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Four computer programs to aid students in understanding inventory systems,

constructing mathematical inventory models, and developing optimal decision rules are
presented. The program series allows a vser to set input levels, simulates the
behavior of major variables in inventory systems, and provides performance measures
- as output. Inventory Systems Lab (ISL)1 deals with carrying, shortage, and
 replenishment costs. The user selects three parameters: unit costs, interim demand,
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and planning horizon. He then must decide when and in what quantities replenishments

are to be made. The program enables him to observe effects of changing parameters
Il costs. ISL-2 and 3 introduce the user to factor

| int and lot size cet, interim system behavior and
©  average costs are available. The user may then build a model for long-run system
behavior, formulate optimization decision rules, and have the program test his resulfs.
In ISL-4 a user faces a system with a variety of properties and policies including lost
sales, prescribed variable demand, and fixed inventory policies for which he carries
out model building and optimization exercises. The program series is considered
flexible and effective as a heuristic aid. Fortran IV listings are included. (SS) |
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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 principies
gulding their preparation are discussed:

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

ISL-2: The Deterministic Reorder Point--Lot 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 methodolcgy
of production of computer laboratory manuals.
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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 wvhich carrying,
shortage, and replenishment costs can be controlled by

making appropriate decisions (see references 11, (2],
(3], (5], and [6]). This field has a wide range of
theoretical and practical applications. It is particu-
larly suitable for the study 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, lXconomics, Business

Administration, etc.

1.2 Computer time sharing systems cen now be used
economicelly as an aid in the teaching process. They
seem to be particulerly useful in simulating an ideal
laboratory environment for the study of inventory
systems. This report describes computer programs and

manuals for such an inventory systems laboratory.

gned to give the student

1.3 The laboratory has been desi
ntory system under study:

Three major options for each inve

VPRI
e e

A. Simulation of inventory fluctuation

B. Long term averages
C. Table of total costs i

o check whether he understands
A), whether the model he has
(option B), and whether he

rules (Option C).

He can use the options t

the inventory system (Option
constructed seems to be correct

has found reasonably good decision
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2. Inventory Systems Computer Programs

2.1 Inventory systems are characterized according to such
Tactors as costs (carrying, shortage, and replenishing), : 5
demands (deterministic or probabilistic), leadtime (zero i
or non-zero), and policy (when to order and how much). d
By varying these and otner factors, the number of different
inventory systems that can be constructed is practically

infinite. This report deals witn only four inventory i
systems. Each is described in detall in an appropriate ’

menual in the appendices.

2.2 The first system (ISL-1) is intended mainly to give the
student an appreciation for the need to balance carrying,
shortage, and replenishing costs. 1In the second system
(ISL-2) demsnd is constant and leadtime is zero. This is
an excellent system for learning how to build a model and 4
how to determine optimel decision rules. |

The third system (ISL-3), which is an extension of
ISL-2, allows demand to be both deterministic and probabilistic.

Tt is a relatively complex system for which it is rather
difficult to construct a model. The problem of finding J
optimal decision rules is even more difficult. ;

The fourth system (ISL-l4t) is a rather general inventory

system. It allows the study of systems with a variety of
properties and policies. These include lost sales, probabilistic
leedtime, prescribed variable demaend, and the inventory policies
(z,a), (2,2), and (t,2). Systems with some of these properties
are known to be extremely difficult to analyze. The simulation
option of Program ISL-k 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 date and instructions, and the execution of the instructions.
B. As many date and instructions as possible will be presented at

one time.
C. A special feature for checking correct results is not necessary.
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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.
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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 4
formulation of Progrem ISL-I is new. Portions of the g
program ore based on Section 12-3, mp. 217-22L. %

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

The programs were also coded and implemented in the %
FORTRAN IV language on the IBM-7094% Batch Processing 5
System. The listings of the programs are given in the
Appendix £. The outputs from these programs, using the 3
data following each listing, are almost identical with %
the corresponding outputs in the manuals. -

3. Inventory Systems Laboratory Menuals :

3.1 We consider the preparation of manuals to be & most i

important task in using computers in the teaching process. g

The manuals in Appendices A to D should be regarded only o

as a first attempt to exemplify the methodology which is :

involved. :
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3.2 Several principles have guided us in preparing the

manuals.

A. The menuel should only deal with the laboratory.
Instruction on inventory systems should be given in the
classroom end/or in a textbook.

B. The manual should be read before the leboratory.

The student should come to the leboratory prepared with

date for the computer.
C. The manual should contein numerous illustrations

which provide examples of the pre cise inputs to the
computer and actual copies of output from the computer.

3.3 Each of the manuals in Appendices A to D includes
the following sections:

A. Presentation of date

B. Illustrations

C. Construction of model and/or optimization
D. Extensions end problems for solution

E. 1isting of the BASIC program

Section A describes the parameters, the controllable
variables, and the available output options. It gives
the names of all these veriables in the program. Actual
examples of data and/or inputs ere also given.

Section B provides illustraetions of actual con\puter
yuns with date and/or inputs, and outputs.

In Section C a few suggestions are 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
cystem and suggects possible extensions. All these
extensions require changes in the computer progrém. The
section also includes several problems for solution using

the program as it is.
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Section & gives the full listing of the computer
program a6 it is coded in BASIC and stored in the GE-265
system. Th~ listing is mainly intended for the teacher.

3.4 The actual production of a manual is a time consuming

Job which requires extensive plamning. Much thought
must be given to the illustrations, to ensure exemplifica-

tion of all the features and shortcomings of the computer
program. 1
|

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.

L. Use of the Laboratory by Students

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

% _ Tlopkins University in the academic year 1968-69 in the
() wndergraduate course "ilementary Inventory Systems." This
é - course wes not offered in 1967-68.

L.2 The laboratory wes pretested by graduate and undergraduate
Students at Johns Hopkins. It was also used in the author's
coursee "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. It was
gratifying to see the smile on & student 's face when the

long term averages which he predicted were actually printed
by the computer. It was interesting to wvatch another student
who cleimed to have found the optimal decision rules of a
system. He used the option in the program vhich 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.
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4.3 The following observation can be mede regarding the

meximum 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. C.aclusion

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 reedily applied to other fields. In
particular, the following fields within Operations Research
seem to be especially sultable: queueing theory, game theory,
response surface analysis, stochastic allocation models,
reliability theory, and replacement models.
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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 1In

other laboratories (ISL-2, ISL-3, ISL-k) the inventory systems can be used ° ]
for construction of mathematical models and for evaluation of optimal :

decision rules.

2. Properties of Systenm 1

2.1 Demands

The planning horizon is camposed of N periods. The demand D(I) at
the beginning of pericd I is knowm. The student supplies ihe values of N, ?

D(1),...,D(N).

2.2 Unit Costs

U BN R o ) N s S

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, €2, and C3.

s i S T i A

2.3 Decisions

The program allows for two types of decisions:

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

A R N I S T RSP SE o laMnS:1

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

o BN AT T R T S

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

a2

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

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

o R T T

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

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

It is assumed that the demands during the planmning horizon are exactly

met by replenishments. That is, ]
D(1) + ... + D(N) = R(I(1)) + ... + R(I(M)) |

Thus the4 initial inventory B(1) is equal to the amount on hand at the end 1

of the horizon.

2.5 Objectives %
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 & specified number of periods.

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

given in a data statement:

910 DATA < N >

For exampie, for a planning horizon of 12 months the date statement is:
| 010 DATA 12

% 3.2 Demands: D(1), ...,D(N)

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

F
s Lo

given in a data statement:

920 DATA < D(1),...,D(N) >
For exemple, the demand in tons for the 12 month horizonwould appear as:

920 DATA 10,20,20,30,20,30,0,C,40,30,2C,20.




(Note that for each period there must correspond & 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 shortege cost, (2, is measured

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

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

for each replenishment. The inventory costs are placed in a deta statement,

thus:
930 DATA < C1,C2,C3 >
For example,

930 DATA .20, 5.00, 10.00

3.4 Initial Inventory: B(1)
The program permits the inclusion of any initial inventory, B(1),

This information is given in

left over from & previous planning horizon.
a data statement:

940 DATA < B(1) >
For exsmple, for en initial inventory of 10 tons the data statement will be:

9LO DATA 10

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

As with the initial inventory, the program elso permits control of
replenishments. One has to furnish M periods, I(1) to I(M), and with each

period, I, & corresponding replenishment, R(I). This eppears in a date

statement as:
950 DATA < I(1), R(I(1)),...,I(M), R(I(1)) >

/| V7
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For example, suppose N = 12 months, and replenishments are desired at
the beginning of the months: 2,4,9, and 11 with the quantities: 4o, 80,
70, end 50 respectively. The data statement would then eppear as:

950 DATA 2,L0,L4,80,9.70,11,59.
(When additional lines are needed to accommodate 21l the replenishment

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

3.6 Summary
Five data lines are needed. The first three constitute the perameters

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

replerishments during the horizorn. The general form of the date statement is:

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

930 DATA < C1,(C2,C3 >

940 DATA < le) >

950 DATA < I(1), R(I(1))»...»I(M), R(I(M)) > ¢

For example:

010 DATA 12
920 DATA 10,20,20,30,20,30,0,0,40,30,20,20

930 DATA .20,5.00,10.00

9ko DATA 10
950 DATA 2,40,4,80,9,70,11,50 | .

In Section 5.2 (p.12) the printouts resulting from these data are given. §
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4. Exemples
Three exemples are given in this section. In all the examples the

o] S AR

planning horizon is composed of 12 months. On 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.
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The unit costs ere also the same in all three examples. The
cerrying cost is $0.20 per ton per month, the shortage cost is $5.00 per

ton per month, end the replenishing cost is $10.00 per replenishment.

In 211 the examples in this section it is assuned that replenishments

occur at the same interval of time and that the quantity replenished is
éonstant. . 1
{

k.1 Fxample 1

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

I replenishments of 60 tons eacn are scheduled for January 1, April 1,

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

A RS R i3 2 i A O R NI E 2 P T

910 DAIA 12 .

929 DATA 1U» 202U 395 29s 3DsUs Us 4Us» 369 20 20

943 DATA U ;
i]

950 DATA 156U 45655 T 6Us 105 6V ;

]

RUN 1

NAIT. {

g

IsL-1 11:32 83704767 §

PERICD BEGIN REPLENISHAMEN DEMAND END 1

1 %, 60 10 50 ]

2 50 1) 20 30 i

3 39 7] 2y 10 i

4 19 690 39 40 ]

5 49 G 20 | 29 )

6 24 Y 30 -1 ]

7 -1 60 g 59 i

3 Sp 1} Y] S9 §

9 5 5 49 10 :

19 19 60 39 49 p

\ 11 4 ) 20 20 i

: 12 20 U 20 J ) i
;s
§ :
t g
‘ 3
14
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f LRIC
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CAxnYING S40~nTAGE REPLENISHAMENT TOTAL

AVERASE 26. 6667 . «333333 « 333333

UNIT COST 2 S 10

COST/rERIOD . 5.33333 4.166617 3. 33333 12,3333
ToraL COsST 64. S0 40. 154.

TIME: 1 SEC>.

These results are self explanatory. The average amount carried is
the average of the amounts in the last column, with the -10 replaced by O.
The average shortege is 10/12 = 0.83333. Since there were 4 replenishments,

the average number of replenishments per montan is h/12 = 0.333333.

4.2 Example 2
Suppose the initial inventory on January 1 is again zero, but 6

replenishments of 4O tons each are scheduled. The data and results are now:

91Y DATA 12 i
920 DATA 10,20520s 305205 30s Ds Os 495 30520, 20

930 DATA «2055.00,10. 00

940 DATA © ,
959 DATA 1540535 40555 4Us T2 4105 95 405 115 49 :
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ISL-1 11243 v8/04/761

PERICD BEGIN REPLENI[SAMENT DEMAND END
1 0 - 40 10 30
2 30 /7 20 10
3 10 49 2u 30
4 30 1) 30 %)
S )] 40 2V 20
6 20 %] 30 -10
7 -10 40 0 30
3 30 02 ] 30
9 30 a0 40 39
10 39U 0] 30 - 1]
11 5] 40 20 20
12 20 %) 20 9
CARRYING SHOXTAGE REPLENISHMENT TOTAL
AVERAGE 16 6667 «833333 «5
UNIT COST 2 5 10
COST/PERIOD 3.33333 4. 16667 S 12.5
TCTAL COST 45 S50. 69 150.

TIME: 1 SECS.

Exemple 2 illustrates how costs can be changed by a suitable change
in replenishments. In Example 1 the total cost is $15h.00 per yeambwhéreas

in Example 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

:
i
3
i

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:
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910 DATA 12
920 DATA 10,20,20, 30,20 30> 3s 9s 40, 30529, 20

i3
i 930 DATA «+2055.00, 1000
f 940 DATA 10

950 DATA 1,465 35 4955, 405 75 405 95 40s 115 40
4 RUN
AAIT.

ISL-1 11247 V3704767

!  PERIOD BEGIN REPLENISHMENT

: 10 49
| 40 o

2y 40
40 | Q0
10 49
30 Y

7 40
40 | 0
40 40
40 0
10 49
30 7

VN D W -

Eauni
—
N

o= b
O o

S A B AP SR S

CARRYING SHORTAGE

AVERA3E 25.3333 0
% UNIT COST .2 5
| COST/PERIOD = S.16667 o -

T

TOTAL COST 62. 0

e i G

TIME: 1 SECS.

L S R R

/M

L

TERIC

4T/ Full Toxt Provided by ERIC
B R A S R sy o s A A0

o . e o e A R S A A A

DEMAND

10
20
20
30
2u
3¢
0

/]

40
30
20
20

REPLENISHMENT

S
14
S

60

e Tl 135

o=

END

40
20
40
10
36
¢
40
40
40
10
30
10

TOTAL

10. 1667

122.

\"
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bk Summary
The costs in the three examples can novw be swmarized.
EXAMPLE CARRYINNG SHORTAGE . REPLENISHING TOTAL
1 64 80 ko Lt
2 40 50 60 150
3 62 0 60 122
We note that by appropriate decisions any one of the three types of costs ) N
can be increased (or decreased). This usually results in a decrease '
(or en increase) in same other cost. The problem of finding the best
decision is discussed in the next section. ~
( -~) In passing one should note that in every example the ennual
x ' Y
, replenishnents equalled 240 tons - the total annual demand. If the j
totals were not equl, say, if one replenishment of 230 tons is scheduled,
' ;
then the following result will be printed: g
|
i 910 DATA 12 ?
H 920 DATA 10 20,20, 30520, 30s 0s @5 40» 305 20s 20 ?
g 930 DATA <205 5¢00s 1000 i
é 940 DATA 10
950 DATA 1,230 g
g
| RUN ]
f WAIT. é
é
* |
4 IsL-1 11:57 37047617 §
Q . REPLENISHAMENTS ARE NOT EWJAL DEMANDS
) CHECK LINES 920 AND 950 |
é TIME: 1 SECS. :
1Y
l‘ ’é
L. i
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5. Optimization

Analytic methods of optimization are discussed in other manuals. The

student should use program ISL-l1 to find an optimal decision by trial and error.

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

5.1 Exemple b
A careful study of the results of Example 3 indicates that inventories can

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

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

919 DATA 12
920 DATA 1U,20s205, 30,205 305005 0y 40, 30,205 209

930 DATA «21,5.00, 1009

940 DATA 0O
950 DATA 153053550555503,9,70511, 40

A A P A o A et

TIME: 1 SECS. /9

RUN
WAIT. ’
g
!
IsL-1 12: 02 03/04761 ;
PER10D BEGIN REPLENISHMENT DEMAND END %
1 ) 30 10 | 20 :
2 20 0. 20 0 ]
3 0 50 20 30 2
4 30 ) 30 1) ;
5 ) | 50 20 30 :

6 30 %) 30 7]

7 0 ' 0 7] Y]
8 0 7] 7] 7] &
9 0 70 40 30 1
10 30 4] 30 7] ;
11 0 40 20 20 {
12 20 ] 20 7] §
.CARRYING SHORTAGE REPLENISHAMENT  TOTAL !
1 AVERAGE 10.8333 @ « 416667 | !
UNIT COST 2 . S 10 | §
B COST/PERIOD 2.16667 4] 4. 16667 6.33333 %
TOTAL COST 26 ) 5. 76. g
t ) . 7

v
i pomnind bt
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5.2 Example 5

Further trial and error attempts may eventually lead to the following

results which seem to be optimal:

910 DATA 12

92U DATA 10520,205 305295 3Vs U5 Us 4 305205 20
93% DATA «2Us SelIWs 1Ue DY

9409 DATA 1V

9590 DATA 25,405, 453U59570s 11,5V

RUN
AAIT.
ISL-1 12: 09 B3/04761
PE~IOD BEGIN KEPLENISHMENT DEMAND CEND
1 10 ) 10 0
2 ) 40 29 20
3 20 ) 20 0
4 o 80 30 50
5 50 ) 20 30
6 30 ) 30 0
7 0 0 4 )
: 8 ) 0 0 )
', 9 o 70 49 30
; 10 30 ) 30 0
; 11 0 50 20 30
| 12 3¢ 0 20 10
E CARRYING SHOXTAGE REPLENISHMENT  TOTAL
i AVERASE 14.1667 0 *  +333333
] JNIT COST Y- 5 10 '
COST/PERIOD 2.33333 0 . 3. 33333 6. 16667
TOTAL COST 34. ) 49. | 74.

TIME: 1 SECS.

o
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5.3 Example 6

As another example consider an inventory system with a plenning
horizon of 7 days. Each weekdey there is a demand for 5 box cars. On
S;turday there is a demand for 10 cérs. There is no demand.on Sundays.
The carrying cost is $10.00 per car per dey. The shortage cost is $20.00
per car per day. Thelreplenishing cost is $400.00 per féplenishmeni.

Whet is an optimal replenishing policy?

One can first attempt to balence carrying costs and replenishing
costg vhile avoiding shortages. Suppoée 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 $U00 per week for a total of $1EOO 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:

f 919 DATA 7

; 920 DATA 555555555, 10,0
] 930 DATA 19,20» 400

i 949 DATA U

i 950 DATA 1,205,515

f RUN
( 'D'JAITO
B

:
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\
ISL-1 14:03 V37047617

PERI 0D BEGIN KEPLENISHMENT DEMAND END
1 0 20 5 15
2 15 o 5 10
3 10 ) 5 5
4 5 0 S 0
5 0 15 5 10
6 10 ) 10 0
7 ) ¢ 0 0
CARKYING SAOKTAGE REPLENISHMENT  TOTAL ;
AVERAGE Se 71429 ) 235714
JNIT COST 10 20 400
COST/PERIOD 5741429 0 114,236 171. 429

TOTAL COST 49U, v BOBUYe 120V.

TIME: 1 SECS.

5.4 Exaffple 7

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

as follows:

Suppose that instead of two replenishments of 20 and 15 cars one chooses

19 and 16 respectfully. This will reduce inventories on Mondays, .'Tue sdays,
and Vednesdays, but will cause a shortage on Thursday. The net effect,
however, will be & saving of 3 x 10 - 20 = $10 per week. Similar consider-

ations lead to the following solution which‘ seems to be the optimal solution.

s ORI (RIS A BRI TS 0% ARG (o ST A, YV LT v f s e




910 DATA 7

929 DATA 555555555,10,0 |

930 DATA 10,24, 490
94) DATA 9
950 DATA 1,15,5,20

206

230

RUN

JAlT.

ISL-1 14:29
CARRYING

AVERASE 3.57143

UNIT COST 10

COST/PERIOD 35.7143

TOTAL COST 250.

TIME: 1 SECS.

03704767

SHOx TAGE
o 714236
20
14.2357

100.

REPLENISAMENT

235714
409
114.236

800,

T0TAL

1644236

1153.

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

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

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

29
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6. Extensions and Problems for Solution

6.1 Extensions

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

A. Ieadtime is assumed to be zero.

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

C. The cost of shortages are measured in dollars per unit per period. 4

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

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

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

changes in the properties A, B, and C above are reletively eaéy to handle.

However, this is not the case with property D.

T %

6.2 Problems for Solution

oo

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). | | i

A2. The shortage cost is $50.00 per ton per month (instead of $5.00

per ton per month).

§ A3. 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

T R T TSR R

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

gbove. )
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C. Demand is known to cycle over & 1k-day period: it is 10 on days 1,2,
end 3; 15on days 4 to 7; 5 on days 8,9, and 10; and 7 on days 11 to 1lk. 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 opt1ma1 replenishing

policy?
D. Demend is uniform at the rate of 2400 points per year. The carrying
cost is $0.56 per part per year. The ordering cost is $h2 per order. No

shortages are allowed. What is the optimal lot size?

E. The weekly demends in an inventory system during one year are
.2,1,0,1,5,3.1,4,1,0,4,4,1,0,3,1,2,1,0,3,1,1,0,0,1,1,2,3,2,C, 4,2,1,0,2,0,3,1,1,
1,2,2,3,0,1,1,1,1,3. The carrying cost 1s $1.00 per pound per week, the shortage
cost is $10.00 per pound per week, the replénishing 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 O cars).
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7. Program ISL-1l

Ul REM IsSL-1 FOx MavJaL 1
02 KoM 3Y E<VADDOx AVD O.BxAATEV, TAE JOHANS H40°KINS JNIVERSITY
95 DIM BC6U)»KC6D)» DCHUI»ECHUY)

100 LEL D = U
1S LET R = U
110 READ N

115 FOkR 1T =1 TO N

120 nREAD DCI)

122 Ll D = D + DCD)

125 NEXI 1

127 xEAD C1,C2,C3

123 READ B(C1)

130 READ 1

135 IF [=-99 THEN 15V

137 READ RCI)

1409 LET RK=x + xCI)

142 30 TO 13U

150 IF D = K IHEN 200

155 FRINT "REPLENISANMENTS ARE NOT ZUJAL DEMANDS'
160 PRINT ""CHeECK LINES 920 AND 95u"
179 S1CP

209 LET I1 = ¥

202 LET 12 = U

204 LET I3 = ¥

296 °rxINT "PEXKIOD'", '"BEGIN REPLENISHMENT', '"DEMAND', "END"
293 PrRINT

210 FOrR I = 1 TO N

220 LET ECI) = B(I) + xC(I) - DCI)
230 PRINT I, BCI)s» RCID)»DCI)H>ECI)
24y IF <(I)>=0 TAZN 250

245 LeT I2 = [2 - ECD)

247 30 TO 279
2590 LET Il =11 + 2CD)
27u IF rCIY)> 9 THEN 230
275 3C 10 235

230 LET I3 = I3 + 1
235 LEY B(I + 1) = ECI)
290 NEAT 1

3y LET I1 I1/N

3uS LET I2 I12/N
- 310 LT I3=13/N
i 315 PRINT

316 PxINT

320 PRINT " ", "CARKYING SHORTAGE REPLENISHMENT', "10TAL"
325 PrINT

330 PRINT '"AVERAGE'> I1,12,13

335 PrINT "UNIT COST's C1,C2,C3
. 349 PRINT "COST/PERIOD", I1%Cl1s I2%C2, I3%C3, I[1¥C1+12%xC2+13%C3
345 PRINT ‘

350 PRINT "TOTAL COST', I1%ClxN», [2%xC2%N, I3%C3%N,

351 PRINT I1*%ClxN+[2%*C2N+[3%C3%\

910 DATA 12

920 DATA 19,210,205 30,205, 30s s D> 405 36» 20, 20

930 DATA 205500, 18.00
: 949 DATA 10
i 950 DATA 25495 4533595795115 50
E : 998 DATA =99
999 END
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é 1. Introduction

‘% This laboratory deals with a deterministic reorder point -
é lot size system. The systenm is an extension of ISL-1 and forms
i e basis for two other laboratories: ISL-3 and ISL-k. Program

§ ISL-2 has 3 distinct uses:

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

é. +ind out how the system behaves over a reasongble

E nunber of periods, and wnat 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

t the behavior of the system in the long run. lle

i can use the computer program to test his model by

% comparing numerical results that he derives on

E paper with the numericel results derived on the

g computer.

é C. Once the model of the sysfem has been determined,

E the student cen address himself to the problem of

i optimization: How to find the optimal values of

% the reorder point and the lot size. lie must attempt
% to find decision rules leading to the desired values.
% Any numericel results that he obtains can be checked
with the third type of output available Irom the

%: | computer progran.
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2. Presentation or Data

3 The student can control ell the parameters in this program.

Some will be fixed for several runs of the procram, nemely, the

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

statement. The olher parometers, which may vary with cach run,

G T ST TR s ‘4 RS

are entered as secondary laput. They inelude cuch variables os

B

PRI

the reorder point, the lot size, the inivial lnventory, ete.

-

2.1 Demand end Unit Costs (Primary Input)

The demand, U, can teke on any positive value. Ifs dimension

2. My ity g i ot sl
S bt doa e ot e e o e

WX

s in gquantity units per time pericd,where the quantity unilts mdy

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

R

o week, a month, etc.

oy

DTS

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

kezosianinty

R

Cl, is in dollers per unit per period. The unit shortage cost, C2,

|

. is also in dollars poer wnit per period. The unit replenishing cost,
1 .

% U3, is in dollasrs ver replenichment.

g The request for primery input i3 in the form:

3 DEALND, CARRY, SHORT, HisPLEN

? <y, CL, €2, C3>

é (The computer does nct print the variable symbols, they are printed
? here as & visual aid to the student.)

§ Suppose the time period is one weck and the quantity unit is a
f ton. Then, for exawple, we might have o demand of & tons por veek, o

-~

unit cerrying cost of Sl per bLon per week, a unit shorto;e coot of




—

i3
(
i

E\.

Aruitoxt provided by Eric

e e s G T TS, %
4

W) per ton per week, and @ unit replenlchilng cout of 36 per

replenlisnment. Thus, tne rcoponce to the Input statement would be:

L.IAAND, CARRY, SIHORT, RISPL.I

7 5 1, 9s 36

2.2 Decision Variables and Optiont (Secondary Input)

The program requircs 10 secondary inputs during its running:
the reorder point, S; the lot size, Q; the simulation index, X1;
tne initial inventory, Ql; the number of periods to be scimulated, I,

the number oi periods to be printed, N1; the long term averages

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

sizc increment, Jl; and the primary input index, D.

Lach of the indices X1, X2, X3, and D should be either § or 1.

If X1 = 1, then the simulation starts with an initial inventory
of Q1L units and is carried out over N periods. The details of the
{irst N1 = I periods are printed. In addition, a surmary of averages
for the N periods is also printed. If N1 = @, only the summary is

printed.

When X1 = f, the simulation option is not used. In that case,
the values of Ql, N, and lil are irelevant; howcver, they must be

supplied.

If X2 = 1, then the long term averages summary 1c printed.
This cen be compared with the simulation summary. If X2 = @, then

the long term averages swamory is not printed.

3o
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I %3 = 1, then o table of costs ic printed In the

i
nelinvorhood, Jl, of tie reorder polnt $ und the Lot oluce Q. 3

If D =1, then at the end of the current run, the computer
will ask for new primary input (i.e., new demand and unit costs

will have to be supplied). Thereafter, or iI D = O, the computer

will ack for new secondary input information. Thus, if the student
wisnes to retain the old primery input data and only change the
secondary inputs on the next run of the program, ne should enter § H

as the value for D. : |

Tae request for secondary input is in the {orm:

POINT.LOT,SIM,IHIT,RUN.PRIHTS,AVER,COSTS,STJP,DATA

2<5,@Q X, Q,H N, X2 X3 Jl, D>

For cxample, the student may supply the following inputs:
POIHT.LOT,SIM.INIT,RUN.PRINTS,AVER,COSTS,STJP.DATA

2 =5, 20, 1, 10, 100, &, 1, 1, 5, O

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. lHe asxs
that the details for the first 8 periods(nand a swwaary for the 100
periods)be printed. The student also asks {or the long term averajed
sumary. ile also wants the table of total costs for reorder points
oi «5.5, -5, and -k.5 unitc and for lot siies of 19.Y, 20, and 20.)
units. Finally, he indicates that he would like another run with the

same primary input.
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3. Illustrations

The illustrations in this section are designed to cxemplify |
all the capabilities oi' Program ISL-2. They also {orm the basis

for the next cection which deals with modelc and their solutions. i

3.1 BalanciggﬁCapgyingiand Reg}pnishiqggposts

xamples 3.11, 3.12, and 3.13 illustrate the inputs and
outputs relating to an inventorylsystem in vwhich the demand is 4
5 tons per month, the carrying ccst is $l per ton per month,and

the replenishing cost is $36. No shortages are allowed. ilence,

in the primery input the shortage cost is chosen as $99999

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

T omT——

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

20 tons. Therefore replenishments occur cvery 4 periods.

S A SR O T A AL A5

In :xemple 3.11 the secondary input calls for a cimulation
with an initial inventory of 15 tons. 1O periods are to be §
simulated and the details for all these periods are to be printecd. j
The output is seli-explanatory. Note that replenishments indeced

occur whenever the rcorder point ic reached.

e L e A T 5t SR 2L S AT L A% R y

5 In ixample 3.12 therc is a request for & simulation over

100 periods and for the long term averages. The output is aain

e

self-explanatory. One observes that the cimulation wverages and

T i T o T Ta——
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and loag term averujes arce identical. They differ, though, from
the results in cxample 3.11.

'me secondary input of .xample 3.13 calls for total costs ol
reorder points ol 0, Y, and 10 tons, and lot sizes os' 1H, <0, und
25 tons. ‘The last cntry in the input ensures uw subsequent call
for a new primary input. ilotc that the entry in thc center of the

teble, 2k per period, is the same as the cost obtained in

%
“xeample 3.12. §
. ]
KUN - -
ISL-2 22:53 W2 SAT 12723767 ;
THE DETERMINISTIC REORDER POINT-LOT SIZE SYSTEM f
DEMAND» CAKRY » SHOKT» REFL EN
?7 5 1» 99999, 36 Illustration 3.1
%
;
POINT,LOT SIZEs SIMs INIT, RUN, PRINTS» AVERs, COSTS, STEPs DATA ixample 3.11 ]
7?7 5 20, 1, 15 10, 10, 9, 2, 0, (/] -— ;
¥

REORDER POINT = S LOT S1ZE = 20

b A A A i

SIMULATION

D e T

?; PER. BEGIN DEMAND END CARRYING SHORTAGES  REPLENI SHMENTS j
1 15 S 10 125 0 o
§ 2 10 5 S 7.5 0 1 !
% 3 25 S 20 22+ 5 ) () §
g 4 20 5 15 17.5 ) ) !
5 15 5 10 12. 5 0 0 ]
6 10 5 S 7.5 0 1

: 7 25 5 20 22. 5 0 0 ;
¢ 8 20 S 15 17.5 " 0 ‘
; 9 15 5 10 12.5 7 0 |
i%: 10 10 5 S 7¢5 0 1 §
|

Q e e oot e .

<

Fulloxt Providsd by ERIC
4
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FORK A SEMULATION OF 10 PERIODS: g
I>emple 3.11 (Cont'd)
CARRYING SHOKTAGES REPLEN] SHMENTS
H‘,'EHAGE.'J. 14 %) «3
WN'T COSTS 1 99999 36
WSTS PER PERKIOD 14 ¢ 1.8
10TAL COSTS FER PERIOD =  24.8
YELEELLLTSLELL L AL, e -

FOINT,LOT SILZtsSIMaINI T» KUNS FRINTS, AVER, COSTSs STEP, DATA
?2 5 20, 1, 15, 100- ¥, 1, % 0, ]

REORDEK POINT = 5 LOT SIZE = 20

SIMULATION

FOR A SIMULATION OF 100 PERIODS:
CAKRYING SHORTAGES
AVERAGES 15 @
UINIT COSTS 1 99999
COSTS PER PERIOD 15 7,
I0TAL COSTS PEK PERIOD = 24
THE LONG TERM AVERAGES
CARRYING SHORTAGES
AVERAGES 15 = @
UNIT COSTS 1 99999
COSTS PER PERIOD 15 7]
TOTAL COSTS PER PEKIOD = 24

A e ok ke 2o ok A i e A ok R e o ok ook ok ok

s POINTLLOT S1€es SIMs INI T, RUNS PRINTSs AVERS CO 318, STEF, DATA

7?7 Y5 2l 7723 Do Qs ?» ’Uo 1o S» |
LOT SI1ZE = A7)

KEORDER POINT = 5

ixagmple 3.12

REPLENI SHMENTS

«25
36
9

REPLENI SHMENTS

e 25
36
9

xarple 3.13

P8
ko
8 2 BB o i AL MBS LIS L

i K R 8 s L 3 o T i K R N L A i e
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THE TOTAL C€CO0OST TABLE Seaple 3.13 (Cont'd)

LOT SIZES
15 20 25
R. POINT
0 19.5 19 19.7
S 24.5 24 24. 7
10 29.5 29 29.7
3.2 Lalancing Shortage and Replenlshing Costs
In Iixamples 3.21 and 3.22, £.s in the previous section, the
demsnd is 5 tons per month,end the replenishing cost ic 536,
Jowever, 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.
'he secondary inputs and the corresponding outputs in
ixamples 3.21 end 3.22 are seclf explanatory. liote the cffect of
the carrying cost on the total costs in the tuble of .xample 3.22.
. Y L L X X X T X R L L L L
E DEMAN D» CAKKY » SHORT»> REPLEN i .
| 7 S5 99999, 9» 36 Illustrotion 3.2
FOINTsLOT SIZE, SIM,INITs RUN, PRINTSs AVERs COS1S5, STEP, DATA M@lc 3.21 i
? =10, 10, 1, 0, 10, 4y Vs ©s 0, 0 3
REOKDER POINT = -10 LOT SIZE = 10 ;-
!
|

SIMULATION

PER. BEGIN DEMAND END CARKYING SHOKTAGES  KEFLENI SHMEN1S

1 7/ S 'S (/] 2¢ Y9 0 f

- 2 -5 5 -10 7 Te 5 ! -
{ ) 3 v S -5 ¢ 265 ) §
- 4 =5 5 -10 0 7+ 5 i %
:
; :
E’
g X
g 24”7 ,é
§ §
" Q ‘ VO § B -
t ERIC ]
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FOk A SIMWATION OF 10 PERIODS:

Example 3.21 (Comt'd)

CAKKYING SHORTAGES REPLENI SHMENTS
AVERAGES ") S e
WI1 COSTS 99999 9 36
C0S1S PEK FERIODL ) 45 18
IOTAL COSTS PER PERIOD = 63
L I I LTI IS ISR RIT I TV T umpea B e o s R ——— |
POINTLLOT SIZEs SIMLYINITs RUNs» PRINTS, AVER, COSTS, STEP, DATA
?7 =10, 10, 1 0 100, 0» 1 1s 2.5 1 Example 3.22
KEOKDEK POINT = =10 LOT SIZE = 10

SIMULATION

FOK A SIMWLATION OF 100 PERIODSs

CARKYING SHORTAGES  REPLENI SHMENTS i
)
AVERAGES 0 5 5 :
UINIT COSTS 99999 9 36 é
COSTS rEk FEKIOD 0 45 18 }
10TAL COSIS PEK MEKIOD s 63
- THE LONG TERM AVERAGES | ;
, CARKYING SHORTAGES  REPLENI SHMENTS ;
| AVEKAGES ) 5 .S §
. UNIT COSTS 99999 9 ; . 36 ?
. COSTS PER PERIOD 0 45 18 4
| !
. TOTAL COSTS PER PERIOD = 63 f
f THE TOTAL COST TABLE f
!
- LOT SIZES ;
; 75 10 12.5 :
| RePOINT i
L -12.5 170. 25 175.5 70 65 !
L 147. 75 63 25050 2 i
P TTeS _ $7.75 31293 100034. ]
. ~3C(- o '
L ,
4

A e e R e s ’ ,
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3.3 talancing Carrying and Shortage Costs

.xamples 3.31 and 3.32 illustrate inventory systems in which

only the reorder point is subjecs to control. This is the reason

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

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

The reader should attempt to cxplain the carrying and

shortage averages. Otherwisc, tae outputc are seli-cxplanatory.

v AR P PR PR PR AR rLLN

DEMAND, CARRY » SHORT» REPLEN
? 5 1, 9, v

Illustration 3.3

POINT,LOT SIZE, SIMsINI To RUN, PKINT S, AVER, COSTS, STEF» DATA ; e
? -2 S, 1, 3» 10, 4, Vs 0, O 0 Example 3.31

REORDER POINT = -2 LOT SIZE = 5

SIMULATION

¥

) i

PEK. BEGIN DEMAND END CARRY ING SHOKRTAGES  KEMLENI SHMENTS %
1 K 5 - 9 \ e 4 1 !
2 3 S - ﬁ\ «9 o 4 1
3 3 S -2 9 o 4 1 4
4 3 ) \ g

=& '9 ’ o 4

FOK A SIMUWATION OF 10 PERIODS:

N e e e e

CAKKYING SHOKRTAGES  KEPLENISHMENTS !
AVERAGES .9 e 4 1 |
UNIT COSTS 1 9 @ s
COS51S PER PEKIOD .9 3.6 © 5

S o R e s il
s

TOTAL COSTS PEK PERIOD = 4.5

i
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% 3

s ot

St e
*

SR

S T i s N A D SN

II%W SIS S e e R e



Pr P Bpinttper P - PR PpPee

?2 =1 S, 1s 4y 10, (/] 1, 1, Be S,

KREORLVEKR FOINT = -1 LOT SIEE = S

SIMUL ATION

FOk A SIMWATION OF 10 PEKIDDS:

CARRYING SHOKRTAGES

AVEKAGES 1. 6 |
UNIT COSTS 1 9
COSTS PEK PEKIOD 1.6 9

TO1AL COSTS PEK PEKIOD = 2¢5

THE LONG TERM A VEKA

CARRYING SHOKRTAGES
AVEKAGEDS 1.6 ol
UWNIT COSTS 1 9
COSTS PER PERIODL le 6 o9

TOTAL COSTS PER PERIOD 2.5

THE TOTAL C€COST TABLE

LO1 SIZES
y 4 5 S ' Se S
. R<POINT =

“1.5 3. 25 3.25
-1 2. 36111 245
=S 2. 02778 2425

***.****0*.:-.‘.*‘.;ya.m‘. A PN 4

Ay
-

J¥

et e s A o S A R AT Y RN RS T A e S 4T TE L B kg
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POINT,LOT SIZE, SIML,INITsKUN» PRKINTSs AVERs COSTSs» STEFs DATA

REMLENI SHMENTS

GES

KEFLENI SHMEN1S

Je 29 545
2¢ 65909
20 47727

K oA R A e s S A e A A e e Ay A

Example 3.32
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3.4 Balancing Carrying, Swortagc, and Replenishing Costs

In a certain sens¥, 1xamples 3.41 and 3.42 are extensions
of 8ll previous cxamples. lio special constralnts are
imposed on the inventory system. The demand is 5 tons per

rmonth, the carrying cost is {1 per ton per month, the shortage

cost is $9 per ton per month, and the replenishing cost is $30.

Previous examples seem to indicate that the optimal

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

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

that optimum is elsewhere.

;

PP PP rPrPplhEPAPLrRER B RN z

DEMAND, CAKRY » SHOKT» KEFL EN . ‘ ]

?2  S» 1, 9, 36 Illustration 3.4 i

;

FOINTsLO1 SIZE» SIM,INITs KUN» PRINTSs AVEKR, COSTSs STEPs DATA ’

? -1s  20s 1o 14 10s 105  ©s W © 0 sxample 3.41

|

KREOKDER POINT = -1 LO1 SIZE = 20 ;

-

:

SIMULATION g

PEKe BEGIN DEMAND END CARKYING SHORTAGES  REFLENI SHMEN1S '

1 14 5 9 115 0 ", :

2 9 S 4 6.5 ) ) :

3 4 5 "l lo 6 ® l l 3i

4 19 5 14 165 [7) (7]

5 14 S 9 115 ® )

6 9 5 4 65 ¢ © 4

7 4 S -1 1«6 ' | 1

8 19 5 14 166 S ") %) ‘

9 14 5 9 115 © )

10 9 5 4 6+ 5 0 @ :

|
% :
i ‘ 4
39
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FOk A SIMWATION OF 19 FEKIODSS Example 3.41 (Cont'd)

CARRYING SHORTAGES REPLENI SHMENTS

. i
AVERAGES 9. 02 . 02 .2 I
UNIT COSTS 1 9 36 3
COSTS PER PERIOD 9. 02 .18 702 i

10TAL COSTS PER PEKIOD = 164 - | ,

4 o

t33 323222322 TT T LY 2

POINTsLOT SIZE»SIMsINITs,RUN, PRINTS, AVER, COSTS, STEP» DATA M@leéohe
?2 -1 20, v, 0 Vs . 1, | 1, 1

.

REOKDER POINT = =1 LOT SIZE = 20

Lot o i
s,

e Sy et -

THE LONGEG TERM AVERAGES

DNt e g,

> o

CARRYING SHORTAGES REPLENI SHMENTS

b

AVERAGES 9.025 . 025 .25

UNIT COS1S 1 9 16 |
COS1S PEK PERIOD 9.025 . 225 9 | | 5

TOTAL COSTS PEK PERIOD 18.25

B po RITER P .
e e e & r

THE 10TAL COST TABLE | | 4

LOT SIZES N i
19 20 21 . ~ | '

-2 18.0263 18. 18. 0238 | 3
-1 | 182368 18.25 18+ 3095 , o 3
¢ 18.9737 19 19.6714 . ]
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3.5 Gpeciul Features

In all illustrations considered thus far the inputs were
such that the rcorder point wac alweys reached precisely. That is,
we never had o casce where the amount on hand at the end of a period
wns oelow the reorder point. lxample 3.51 now illustratec such a
case. Note also that the simulation results do not agree with the

long term averages.

Ixample 3.51 also shows that the reorder point of -2 tons and
a lot size of 20 tons provide a locally minimum cost of $18 per

month.

In &xample 3.52 we show how to change the basic period. In
all previous examples the period was one month, or say, 30 days.
In .Xxample 3.52 the period ic 6 days. Hence, a demand of 5 tons
per month is equivalent to 1 ton per day. Similarly, we have &
carrying cost of $0.2 per ton per 6 days, and & shortage cost of

$1.8 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 &3
costs in .xample 3.51, since the period is now 6 deys instead of

30 days.

TP PPRPPp Py PP PPt TP

EMAN D, CAKRY » SHOKTs REPL EN

S»

1, 9, 36 Kixample 3.51

B D S et )
.




Py .

IINTLLOQ SltﬁoblMolN!10RUN0PKINTSaAVERaCOSISaSTEP:DA]A 15
. Poe?y 20 1, 14, 100, 10, 1, 1, Q.1 1 ;
B Bxample 3.5 (Cont'd)
WEOKDER POINT = =2 LOT SIZE = 20 |
i

SIMULATION

A R S SN A R S 8 S

FExe BEGIN DEMAND ENU CARRYING SHORTAGES  REPLENISHMENTS
) 14 S 9 11. 5 ) , )
b4 9 S 4 6¢ 5 ] (")
3 4 5 -1 1. 6 .l 0
a -1 S -6 ) 3.5 1
5 14 S 9 11. 5 0 )
6 9 5 4 65 0
7 4 5 -1 1. 6 .l 0
8 -1 5 -6 © 3. 5 1
9 14 5 9 11.5 o 0
v 9 5 4 6.5 © 0 g
FOK A SIMULATION OF 100 PERIODS: |
b
o) CARKYING SHORTAGES  REPLENISHMENTS !
' 3
§ AVERAGES 4.9 9 °25
WNIT COS1S 1 9 36 |
COSTS PER PERIOD ) g 1 9 :
101AL COSTS PER PERIOD = 22. %
“THE LONG TERM AVERAGES 5
. e ——— e e ———— e et Sadiadns ST m e é
CARRYING SHORTAGES  REPLENI SHMENTS A
AVERAGES 8.1 .l .25 3
UNIT COSTS 1 9 36
CcOS1S PER PERIOD 81 .9 9

TOTAL COSTS PER PERIOD = 18.

THE TOTAL COST TABL E

§
|
i
g

: LOT SIZES

£ 19.9 20 20. \

; Re POINT
Qe | 180033 18« 0025 " 18.0022
2 18. 0V03 18. 18. 0002
“1e9 18. 0023 18. 0925 18. VW32

SOOI OOQREPVONOPIOOEIOLY

TAY

P R 3

vt s e e moe O e
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LeMA v, CARKY » SHO KT, KEFLEN

T 1, 0.2  leds 36 16
W 352
FOINT,LOT SIZE,SIMs INIT, RUNs PRINTSs AVERs COSTS» STEP, DATA
? =2, 20, 1, 4 100, 8. | ) 1» 0.1, |
KEOKDEK POINT = =2 LOT SIZE = 20
SIMULATION
FEKe BEGIN DEMAND END CAKKY ING SHORTAGES  KEPLFNISHMEN1S
} 4 1 3 3.5 ) @
2 3 ) 2 2.5 ) )
3 2 1 ) 1.5 ) )
4 | ) ) .5 0 v
S 0 1 - o .5 @
6 -1 1 -2 ) 1.5 )
7 18 1 17 175 v 0
8 17 ) 16 165 0 0
| FOK A SIMWATION OF 100  PEKIODS3 1
g
D !
: CARRYING SHORTAGES  KEPLENI SHMENTS i
AVEKAGES 8.1 . .05 ]
UWNIT COSTS 2 1.8 36 ]
CO0STS PEK PEKIOD 162 .18 1.8 |
‘
TOTAL COSTS PER PERIOD = 3.6 ]
THE LONG TERM AVERAGES | N
L | CARKYING SHOKTAGES  KEPLENISHMENTS %
AVERAGES 81 .l .05 !
WNIT COSTS .2 1.8 36 |
COSTS PER PERIOD 1.62 .18 1.8 1
1. ! 4
| TOTAL COSTS 'PER PERIOD = 3.6 3
‘ |
THE TOTAL COST TABLE ]
g LOT SIZES
g 19.9 20 20. 1 i
| RPOINT A
P -2.1 3. 60065 3¢ 6005 3. 60045 !
-2 3+ 60005 3.6 3. 60065
-1.9 3. 60045 3. 6005 3. 60065 j
L3 ?
Q e . e

AT
[T
—

LS D TS o LN R N A R D A P A S B A e ket s b oy




The change of period length is also illustrated in
Z¢amples 3.53 and 3.54. The examples deal with an inventory
system in which the demand is 2400 parts per year, the carrying
cost 15§0.56 per part per year, and the replenishing cost is

342. llo shortages are allowed.

One can show that the optimal reorder point is O and
that the optimal lot sizc is (OO partc. MNote the mecaningless
output in the simulation of iixample 3.53 and how this 1is

corrected in ixample 3.54.

D Ll e I I LI LX)

DEMAND»s CARRY » SHOKT,» KEPL EN
?7 2400, 0.56,99999, 42 Example 3.53

POINT>LOT SIZE, SIML,INIT, RUN, PRINTS, AVERs COSTSs» STEP» DATA
?2 0 600, | I 600, 10, S, 1s 1, 10, |

REORDER FOINT = © LOT SIZE = 600

SIMULATION

: PERe BEGIN DEMAND END CARKY ING SHORTAGES REPLENI SHMENTS

y 1 600 2400 - 1800 75 6175 1

L 2 - 1200 2400 - 3600 0 2400
|

; 3 - 3000 2400 - 5400 0 4200
1

% 4 - 4800 2400 - 7200 ) 6000

i 1
5 - 6600 2400 -9 000 © 78 00
1

D

5
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FOK A SIMWATION OF 10 PEKIODS:
Pgﬂgle 302} (Cont'dl
CAKKYING SHORTAGES  REPLENISHMENTS
AVERAGES 7¢5 8707.5 1
UNIT COSIS e 56 99999 42
COSTS PER PEKRIOD 4.2 870741292 42
TO1AL COSTS PEk PEKIOD = €70741338
THE LONG TERM AVERAGES
CAKRYING SHORTAGES  REMLENISHMENTS
AVERAGES 300 . © 4
UNIT COSTS e 56 99999 42
COSIS PER PEKIOD 168. 7] 168
| T0TAL COSTS PEK PERIOD = 336.
é)
; THE TOTAL C€O0ST TABLE
| LOT SIZEL
590 6060 610
Re POINT
-i0 8804.99 8663¢7 8527.13
9 336+ 047 336. 336. 046
10 341. 647 341.6 341. 646
ERSELREERIRZEITRZERERR
DEMAN D» CARKY » SHO K15 REPL EN
? 200, 0. 046667,99999, 42
E’ !!Ele 3021"'
| POINT,LOT SlZEoSlMolNlT.RUN:PRINTS.AVER:OOSTS:STEP:DATA
r; ?7 0 600s 1» 400, 12, 6 s 1 10, 1
] KEORDEK POINT = © LOT SIZE = 600
F.
|
» LX’J/
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ixample 3.54 (Cont'd) ;

PERe BEGIN DEMAND END CAKKY ING SHOKTAGES  KEFLENISHMENTS |

1 a0 200 200 300 ) ) ]

2 200 200 0 100 0 1 /

3 3 600 200 40U S0V 0 ) ;

4 400 200 200 | 300 0 0 @

5 2P0 200 O 100 0 1 ;

6 600 200 409 500 oy 0 ;

§ !
FOR & SIMWATION OF 12 PERIODS?S

CARKYING SHORTAGES  KEPLENISHMENTS i

AVEKAGES 300 0 « 333333 %

UINIT COSTS c 046667 99999 42 g

COSTS PER PEKIOD 1 40 0UD1] 0 14, :

JOTAL COSTS PER PEKRIOD = 28.0001 g

%

; THE LONG TERM AVERAGES |

CARRYING SHORTAGES REPLENISHMENTS %

AVERAGES 300 0 . 333333 i

UNIT COSTS « 046667 99999 42 f

COSTS PEK PEKRIOD 14. 0001 0 1 4o i

JOTAL COSTS PER PERIOD = 28.0001 :

|

THE TOTAL COST TABLE g

LOT SIZES §

590 600 610 ]

Re POINT %

-10 8502. 03 83608 79 8224. 18 ;

0 28. 0041 28. 0001 28 . 0039 g

10 28. 4707 28. 4668 28. 4706 %

2 xje xje 2k sfe e o e afe ahe afe e e e e e ae ok dje o xk ok .

) DEMAND»> CARRY » SHO KT» REPLEN i

./ @ STOP :

RAN 30 SECe }

o (C
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SRR R a o 5 AN N N e A A AT A SR 5
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.. Construction and 3Solution oi the liodel

4 thorouch understanding of now the system Lehaves i
nocescury belope the student can construct w model ot the syctem. a

Muic underctunding ic aculeved by the uoe o1 Lo similation optlon
0! tue progra.

(nee the system is completely understood, onc should attempt 1
{

to predict the long term averages tor any primary input and any |
1

|

|

|

rcorder points and lot sizes. This is the essence oi’ constructing

o mothematical model oi the system. The student can check his

model by comparing numerical resilts of his model with those given
Ly tiie progran.

After tne model has been conctructed, tho studentb muct {ind
an anelyticul method tor the deternination of the optlimul reorder
point and lot size. Although he may use tne costs option of the

procrem to test nhic optimizing techniquce, the ctudent nmust

mathomatically Justify nis results - speelfic precaution should be i
taken to climinate the possibility of assuming that a local minimum ]
!
‘ iz the global minimwn. §
|
E }.1 Understanding the Systen , ;
i A pood way to understand a system is to cee it work. The ?
%ﬁ i
g student should therefore ceclect some values for J,$, and & and %
' i
é sropnically deserise Lhe prosress of the system vaoao Junction ol {
& tiw:. low much inventory 1 curricd (or Lo In shortage)t when B i
X there e replenishment? ebe.  Ils selection of vuluc: chould reiloce i
] 3
5
| :
§ a 5
’ E
§
3 Q ‘ T ;; ‘
ERIC I
e §
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the following situatioms:
(a) No shortages are allowed (S 2 0).
(b) No inventory is carried (S + Q £ 0).
(c) Inventory is carried and shortages arc allowed (8 <O 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 camputer gives in the simulation averages.

4.2 Construction of the Model

The general model of the system may be represented by the

equation
C(B,Q) = cl 11(5oQor) + 32 12(3o9nr) + c3 I3(°»Q.or) (1)

where

8 = rrorder point

lot size

Ve
L}

C = total cost per unit time

c.= carrying cost per unit per unit time

= shortage cost per unit per unit time

= replenishing cost

I.= average amount carried

12= average shortage

I.= average number of replenishments per unit time.

r = demand per unit time

To find 11,12.13. for any 8,4, and r, onc may wish to consider the

following cases:
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(w) i wnoriorc:n wre Allowed

“his case it cgulvelent to s.abing that o ic Intinilely laere.

[

1t snould ve ouvious that ¢ & 0, hence the model 1o
c(s,q) = clIl(s,q.r) +c, i3(8.q.r) 50 (<)

me student snould now show that [l ic a linecar function ol s and q,

and that I. is not a function of 3.

3

(b) Lio Inventory is Carried

This case is equivalcent to stating that N ic infinitcly luric.

The model is now:
C(ssQ) = CQIQ(Saer) + C3I3(Sstr) S+ 4 ~ 0 (3)

I, should be shown to be a linear function ol s and q, and 13 to e as
=

in Case (a).

(¢) Preseribed Lot Sice

In this case the lot size i fixed, say, at qp: rt, wnen t 1ic tnc

lensth of the period. Then 13 15 fixed too. Assume then thaet c3: O.

The model becomes

C(u,qp)zclll(s,qp) + ¢, Ie(s,qp) (W)
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I, wag 1, should we determined Zor tarec distinet sltuations:

(1) s 20, () s +q_ %0, and (2) s <0 and s + = 0. The
P )

recults for the iirst two situatiosns correspond to Ceses(a) and

(v) respectively. In situation (3) one has to show that I, ond

I, arc quadratic functions of s.
<

(d) 1ue Cenceral Case

After conctructing the models of Cases (&), (b), and (c),
the general model of squation (1) can be imumediately constructed.

The model should be cteted in the form:

J Ca s =0 |
c(e,a) = 4 c® s <0 s +qg=2=0 (5) é
{ 1
o 54+q2%0

SR et K

aacre ¢ and Cb arc ac in .guatiors (2) end (3) respectively and

C .. . . . .

¢° ic in part as in .quation (4). |

Ao the models are bein; constructed the student can check ;

them with the lonyg term averages option ol tne projram. The §

: examples in the tirst four illustrations of tiace previous sccton i
i . 5
: correspond respectively to Cases (@) to (d). ;
{

3

A IR
s -

.3 Solution of the HModel

Aiter the model of a system has been constructed one generally ;

EINE IR

i 5ol N

wishes to find the optimal values of the controllable variables.

‘ne process of finding: these values is referred to as the solution
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5. L. model. 'Thus we are interested in findingg the optimal
aluss oi the reorder point and the lot size. We will refer
to tunooe valuces as ¢ooand Q.
0 o)
[t is apgodin advisable to conslder tne {four cases decerlbed
in the previcus cection,

In Case (a) the student sholld show that s - O and that

iz a function o r, ¢., and co.
qo ? l’ 3

In Case (c), the student chduld show that 5 iz 2 function

£ aQ and CAe

l’

Finally, in Case (d), he shculd show that s _ 1o not positive

and a function of r, cy» c,, and c3, and that q, is another function
of r, cl, 02, and c3.

The optimel ifunctions which tne student derives may be
chicexed using the table ol total costs ol the program. Sce the

details in .xamples 3.13, 3.22, 3.32, 3.42, 3.51, 3.2, 3.03, and 3.5%4.
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5, usttencions and Provlemc for Soluticn

5.1 ottensions

—— on

By changing some ol tne propertics of thc inventory system

o: Program ISL-2,a varicty of new systems can be obtained. lor

example, if demand ic allowed to vary and ollows some gziven

probability distriovution, wc would have the provavilistic rcorder

point - lot siuze system. This has veen done in Prorrram INL-3

whicn is deceribed in another manual. Lecs cextensive cextenzions arc
stated in the form of exerciscc.

A. Procrem ISL-2 assumes that shortases are made up - this is the
clacsical back-order case. What changes should bLe madce in the

pro;ram for the lott-sales case, in which shortages arc not made up.

B. .xtend Program ISL-2 for systems in which leadtime is L periods.

‘e leadtime chould be speciiied with the primary output.

¢. Chun:e Prosram 15L-2 co that the contrnlluble voriables are the
saheduling period t end an order luvel S (instead of the reorder polint
¢ and the lot size g). In the new system rcplenisimcnts ocecur every

t periodc. The replenishment raises inventory to & level O.

D. In Progrem ISL-2 the lot size q is added to inventory inctantancously.
Ixtend the program to allow the addition to stock to be at a rate p.

&. iStend Program ISL-2 to an inventory system witi 2 items. l'or the

{irst item the rate ol demand is rys the carrying cost is 11 per unit

per uait time, end the shortage cost 1is Coy per unit per unit tine.
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''he corresponding parameters for the second item are Tos c12’ and
Cope The replenicshment cost 1s c3. This cost is incurred whenever
onc or both items are replenished.

5.2 Problems for Solution

A. In :xample 3.51 there is a marked difference between the
simulation results and the long term averages.
(1) ixplain the reason for the difference.

(2) what would be the simulation results for initial

inventories of 157 167 177 187 19?

B. Ixplain the simulation results in fixample 3.53.

C. Find the optimal solution of a deterministic reorder point
lot size system in which the demend is 6 1lb. 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 1f the respective quantities are
25 1b., $9 per pound per month, 16 per pound per month, and
4288,

. Solve Problem D when the reorder point and the lot sizc muut

be integer multiples of 20 1lb.
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1oL M BY k. JdabLOK AND KICHARD SACAERK, THE JOANL HOMCINGS UNI VEKSETY
Lo

l4brnINT " THE LETEMINILISIIC KEORLEK POINT=-LOT SIZE SYSIEM®
1 5VPKINT

leDPrXIN

164 .
165 KkeM PRIMARKY INFPUT

170 FRINTTUEMANDs CAKRY » SHO KT KEFL EN**

180 INPUT UsClsCsCO

¥ 4% 6O SUB TV

23w LJIT0 1050

Yy

1000 ~EM SECONDAKRY INFUI

lwtv GGCL-UBb 7000

1049

1uSG PRINT™FOINTLLCT SIZE, SIMs INITo RUN,PKINTS, AVEKS COSTSs STERS DATA
1weGINeul SeslaAlsULsNIN1IXZoA3»J1s D

VwlorwINT .

lwBuPkPKIN|

1U9UPRINT"REOKDERK FOINT = *S,°*"L0T SIZE = G

11 30FRINT

1146°PRINT

1150 IF X1=]1 THEN 200¢

1160 Ir A2=1 THEN 30bl&

1170 IF A3=1 THEN 40060

1171 PRINT" e ok ok o o e ok o ek o o ok ol ok ok o ok ok kol

1175 1IF L=1 THEN 165

118¢ G010 10LW

1999

2UVOPKINT" SIMULATI ON"
2bike LET Al=U

24 LET AZ=w

2vwé LETAJ=U

2010 IF N1=0 THEN 20650

2V20FrkIN

2l SorrINT

2V4UPKINT " rExe BEGIN DEMAND END CAKKYING SHOKITAGES KREFLENI®
2056 FOK I=1 10 N

2051 IF Ql<=0 THEN 2059

2052 [k (Gl=-W<@ THEN 2056

2053 LET Il=wl-W/2

2t 54 LET I2=0

2055 GOIO0 2061

256 LET 1=l 2/7C(2%U)

2057 LET 123Cal-Udle2/7(C(2%xU)

2058 GO 10 2061

2059 LE1 [1=06

2L 60 LET I2==61+U/2

26l LET we=sGl-y

2062 [F we2>S THEN 2066




{o5L-2¢ CONTINUED

2063 LEI 10=1

2084 LET Y=UWUE+ U

2065 G0 10 W69

2066 LET 1320

w67 LET Y=uwl

2869 IF >Nl THEN 2080
COTOPKINT L5WlsUsLE2,11,12,13
¢vduv LE1 Ql=Y

2082 LET Al=Al+l1

2084 LET AZ=AZ+]2

2v86 LET AJ3=A3+13

2090 NEAT I

2100 LET I1=Al/N

21186 LET 12=A2/N

2120 LET I13=AJ/N

2121
2122
2123
2125
213v
2320

FRINT
PRINT
PRINT
PRINT
GO Sub
GoSuB

600
1000

FOR A SIMWATION OF

* FERIODS:*

2330 GOT0 1166
2999

3VVOIrKINT® T HE

3062 PRINT

383 GOHSUB S000
3065 GOSUB 600V
3198 G010 1170

3999

avviv ReEw COS1 TABLE
40 LET S9=8

49084 LET W9=¢

4986 LET S(1)=59-J1
aply LET S(2)=59
4929 LET S(3)=89+J1!
4038 LETG(1)=09~-J1
4040 LET Q(2)=a9
40S0 LET G(3)=G0G9+J1
4060 GOSUB 7000

4070 PRINT" THE TOTAL

408 VPRIN T

409 OPRIN T

41 AUPKRINT® ,
41SOPRINT® 5 € 1), QC2) 5 GC3)
41 6BPRINT"Ke OINT"

4179 FOR I=1 10 3

4180 LET 5=5CI)

4190 PRINT S»

429 FOK J=1 10 3

4210 LE1 &=QCJ)

c
3 L O e R
e — S =t SN A,

LONG T E KM A VEKAGES"

COST 1ABLE"

LOT SIZES"
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Lsk-2 CONTINUED

L 4220 GO SubB SVvY
: 4230 PKINT Cl*®l 1+Caex[2+(03%] 3>

] 4240 NEXT J

42590 PKINT

42608 NEXT 1

4261 PKRINT

4270 GO 10 1171

4999

SouY REM 11,122,113 :
S006S LET 13=0U/4

SVi10 IF 5<0 THEN 505¢

5020 LET Il=5+0/2

5630 LET 12=0

! SV40 KETUKN

e < '
Nt e S A s ettt
€ e R R N Y R R e o P o

SUS5w IF S<-u THEN 5090

S06U LET 11=CQ+3)r2/7(2%Q)

SU?Y LET 12=512/7(2%xQ)

5089 KETUKRN

SU90¥ LET 11=0

S100 LE1 [2==5S+0/2

51160 RETUKN

5999

( 60bVV0 KREM AVEKAGES AND COSTS

66UBS GOSUB 7000

6019PKINT CARKYING SHORTAGES KEFLENIS
6028 PKINT1

OVAPRINT"AVERAGES® s "* *»11,12513

6BSUPKINT"UNIT COSTS™s '"»C1,C2,C3

6V6VPKRINT"COSTS rEK PERKIOD, Ci%x] 1,C2%12,C3%1 3

6070PKINT

4 6UBUPKINT"IOTAL COSiS FEK PERIOD = "Cis]I1+C2%[2+C3%13

3 6170 RETUEN
6999
T60UOKEM 3 SPACE SUB
7010 PKINT
7020 PKINT
7030 PKINT
7040 RETUKRN
7999

9999 END

s o e S e e e 2 YT TR

L S

b S s e

S e

e, e

AT SR

Ry e P M F N e R AT

1




INVENTORY SYSTEMS IABORATORY THREZ (ISL-3)

R

o e )

Manual 3A

T S T e e, e

by

Eliezer Naddor 4
-and

Israel Pressman

ST TR S S e htm ke
PLEId T L

The Johns Hopkins University

e
SSEE 2

Baltimore, Maryland, 21218

K

paons, Qg

CONTENTS

IR TTR o A S TR R

1. Introduction
Tne Probabilistic Reorder Point - Lot Size System

Presentation of Deta and Inputs

Illustrations
Construction and Solution of the Model

R s S Oy T e e

Extensions and Problems for Solution
Program ISL-3

-~ O U1 P Ww D
f\)l-‘%
i (8.0 -] V1 W P

October 1967

Supported by the Office of Education

Contract OEC2-T7-070015-3111

J’7




DR TR T

e

1. Introduction

This laboratory deals with System 3 vhich 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

jdentical. As in ISL-2, the program can be used as follovs:

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

ére. This is a way to determine whether he understands
the systemn.

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
cest his model by comparing numerical results that he

derives on paper with the nuterical results derived on the
computer.

C. Once the model of the system has been determined, the
student addresses himself to the proolem of optimization:
How to find the optimel values of the reorder point and the
lot size. 'This is strictly a mathematical problem for.which
it is rather daifficult 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
checked with the third type of output available from the

the computer progren.
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2. The Provabilistic Reorder Point - Lot Size Systenm

2.1 Demanq§

The demand X during a reviewing period is a random variable

which can take discrete wvalues; O, U, 2U, etc., up to the maximum
demand of X2. The probebility of demand, P(X), must be given. The

student supplies the value of U, X2, P(0), P(W),...,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 pervreviewing reriod. The cost of |

replenishing is C3 per replenishment. The student supplies the values

of C1l, C2, and C3.

2.3 Output
The program allows for three types of outputls:

A. Simuwlation. For a run of size M +the inventory system is

simulated by giving ! demands from the probanility

‘ distribution supplied by the student. The simulation provides
lk detailed printcouts for the first T periods. For each of
theée 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

e e it h i
o - pidaiarens ¢ b g P T

supply the values of the initial invertory I0, the run size M,

s

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

AT S

:
i inventory, average shortage, average numoer of replenish-

.

ments per unit time, and the corresponding expected costs.

L S

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

DE 2y St

§ costs in the neighborhood of the specified reorder point

and lot size are printed.

2.4 Decisions

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

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

TRt S A A S

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 S1-U, S1, and S1+U, and Q-U, Q, and Q+U.

2, e

2.5 Objectives

The student supplies the unit costs and the probability distribution

R DT R

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

gtz

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

the simulation option of the programn.

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

-‘."‘f"’"»,%‘ o S g T

expected number of replenishments, and the expected total

S

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

o,

\
N

program 2)lows him to check whether his model indeed

¥

describes the system.

&c;.
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C. To develop an algorithm for finding the optimal values
of the reorder point and the lot size. The teble 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 dollers per unit per reviewing period. The
unit replenishing cost is in dollars. The general data statement is:
0010 MTA < C1, C2, C3 >
For example, if the unit carrying cost is $5 per ton per week, the
unit shortage cost is 450 per ton per week, and the unit replenishing

cost is 340, the data statement reads:

9010 TATA 5, 50, L0

3.2 Probability Distribution of Demand: P(0), P(U),...,P(X2)

Demznd can take the values 6f 0,U,2U,...,X2-U,X2. The corresponding

R e e

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

9020 DATA < U,%X2,P(0),P(U)s...,P(X2) >

For exarmle, for demands of 0,2,4,6, and 8, with corresponding probabilities

of .05,.2k,.38,.21, and .12, the data statement is:

9020 MATA 2,8,.05,.24,.38,.21,.12

oy A e e L A

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

st

probability distribution is computed by the program and is printed

St

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

t+o0 1, the student should stop the execution of the program and check his

data statements. L
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3.3 Inputs

The program requires 8 inputs during its running: the reorder point
S1, the lot size Q, an index Y related to simulation, the initial
inventory IO, the simulation run size M, the number of periods to be
printed T, 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 O or 1.

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

values of I0, M, and I are irrelevent; 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
sirmlation are printed.

If S=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, thén a table of expected costs is printed in the neighoor-

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:
R

? < Sl ] Q b Y ] IO b I’I F T . b S F R >

For example, the following inputs may be supplied:

POINT, LOT SIZE, SId, INIT, RUN, PRINTS, AVEZR, COSTS
? 0, i0o , 1, 10,100, 5 , 1 , 1

6r
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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 sver 100 periods. He asks that the details for the first

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

Satiderte s szt i s e e 2o cmc R e

of expected costs.

Dagiest ZRainis

b, T1lustrations
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Two illustrations are given in this section. The first illustrates
the. full capabiliéies of Program ISL-3. The second deals with a
~ deterministic reorder point - lot size system and allows a comparison with

Program ISL-2.

T SN M S5t ‘
S S e e s e

TS

4.1 Tilustration 1

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

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

R ST o T T S TP

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

G e

Demand may be assumed to occur in units of 2 pounds, with & maximun of 8

St e

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

p(2) = .2k, P(4) = .38, P(6) = .21 and P(8) = .12.

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

4 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.
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) ISL=-3¢ 21236 W2 WED 108/725767

THE PRIBABILISTIC REDRDER POINT- LOT SIZE SYSTEM

PER UNIT PER PERIOD
PER UNIT PER PERIOD

¢ CARRYING COST
‘ = 49 PER REPLENISHMENT

S
SAORTAGE COST = Sy
REPLENISHING COST

DEMAND PROBABILITY CUMULATI VE

() « S . « 05 :

2 24 29

] e 33 e 67 3
“ é 21 B3 i

8 12 l.

RS <=

******k**#k#****t******%**t@k*****ﬁ**kkk*kﬁ*k***k****kk******

POINT>LOTSIZEs SIML INIT» RUNSPRINTS» AVER» CISTS Example 4,11
?2 =4, 14, 1, 19, 10, 13, (5 ] ' ‘

g

REORDER POINT =-4  LOT SIZE = 14
SIMULATION
, | |
* PER  BEGIN DEVAND END CARRYING SHOIRTAGES  REPLENI SHMENTS
; 1 10 6 4 7 %) %)
| 2 4 2 2 3 %) ‘9
& 3 2 2 9 1 0 @
¢ 4 0 4 -4 ) T2 1
| 5 10 2 8 9 0 %)
i 6 8 4 4 6 ) 0
§ 7 4 2 2 3 0 0
i 8 2 3 -6 .25 2.25 1
9 8 4 4 6 %) 0
10 4 2 2 3 0 0
FOR A SIMULATION OF 10 PERIODS:
DEMAND CARRYING SHORTAGES  REPLENI SHMENTS
AVERAGES 3.6 3.825  .425 .2
UNIT COSTS : 5 50 .40
COSTS PER PERIOD 19.125 21.25 8.

TOTAL COST PER PERIOD = 43.375

i **t*ktﬂ******t****k*ﬁ#****t*t*******tk#g&**t**k**tﬁkk********

5 KL

B T B A s A K O A B S e S AR B B s




POINTSLOTSIZES, SIML INIT, RU'\J:PRI\JTS: AVERS COS‘TS
?2 =4 14, 1, 10, 50, 19, 1, |
REORDER POINT =-4  LOT SIZE = 14 | xample }.12
SIMULATION
PER  BEGIN DEMAND END CARRYING  SHORTAGES  REPLENISHMENTS
1 10 2 3 9 o 0
2 8 6 2 5 0 @
3 2 4 "2 05 .S g
4 -2 6 -8 0 5 1
5 6 4 2 4 o 0
6 2 8 -6 .25 2.25 1
7 8 8 @ 4 o o
g8 0 6 -6 0 3 1 ]
9 8 4 4 6 o 0 :
19 4 a o 2 0 o ;
FOR A SIMULATION OF 500  PERIODS: :
DEMAND . CARRYING SHORTAGES  REPLENISHMENTS ]
. |
AVERAGES 4.172 2.38067 1.00267 e293 " ]
UNIT CISTS S 50 40 |
COSTS PER PERIOD 14. 4033 ' 50.1333 11.92 :
i
TOTAL COST PER PFRIOD = 7644567 {
LONG TERY AVERAGES /
| %
DEMAND CARRYING SHORTAGES  REPLENISHMENTS 4
. .‘
AVERAGES 4,22 2.91571 1. 62571 . 301429 :
UNIT COSTS 5 . 50 40 :
COSTS PER PERIOD - . 14.5736 . 51.2357 12.0571 ;
| - i
i
TOTAL COST PER PERIOD = 77.9214 4
" THE EXPECTED TOTAL COST TABLE
LOT SIZE = 12 14 - 16
; RePOINT
; -6 139. 342 115.929 106. 369
-4 84.3333 77.9214 74.3625
: -2 56.6533 55. 6236 56. 1062
; : | Ly - |
i o *******##fﬁ}f#****#***#fﬁ&#****#***fﬁ********f*#####*********
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POIQT:LQTS[EE:SIW:IVIT:RUV:PRIVTS:AVER:COSTS
? 2 B Js 10 2, s s 1

REORDER POINT = 2 LOT SIZE = 8 xample %.13

THE EXPECTED TOTAL COST TABLE

LOT SIZE = 6 3 10
RePOINT '
0 53.5833 43¢ 75 : 46.389
2 50.9167 48. 575 48. 75
4 S6. 5333 55.9625 S6.66

kR kK ok RRRkkK k**-k****k********‘k****‘k'k*’k*'!‘***'k**#**##******k***

POINT>LOTSIZE, SIMs INI T, RUN, PRINTS, AVER, CNSTS rxamole b.1h
? 0 19, 1, 4, 190900, 9, 1, 1 —
REORDER POINT = @  LOT SIZE = 10 3
SIMULATION 5
. | e
FOR A SIMULATION OF 1000 PERLODS: P
DEMAND CARRYING SHORTAGES  REPLENI SHMENTS ,
AVERAGES . 4.336 3.97667 214667 . 434 g
UNIT COSTS 5 50 40 ;
COSTS PER PERIOD 19.3333 10. 7333 17.36 g
JOTAL COST PER PERIOD = 47.9767 {
LONG. TERM AVERAGES §
DEMAND CARRYING SHORTAGES  REPLENISAMENTS |
; UNIT COSTS | 5 50 40 E
g COSTS PER PERIOD 20. 41 9.6 : 16438 i
; f
. TOTAL COST PER PERIOD = 46.89 |
: ) %
‘) THE EXPECTED TOTAL COST TABLE 5
{ LOT SIZE = 8 10 12 :
; RePOINT | _ |
; o 48475 4689 47.3167 |
; 2 434575 48.15 50. 5333 ?
P ~ -6 - ]

A R S R s . ¥
Fi 3 Ay AR T oA S N S sttt




Exemples .11, 4.12, L4.13, and k.14 illustrate the following

points:

a. The simulated demands folloﬁ the given distribution. Different
simulations use different sequences of demands (see Examples h.11
and 4.12). The mean demaﬁd is .22 (see Example 4.12 under
Long Term Averages). However, the simulated mean demand varies
even for large simulations (in Example k.12, for a simulation of 500,

it is 4.172, vhile in Example 4.1k, for a simulation of 1000, it is

4.336).
b. The method of obtaining simulation averages and costs is illustrated

in Exemple LU.ll, 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).

¢. The method for computing long term averages is not illustrat.ed, of

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

L S g M

d. Examples 4.12 and lL.;I.lL can be used to compare simulation averages and
long term averages. | . -

e. Example 4.13 provides an illustration of a reordér point Sl and a

SRR A AR S

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

R .

¢(s1,) < ¢(SL * u,Q) enda C(S1,Q) < c(SL,Q 2 U)

As can be seen from Exemple lt.ll, the optimal solution appears to be

S1=0 and Q = 10, with & minimm cost of $46.89 per week.
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4.2 Illustration 2

' Program ISL-3 cen handle both probabilistic end deterministic
reorder point - lot size systems. However, &S 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 points and lot sizes can be specified with the input. In

Pfogra.m ISL-3 the step equals the basic demand unit U.

Exemples 4.21 end 4.22 illustrate a system with deterministic

demand of, say, 5 tons per month. The expected costs in Exemple h.21

should then be interpreted to be in dollars per month. If one desired
& smeller basic quantity unit, sey, 1 ton, then the basic time unit

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

LA A ST R e SN M B e

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.

R T TPy S

. - 5, Construction and_Solution of the Model -

%

Z The properties of the inventory system to be studied can be «
i . 3
% summarized as follows: Demand x during some reviewing period v is J
i VA

uniform end follows & discrete probability distribution P(0), P(u), |
P(2u), ...,P(xm) where u is some basic unit end x . is the maximum

" demand during w. The carrying cost is ¢ per unit per unit time, the

shortage cost is cy per unit per unit time, and the replenishing cost |

*

| ' is ¢c,. ‘ . | ,
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9010 DATA 159,36
9020 DATA 5552951
RUN

Zxample 4.21

ISL-3% 21355 W2 WED 10/25/67
THE PROBABILISTIC REJRCER PAINT= LOT SIZE SYSTEM
PER UNIT PER PERIOD

1
9 PER UNIT PER PERIZD
T = 36 PER REPLENISHMENT

CARRYING C3ST =
SHORTAGE COST =
REFLENISHING C2S

DEMAND PR2BABILITY = CUMULATIVE

0 0 0

=) 1 1

st e o5 e sfe e s sfe o ook ok S ofe e ek 3K sk 3 s¥ s ok s e e i s s sfe s ok o ok sfe s ok i sde st sfesi e sk ok sk sk sk st s e sk ok ok sk gk K

PAINTsLATSIZE»>SIM» INIT»RUNs PRINTSsAVERSCASTS

2 0, 20 0, 0, 05 O 0s 1
REGKDTR PIINT = O LAT SIZE = 20

THE EXPECTED TOTAL CAST TABLE

LBT SIZE =" 15 : 20 25
RePAINT
0 19.5 o 19 : ‘ 19.7
5 24.5 24 24.7

PBINTSLOTSIZE>SIMs INIT>RUNSPRINTS,AVER,CASTS
?- ST9P

RAN 6 SEC.

ﬁamm»u&m&mmm«mmwam%wmwm,mm%, A Y S e AN L St e X
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Exanple .22

9310 DATA ¢25 18> 36
9421) DATA 1519751
RUN

ISi=3% 00:). w2 2ED 13/25/67
IHE Px03ARILISTIC SEOADEX POINT=. LOT SIZE SYSTHEM.
CARSYING CusT = 2 . PEs UNIT P~ PERIJD

SA)~AGE CIST = 1e¥ Pirn LRI rex Pex]on
RePLeN] SAING COST = 36 PEX REPLUWENISAMENT

DEMAND PROBABILITY ~ CuUsJULATIVE

- ; | !
A (7] 0] ) ) . . !
2 L : x »
| 1 1 1 ‘
b . ]
E; Foksp &k i‘:‘:¢3'."-F':"%:'i""a‘-'.“*"::'-:::’~-f-""-f"-‘“?-‘-:.“?’:.f*»?-'573!1"{"é:-"’-li“.‘:*§=?5’%‘1‘:"%‘51*??:#*%‘:‘5** Lo dodedodofiok
: E:

POEN T al R s STias INT 1o xUND P LN IS AVER ST
2 =2 2 S Gt G Wis R S R B

K4

U A R T R U St TR T

SEDNUEN cOINTE ==2 LOi Size = 209

THE EXPEGTED TOTAL COST TABLE

LIT SIZ2 = 19 | | 26 21
-3 3e66842 365 364266
i -2 34561526 3.6 369475
-1 3.64737 3.65 3.56619

T P o R A P N e S e

o e e s e e R e o ok s e oo ok s o e e e ok skt ok g et ok st ol ok ok sk R ek o

k Sk koR R
‘J‘
b

) , POINT:LOISIEE:SIM:INIf:KUN:PKiNiSiQVER:COSlS
2?2 S10P . S

nAN -3 SkECe
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An(s,q) policy is used. That is, inventories are reviewed
every period w. When the amount on hand is s or below, 2 replenish-
ment of q units is added to inventory immediately. If the total
amount 1is 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'.c3 is incurred,

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

The model of the system can be represented by:
c(s,a) = c,I;(s,q) + cI5(s,q) + c3I3(s,q)

vwhere C is the expected total cost of the system per unit of time,
Ii and 12 are respectively the average amount carried and the average

shortage, and I3 is the number of replenishments per unit time.

The solution of the model is a pair of optimal values 542 9

vnich minimize C. Namely
c(s,»9,) < C(s,a)

5.1 Construction of the Model

Po find C(s,q) one only neceds to find Il(s,q), Ia(s,q), and I3(s,q).
It is suggested that the student first find Is(s,q). He should then find

Il(s,q) vhen Iz(s,q) = 0.. Next he should find Il(s,q) - Ia(s,q). Finally,

he should find Ié(s,q).
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g As the student proceeds in find:lhg the appropriate part of the

E .

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

]

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

% f(Jr W, u’ xma’:’ P(X) (x'—'o,uoo,xm)’ c1’ 02, a-nd c3o He'll then have

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

: ' .

g .

| 9020. He should next- compute I,, I,, and I3, for several sets of

suitable values of s end q. He will ‘then be ready to use ISL-3 to

; check whether his answers agree with those provided by the program.

The student mey also wish to use the Simulation option of the '§
g program to help in understanding the behavior of the system. For e i
5 example, he may wish to examine the pro‘oa.bility distribution of the ?
' amounts on haand at the beginning of each reviewing period.

.

: This manual contains the detailed listing of Program ISL-3. i
§ Neturally, the model of the system can be inferred from this listing.
i It is hoped that the student will refrain from doing so. He should 4
' attenpt to build the model only through his understanding of the |
5 inventory system. Program ISL-3 should only be used to check numerical ,
' results, in the same menner that a physicist checks a model of a
¢ physical system when he performs an experiment. H
i . |
|
i)
- ]
i §
' e ' | . S
EMC . .- § e )?
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5.2 The Solution of the Modei

" 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.

i The student is required to deve).op an al gorithm vhich will yield the

: optimalvvalues So and q,e This algcrithm is not part of Program ISL-3.
h The only thing the program can do 1s displaey the costs in the neighbor-
» hood of some specified s and g,as in Examples 4.12, 4.13, and k.1bk.

Tt should be pointed out that the function c(s;,q) should not be

§ assumed to be convex. Special precaution must be ta.kén to eliminate
the possibility of assuming that a local minimum is the global minimum
(e.g., compare the expected total cost tables of Examples L.13 and L4.1h).
) . Insights into the optimization 'problem may be gained by étudying,
i in order, Models A to E:

Model A. The units of shortage cost and repleni shing cost are
“ relatively very large compared to the unit cerrying cost.

Model B. The unit of chortage 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
£ind only the optimal reorder point Sqe

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

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

?,( ) of C¢(s,a).
» | 73 |
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6. Extensions and Provlems 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 o being in dollars

per wnit quantity per unit time, it is in dollars per unit quantity.
C. Tne reviewing period w is a variable subject to control.

D. A replenishing cost of c3 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 alliowed.
The amounts in inventory are reviewed every 2 weeks. The probability
distribution of demend during a 2-week periéd is given by P(0) = 0.25,

P(5) = 0.20, P(10) = 0.10, P(15) = 0.20, and P(20) = 0.25. The

carrying cost is $3.20 per unit'per week. The replenishing cost is

$180.00.

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

find the optimal 1ot size and the corresponding expected minimum

total cost of the system.
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2 B. In a probabilistic lot size system with no shortages, the
5 probability density of demand during a reviewing period w is
£(x) = 6x(1-x), 0 S x < 1.
Ef
[ .
; Find the optimal lot size as a function of A = c3/ciw.
3 |
g C. In a reorder-point system the prescribed lot size is 6 units.
Y
5; _The reviewing period is 1 week. The probebility distribution
of demand during the reviewing period is P(0) = 0.05, P(2) = 0.2k,
- p(k) = 0.38, P(6) = 0.21, and P(8) = 0.12. The unit carrying
é cost is ci = §5 per week. Find the optimal reorder
i point for three possible unit costs of shortage ¢, = $55 Cy = $50,
o : '
g :
D. The probability density of demand during the reviewing period

s f(x) =6x(L -x) 0<x=1l. An (s,q) policy is employed.
The numerical values of the units of carrying cost and shortage

cost are equal. VWhat are the optimal reorder points for lot sizes’

A N s o e

of 0.1 and 2.07

B S

it e i ol
S e ek 0¥ M ud s b o550
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E. Is the solution found in Example .14 the optimal solution?

2

F. Solve an extension of Problem D when the reviewing period is
2 weeks, the carrying cost is $5 per unit pef week, the shortége

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

TR

G. Solve Problem B when f(x) = 12(x - 1/2)2, 0<xs1l.
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H. Find the solution of the probabilistic reorder point - lot size

system when w = 1, P(0) = 0.08, P(10) = 0.10, P(20) = 0.20,
P(30) = 0.30, P(k0) = 0.16, P(50) = 0.10, and P(60) = 0.06,

=1, Cy = 10, and c3 = 25. Show thet the minimum expected cost

of the system is 149.35. {

I. Solve en extension of Problem A when the unit cost of shortage 31

is $50 per week. |
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7.Prozron ISL-3

ISL~3%

3UUYIREM BY E.NADDIR AND [.PRESSMAV
3010 DIV P(50):?(50):0(50):6(Sﬂ)oUCSG)oVCSG)oV(SG)
3020MATP=2ER(5D)
3030MATQ=ZER(SD) |
3040 PRINT" TdE PrRIOBABILISTIC RENRDER POINT- LOT SIZE SYSTEM"
30590 PRINT
306JIREADC1,C2,C3
3070PRINT'CARRYING CNAST ="Cl1;3'"PER UNIT PER PERIOD"
3080PRINT"SAIRTAGE CIOST ='C2;5"PEXR WNIT PER PERIID
3090PRINT"REPLENISHING CAOST ="C33"PER REPLENISHYENT"
3100LETUW1=1
3119 PRINT
3120 READ U,X2
3139 LET J2=INT(A2/U+.01)
3135LETX5=0
3149 FOR J =0 TO J2
3150 READ PCJ)
31SSLETXS=X5+J%UxP(J)
3169 NEXT .J
3173 LET .J=J2
313Y LET A=Y
3199 LET B8=P(J)/J
3204 LET QcJy)=A+8/2
" 3214 LET A=A+3
3220 LET J=J-1
3239 IF J=9 THAEN 3259
3248 GNTI 317U
3259 LET Q()=PC(0)+A/2
326FPRINT"DEMAND" “PROBABILITY", ""CUMULATIVE"
3278 LET V(@) =P(d)
3230 LET G(YIY=0(D) - _ §
3290 LET W(2)=G(D) - _ ‘ %
3

3308 LET FCO)=P(®)

3316 LET NC@I=HCD) \ .
3323FORJ=0T0 49 | ' ‘ ;
3330 LET FCJ+1)=FCI+PCJ+1) v - :
3348 LET VCJ+D)=V(D+F(J+1) - y
3350 LET GCJ+1)=GCJ)+QCJ+1) , :
3362 LET WCJ+1)= WCJII+GCJ+1)

33651FJ>J2TAEN3339

3370PRINTJI*Us PCII>FCD)

3380 LETNCJI+1)=NCH+WCJ+ D)

33906 \NEXT J

49099 PRINT
4810‘PRIVT"#*#**kk****k***k*k**#*%*kk*%kk%%*#%**k*************t*k******¥
4029 PRINT

 A4Y3BPRINT"PIINTSLITSIZE, SIV, INI T, RUNS PRINTSs AVER, COSTS"

. T A4040INPUT S1sCsrv»135MsT>Ss R

40 45PRINT .

4046PRINT 99
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4 ZEEN

[SL=-3+% CONTINUED

4047PRINT"REORDER POINT ="S13"L0OT SIZE ="Q

4943PRINT

4949PRINT

40501FY=1THENSY3U

40631FS=1TAEN6200

40791FR=1TAHENT339

4033GITO4U9Y

50008 PRINT

5010 PRINT

5029 PRINT" SIMULATION®

5930 PRINT
SUSAIFT<=0TAENS120
5099 PRINT o

5100 PRINT"PER BEGIV DEMAND END - ', "CARRYING', "'SHORTAGES
5110 PRINT

5120 LET B1=10

51390 LET L1=9

5149 LET L2=3

$S150 LET L3=0

S1SSLETL6=0

5160 LET K=0

S179 FOR J= 1 TO M

5180 LET Y=RD4C(Q)

5199 LETJ9=0

5203 IF F(J?2)>Y TAHAEN 5230

5218 LET J9=J9+1

5220 GOTO 5200

5233 LET X = J9%U
5240 LET El= B1-X

5250 IF Bl<=9 THEN 5390
5260 IF El<9® THEN 5330

5279 LET Il =C(B1+E1)/2

5230 LET 12=0

5299 GOTO 5359

5300 LET [2= (-E1-B1)/2
5319 LET I1=0

$320GN T0 5359

5339 LET [1=8B112/¢2%(B1-E1))
$340 LET [2=E112/(2%(B1-E1))
5350 [F E1 > S1 THEN 5410
S36VLETI3=1 :

5370 LET E2=El

5380 LET E2=E2+3

5390 IF E2>351 TdAEN 5430
54920 GOTO 5330 '

5410 LETI3=0

5420 LET E2=El

5439 IF J>T THAEN 0450

S440 PRINT J3B13XsE1,I1,12,13
5450 LET L1=L1+I1
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[SL-3% CONTINUED CoT

5460 LET L2z=L2+12
5470 LET L3=L3+13
S47SLETL6=L6+X
5480 LET B1=E2
5490 NEXT J
5509 PRINT
5519 PRINT "FOR A SIMULATION OF'"M3" PERIODS:"
SS20LETI1=L1/M
SS3GLETI2=L2/1
SS4QLETI 3=L3/M
5S4SLETX6=L6/M .
555060 SUB3 520 , .
5560G0 TO 4960 .
600UGO SUB3000 : -
6010 PRINT
6020 PRINT
6030 PRINT" ; LONG TERM AVERAGES"
603SLETX6=X5.
60 40GO SUB3 500
6070GO TO 4079
7000 PRINT
7019 PRINT ~
7920 PRINT" . THE EXPECTED 7OTAL COST TABLE"
70392 PRINT '
7040PRINT" - LOT SIZE =",0-U,Q,Q+U
7053PRINT' ' Re POINT"
7060 LET S1=51-2%U
7079 LET Q=Q+U
7089 FOR I=1 10 3
7893 LET S1=S1+U
7102 PRINT Sl»
7110 LET Q=Q-3+U | ,
7128 FOR J=1 TO 3 - g
i 7130 LET Q=Q+U . . \ . |
d 7140 GOSUB 3000
5 7153 PRINT C»
i 7168 NEXT J
" 7179 PRINT
; 7189 NEAT I
| 739060 T0 4000
; 8000 LET B= INTCCS1+Q-U)/U+.01) | | )
) 80101FB8>=0THEN3060 . }
g B920LETI1=0

.
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A kST

) 803UGNTOB150 |
o 8360 LET A= INTC(C(S1-U/7U+.01)
¢ 8070 IF A<J THAEN 8109
- 8080 LET I1=CCUt2) /7D *(NC(BI=NCA)) ,
; 8J90G0TN3150 .

81¥3 LET I1=CCUr2)/7Q)*N(B)
b 8158 LET I2=11+X5/2=-€(Q+U)/2)~-51
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ISL-3% CONTINUED

8152 IF I2> 1| E-6 THEN 8160
8154 LET 12=9

8160 LET D= INTCCQ=U)/7U+.01)
8200 LET I13=C1-CU’7Q) *VCD)) /Y1
8210 LET C=C1%I[1+C2+[2+C3+13

8220RETURY | U | ;
8SAOPRINT E ' . i
8SA2PRINT . :
8505PRINT' "»'"DEMAND', “CARRYIVG"> ""3HIRTAGES  REPLENI SHMENTS' ]
 8510PRINT | ;
8530?R[NT"AV¢RAGES":X6:Il:IZaI3 ‘ : 4
8S332RINT"UNIT COSTS">* "»C15,C2,C3 ' ' .
8S40PRINT'COSTS PER PERIOD "»C1%I1,C2%12,C3+I3. . ' | 4
8SSOIPRINT o i
8560PRINT'TITAL CIST PER PERIOD -"Cl*ll+09412+03*13 | :
8 S7IRETURN S
9009 REM DATA <C1,C2,C3» U:X&:P(Q):P(U):oooP(K2)> ) k
© 9210 DATA 5,59, 49 | . Cd
') . 9023 DATA 2»8s «05» 245 «33» o215 12
9999END _ -
)
|
:
;
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1. Introduction

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

inventory systems. In particular it is suitable for

A. Construction of mathematical models.

B. Checking of Decision Rules.

3
C. Study of sensitivity of costs to parameters and/or decision rules.
D. Comparing methods of generation of random demands &and their use. “

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. é

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

L e a2 A 2

supplied as data.

T T T

2.2 Replenishments

Replenishments occur only at the beginning of reviewing periods.

it -

o

Quantities ordered are always delivered after the lapse of the appropriate

W

leadtime.

e S T T i AT

Ieadtime may be deterministic or probabilistic. Its characteristics are

supplied as data.
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2.3 Costs

Four types of costs can be balanced: carrying, shortage, replenishing,
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 [8)/0Ql(T].

Shortage costs are either of the back order type (in [$]1/[QJ[T]) or of
the lost sales type (in [$]/[Ql).

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

The reviewing cost is in [8]. It is incurred every reviewing period.

2.4 Policies

Three inventory policies mzy be uséd. The type of policy end its
parameters are supplied as inputs during the execution of the program.
Various policies and parameters may be examined for each set of demand,

leadtime, and costs data.

Policy 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 each policy one has to specify when inventory is
ordered (reorder point or scheduling period) and how much is to be ordered

(1ot size or order level).

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

parameter which is supplied for each policy.

’ o e e T am—
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2.5 Simlation

A. The number of periods to be simulated is supplied as input during
the execution of the program. The number of periods for which detai’ - -e
to be

B. Demends are simuleted over a specified number of periods so that 4
their distribution 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,P9,H,C2,C3,Ck

A. The Period T9

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

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

T —

B. The Unit Carrying Cost: Cl .

The unit cost of the item is C9; e.g., C9 = $1285.71hk per ton.

The annual percentage of carrying cost is P9; e.g., P9 = 20%. The unit

o A et

carrying cost, Cl, is therefore equal to T9 * CO ¥ P9/36O ¥ 100. TFor example,

Cl = 7 * 1285.71L * 20/36000 = 45 per ton per week. i

The progrem assumes that the year is composed of 360 days and that Cl

SR G A R E Y.

is measured in [$]/[Q] per period.

C. The Unit Shortage Cost: C2

R e e oy e L

TR R et e TS

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

b ez

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

et coig

“) case), H=2. If H=1 then C2 is in [$]/[Q] per period, e.g. $50 per ton per week. |
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If H=2, C2 is in [$]/[Q), e.g., $50 per ton.

D. Replenishing and Reviewing Costs: C3, Ch

The replenishing cost is C3 per replenishment; e.g., C3 = $ko.
The reviewing cost Cl4 is incurred every reviewing period W. E.g., if

ch = $2 and W = 3 weeks, then a reviewing cost of $2 will be incurred

every 3 veeks.

BE. Tne Cost Data Statement

The cost data is presented in Iine 9010:
o010 DATA < 79,C9,P9,H,C2,C3,Clk >

For example,
9010 DATA 7, 1285.71k,20,1,50,L0,0

3.2 Leadtime Data: 1,L or 2,11,L,13,F(11), F(Ll+L3)s...,F(L)

The index B distinguishes between deterministic leadtime (B=1) and
probevilistic leadtime (B=2). Vhen B=1l then leadtime is L periods; e.g.,
I;b weeks. Wnen B=2, the minimum leadtime is Ll, the meximum leadtime is
L, and the leadtime step is 13. The cumlative distribution of leadtime is
given by the non-decreasing non-negative sequence F(11), F(11+L3),...,F(L-13),
F(L) vhere F(L) = 1. For example, if leadtime is 1,3,5, or T weeks with
equal probabilities, then B=l, Li=l, I=7, 13=2, F(1)=0.25, F(3)=0.50, F(5)=0.75,

and F(7)=1.

For deterministic leadtime the data statement is:
9020 DATA < 1,L >
For example,

9020 DATA 1,0
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For probabilistic Ieadtime the data statement is
9020 DATA < 2,11,L,I13,F(11),F(L1+IS)s .. «» F(1) >
For exanmple,

9020 DATA 2,1,7,2,0.25,0.50,0.75,1.

3.3 Demand Data: 1,¥(1),X(2)s..., or 2,x1,x2,33,G(xl),cﬁx;ﬁgg),...,q(xa)

The index C distinguishes between deterministic demand (C=1) and
probebilistic demand (C=2). When C=l, the demands are X(1), X(2),...,X(14).
For exesmple X(1)=5, X(2)=1, X(3)=h.» (In this case Ni=3, but this value does
not have to be supplied.) The demznds 5,1,4,5,1,%4,5,... 2re used in the

simulation.

When C=2, the minimm demend is S1, the meximum demand is X2, and the
demand step is X3. The cumulative distribution of demand is
G(XL), G(X1+X3)5.+..,G(X2-X3), G(x2)=1. Fbr example, if the probability |
distribution of demand is P(0)=0.05, P(2)=0.2L, P(h)=o.38,'P(6)=o.21, and
P(8)=0.12, then C=2, X1=0, X2=8, X3=2, G(0)=.15, G(2)=.29, G(k)=.67, G(6)=.88,
and G(8)-L.

For deterministic demend the data statement is
9030 DATA < 1,X(1),X(2)se.. >
For example,
9030 DATA < 1,5,1,4 >

For probabilistic demand the data statement is
%Bo mr-EA < 2’m—’X2’X3’G(}G-)’G(X]-+}B)’ ooo’G(Xa) >
For exanmple,

9630 DATA 2,0,8,2,.05, .29, .67,.88,1
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3.4. Demands Cycle: Nk

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

periods, NI 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 Nk periods will equal the given distribution G(X1),...,G(X2). The
number of periods N4 should be sélect’ed accordingly. It is given in the
data statement
9010 DATA < Nk >
For exanmple,

9010 DATA 100

3.5 Summary of Data Statements

The general format of the data statements is:

9C00 DATA < N4 >

9010 DATA < T9,C9,P9,H,C2,C3,Ck >

9020 MATA < 1,L > or

9020 DATA < 2,11,1,13,F(L1),F(L1+3), ..., F(L)=1 >
9030 DATA < 1,X(1),x(2),... > or

9030 DATA < 2,X1,X%2,X3,G(X1),G(X1+X3),...,G(X2)=1 >

For example,

9000 DATA 100

9010 DATA T7,1285.714,20,1,50,40,0
90’20 DATA 1,0 or

9020 DATA 2,1,7,2,0.25,0.50,0.75,1
9030 DATA 13531,,4' or

9030 MATA 2,0,8,2,.05,.29, .67, .88,1
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3.6 Policy Inputs: POLICY,'HEN,HOJ MUCH,REVISY

During the execution of the program, the user has to supply the
policy, J, ané its parameters V(1), V(2), and v(3). The policy J can
be 1,2, or 3. Vhen 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 agein the reorder point but V(2) is the order level. ‘hen
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.

¢erples oi inputs are:

POLICY, WH:N, HOW MUCH, REVISW

A [} l 9 -2 '] lo ) 1
B L] 2 ] O ’ ll" ’ 2
C. 3, 4, 10 , bk

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.

In Case B inventory is reviewed every 2 weeks. When the amount on hand

or below
and on order is zero,/en order is placed to raise this amount to 1k units.
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In Case C the amount on hand and on order is reviewed every i periods. 3

g Orders are then placed so as to raise the amount to the level of 10 units. 1

i 2
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3.7 Simulation Inputs: ST RUM, PRINLS

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 s M. When N=0 |

no detailed printouts are given, only the summary of results is printed.

When N=l, only a brief summary is given. For example,

SIL4 RUN,PRIIITS
A. 10 , 10
B. 100 , 0
cC. 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 surmary of results

will be printed. In Case C, 500 periodswill be simulated end only a

R N

brief summary will be printed.

3.8 Optimization Inputs: ADV VARIABLE,STEP |
Together with the policy and simulation inputs the user has to supply }

2 optimizetion inputs. The first optimization input, O, is a policy variable

and can be p,l,2, or 3. When O=¢ then the optimization option is ignored.

R A e Bl o A R A, -

Otherwise, three consecutive simulations are executed. The same input

parameters are used in every simulation with the exception of the policy

T A T

. variabvle O.
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The optimization input, X3, is a step for the variable O. In the
three consecutive simulations the variable assumes the values
v(0),V(0) + X3, and V(0) + X3 + X3 respectively. This capability is
useful for checking optimal solutions.

Examples of optimization inputs are:

ADV VARIABLE, STEP

A. O 9 o
Bo 3 ’ l
co 2 H 5

In Case A, the optimization option is ignored, and only one simulation
will be given. (The step, too, is ignored.) In Case B, three simulations
will be given for V(3), V(3) +1, and V(3) + 2. In Case C, the three

similations will be for V(2), v(2) + 5, and V(2) + 10.

3.9. Sumary of Inputs

The general format for request of inputs is:

POLICY, WHEN, HOW MUCH,REVIEW:SIM RUN, PRINTS,ADV VARIABLE, STEP

| ?2<J,v(1), V(@) ,v3), M , N , O ,» X3->
] N
\‘.
Exemples of inputs are: '\
? l 9 "2’ lO 9 l 9 lO 9 lO 9 O [y o (A.)
e 2, 0, 1 , 2 ,100 , 0 , 3 y 1 (B.)
? 3, L, 10 ’ L , 500 » =1 ’ 2 s D (Co)
f ?-o

{|an
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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 deteils of each of fhe 10 periods will be printed. No veriable will

be advanced - only one simulation will be exzcuted.

In Case B the reorder point is O, the order level is 14, and the
first reviewing period is 2. There will be 100 periods in each simula-
tion and only the surmary of résults will be printed. In the second

simulation the reviewing peri?d will be 3, and in the third it will be k.

In Case C the schedulingjperiod and the reviewing period are both
L, end the first order level is 10. Zach simlation will have 500 periods.
end only brief swmaries will be printed. In the second simulation the

{
order level will ve 15, and 3in the third it will ve 20.

J. Illustrations

Two inventory systems gke treated in this section. They illustrate

all the capabilities of Program ISL-U4 and they provide examples of actual

computer outputs.

4.1 T1lustration 1

In an inventory syster the weekly demends are in units of 2 pounds

P(8)=.12. Ieadtime is zerp. The cost of one pound is $1285.714, and the
annual carrying cost is 2% of this cost. Shorteges can be made up, but

there is a penalty cost of 350 per pound per week. The ordering cost is

= TTe W ey s
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Similate the system using three different policies.

o

The data, the computer output, the three inputs, and the results

are given below:

99000 DATA 100

9310 DATA 7» 1285714, 20, 1, S50, 40, 0O
90290 DATA 1, O \

9030 DATA 25 0s 8s 25 ¢05s ¢295 ¢675 88, 1
KEY )

READY. !

RUN '

~ ISL-4 16:98 W7 FRI 09/29/67

INVENTORY SYSTEMS §iMULATION, ONE PERIOD= 7 DAYS
UNIT COST= 1285. 7}}9’1PERCENT/YEAR= 20 CARRYING COST/WNIT/PERIOD= S.

SHORTAGES MADE Unl SHORTAGE COST/UNIT/PERIOD= 50

REPLENISHING CO§= 40  REVIEWING COST= 0

LEADTIME= @ /'ERIODS

. y -
DEMAND pj BABILITY

0 ! .05

2 /' .24

4 ’ « 38

6 B 21

8 / 12

/
IN lBG/”ERIODS: AVERAGE DEMAND = 4.22 STANDARD DEVIATION = 2.11462
i | -

S
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***t*********t*********#**tt*#*********************f@***##*#t*# L
. i 1

'l %

i

1

)POLICYs WHEN,HOW MUCH» REVIEW, SIN RUN» PRINTS» ADV VARIABLE, STEP  ixemple 4.11
2?2 1 s =2 8 s 1 » S s> S » 0 s 0

LOT SIZE = 8 REVIEWING PERIOD = 1

ORD REC CAR SHO REP REV
ROUNDED OFF

REORDER POINT =-2
PER BEG DEM END AVA

1 6 6 ) ) ) 0 3 0 ) 1
2 0 2 -2 -2 8 8 o 1 " "
4 a 4 ) ) o 0 2. 0 2 1 |
s 0 2 -2 -2 8 8 0 1 1 " |
 FOR A SIMULATION OF 5  PERIODS: |
| | |
% CARRYING SHORTAGE REPLENT SH REVIEW
i AVERAGES 2 .4 .4 . ?
| UNIT COSTS Se 50 2 o |
§ COSTS 10. 20. 16« 0 ?
|

%f) TOTAL COST PER PERIOD= 46.

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

POLICY» WHEN,HOUW MUCH:REVIEN:SIM RUN> PRINTS» ADV VARIABLE:STEP axemple k.12
2 2 » 0 10 s 1 » 100 » 8 » o s O = !
4

REORDER POINT = 0 ORDER LEVEL = 10 REVIEWING PERIOD = 1

AVA ORD REC CAR SHO REP REV

]

PER BEG DEM END ]

. | ROUNDED OFF {

1 10 6 4 4 0 ) 7 ) o 1 %

2 4 2 2 2 9 0 3 1 |

3 2 2 0 ] 10 10 1 ) 1 1 §

4 10 4 6 6 0 %) 8 0 0 "1 i

5 6 2 4 A 0 o 5 0 ) 1 ;

6 4 4 0 0 10 10 2 0 1 1 %

1 10 2 8 8 ? 9 9 0 ) 1 i

8 8 8 0 0 10 10 4 ) 1 1 g

FOR A SIMULATION OF 100 PERIODSS i
CARRYING SHORTAGE REPLENI SH REVIEW |

; AVERAGES 4. 65667 . 146667 «37 1 i
: UNIT COSTS S¢ 50 49 ) ]
f COSTS 23.2833 7.33333  14.8 o 3
7 : ]
i TOTAL COST PER PERIOD= 45.4167 . . N
; . e ~ 73 | | -
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*****************************t********************************* {

‘ ' !
POLTCY» WHEN» HOW MUCH, REVIEW, SIM RUN,PRINTS, ADV VARIABLE, STEP xample L4.13 ‘
?2 3 » 3, 12 s 2 o 600 » 7 » 0 » 0

SCHEDULING PERIOD = J CRDER LEVEL = 12 REVIEWING PERIOD = 2
PER BEG DEM END AVA. ORD REC CAR SHO REP REV

ROUNDED OFF

1 12 é 6 6 ] 0 9 o 0 "

2 6 2 a4 4 o o S o 0 0

3 4 2 2 2 10 10 3 o 1 1

4 12 4 8 8 0 o 10 0 % 0

S 8 2 6 6 0 % 7 0 0 0

6 6 4 2 2 10 10 4 0 1 1

7 12 2 10 10 0 % 11 0 0 "
FOR A SIMULATION OF 600 PERIODS®

CARRYING SHORTAGE REPLENI SH REVIEW

AVERAGES 5¢985 315 « 333333 « 333333
UNIT COSTS Se S0 49 o
COSTS 29.925 1575 13.3333 )

TOTAL COST PER PERIOD= 59.0033

************#***************#**********************************

POLICYs» WHEN,HOW MUCH, REVIEW, SIM RUN, PRINTS, ADV VARIABLE, STEP
? STOP
RAN 19 SEC. %
i
The following points should be noted: i
g a. Line 9000 on Page 12 assures that 100 random demands are generated. -
i These demands follow the given distribution end are used in the
% identical order in Examples 4.11, L4.12, and k.13. ;
() |
| 3
5 i
|
:
- |
* 7Y . §
= Q 5
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b. In Line 9010 on Page 12, H=l assures that shortages are made up | if
and that the reviewing cost is zero.

c. Since the generated demands follov 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, REC = receive, CAR = carrying, SHO = shortege, |

REP = replenishment, REV = reviev. , .

e. In Example U4.11, the average amounts carried in the four weeks aré

3,0,5,2, and O pounds. Hence, the overall average is (340+54240)/5 = 2 Eé
pounds, as can be seen in the summary‘of the results. In a similaer way :;
other averages are conputed. i§

f. In Example 4.12 no.shortages occur during the first 8 weeks. However, Sg
3

some shortages occur during the remaining 92 weeks, so that the overall
average is .l46667 pounds.
g. In Bxample 4.13 the input specifies a scheduling period of 3 weeks, and

a i1eviewing period of 2 weeks. The program disregards the value of the

reviewing period whenever the third policy (J=3) is used. It always .

q : assumes that in this case the reviewing period and the scheduling periods %

are one and the sane.
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4.2 Ilustration 2

In an inventory system demands cycle every T weeks in the following
order: 4,2,6,4,8,2, end & tons. leadtime can be zero, one, or two weeks
with respective probabilities of .2, .6, and .2. The cost of one ton
is $l285.7lh, and the annual carrying cost 1s 20¢) of this cost. Whenever

demand cannot be satisfied, there is a loss of $50 per ton. The replenish-

ing cost is $40 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 only a summary

is desired, and for Policy 3 only & brief sumary 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 L.21.
b. During the 10th week, in Exemple 4.21, the correct average amount in
inventory is h2/2x6 = 1.333. Only the rounded off value is given in
the tzble. However, the correct amount is used for the summary. |
c. The main reason for the increase in shortages in Exgmple 4.22 as compared
with Example 4.21 is the chenge in the reviewing period.
d. The abbreviations in the brief summari 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 reviewirg in Example 4.23, see

note g. of the previous section.
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I\EQL)?o

QU DALTA 1U .
JUlu DALA 7 12357145 2Us 25 3D 49s 1ed
JU2Y DATA 25 Us 25 1 e25 o35 1

9339 DALTA 1, 4s 25 65 4s 35 25 4

e Y

S

: I(EAD{Q
\ KU ¥
i #.‘A[f.
,
IsL-4 [6:22 w2 Fal u97/29767
; | | |
L INVEVTOSY 5YSTEM5 SIMILATION, ONE PERIOD= 7 DAYS
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5. Optimization

Comments on the construction of models and on the methods of
finding optimal solutions are given in Manuels 2 and 3. In this
section we only illustrate the use of the optimization feature of

Program ISL-k.

We consider Illustration 1 of Section 4.l. Suppose one is
interested in Policy 1, and it is conjectured that the optimel reorder
point is O and the optimal lot size is 8. The data, outputs, inputs,

and results are as on Pages 20 and 21..

The inputs in Exemple 5.1 have been selected so that the lot size
is fixed at 8, and three reorder points are used: $,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 reofder pbints 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 then the costs for lot

sizes of 6 and 10 (49.8742 and 48.75). A further check (Exemple 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.k.

Incidentally, the long range expected costs can be shown to be:
Lot Size 6 8 10 12

Reorder Point - -

- 81.717 67.762 60.100 56.658
53.583 48.750 46.890 I7.317
50.017 48.575 48.750 50.533

56.533  55.962  56.660  58.792
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6. Extensions and Problems for Solution

6.1 Extensions

Program ISL-4 is quite & 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), otherwrise 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 & simulation may not necessarily follow
the prescribed distribution of leadtime (e.g., Exemple 4.21). Suggest a
.more satisféctory method for generating leadtime.

C. The cost of replenishing is independent éf the amount replenished.

Change the program so that this cost will be some function of this amount.
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D. Assume that the cost of reviewing is zero and eliminate all the
printing statements related to reviewing. However, leave the REVIEW
varisble (V(3) in the program and allow its value to be supplied as
input.

E. In ISL-I 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 veriable from some
distribution one of whoée paramevers is P.

F. Define e fourth policy (J=U4) 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-week period is given by f(x) = éx(l - x), 0 £x £1. The carrying
cost is 35 per unit per week, the shortage cost is $5 per uniﬁ per week,
;nd the replenisbing cost is $20. Convert the density to a discrete
distribution and show that the optimal lot size and reorder point are
epproximately 2.0 and - 0.8 respectively.

B. Find fhe 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(10) = .10, P(20) = .20, P(20) = .30,
P(L0) = .16, P(50) = .10, and P(60) = .06. The carrying cost is $1 per
unit per week, the shortege 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.
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C. The demand during any week is either O or 1 with probabilities

0.4 and 0.6 respectively. ILeadtime is 3 weeks. The carrying cost
ﬂ end the shortage cost aré 41 per unit per week and $5 per unit per 3
week respectively. The replenishing cost is $2. A (t,2) policy is ‘
used. Find the optimal scheduling period, the optimal order level,

and the corresponding expected minimuﬁ total cost of the systen.

R o DR NP L 3
e e S e 2K RSP Zsin

D. In a reorder point - lot size system inventories are reviewed

leadtime is 3 weeks. During any week there is a demand

et

e

every veek.

for one unit with the probability 0.6. Otherwise there is no demand.

The carrying cost is $l per unit per week, the shortage cost is $5

per unit per week, end the replenishing cost is $2. Find the optimal §

%
() |
% reorder point, the optimal lot size and the corresponding minirm

expected total cost. |

| E. In an inventory system with a reorder-point-crder-level policy the

'reviewing period is 2 weeks. The probability distribution of denand
during the reviewing period is P(0) = 0.20, P(0.5) = 0.2k, P(1,0) = 0.kO, |
P(1.5) = 0.16. The carrying cost is $5 per unit per week. The shortage i
cost is $10 per unit per week. The replenishing cost is $40. VWhat is the ;
optimal reorder point and what is the optimal order level? i

F. In an inventory system the reorder point is 2 and the order level is 5. %

The probability distribution of demand on any day is P(0) = 0.5, P(1) = 0.3,

?
| P(2) = 0.1, end P(3) = 0.1. :

i ) 8 o A e Sl
et o o

)
} (1) Show that the probability of-a replenishment on any day is 25/108.
?( ) (2) By changing Progrem ISL-l, show that on the average there will be

227/54 units in stock at theﬁbeginning of each day.
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G. In an inventory system the reviewing period is 1 week. Demand
during the reviewing period has the distribution P(0) = 0.2, P(1) = 0.L,
P(2) = 0.4. The carrying cost is $1 per unit per wuek, the shortage

cost $1 per unit per week, a.nd_ replenishing cost $1 per replenishment.

Compare the minimum costs of the sytem for each of the three policies. 4
|




7. Prozram ISL-l

2
B s

~ rvacars o

e e e s 1

ISL-4

OREM BY E.NADDOR . i
1000DIMFC11)5GC20),HC20),V(3) ' |
1002D0IMXCS00) . ;
100SREADN 4 ?
1010READT95,C9,P9,H,C25,C35C4 '
1020LETC1=T9*C9*P9/ 36000
1030READB

10401FB=2THEN 1080
10SOREADL : , )
1070GOTO 1160 !
108OREADL 15L5L3 |
1100 FOR I = L1 TO L STEP L3
1110 READ FCI) .
1130 NEXT I - :
1160 READ C ' ‘

1170 IF C = 1 THEN 1230 1
1 18OREADX 15X25X3 §
1 18 SREADGCX1) i
1190LETHCX1)=INTCGCX1)*N4+.01)
119SFORI=X1+X3TOX2STEPX3

1290READGC1)
120SLETHCI)=INTCCGCII=GCI=-X3) ) *N4+.01)

1210 NEXT I : %
1220GO0TO 1350 ’ | , §

1230LETX4=0

1240LETXS5=0

12S0LETI=1

1260 READ XCI)

1270 IF XCI) = 9999 THEN 1320
i 1280LETX4=X4+X(CI)

i 1290LETXS5=X5+XCI)*XCI)

1300 LET I =1 + 1

1310 GOTO 1269

1320 LET Na =1 - 1

1330G0TO 1470

13SOLETX 4=0

1360LETXS=0

1370FORI=1TON4 o - S !
138BLETX=X1 ;
139GLETY=RND(C@) : p
1 400IFY<GCX) THEN 1430 -
1 410LETX=X+X3 : |
1420GOTO 1400 . ' ]
1430IFHCX)=0THEN 1380 : ;
1 432LETXCI)=X : ]
1 43SLETHCX)=HC(X) =1 . 4
1 440LETX 4=X 4+X _ . 3
1 ASOLETXS=XS+X*X ;
1 46ONEXTI ]
1 470LETXS5=SQRC(XS5-X4+X4/N4)/N4) |
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ISL-4 CONTINUED

1 480LETX4=X4/N4

2000PRINT

2010PRINT"INVENTORY SYSTEMS SIMULATION», ONE PERIOD='"T93'"DAYS"

2020PRINT

2039PRINT"WIT COST-"C93"PERCENT/YEAR-"P9:"CARRYING COST/UVIT/PERIOD-"CI
2049PRINT

20591FH=2THEN 2080 .

2060PRINT"SHORTAGES MADE UP. SHORTAGE COST/UNIT/PERIOD='"C2

2979GOTO 2090

2080PRINT'SHORTAGES NOT MADE UP. SHORTAGE COST/WNIT="C2

2090PRINT ‘

209SPRINT"REPLENISHING COST="C3;'REVIEVWING COST="C4

2096PRINT .

21001FB=2THEN 2130

2110PRINT"LEADTIME="L3 "PERIODS"

2120G0TO0 2190

i 2130PRINT"LEADTIME", "PROBABILITY"

2140PRINT

21SOPRINTL1,F(L1)

2160FORI=L1+L3TOLSTEPL3

i  2170PRINTILFCI)=F(I=-L3)

E“)ansanzxrl

= 2190PRINT . |

| 2200PRINT - |
¢ 2210PRINT"DEMAND "3

22201FC=2THEN 2270
2230FORI=1TONA4
2240PRINTXCI) 3 2
2250NEXTI - |
2260GOTO 2350 | !
2270PRINT"PROBABILITY" ;
2280PRINT

. 2290PRINTX1,

. 2300PRINTG(X1)

. 2310FORI=X1+X3TOX2STEPX3
2320PRINTI»
2339PRINTGCI)=G(I=-X3)
2340NEXT1 .
2350PRINT ;
2360PRINT"IN"N 45 ""PERIODS? AVERAGE DEMAND ='"X435 "'STANDARD DEVIATION -"xs
3000PRINT |

SO1OPRINT  #k ki ok ook ok ok ko ok ok ook sk o e oo e ok ol ook e ofe ok ok o o e o s oo sl ok ok sk ok ok e e sk ok 82 i
3020PRINT . 3
3030LETE=1 ]
3048PRINT"POLICY» WHEN»HOW MUCH, REVIEY, SIM RUN, PRINTS, ADV VARIABLE, STEP"; i
385S0PRINT i
306DINPUTJI»V(1)5V(2),V(3IsMsN»0,X3 ' ' '
é;MBGBPRIVT |

- AQ1O0PRINT* = - - - = - - - - - = - = - - v
. 4020PRINT
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ISL-4 CONTINUED

403DLETZ=VC1)
4040LETQ=V(2)
4052LETW=V(3)
ASOOLETJ1=9
A510LETJ2=0
4520LETJ3=32
4530LETJ4=0 :
4S4A9IFJ=1THEN 4582 |
4550LETQ2=Q , | |
4A570G0TO 4610 r 3
4580LETQ2=2Z+Q /
A61QFORI=0TOL+1 ./
A620LETRCI>=0 i - 1
463ONEXTI /. ¢
SOOQIFJ=2THEN SO4)
S@10IFJ=3THEN 5042
S@20PRINT"REORDE| POINT ="23"LOT SIZE ="Q3
S032G0T0 5370 /'
SO40PRINT"REORG/R POINT =23 "ORDER LEVEL ="@Q3
S@59GOT0 5070 /
SO6@PRINT"SCHFfULING PERIOD ="Z3"ORDER LEVEL ="Qs
S870PRINT"REV//HING PERIOD ="W ~
60391FN<=0TH/,;/ 7000
6C0190PRINT '/ .
6020PRINT"PS: BEG DEM END AVA ORD REC CAR SHO REP";
6830PRINT" ' REV" :
604@?31”1‘"// . ROLNDED OFF"
6950PRINT /.
78082FORK ;' TOM+L
7010 LE,J1 = @2 + R(D)
7920 L'; X = X(K - NA*INTC(K=0.01>/N4))
7832 1f. 92 = Q@1 - X
7102 § 92 >= 0 THEN 7159
1llp/i @l > 0 THEN 71809
7129 -ET Il = 0
714 LET 12 = -¢Q1 + Q2)/2

/4GOTO 7200
/99 LET 11 = Q1 + Q2)/2
/460 LET 12 = @
- /i1170G0T0 7200
| /7180 LET 12=0212/(2¢X)
'/ 7190 LET 11=Q1t2/¢2X)

7200IFH=1THEN 7540
" 720S1FQ2>=0THEN 7540

7210LETI2=-Q2
 7220LETQ2=0
. ) 71520 LET A = ¢
7538 GOTO 7559
7549 LET A = Q2

. 7559 IF L = @ THEN 7590
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ISL-4 CONTINUED

7560 FOR I =1 TO L
7578 LET A = A + R(I
7589 NEXT I

7590 LET P = 0
7608 LET i3 = 0
7685 LET I4=0
7610 IF J = 3 THEN 7689
7620IFK/W=INTC(K/ W) THEN 7626
7624G0T0 78060

7626LETI 4=1

7638 IF A>Z THEN 7800

7640 IF J = 2 THEN 7690
7659 LET P = P + @
76631FA+P<=ZTHEN 7659
7670GO0T0 7710 ' |
7680 IF K/Z<>INT(K/2) THEN 7800
7685 LET 14=1

7698 LET P = @ - A
77001FP=0THEN 7800

7716 LET 13 = 1 ,
7720 IF B = 1 THEN 7780
7739 LET I = L1

7748 LET Y = RNDCWY .
77SOIFY<FCI) THEN 7790

7768 LET I = I + L3

7770 GOTO 7750

7788 LET I = L

7799 LET RCI + 1) = R(I + 1) + P
7800 FOR 1 = @0 TO L.

7810 LET RCI) = RCI + 1)
7820 NEXT I o

7839 LET RCL+1) = @
7875IFK<=LTHEN 7920

7880 LET J1l = J1l i+ I1

78990 LET J2 = J2 + 12

7909 LET J3 = J3 .+ I3
7910LETJ4=J4+14 |

7920 IF K>N THEN 7950

7939PR1NTK:Q‘:X:'Q:A:P3R(g)3INT(Il+05)3INT(12+05)3133

7950 NEXT K
8000LETI1=J1/M
8G10LETI2=J2/M '
8020LETI3=J3/M
80B36LETI 4=JAa/M
8049LETK1=11%xC]
8OSOLETK2=12%C2
BO6OLETK3=13%C3
BOTOLETK4=14%C4 '
8C8OLETKO=K1+K2+K3414

7940PRINTI 4 \

it NS




i ISL-4 CONTINUED

¥’ 809OPRINT
i 8100 PRINT
t  8110IFN<QTHEN 8260
i 8120PRINT "FOR A SIMULATION OF "M3"PERIODS:"

. 8130 PRINT
¢ 8140PRINT" *»"CARRYING'", " SHORTAGE", "REPLENISH",
. 8150PRINT"REVIEW"

8160PRINT
8170PRINT"AVERAGES"»11,12,13,
I  81BOPRINTIA

| 8190PRINT"UNIT COSTS"»Cl1,C2,C3,

. 82B0PRINTCA

. 8210PRINT"COSTS"»K1,K2,K3»

: 8220PRINTK 4

: 8230PRINT

8249PRINT"TOTAL COST PER PERIOD='"KO
8250GOTO 82909
8260PRINT'CAR="K1, ""SHO="K2, ""REP="K 3»
8270PRINT REV="K 4,
8280PRINT"TOT="KO

‘ 82901F0=0THEN 3000

4 8300IFE=3THEN 3000

i 8310LETE=E+1

8320LETV(0)=V(0)>+X3

] 8339GO0TO 49000

Y" 900B0DATAL100
901@DATA7:12850714020:135ﬂ040:@

R I I o LKA Ty T PR L TR OO

g s L s . s
oot i Ay Sttty st Siiple

i
4 9020DATAL1,0 . |
] 9030DATA25058925¢055¢295¢675+885 1 g
| 9998DATA9999 | . ;
4 9999END §
;
!
;. 3
!
ﬁ ?
; §
.
v
|
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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
Iisting
Data

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

Iisting
Data

ISL-k: A General Inventory Systems Simulation
Iisting
Data

D NN 50 1 RN AT Y ST M A A 3

R G S g AR R g

e S e R B I M B M

i

112
113

115
117

119
123

125
131

SRS BT

R A e Tt
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ISL-1: Balancing Carrying, Shortage, and Replenishing Costs
ISL-1 BY E.NADDOR AND OLE BRAATEN
FORTRAN VERSION 8Y RICHARD SACHER
THE JOHNS HOPKINS UNIVERSITY, BALTIMORE MD. 212180

BASED ON MANUAL ISL-1y SEPTEMBER, 1967

OOOOOO

OIMENSION D(S0),E(S50),R(50),8(50)
REAL 11, 12, 13, 111, 121, 131

INITIALIZATION

(a NNy

15 OEMAND=0.
REPLEN=O.
11=0.
12=0.
13=0.

00 20 1=1,60

20 R(1)=0.

READING OF DATA (NsPERIODS,0(1)=DEMANDC1,C2,C3=UNIT COSTS)

AR TR IR A e

OO0

READ(S,1) N
READ(S,2) (D(1), I=]yN)
READ (5,2) Cly C2, C3

READING OF DECISIONS OATAe® B(1)=BEGIN, I,R(1)=PERIOD AND REPLENI SHMENT

OO0

READt3,2) B(1)
XN = N
00 125 [I=1,N
129 DEMAND=DEMAND ¢ D( 1)
130 READ(S,8) 1, R(I)
1F (1) 150,100,100
100 REPLEN = REPLEN + R(1)
GO T0 130
150 IF (REPLEN - DEMAND) 999,200,999

I ——

MAIN PROGRAM

OO0

200 DO 285 1I=1,N
E(1)=B(I)+R(1)-DI])
1F (E(1)) 240,250,250

240 12 = 12 - E(1)
GO T0 270

250 11 = [1 ¢+ E(1)

270 1F (R(1)) 285,285,280

280 13=13 ¢+ 1,

285 B(1+1)=E(])

AVERAGES

OO0

Il11=11/XN

121=12/XN

131=13/XN

CasSTlallleCl

COST2=121e(C2

COST3s]31eC)

COST4=COST1 ¢ COST2 ¢+ COST3
COST11=COST1eXN

12

T g o O B A R T e R e o e e TN KAy A T 2 T e A D R AR T T

NPT RTINS

1
H
¢
4

ey

T — i e e i L ookt
L T MO R AR e,
i3 533 A e S B L S T K2 L A 0%
AR A R R L R L S AT B R R 3 DR M RO AR O RS A S et y
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ISL-1 (Cont'd)

COST21=COST2eXN
COST31=COST3eXN
COST4l = COST1l ¢ COST21 ¢ COSV31
WRITE(6,3)
WRITE(6+4) (14BII)RITI)DULDeE(L)y 1= 14N)
WRITE(6+5)
WRITE(6,6) 111,121,131,C1,C2,C3
WRITE(6,7) COST1,C0ST2,COST3,C0ST4,COST11,C0ST21,C0ST31,C0ST41
GO 70 1000

999 WRITE(6.10)

NEW DATA

1000 GO 70 15

FORMAT STATEMENTS

OO0 o060

| 1 FORMAT(8110)
' 2 FORMAT (8F10.2)
| 3 FORMAT(LIHL4//714KeTH PERIOD, 18X SHBEGIN 18X o 9HSHORTAGES, 17X,
} 1 6HDEMAND, 21X, 3HEND//)
4 FORMAT(1HOe6Xo 1120 4F25.2)
S FORMAT(/4/77736Xe9H CARRYING.l7x.9HSHORtAGES.l)l.leREPLENISHNENTS.
1 16XSHTQTAL//)
6 FORMAT ( 1HO ¢ 6Xo THAVERAGE ¢ 5X ¢ 3F25.2//6X¢10H UNIT COSTo3X,3F25.2)
] 7 FORMAT(1HO¢6Xo L1HCOST/PERIGD IXo&4F25.2///7/6Xe11H TOTAL COST,
1l 2X04F25.2)
8 FORMAT(1I10,F10.2)
10 FORMAT(L1HL,7/77/77/7740%,52HREPLENISHMENTS ARE NOT EQUAL TO DEMANDS.
1CHECK DATA.)
] C
| ) —— . END_ . - . - . . .. o e e e
: $OATA
y 12
$4.1 10. 20. 20. 30. 20. 30. 0. 0.
’ 40. 30. 20. 20.
Ee | «20 5.00 10.00
0.
| 60.
, 4 60.
5 14 60.
‘ 10 60.
«-+99 e - . T
12
‘ 10. 20. 20. 30. 20. 30. 0. 0.
% §q,; loO. 300 200 200
5 «20 5.00 10.00
Ec.2 0.
| 40.0
2 3 40.0
; 5 40.0
7 40.0
9 40.0
11 40.0

S43  10. 20. 20. 30. 20. 30. 0. 0.
E. 3 %0 30. 20. 20.
.20 5.00 10.00
10.0

WA

ot Provided by ERIC
AR, 5 s " KRt s A%
R e T ’WMWmmwasmtmmwmmmnuwfmxm iy

R e T e DR L ] 0’!'}3 i N . . Lo A TS

2 T S 2 KL APy



1SL-1 (cont'd)

1 40.0
3 40.0
s 40.0
7 40.0
9 40.0
11 40.0
-99__
12 ,
10. 20. 0. 30.
S44 Lo 30. 20. 20.
.20 5.00 10.00
10.0
11 230.0
- -99 _
12
10. 20. 20. 30.
ﬁ‘ ~°. 30. 20. 20.
SV oL20 5.00 10.00
0.
Exd 1 30.0
3 50.0
s $0.0
9 70.0
11 0.0
— ___. =99
12
§52 10 20. 20. 30.
%0. 30. 20. 20.
EvS L20 5.00 10.00
10.0
2 40.0
4 80.0
9 70.0
11 50.0
-99 - o
LI 7 o
‘ 5.0 5.0 5.0 5.0
6 10,0 20.0 400.0
0.
1 20.0
5 15.0
-99 I
3 I
S.4 5.0 5.0 5.0 5.0
10.0 20.0 400.0
El.7 0.
1 15.0
5 20.0
-99

1L

T

20. 30. 0.

20. 30. o.

20. 30. 0.
5.0 10.0 0.0
S.0 10.0 0.0




1SL-2: The Deterministic Reorder Point--Lot Size System

C fSL-2 Ay E.RACLCR ANC RICHARD SACHER
C FORTRAN VERSICN BY RICHARD SACHER
C THE JORAS FCPKINS UNIVERSITY, BALTIMORE, MD 21218
C
C BASLU CAN MAANLAL ISL-2, OCCLMBER, 1967
C
CCVMFMON XLy XCy XSpllel2,1)
CIMENSICA CCSTIS(3), $913), Q9(3)
INTLGER X1lo22,X3,0
REAL Jloll,12,13
C
C PRINARY INPLT
C
S00 REAC(S,1) XL,C1,C2,C3
1 FORMAT(4F10.2)
C
C SECCNCARY [APUT
C

1000 REAL(S94) XSoXCoXLoXQLlpNgN1gX2yX3,J1,0
4 FORNMAT(2F10.2,110,FL10.2,415,F10.2,110)

C
C SINLLATICA ANC/CR AVERAGES AND/OR COSTS
C
IF (x1) 116C,11€0,2000
1160 IF (X2) 117C,1170,3000
1170 IF (x3) 118¢,1180,4000
TO PRINMARY CR SECCNDARY INPUT

1180 IF (C) SCC,1C0C,500

SIMULATES THE SYSTEM OVER A GIVEN NUMBER OF PERIODS

aNgNe e Nale

2000 wWR1TE(6,2)
2 FCRMAT(1FL1,16X,88HT HE DETERMINISTIC REORDER
T

1P CINT=-LCT S1Z2ZE SVYS E M//7)
WRITE(6,3) C1,C2,C3,XVU
3 FCRMAT(17H CARRYING COST = ,F6.2,20H PER UNIT PER PERIOD,39X,
116FSHCRTAGE COST = ,F6.2,20H PER UNIT PER PERIOD/21H REPLENISHING
2COST = ,FEeZy18H PER REPLENISHMENT,37X,9HDEMAND = vF6.2,
3 L7+ UNITS PER PERIOU)
WRITE(6,S) XSoXQ
S FORMNAT(//721X,17H REORUER POINT = ,F6.2,32X,11HLOT SILZE = vF6.2/17)
WRITE(6,€)
6 FORMATILF ,S0X,19HS I MU LA TIO N///7)
Al=C.
A2=C.
A3=C.
IF (N1} 2C4C,2C50,2040
2040 WRITL(6,1¢)
16 FORNAT(SX, T PERIOD,5X,SHBEGIN,5X  6HDEMAND S5X ¢ 3HEND, 27Xy BHCARRY ING
1o 11X,9HSFCRTAGESy6Xy 1IHREPLENISHMENT/)
2050 CC ¢090 [=1,N
IF (xCl) 2059,2059,2052
2052 IF (XCl=-XL) 2056,2053,2053
2053 11=xd1 - XU/2.
12=C.
GO 10 2C¢1d
2056 Il = XClea2 /7 (2.8XU)




I5L-2 (Cont'd)

( [2 5 (XCl-XL)ew2/(2.0Xt )
GO 1C 2Cé€l
2059 [1=C.
12 = XU/2. - XC1
2061 XG2 = XCl - Xy
IF (XC2 - 2S) 2063,2063,2066
2063 13=1.
Y = XC2 + XC
GC 1C 2CES
2066 13=C.
Y = XC2
2069 IF (I - A1) 207C,2070,2080
2070 14 = 12
WRITELG.E) T4XCloXUsXW2,11512,14
8 FORMATU/1k »19,F12.202F10.2,13X,F20.2,F19.2,115)
2080 XC1 = Y
Al = Al + I1
A2 = A2 ¢ 1Z
2000 A3 = A3 ¢+ 12

COMFUTES AVERAGES FUR THE SIMULATION ?

N uE gl

wWR1TE (€,21) N 4
21 FURNMAT (/777 23H FOR A SIMULATION OF , 14, 9H PERIOLS//) ;
XN = !
11 Al/ XN
12 A2/ XN
13 A3/ XN
wR1It(6,S)
9 FORNAT(//76TX,9H CARKVING.l1X09HSH0RTAGES.6XOlQHREPLENlSNHEN'S//’

WRITEL6,1C) 11,12,13,C1,C2,C3
10 FORMATI(GH AVERAGES,51XyF15.292X,2F17.2//11H UNIT COSTS,49XsFL15.2,
1 2X,2F17.2)
casrti Cle]1
ccSst12 C2s1]2
cusi3 C3e1]12
CCS14 CCST1 ¢ COST2 # COSTI
WRITLIG6,11) cosT1,C0S72,C0ST3,C0ST4
11 FORMATI(/17TH CCSTS PER PERICD,43X,F15.292X,2F1762//25H TOTAL CO&TS
IPER PERICC =,F8.2)
60 10 11¢C

P

S e TR S oyt AL o

T

o

COVMPUTES THE LCNG TERM AVERAGES OF THE SYSTEM

. " -

2 XnXgl

3000 WRITE(6,2)
WRITE(&,3) C1,C2,C3,XU
WRITE(6,5) XSy X
WRITELG,11)
17 FORNMAT(//777743%,34H L ONG TERM AVERAGES 1/7/7717)

WRITE(6,9)

CALL AVGES

CCSil = Clell
COST2 = C2e12
COST3 = C2e]3

CCSTa CCST1 + COST2 + COST3
wRITE(6,1C) 11,12,13,C1,C2,C3
WRITE(6,11) COST1,C0S¥2,C0ST3,C0ST4
GC 10 117C

YN

o
it s

-

1né

S L e e e S

R b AR s s




s NeNg

4000

18

600
12

13

4240
4260
14

(o) 2N g Xgl

ISL-2 (Cont'd
CCMPUTES TOIAL COSTS FOR A ORDER POINT AND LOV SIZE AND A

NEIGHBCRIECOL ABCUT ThtM

WRIIELH,2)

WRITL(6,2) Cl,yC2,C3,0XVU
WRITE(6,5) XSy XC
WRITEL(G6,18)

FORNMATUZ//77763%,3TH T H E T O T AL
1//77756%,9F LCT SILE//)

LO ¢00 L = 1,2

Xt = L

A9 = (XL=-2.)8J1

S9(L) = xS ¢+ AS

W9lL) = XC ¢ AS

WRITE(6,12) (CSIL)y L = 1,3)
FORNMAT(LF ,23X,3F20.2)
WRITE(6,12)

FORMAT( 14+ RECRCER POINT)

CO 4260 1=1,1

XS = S9¢(1)

CC 4240 J=1,3

XC = C9(J)

CALL AVGES

COSIS5(J) = Clell ¢ C2e]2 ¢+ C3e])
wRITE(6,14) XS,COSTS
FORMATL/ZLF 4F9.2,14X,3F20.2)

TO PRIVARY CR SECONDARY INPUT
6¢C 7C 1180

ENC

COST TABLE

OO

5020

5050
5060

5090

SUBRCUTINE AVGES

COMPUTES AVERAGES FOR THE LONG TERM AVERAGES AND THE TOTAL COSTS OPTION

CCMNMCN XL,y XCy XS,11,12,13
REAL 11,112,122

13 = XU/ XC

IF (XS) 5C5C,5C20,5020

Il = XS ¢+ XC/2.

12 = 0,

REJURN

IF (XS ¢ XC) 5090,5060,5060
Il = (XCe¢XS)ea2/(2.2XQ)

12 = XSea2/(2.0Xy)

RETLRN

Il = C.

12 = XC/72. - XS

RETURN

ENL

SDATA

it 3
ta. 34

Ly 30
Ca, 33

bW =10.C
t‘v;ll-lc oC

85.C.  1.C 99999.0 __  36.0

5.C 20.C | 15.
5.C 20.C | 15,
5.C 20.C C 0.0

L3 5.C 999%5.C 9.0 36.0
10.C 1 0.0

1C.C

-0 0

-0 OmO

- O
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ISL-2 (Cont'd)

. .0.0
3.0 1C 4
4,0 10 0

-0

ST L T A

-0

.~.36,0

l.
S.
Se
4. 34 .i.c l.
tvie 21.C 20.
b -1.C 20.

14.0 1C 1
_0.0 Y

00

-0

_— |-

-0

9.0

36.0

Ke. 381 ﬁ.g

-2.0 20.
T.C .

Eu. 3>

1.8

-ZQC

—2400.0

$9999,0

Ev. 7259 000

42,0

100

o

14.0

T 36.0

4.0 100

600.0 10 _

r__200.C 0.04¢E€€7

FR35¢ O.C ¢CC.C

-

1

42,0 i
600.0 10

W

:U‘ .®

=)

=)

18

"
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I5L~-3: The Probabilistic Recorder Point--Lot Size System
lSL'] H ™ t

FCRIRAN VERSILN BY RICHARD SACHER
THE JCFNS FCPKINS UNIVERSIFY, BALTIMORE MO, 21218

BASLC CN MARLAL ISL-3, COCTOBER, 1967

THIS PRCGRANM |S FCRMATTED FOR A 132 POSITICN PRINTER.
10 CHANCE FCR A 120 POSITION PRINTER, SUBTRACT & SPACES FROM
EACH FCRNAT CARC. -
e -.QN

CINENSICN PUSC)oF(50),099(50),G(50),WL50),v(50),COST(3)

INTEGER ToS,R

REAL N(SO).lC.ll.lZ.l).Jk.Ll.LZ.LB.Lb

CCVMMCN C.CI.CZ.CB.ll.lZ.lB.Q.Sl.U.N.V.xSoHI
3020 CC 2030 J=1,5C

PlJ)=0,C
3030 (9S(1J)=C.C
3040 wWR1TE(G6,1)

2 ¥akakzizkaXkakaXaKn

L FORMAT(Lh1,22X,88KT HE PR OB ABALISTIC R EORDODER
1PCINT=-LCT S1Z2ZE SYSTEM
C
C REACING ANC PRINTING OF COST DATA
c

3060 REAC(S5,2) C1,C2,C3
2 FORNMATIEFLI0.2)
3070 wRI1tE(6,2) C1,C2,C3
3 FORMAT(//76X%,16F CARRYING COST =,F9.2,20H PER UNIT PER PERICQD, 35X,
1 15FSHORTAGE CCST =,F9.2,20H PER UNIT PER PERIOD//43X,20H REPLENIS
2HING CCSV =9F9.2,18H PER REPLENISHMENT)
3095 [RAN = 2217
3100 Wl = 1.

C
C REALING CF CEMAND DATA
c

3120 REAL(5+2) U,yX2

3125 J4a=Xx2/uU + (1

3130 J2=1FIX(J4a)+1l

3135 x5=C.

3137 REALLS,2) | PLJI),y J=19d2 )
3140 LO 2155 J=1,J2

3150 xJ = J

3155 XS=a5+UsP(J)e(XJ=1.)

C
C THE ECUIVALENT CISTRIBUTICN
C

3170 J=J<

3175 XJ = XJ - 1.

3180 A=C.

319C 8=P(J)/XJ

: 3200 C991J)=8 + E/2.

] 3210 A=A+

3220 J=J-1

3225 XJ=xJ-1.

; 3230 IF (J-1) 225C,3250,3190
3250 €99(1) = P(1) + A/2.

PRINTING CF CeMANDC DATA

B
aNaKnl

TR

119

b ranss S S e S SR S SRS T I
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S £ ta=

T ey ot

3260

5
3270
3280
3290
3300
3310

(aNaNa

3320
3330
3340
3350
3360
3365
3367
3368
3370

6
3380

(aNale

. 4000
; 98
1 4010

aNaNaNale

4040

4041
4042
4047

2 Xale

4050
4060
4070

SHOO

5000
10
5080
C
C
C
5100
11

aNale

'
WRITE(6,5) ISL-3 (Cont'd)

FORNMAT(///744XyTH CEMAND, 11X, LIHPROBABILITY, 10X, 10OHCUMULATIVE/ /)
vil)=P(1)

Gll) = CSG(1)

wnil)=G(1)

FLL)=PL1)

Nl)=wil)

CCMPUTING GonmnyFyN

CC 238C J=1,4S
FLJU+L)=F(J)+PLU+])
ViJel)avid) ¢+ FlU+])
GtJ*l)=CJ) + (C99(J+1l)
WlJd+l)d=h(J) ¢ GlJ+])

IF (J-Jd2) 32¢7,3347,338C
XJ = J

XJL = 'XJ‘lo)'U
WRITELEsE) XJULPLU)FLI)
FORNMATLLE 929%X4y3F20.277)
NCJ+LD)=N(J) ¢+ wWlJt])

MAIN PRCGRAV

WRIIt (€,98)
FORMAT( 1)
WRITE(6,7)
FCRMATL//7/74EX%,435H SORABNABINRARNRRBRES /17)
REALCING CF CECISION VARIABLES, ETC (8 NUMHERS)

IF FIRST CF 8 NUMBERS IS LARGER

THAN 90CC.0 THEN NEW CGST AND DEMAND DATA ARE READ

REAC(S98) S1oGoNYoIOsMeToSHR

FCRMAT(2F10.29110,F10.2,4110)

IF (SI-GSCCO0.C) 4042,4042,3020

XM = M

WRITELG6,4,S5) S1,C

FORNMAT(//7/721X916H REGRDER POINT =9F9,2,42X,10HLOT SIZE =,F9.2/7/)

SINULATICN AND/CR AVERAGES AND/OR COSTS

IF (NY-1) 4CE€C,5000,4060

IF {5-1) 407C,€00044070

IF (R-1) 40CC,7000,4000

SINMULLATICN

WRITE(G,1C)

FORMAT(LE 4STXy19HS I M UL ATI ON//ZY)

IF (7)) 5120,5120,5100

PRINTING CF HEACINGS FOR CETAILS OF SINULATION

WRITEL6,11)
FORVMAT( 11Xy 7+ PERIOC y5X ¢SHBEGINySXy 6HDEMAND 55X, 3HEND, 27X,

I BFCARRYING) L1Xy9HSHORTAGES y6X 91 3IHREPLENI SHMENT)

INLVIALTIZE SINMULATICN

120

AR e S

PO T Rt AT

2 i s

e e e

T

A S e e B S L



Rl ey

ISL-3 (Cont'd)

L 5120 €1=1C
5130 L1 = Q.
5140 L2=C.
5150 L3=C.
5155 L6=C. °
5160 K=C, .

MAIN SIMGLATICN
5170 CO 5480 J=1,V¥

RANCCM CeNMANLE X

Factel
aNaXel OO

5180 Y = UCRART{IRAN)

5190 J9 = 1

5200 IF ( F(J9)-Y ) 5210,521C,5225
5210 J9=J9+1

5220 GO IC 52CC

; 5225 XJ9 = J9 - 1

g 5230 X=XJGey

=2 T T Y e e Tt e o

5240 El=¢l-X

AVERAGES® CARIEC(L1),SHORT(]2)

s Nal e

SRR

5260 IF (El) 522(,5270,5270
5270 I11=(81 + El1)/2.

5280 12=C.

5290 GC TC 5235¢C

5300 12=(-El-El)/2.

5310 I1=C.

{ 5250 IF (B1) S$30C,5300,5260

S S e

‘€' ) 5320 GO I1C 535¢C :
: 5330 [l=vlee2/(2.0(B1-EL1)) ;
5340 12=L1%8z/(2.%(B1-E1)) ]

C :

% 5
b C REPLENLSHNENT® 13(0 OR 1) 1
; c ;!
i 5350 IF (EL-S1) £2€C+5360,5410 4
; 5360 [3=1. 5
H 5370 E2=t1 ]
g 5380 E2=t2 + ¢ §
3 5390 IF (E2-S1) £38C,5380,5420 !
g 5410 [3=C. |
; 5420 t2=tl |
g 5430 IF (J-T) 5425,5435,5450 g
: c ;
it c PRINTING CF CETAILS OF SIMULATION i
: 5435 N[3 = |2 1
'- 5440 WRITE(6,12) JoBLlyXyELyILl,12,NI3
j 12 FORMAT(LFC,6X,199F12.2,2F10.2413X,F20.24F19.2,115) !
i c ;
§ C ACCLNMULATICN CF AVZRAGES §
3 C §
. 5450 Ll=L1 + I1 |
| 5460 L2=L2 + 12 3
| 5470 L3=L3 + |2 %
§ 5475 L6=LE + X %
i 5480 Bl=t2 :
C J

( SUMMARY CF SIMULLATION AVLRAGES :

R T S e DR
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o

5515
5520
5530
5540
5545
5549
8504
5560
8505
l
5551
8520

15L-3 (Cont'd)

XM = VM

Il=LLl/XV

12=L2/xV

13=L2/X¥

X6=pL 6/ XN

WRITL(6,85C4) V

FCRNAT (//7/75%, 20HFQR A SIMULATION OF ,16,8H PERIODS)

nRITE(6,85CH5)

FCRMAT( /754X, T+ ULCMAND, 13Xy BHCARRYING,y 11Xy 9HSHORTAGES¢SX,
L4HREPLENISHEMENTS)

WRITE(6,852C) X€p11,12,13,C1,C2,C2

FCRNAT(/€EX,GF AVERAGES 926X42F20429F19e2,F17.27/76X,11H UNIT COSTS,

1 4SXx,F15.2,2X%,2817.2)

5552
5553
5554
5555
5556
8540

COST1=Cln]1

CCST2=C2#]12

CCS13 = C3e]3

CCST4=CCST1 + CCST2 + COST)

WRIIE(&,854C) COST1,L0ST2,C0ST3,C0S5T4

FORMAT(/€X,1TH COSTS PER PERIOD 43X F15.2+2X42F17.2/7//76X+25H TOTAL

1CCSIS PER PERICL =,F8.2)

99
5560

C

C

C
6000
6030
13
6035
6040
6041

6042
6043

6044
6045

6070
C
C
C
7000
14

7035
1036
7037
7040

15
1060
7070
7080
7090
7110
7120
7130
71140

B e e e —— e e bt - ) ——
R L e P o R e e T——

WR11E(6,4S6)
FCRNAT(//7771K )
GO TC 4cCecC

LCNG TERM AVERAGES

CALL AVER

WRITE(6,13)

FCRMAT(48X,24H L ONG T ERM AVERAGES)
X6=X5

WRITEL6,E5CE)

WRITE(6,8520) X&E911ly129134C1yC2,C3
CaosSTl=Cle]l

CCS12=C2nl2

CCST3=C2e13

COS14=CCST1 + CCST2 + COST3
WRITE(6,854C) CCST1,C0ST2,C0O0ST3,C0ST4
WRITE(6,4S9)

GO TC 4CiC

EXPECTEC TOfTAL COST TABLE

WRITE(6,14)

FORMAT(42Xy4TH E X P ECTED TOTAL COST TABLEVYIWV
1 62%X,9F LCT S1ZE)

Cll=¢-L

Cla2=¢

Cl13=¢ + L

WRITL(E,15) C11,Q12,G13
FORNMAT{LF0,29X93F20.2721Xy14H REORDER POINT)
S1=S1-2.9L

C =6 + L

COo 7180 1=1,3

$1=S1 + L

C=(-3.%L

CC 715C J=1,13

C=C ¢+ U

CALL AVER
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7150 COSI(J) = C ISL-3 (Cont'd)

7180 wRITE(E91€) S1,COST
16 FCRMAT(IHC,5X,4F20.2)
7390 GO0 1€ 4cCcCC

ENL
SUBRCUTINE AVER
CIVENSICA VIS0)
REAL NUSC)oIC,a 11,124 130d%sL1yL2,L3,L6
INTEGER T,S,R
CONMCN CoCLlyC24C3y 110125 13,09SLyUsNyV,yX5,hl
8000 £=(S1 *+ C - L)/L + .0l
8005 NB = INT(E) + 1
8010 IF (N8 - 1) EC2C,8050,8C50
8020 Il=C.
8030 GO iC B15C
8050 [F (S1) 810C,81C0,8060
8060 A = (Sl - U)/U + .0l
8069 NA = INT(A) + 1
8080 I1=((Una2)/C)a(NINB)-NINA))
8090 GO TC 8150
8100 Il=((Usez)/C)eN(NB)
8150 12=11 + XS/2. - ((Q+U)/2.) - S1
8151 IF (12 - .0CCOC0Ll) 8153,8155,8155
8153 12 = 0.
8155 C =(C-U)/U ¢ .Cl
8160 ND = INT(C) + 1
8200 13 = (l.= (L/C)eVINU))/W]
8210 C=Clsll + CZel2 + C3e]3
RETURN
ENC
FUNCTICN UCRART(J)

c THE FUNCTICN UCRNRT IS A UNIFORMLY DISTRIBUTED RANDOM NUMBER GENERATOR
C WRITVEN BY MANCELL BLLLMORE, THE JOHNS HOPKINS UNIVERSITY
C THIS FUNCTICN wAS WRLTTEN SPECIFICALLY FOR THE IBM 7094. THE ARGUMENT,
C IRAN, MULST PE INITIALIZED TO AN OpDD INTEGER NOT DIVISIBLE BY 5 AND MUST
c LIt BETWEEN C AND 4194303
JRAN =
JRAN = JRAN®20S51
JRAN = JRAN - (JRAN/41943C4)*4194304
J = JRAN
U = JRAN
Y = U/41943C23.C
UNRART = ¥
! RETULRN
: ___ENL
1 $OATA
; 5. €C. 40.
: gad 2. e.
: . .05 .24 .38 .21 e12
¢ €44 =4 C 14.C 1 10.0 10 10 0 [
g G4 ~4,C 14.C 1 10.0 500 10 1
| bran o, 8.C c 0.0 0 0 0
: et g ¢ 10.C 1 4.0 1000 0 1
! 9999.C _ O.C e _,9__ 0.0 0 . 0 0
i 1.C 9.C 36.0 -
| 34 s5.¢ 5.C
: . G.C ! 1.C
: €. 4el 0oC 20.C 0 0.0 0 0 0
4 9999.C 0.C C 0.0 0 0 0
£ 123
i
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ISL-k: A General Invento stems Simulation
LSL-4 BY £ RErte— Iy Ay

FCRIRAN VERSION BY RICHARD KESSINGER AND JON WESTON
THE JOHANS HCPKINS UNIVERSITY, BALTIMORE MD. 21218

BASELC CN MANLAL ISL-4, CCTOBER, 1967

INVEGER N4y TG, lhoByLoyLLlol 3oty XLgX29X39CoXoEsWsJoeVyMyN,0
INTEGER XE€oXToL49LS,1X

REAL COo¥99C2,039C0 CLlyFNGyGyFoXAyXBoX4yX5,XD9PyA+QL4Q2,Q4Ry2
REAL I1,012003,014,015029039J4,K1,K2,K3,K4,K0

SUBROUTINE RRANCI) GENERATES RANDOM NUMBERS
IN THE INTLRVAL O TO L. SUPPLIED BY THE USER

LETY=RRA(12)

(o aNaNaXe

1000 LCINMENSICN FUL1),G(20),V(3),IH(10),R(20),1IR(20)
1002 LCIVMENSICAN X(5CC)

C REALING CF CATA AND INLIVIALIZAVION

=2

1005 REAL (S5,1) N4
1007 IF(N4.EC99G3)GC T 9998
FORNMAT (110)
1010 REAL (5,2)716,C9,P9,H,C2,C3,C4
2 FORMAT (110,F10e4,F10.%4y 110,FL10.4,F10.4,FL10.4)
1015 FTIS=T9
1020 C1l = (F16eCG#PG)/36000.
1030 REAL (5,2) &
L 3 FORvAT (I10)
. ) 1040 IF (B.EC.2) GC 70 1080
1050 REAC (5,3) L
1070 GO 10 11¢€
1080 REAL (S594) LlyL,L3
4 FCRNMAT (211C)
L4=L1l¢1]
LS=L+1
1110 CO 1130 I=L4,L5,L3
1120 REAL (5,5) FL(1)
S FORNAT (Fl0.4)
1130 CONTINUE
1160 REAL(S5,2) C
1170 IF (C.EC.1) GC 10 1230
1180 REAL ‘5.‘0) Xl.XZ.XB
X6=X1l+1
XT=x2+1
1185 REAL (5,5) C(Xé)
1187 FN&4 = N4
1190 [IH(X6) = GIXe)oFN4 +.01
4 11937 A = X6 + X2
- 1195 CC 1210 I=1A,X7,X3
1200 REAL (5,%) CGt1)
1203 I8 = [-Xx2
1205 IH(1) = (G(I) -G(IB))eFN&G +.01
1210 CCNIUINUE
1220 GC T1C 125¢C

SO C Rt L e
o NSTE
[

PREPRRECISY of NIy wlh i et Sy -

1230 x4=C
1240 XS5=(C
1250 1=1
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1260

1270
1275
1280
1290
1300
1310
1320
1325
1330

1350
1360
1370
1380
1390
1400
1410
1420
1430
1432
1434
1433
1440
1450
1460

1470
1480

2000
2010

2020
2030

2040
2050
2060

10

2070
2080
11

2090
2095
12

2096
2100

ISL-b (Cont'd)

REAL(S,€)x( 1)
FCrRMAT (I1C)
IF (X(1)et(eSSSG9) GO 1O 1320

Xt = x(1)

X4 =X4 +xC

X5 = X5 + XCaX(C
I=1+1

GO 1C 12¢C

NG = -1

=NG=N4

G0 TC 147C

GENLRATICNK CF N4 RANLUM NUMBERS

X4 =0

X5=C

CO 14€C 1=14N4

IX=X1+1

Y=RRN(C)

IF (YeLToGUIX)) GO T0 1430
Ix = Ix ¢+ X2

GO TC 14CO

IF (EF(IX).EC.C) GO TO 1380
Xtr)=1x-1

FX=x(1)

IHCIX) =I+CIX) =1

X4 = XG+FX

XS5 = XS5 ¢ FXafX

CONTINLE

MEAN ANC STANDARD DLVIATICON

SCRTI((X5-X4uX4/FNG)/FN&)
X4/FNG

XS
X4

PRINTING CF HEACINGS AND UATA

WRITE (€,7)
FORNAT (7)
WRIIE (&,8) T9

FORMAT (42H1INVENTORY SYSTEM SIMULATION, ONE PERIOD =,110,5H DAYS)

WRITE (€,7)
WRITE (€,9) C9,P9,C1

FORFAT(13H ULNIT CCST = ,F10.4916H PERCENT/YEAR = ,F10.4,29H CARRYI

CNG COST/UNIT/PERICOD = 4Fl0.4)
WRITE (€,7)
IF (HetEC.2) GC TO 2080
WRITE (€,10) C2

FCRMAT  (SOF SFORTAGLS MADE UP. SHORTAGE COST/UNIT/PERIOD = ,F10

C.4)
GC TC 2CsC
WRITE (€411) C2

FORMAT(S2+ SHFORTAGES NOT MADE UP,. SHORTAGE COST/UNIT/PERIOD=,F10

Ce4)
WRITE (€&,7)
WRITE (6.12) C3,Ca

FORMAT (22H REPLENISHING COSTS = ,F10.4,19H REVIEWING COSTS = ,F10

C.4)
WRITE (€,7)
IF (B.EC.2) CO TG 2130

126
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2110 WRIIE (€,13) L ISL-k (Cont'd)

13 FURMAT (12H LEALTIME = ,110,8H PERIODS)
2120 (40 1C 21sC
2130 wRINL (€,414)
14 FCORMAT (21]F LEADT [ ME PROBABILITY)
2140 wRITE (€, 7)
2150 wWRIITE(6,15) L1y FlLL®L)
15 FORNMAT (1F ,11C,5%X,f10.4)
2155 IC = LleLDel
2160 LG 218C 1=1C,LS5,L)
2165 IC = [I-L?2
2167 XA =F(1)-F(IC)
2168 l1Ap=1-1
2170 wRITE (€&,15) IAA,XA
2180 CONTIALL
2190 wWRElE (€,7)
2200 WRITE (€,7).
2205 IF (C.tC.2) CC Y0 2270
2210 WRITE (€,16)
16 FCRNAT (7+ LENMAND)
2215 WRIIE (€,7)
2230 CC 2250 I=1,N4
2240 WRITE (€,17) X(1)
17 FORNMAT (LF L,7111)
2250 CCNITINUE
2260 GO 1C 225C
2270 WRITt (€,18)
18 FORNMAT (29¢ DENMAND PROBABILITY)
2280 wWRITe (€,7)
2290 WRITE (€,19) X1,G(X6)
19 FCRMAT (LF o11Cy5XyF10.4)
2300 IG = X64X2
2310 CC 2340 I=1CG,X7,X3
2320 1J=1[-X3
2325 XxB = G(I)-GLLJ)
2326 1AE=1-1
2330 WRITE(F,19) IAB,X8
2340 CCNIINUE
2350 WRITE (€&,7)
2360 WRITE (€,20) N4yXb4yX5

20 FORMAT {4+ IN ,110,27H PERIODS- AVERAGE DEMAND = 'F10.4,22H STANDA

CRD LEVIATICN = ,F10.4)
C MAIN PRCGRAYV

3000 WRITE (€,17)
3010 WRITE (€,21)

21 FORNMAT (7¢F RN NNER RN RN NN R RRR RN NN RRDRNABONONNANNBRONNRNRRRREEES

Canasnsannnannananannnanas)

3020 wWRITE (&,7)

3030 k=1

C

C REACING CF CCNTROLLALLE 'ARIABLES, ETC. (8 NUMBERS)
c

3050 REAC(5923) JoVIL)yVI(2)yVI3)yMeNyO,X3
23 FCORNAT (811C)

3051 IF(J.EG.5%9S)IGC TC 1005

3040 wRITLE (€,22)

22 FORMAT (7641 POLICY, WHEN, HOW MUCH,

CSy ALV VARIABLE, STEP )
121‘ .
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3055
24

4000
4010
30

4020
4030
4040
4050
4500
4510
4520
4530
4540
4550
4570
4580
4610
4615
4620
4630

5000
5010
5020
25
5030
5040
26
5050
5060
27
5070
5072
28
c
c
c
6000
6010
6020
31

6030
32

6050
C
C
c

SL-4 (Conttd
WRITE (6,7) 15L- (C ‘)

WRITE (69264) JoVIL1)eVI2)4VI3)gMeN,U,yX3
FCRMAT (1V ,819)

INITIALIZATIUN OF SIMULATION

WRITE (6,7)
WRITE (6,30)
FCRMAT (76H - =~ - - = = - - = - - =« = =

C - - - - =

WRITE (6+7)
I=vi(1l)

Q= VI(2)

WeV(3)

J1=0.

J2=0.

J3=0.

Ja=0.

IF (J.EUQ.1) GN TO 4580
Q2=Q

GC TO 4610
C2=24+Q

IK=L+2

CC 4630 I=21,IK
R(1)=04
CCNTINUE

PRINTING OF POLICY AND ITS PARAMETERS

IF (J<EC-2) GO TO 5S040

IF (J.EQ.3) GO TU S060
WRITE (6425) 74Q

FORMAT (17H REORDER POINT
GC TO S5071n

WRITE (6426)24Q

FORMAT (17H REOQRDER POINT
GC TO 5070

WRITE (64+27)249

FCRMAT (21H SCHEDULING PERIOD = 4F10.0,15H ORDER LEVEL = ,F10.0)
WRITE (647)

WRITE(6,28) W

FORMAT (20H REVIEWING PERIOD = ,110)

2»F1C.0012H LOT SIZE = ,F10.0)

»Fl0.0s15H ORDER LEVEL = 4F10.0)

i

OETAILEC SIMULATION HEADING

IF (Ne.LE.O) GU TO 7C0C

WRITE (647)

WRITE (6431)

FORMAT (68H PER BEG OEM END AVA ORD REC CAR SH
Cco RECP REV)

WRITE (64+32)

FORMAT (59H ROUNDED
C CFF)

WRITE (6,7)

FAIN SINMULAT ION

7000 MPLUSL=NM+L
7001 CGC 7950 K=],MPLUSL

C
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I5L-4 (Cont'd)
Gl AND Ge2= BEGIN ANC FNL [AVENTCRIES

7010 Cl1=C2+KR (1)
CEV.NDO=FX

1012 FK=K

7014 FN4=N4

7015 INTFK=INT((FK-0.01)/FN4)
7016 1XSUB=K-AN4&INTFK

7020 Fx=X(1XSUB)

7030 C€2=Cl-FX

AVERAGE CARRIED=I1, AVERAGE SHNRT = 12

i 7100 IF(C2.GE.0.0) GO TC 7150
| 7110 IF(C1.GT.0.0) GC TC 7130
\ 7120 11=0.
: 7130 12=-(Q1+C2)/2.0
| 70140 GC TG 7200
4 7150 11=(C1+4C2)/2.0
7160 12=0.
7170 GC TC 72CO
7180 12=C2%«2/(2.%FX)
7190 [1=Clee2/(2.#FX)
7200 IF(k.EQel) GG TG 7%540
7205 IF(G2.GE.0.) GO TO 7540
7210 12=-(2
’ 7220 €2=0.0
- c
) C A=ANGUNT CN HANC ANC ON CORODER
c
152G A=0.
7530 GC TO 7550
71540 A=(2
7550 IF(L.EG.0) GO TC 7599
7560 CC 7575 1=2,4L5
757C A=AsR(])
7575 CCNTINUE

I3=REPLENISH(O OR 1)14=REVIEW (C OR 1)
P=ANCUNT REPLENISHEC

aOOoOO0

7590 P=Ca

7600 (3=0.

7605 l14=0.

7610 IF(J.EQ.3) GU TO 7¢€80

7620 IF(K-WelK/W)EQ.O0) GO TO 7626
7624 GC TC 7800

7626 l14=1.

7630 IF(A.GT.2) GO TO 7800

Te40C IF(J.FEQe2) GC TC 7€50

7650 P=P+(

7660 IF(A+P.LE.Z) GC TC 7650

7670 GC TC 7710

7680 I[Z2=INT(Z+.5)

7681 IF(K=12#(K/12).NE.C) GO TO 7800
7685 la=1.

7690 P=C-A

7692 IP=P
129
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ISL-4 {cont'd)
7700 IF(IP.EC.0) GO TO 7

7710 13=1.0
7720 IF(B.EQ.1) GO TO 717HO

1730 I=L1+1

RANCCN LEAOTIME

MO

7740 Y=RRN(O)

7750 1F(Y.LT.F(L1)) GO TC 1790
77160 I=1+L3

71770 GC TO 7750

C
C UPCATE ANCUNTS ON CRODER RUT)

C
77180 I=L+1
7790 RUl+1)=R{1+1)+P
7800 CC 7825 I=1.L5
7820 R(1)=R(1+])
7825 CCNTINUE
7830 R{L+2)=0.
7875 IF(K.LE.L) GO TO 7520

C
C ACCUMULATE [1,12,13

i C

N e M O S R S St T e S 2 ~,

D A0 K RS O e AR

78680 Jl=J1+11
7890 J2=J2+12
7900 J43=J3+13
7910 Ja=Jatla
7920 IF(K.GT.N) GOTO 795C

c
C DETAILS CF SIMULATICN

C
7922 IX=INT(FX%.5)
7923 IR(L)I=INTIR(1D+4.5)
7924 :1P=INT(P+.5)
7925 111=INT(114:5)
7926 112=INT(12¢.5)
7927 I1C1=KESWES(QL1)
7928 1C2=KESWES(Q2)
7929 I1A=KESWES{A)
4 71930 113=KESWES(I3)
: 7931 114=KESWES(14)
; 7932 uthE(o.vqao)K.lol.lx.loz,lA,lp,1Rc1).111,112.113.114
' 7940 FORNAT(1116)
: 7950 CCATINUE
i 7999 F¥=V N
i 8000 I[1=J1/F¥
8010 12=J2/FV
: 8020 13=J3/FV
] 8030 [4=J4/FV
| 8040 Kl=11eCl
' 8050 K2=12+C2
8060 K3=13#C3
8070 Ka=140C4
8080 KO=K]l+K2+¢K3+K4
8090 WRITE(6¢7)
8100 WRITE(6,7)
8110 IFIN.LT.0) GO TO 82¢0

C
c SINULATICN SUMMARY
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S —_——

I
S

SR SR O s T S

NP TEATR T ar e

R T s U e R AR S

L ek VS ot ks

BRSO S ey
.

130

R i ]

S B, T

s eotisesoiviy
e Sz

S SR ERS
R e T

T




TuL-4 (Cont'd
8120 WRITC(E,8125) ¥ uL-b (Cont'd)
8125 FGRVAT(1X,2CHFCR A SIMULATION OF ,110,8HPERIODS )

§ 8130 wRlTE(6+7)

A R140 WREITE{G,814%)

E 8145 FORNATL14X, SCFCARRYING SHORTAGE REPLENISH REVIEW)
8160 WRITCE(6,7)

TRy

8170 wRITEL6,8175) I1,12,13,14
8175 FORFMAT(1X,12FAVERAGES
8190 WRITE(6,E19S) Cl,C2,U35C4
8195 FORMAT(LX,12FUNTT COSTS
8210 WRITE(6,821%) KLliK2,K3 K4
8215 FCRVAT(LX,12+CCSIES

8230 WRITE(GE0T)

8240 WRIIE(64€824C) KC

8245 FORNAT(LX,22FTCTAL CUST PER PERIOD=,F12.4)
8250 GC 1C £29C

C
C RRIEE SINMLLATICN SUMMARY

c
8260 WRIVE(6,82€5) Kl,K29K3gK4,KO
8265 FURNAT(lX.%rCAR='FIC.Q.4H5H0=.F10.4.4HREP=.F10.4.4HREV=.F10.4o

CaniCT=,F1Ca4)

.FlZo‘OpFlZ.‘O.FlZ.‘OpFlZ.’O)

.FIZ.Q.F22.4.F12.4.F12.4)

R P R AT g
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8290 IF(C.EC.C) ¢C TC 3000

' 8300 IF(E.EC.3) CCT C 3000
t 8310 t=€E+l
i 8320 V(C)=VIC)I+X3
; 8330 GO TC 4cCC
F 9998 STCP
() 9999 ENC
;7 FUNUTICN KESWES(X)
£ IF({X.GE.C.C) GC TG 30
é 40 KESWES=INT(X=25)
E RETURN
: 30 KESWES=INTIX+.S)
- RETULRN
: ENC
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IsL-4 (Cont'd
Ev. 413 3 3 ( Z ) 600 7 0 C
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7 1285.1714 20. 2 50. 40. 1.5
M4z 2
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Eq. 421 1 4 8 1 15 15 0 0
Eq 42 2 4 12 2 700 0 0 )
Ex 4> 3 2 12 1 70 -1 0 0
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