

INITIALIZATION OF SIMULATION

4000 WRITE (6.7)
4010 WRITE 16,30)

30 FCRMAT (76H -
C - -

4020 WRITE (6.7)
4030 Z=V(1)
4040 Q= V(2)
4050 W=VI31
4500 J1=0.
4510 J2=0.
4520 J3=0.
4530 J4=0.
4540 IF (J.EU.11 GO TO 4580
4550 Q2=Q
4570 GC TO 4610
4580 C2=Z+0
4610 IK=L+2
4615 CC 4630 I=1,IK
4620 RII1=0
4630 CCNTINUE

PRINTING OF POLICY ANC ITS PARAMETERS

5000 IF (J.EC.2) GO TO 5040
5010 IF (J.EQ.3) GO 10 5060
5020 WRITE (6,25) 7.0

25 FORMAT (17H REORDER POINT = ,F1C.0,12H LOT SIZE = ,F10.0)
5030 GC TO 5070
5040 WRITE (6,26)ZIN

26 FORMAT 117H REORDER POINT = 9F10.0,15H ORDER LEVEL = ,F10.0)
5050 GC TO 5070
5060 WRITE (6,27)14A

27 FORMAT I21H SCHEDULING PERIOD = ,F10.0,1511 ORDER LEVEL = ,F10.01
5070 WRITE (6.7)
5072 WRITE(6,28) W

28 FORMAT (20H REVIEWING PERLOD = ,I10)

DETAILEC SIMULATION HEADING

6000 IF (N.LE.0) GO TO 7C00
6010 WRITE (6.7)
6020 WRITE 16,31)

31 FORMAT 16811 PER BEG DEM ENn AVA ORD REC CAR SH
CO REP REV)

6030 WRITE (6.32)
32 FORMAT I59H ROUNDED

C CFF1
6050 WRITE (6.7)

MAIN SINULAT(ON

7000 MPLUSL=P+L
7001 CC 7950 K=1,MPLUSL

,
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IMA (Ccmt'd)
CI AND Um BEGIN ANC F.NU 14Vr.NTCRIES

7010 c1=C2+H(1)

CEN,A0=FX

7012 FK=K
7014 F1%4=N4

7015 1NTFK=INTIIFK-0.01)/FN4)
7016 IXSUB=KNOIINTFK
7020 FX=X(IXSUB)
7030 02=C1FX

AVERAGE CAR31E0=11, AVERAGE SHORT = 12

1100 1F1C2.GE.0.01 GO TC 7150
7110 IF(CI.GT.0.0) GC TC 7180
7120 11=0.
7130 12=(014C2)/2.0
7140 GC TO 7200
1150 11=IC1+621/2.0
7160 12=0.
7170 GC TC 72C0
7180 17=C24*2/12.*FX)
7190 11=C1**2/(2.*FX)
7200 IFIH.EQ.11 GO TO 7540
7205 IF(C2.GE.0.) GO TO 7540
7210 12=-0
7220 C2=0.0

A=ANGUNT CN HANC ANC ON ORDER

/520 A=0.
7530 GC TO 7550
7540 A=C2
7550 IFIL.EC.0) GO TC 7590
7560 CC 7575 1=2,L5
7570 A=A+14(1)
7575 CCNTINUE

I3=REPLENISP(0 OR 1)14=REVIEw 10 OR 1)

P=AP0UNT REPLENISHEC

7590 P=0.
7600 13=0.
7605 14=0.
7610 IFIJ.EQ.31 GO TO 7680
7620 IF(KW.(K/W).EQ.0) GO TO 7626
7624 GC TO 7800
7626 14=1.
7630 IF(A.GT.Z) GO TO ieoo
7640 IFIJ.EC.2) GC TC 7690
7650 P=P+C
7660 IF(A+P.LE.Z) GC TC 7650
7670 GC TO 7710
7680 II=INT1Z+.51
7681 IFIK-1Z+(K/11).NE.C) GO TO 7800
7685 14=1.
7690 P=CA

7692 IP=P
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IA (Cont'cl)

7700 IFIIP.FC.01 GO TO 7P06

7710 13=1.0
7720 IF(8.EQ.1) GO TO 711.10

7730 1&L1+1

RANCON LEADT(ME

7740 Y=RRNIO)
7750 1F1Y.LT.FIIII GO TC 7790

7160 1=1+13
7770 GC TO 7750

UPCATE AKUNTS ON CROER R(I)

7180 I1,1+1
7790 R11+1)=R11+11+P
7800 CC 7825 1=1.15
7820 RIII=R11+11
7825 COINTINUE
7830 RI1+21=0.
7875 IFIK.1E.11 GO TO 720

ACCUMULATE 11,12,13

7860 J1=.11+11
7890 J2=J2+12
7900 J3=J3+13
7910 J4=J4+14
7920 IF1K.GT.N1 COTO 799C

DETAILS CF SIMULATION

7922 IX=INT(FX+.5I
7923 1R(1)=1NTIR11/4.51
7924 :P=INTIP+.51
7925 111=INTI11+.51
7926 112=INTIT7+.51

7927 1C1=KESWES1011
7928 1C2=KESNES4021
7929 1A=KESWES(A)
7930 113=KESWES4131
7931 114=KESWES( 14)
7932 WIITE16.79401K,101,1X,IO2,14,1P,IRM,II1,112,II3,114
7940 FORNAT111161
7950 CCATINUE
7999 FP=1/
8000 11=.11/FN
8010 12=J2/FP
8020 13=J3/FP
8030 14=J4/FP
8040 K1=114,C1
8050 K2=12.C2
8060 K3=13.C3
8070 K4=14.C4
8080 K0=1(1+K2+1(34K4
8090 WHITE16.7/
8100 WRITE16,71
8110 IF(N./J.0) GO TO 8260

S1PULATICN SUMMARY
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LAA (3010t'd)
8120 hR1106,8125)
8125 FORNAT(IX,20-FCR A SIMULATION OF #110,8HPERIOOS )

8130 hit1It(6,7)
8140 wRli1i(,8145)
8145 FORMAT(14X,50-CARRYING SHORTAGE REPLENISH REVIEW)

8160 hRIIE(6,7)
8170 hRIIE(6,8175) [1,12,13,14

8175 FORMAT(1X,121-AVERA1,ES ,F12.4,F12.4,F12.4,F12.4)

8190 hRITE(6,E195) C1IC2,C3,C4
8195 FORPAT(1X,131-LNIF COSTS ,F12.4,F12.4,F12.4.F12.4)

8210 WRIIE(6,8215) K111(2,K3,K4

8215 FCRAT(IX,131-CCSIS
,F12.4,F12.4,F12.4,F12.4)

8230 WRI1E(6,7)
8240 hRIIE(6,8245) KC

8245 FORNAT1IX,221-TCTA1 COST PER PERIO0=,F12.4)

8250 GC IC 829C

eRieF Sio1LA710\ SUMMARY

8260 WRITE(6,8265) K1.1(2,K3,K4,K0

8265 FORNAT(1)(.41-CAR=IF10.4,4HSHO=IF10.4.4HREP=IF10.4.4HREV=,F10.4,
C4hIIT=,FIC.4)

ACVANCING A VARIARLE

8290 IF(C.EC.0) CC TC 3000
8300 IF(E.EC.3) CCI C 3000

8310 E=E+1
8320 V(C)=V(r)sX3
8330 GO TC 4CCC
9998 STCF
9999 ENC

FUNLIACN KEShES(X)
IF(X.GE.C.C) CC TO 30

40 KEShES=INT()t-.5)
RETLRN

30 KEShES=INT(Xs.!)
RETIRN

$I8LCR RRN*
$TEXT RRN*

$CCICT RRN*

$0KENC RRN*
SOATA

RRN*00U(.1
RRN*0001
RRN*0002

RRN*0004
RRN*0005

1CC

4.1 7 1285.714

2

8

.05C

.29C
.67
.88

Lit 4.4

-4,1.2.

20. 1 50. 40. 0.0

2

-2 8 1. 5 5 0

(3 IC 1 100
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ISL-4 (Cont ,d) G
Ev. 4.1i 3 3 12 2 600 7 o

9959 9599 9999 9999 9999 9999 999q 9999

IC 1.5
7 1285.714 20. 2 50. 40.

1101.2 2
C 2 1

.2C

.ec
t.c

4
2
f
4
8
2
4

9995
Ed. 4,21 I
gi 4,11. 2
cx 41 1, 3

999S

4
4
2

9SS9

e
12
12

9999

1
2
1

9999

15
700

70
9999

15
o

-1
9999

o
0

9999

0
0

9999

ICC
7

VC 6
1

c
2
c

05C
..29C
67
.88

1.

1285.714

e

20.

2

1 50. 40. 0.0

1

E4.1.1- 1

cs. sA 1e4 I
9995

o
2
2
c

9599

a
6
8

to
9999

1

1
1

1

9999

500
500
500
500

9999

t
9999

1
2
3

2
2
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