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INTRODUCTION

in sesking to optimize inventory sysuems, we may on ocsasions
unter complex factors that cannot be solved with STMPIE FORMULAS
Tabular data. Even ouite advanced mathematical apprcaches meay turn
out ta be inadequate or too unwidel In such situations, the only
chical rescrt availsbie is to = Sc S;MDLATIG TECHNIQUES, usually with
th1 aid of a computer,

Simuiation involves the use of a large number of frfsal-snd-erto
*"aﬁgazlonmg seeking to discover the optimal inventory p9u707, Thase
s are, cof course, ot per¢orrcd in actuality. Such would invel
nely Lengthy &pa costly study. Instead, the experimeniaiicn cogurs

ively inexpensively and quickly on paper, or on computer circuite
ut;1151nv data and rﬂi tionships among these data that correspond to the
VREAL WORID" situstion under study., The figures SIMUTATE THE REAL WORID
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and the resuliing outcome of expected coshs or profits under various
sirmilated condition sguide management towards formulating an optimal plan
or pollcy concerning the inventory system. The following protlem helps
a8 to understend how simmlation works.

in ovhiez problem wa will try to search for best values of reor
point and reording quantity of a consumer product for the szke of nmi
in such & situation two extremes are to be avoided: hawviz ng too 3
. store, which results in excessive inventory keeping costs aﬁd
-«u“ijﬁ* of deterioration and obsolescence. Om the other hanc, small

entory size wmight result in shortage (stock- out) periods arnd considsr
ible loss of money follows. It is obvious that a halance betwsen thozs
wo exorsmes, based on cost optimizetion, would be ideal.
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PROBLEM:

The illusirative problem is concerned with cost minimization of
an inventory keeping system cf a ccnsumer product. We will consider the
case in which the customer desmand varies from week to week. There is
also variaticn in deiivery times.

In minimizing costz, thres types are considered:

1. Inventory carrying cost
2, Cest of Placing an Order
3. Cost of Shortage

Some other factors ars tc be considered, such as:
-]

1l.Loss in customer gecod will be suffered when his demand
cannot be met in a particuiar week.

2. Possibility that a customer's requirements can be met
from another similar unit.

3. Possibility that the customer will be willing to wait.

i. Means of speeding-up delivery, where a tight inventory
situation sesms to be developing, such as by means of
special handling of shipments .

5. Possible within-seascn variations or patterns of demand.



PROBLEM DATA:

Since we haven't got actual data, hypcthetical values will be cocn-
sidered for purpese of illustration. In designing for the COMPUTER PRO-
GRAM we will give the flexibility of resading the actual data for any
given problem.

DATA FOR CUSTOMER DEMAND:

As we have previcusly declded, we will consider the zase cf 8
PROBABILISTIC DEMAND, i.e. the demand data are given using certain
DISTRIBUTION PATTERN. A hypotheticel pattern may de as folilcws:e

QUANTITY DEMAND. | FREG.OF DEMAND RETATTIVE FREG.{CUMUL.TROBARI-
LITY
(Units per Week)| (No. of Weeks) | {In Percent; (Tn Percent
0 2 b b
10 L 8 iz
20 1 28 g
30 20 Lo 80
L0 8 16 96
50 1 2 98
60 1 2 100
TOTAL 50 100
TABLE (1

The original available data are the quantity demanded and the
frequency of demand. The actual frequencies are to be converted %o
relative frequencies. The relative freguencies always add up tc
100%.

DATA FOR DELIVERY TiME:

e variation in delivery time and the proposed patiern are
shown in the follcwing table:



REQUIRED DEL, TTIME RELATIVE FREQ. CUMUL. PROBABILITY |
(In Wesks) {In Percent) (In Percent)
i 6C 60
b2 30 90
3 9 99
h 1 100
TOTAL 100

TABIE (11)
COST DATA:
Hypothetical data can be as follows:
1. Imventory carrying charge, per unit per week, L.E. 5

2, Cost of placing an order, per occurence, L.E. 10
3. Cost of shertage, per unit, L.E. 50

TREATMENT OF DIFFERENT FACTORS:

For the purpose of a simplified demomstration we may assume
 that these factors are negligible and can thus be ignored.



TILUSTRATION OF RANDOM PHENOMENA :

To start simuiating the system week by week, we have to forecast
15 demand units and delivery time of orderad quantities, if any using

the given patterns. While we know from the distribution patiern that
thers is, for example, a LOZ probability cf a demand for 30 units irn &
particular week, and a 23% probability of a demand for 20 units, WE DO
NOT KNOW IN ADVANCE WHICH WEEK WILL REPRESENT A PARTICULAR DEMAND. The
best thing to do is tc CHOOSE THE DEMAND AT RANDOM. This could be
accomplished using a TABLE OF RANDOM NUMBERS (SEE TABIE ITI}. We may
enter this table at any randomly selected spot, and then proceed in
sequence, horizontally or vartically, from row o row or celumn to column,
selecting random numbers.

A Group Of Random Numbers have to be selected to represent demands
for several consecutive weeks. Same Procedure is foliowed te find
delivery times.

RANDOM NUMBERS AND DEMAND UNITS:

After selecting a random number, it is matched with the distri-
bution pattern for demand to decide on demand units of a particular
week. Let us assume that the first taken random number is 55, and
that it is supposed to represent customer demand for first week.
Entering the cumulative probability column, we find that 55 is
larger than one column value (which is LO) but equal %o or smaller
than the next column value (which is 80). Since the value of 80
correspondsto & demand of 30 units, we have therefore determined
that for week 1 the RANDOMLY FOUND DEMAND IS 30 UNITS. To destermine
+he demand for week 2 the fcllowing random number (27)is considered
and the same procedure is followed. 4 can be seen that the demand
for second week is 20 units.

RANDOM NUMBERS AND DELIVERY TIMES:

Delivery times can be found in a similar way, but selecting
other random numbsrs, with reference bo the curuiative probability
column of the DISTRIBUTION PATTERN OF DELIVERY TIMES TABIE.



IIT FI9VL

i

c2

4]

o

[

7]

o

cZ

Te

&b

s 1

-

Ld

ta
1

&
e

9 &

2

EH

v e

(oN®]

945
A

91

g0

¥ Q

[ 3

20

1o

L

16

(@]

(&)

L

v o

=

Ui

S

[ &)

(2]

>

N

L

CLe

A

(=

(2]

o

&

€

&

<

I

'y

G 6

4
1

T

G &

L G

LE
[ER=]

1

Q9
Q

L
Q6

£y
@

o
i

s 0
<8
< 0
< 9

T

&S
=i

ee
8z
Le

[ 4

]
6 ¢C
Erds

TN rp
“r:~NUD

Neung
FVING

uﬂo—-o---@
JYYg 0

Q=P g
IV I T ]

(S P R S )

L S P Y |

2N o
e )

z v
S
[~
£c
Sz

£ i
e6
[=N=]
gL
w9

PN rPRFrPUCUURE DO WON
COUURDUON OO N M

o JdOANE D
Cr NdQs=py

ﬂiﬂdﬂ@dﬂulﬁ}\l"bokul
e O@ e~ Q U2@~0anGEun

rPENUNNECR

DWW
NO=~N0Yen Cro=nO

sa

NOG=~~NPRORUE Y QN
HH&#‘J‘*JIG"@'CKJ&\O\WD‘O

(o]
o6
g0
cv
€6
ss
i=le]
v S
sz
(o]
L6
g8
eT
&6
65
o1

UON=EDOE= Cuy
UI*-‘O"‘#~0&U@(D@D&0GU10

1o

S ¢

Ne2OWH20~ 0
QU= DU b

LRIV VR N Y W e
CrO0NO~00 4

Zg
[



SIMU. ATION APPROACH:

Ttilizing the method of determining RANDOM DEMAND and DELIVERY
TIMES, based on the demand and delivery patterns given, we may next
start to SIMUTATE THE INVENTORY SYSTEM operation in a detailed illus-
tration. A WEEK-BY-WEEK REVIEW of the weekly evenlts 1s traced
along the proposed period. In doing this, many logical and mathema-
tical formulas have to be used.

In our analysis we will be mainly interested in two aspects:

SIMUIATED WEEKLY ACTIVITY:

After deciding upon the weekly demand, the balance is to be
calculated and newly received units are to be added to the
master file. An UPDATING PROCESS is to be performed.

SIMUIATED COSTS:

Based on transactions, the threetypes of costs are calcu-
lated. The cost of invemtory keeping is simply calculated by
multiplying the number of units (in store) by cost of keeping
each unit for a week. If the balance gets down to the REORDER
POINT, or below, AN ORDER HAS TO BE PLACED and the costs asso-
ciated are considered.

In case if anycustomer orders arrive in a STOCK-QUT PERICD
the cost of shortage has also to bes consldered.

The same procedure is repeated for many weeks, till we are
satisfied that ALI PROBABIE CASES EAVE BEEN CONSIDERED. The
total costs are added and averaged to obtain AVERAGE SIMUIATED
COST for the whole period is obtained.

THE SIMUTATION RUN has to be repeated so many times for
Gifferent REORDER POINTS and REORDER QUANTITIES. An optimization
process has to bs carried out between obtained average simulated
costs to obbain THE MINIMUM COST. Reorder Point and Reorder
Quantity corresponding to this cost are considered the best con-
ditions.



STEPS FOR MODELING:

The best thine % e 13 to congsider an
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PROGRAMMING FOR THE IBM-1520:

It is obvious thaet a computer is desperately needed for such a simu-
lation. The amount of logic and mathematical caleulations in a single run
are tedious enough to be carried out manually. We car imagine how trouble -
some 1t would be to do the job for tens of cases.

Another advantage of using the computer is to have a STANDARD PROGRAM
APPLICABLE TO ANY PROBABILISTIC INVENTORY SYSTEM. This is essentially in-
tended to help in any ACTUAL SITUATIONS and CASE STUDIES. TFor these reasons.
many flexibilities have been considered such as:

i £ The program allows for reading the distritution patuarns of both
CUSTOMER DEMAND and DELIVERY TIME.

2. The program allows for any variation in demand units, reorder
points and reorder quantities.

3. The program allows for reading the elements of cost data.

l. The program allows for simulating any number of weeks up to 10k,
which are 2 calender years.

OBTAINING RANDOM NUMBERS:

It is better to generate needed random numbers and inject them in-
stantuously in the simulation model. For that purpose a SPECIAL SUBROU-
TINE FOR RANDOM NUMBER GENERATIONY was set up and used in conjunction with
the main program.

PROGRAMMING STEPS:

The same steps previoulsy described are herefcllowed. The FLOW-
CHART is hereafter illustrated.

On choosing the subioutine for random numbers generation, a particu-
lar chain -code generator was selected to yield the same numbers as
those shown in TABLE TIITI. Comparison of this table with simulation
reveals that the same numbers appear again in the latter tables.

The program was coded in FORTRAN IT
Some of the SIMULATION TABIES are also shown. Summary of Simulation
Outcomes for 81 cases is presented in TABIE VI.

RUNNING TIME: 105 MINUTES

& Please refer to "A NEW METHOD FOR RANDOM NUMBERS GENERATION" By A1l. W.
A. M. EL)SHAFET.
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CONCLUSION:

Simulation is a general %ocl of anaiysis capabie of being used
with inventory system. No gemsraiized system of procedures - for simu-
lation has been developed. Iz esch individual instance, when the re-
sults of simulation have been tabuiated, additional quamtitative and
managsrial analysis and judgemsn shouid be appiled.

Simulation models can get very much compliicated if they involve:
S0 many phencmenan with complex intarrelations. For exampls, in our
illustration, we have ignored ssveral factors such as: loss in customer
demand, Probability of a replacing procuct, replenishment goods speed
delivery, ....etc. If we %ry to inciude thoss in the model we will get
a STOCBASTIC MODEL and it needs much mor- effort ard mors ccmplicated
methods of analysis.
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A GYIDE TO FPLOW-CHART SYHMBOLS

CUMULLTIVE PROBABILITY ( CUSTOMER ELAWD )
QUANTITY DLt AIDED  ( CUSTLORER DELAND )
CULUL,PIVE PROBABILITY ( DELIVERY TILE )
KSQUIKED DELIVERY TILE

RANDOL #ULVER FOR CUSTOLER DELAND
RANDOy NOWLBEE FOR DELIVERY TIME

UNITS UELANDED

BALANCE UNITS

UNITS LECIVED

LOT SIZE

KEDRDERING LEVEL

COST CF PLACING 4N ORDER

COST DUE TO SHORTAGE

COST OF INVENTCORY KEEFING

COLT OF PLACING 4K ORDER
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SIMUILATION TABLE FUOR CASE NU i

- = e m e - - -
= o o s i . e . o . B o o s — ————— ———— . — T _————— — — — — T~ Y . <o

IMU- RANDOM NUMEERS
L e STHULATED WECK ACTIVITY STMULATFD  COSTS
EE FOR - FOR  smmmmmmmmmmmcee e e
UMB . CUSTUM. ©[©CFLIVY. DEYANMD  RECEIPT BALANCE  INVENT= ORDERING SHORT=
DEMAND TIME ulITS urITS UNITS KEEPING AGE
1 55 % 3N 0 7u 357 ' 0 Ho
2 27 a4 259 0 5 250 10 0
3 63 17 2 170 12 501 f 0
4 31 S 25 ) 100 SN 10 0
5 15 B 2t 190 1849 i) 0 1)
(3 A3 42 3n n 15+ 750 0 0
7 a7 71 4) 9 11" 559 0 0
H 49 G 39 0 84 400 10 4]
9 8. L 3 5¢ 250 10 0
10 47 K 2u 1749 139 650 0 0
11 76 " 30 110 200 1000 0 0
12 44 5N 30 ] 179 85n 0 0
13 78 81 30 0 147 790 0 -0
14 95 40 49 0 1on 570 10 0
15 3 7 ) 10N 209 1009 0 0
16 51 3n 30) 4] 170 850 0 0
17 25 73 29 () 159 750 0 0
18 62 6 30 0 120 600 0 0
19 87 63 410 n an 400 10 0
20 43 34 30 0 50 250 10 0
21 27 17 20 : 2170 23N 1150 0 0
2 19 8 20 0 210 1050 0 0
23 65 4 30 f 182 900 n 0
24 32 2 20 0 161 800 0 34
25 16 1 20 ) 140 700 0 0
26 14 56 26 0 1210 600 0 0
27 13 28 20 N 109 500 10 0
2R 6 A 1601 190 1an asn a n
29
30
3]






35 26 40 ) 14n - - ‘r&p:
53 13 3n 0 11n 550
82 6 40 0 79 350
4] 8% - 30 100 140 799
29 26 20 0 121 600
16 69 29 0 100 500
14 99 29 n 8y 400
63 95 ¢ 3D 100 150 150
87 53 40 100 210 1750
99 32 LG 0 150 750
49 72 W - 129 600
24 92 20 B 100 500
18 46 20 - 80 400
15 79 20 100 160 800
7 B9 1n 1up 2590 1250
59 94 30 n 220 1160
35 3 20 0 200 1000
17 7 20 0 180 ano
8 3 10 ) 170 850
54 57 30 0 149 o
83 e SR 0 109 - 500
41 73 an 100 179 asn
26 36 20 0 150 - 284
63 15 30 o 120 600
37 15 20 0 100 500
68 : 57 30 100 176 850
B4 78 40 ) 139 650
98 " 39 50 0 80 400
49 75 30 100 150 750
74 ' 37 30 0 129 600
37 . 2% 20 0 100 501
74 62 38 100 170 859
93 81 40 9 130 650
&2 41y 30 0 100 560
26 20 20 100 180 G0
13 66 20 0 160 800
56 33 30 9 139 650
B4 22 40 0 90 450
98 61 §b0 100 140 700
99 36 .60 0 80 409
55 24 30 160 159 750
33 12 20 n 130 650
16 62 20 0 110 551
64 81 30 0 80 400
82 99 40 n 40 200
47 1 30 100 Lio 550
73 6 30 100 - 180 200
42 - 59 30 0 159 750
ol s 85 29 0 139 653
2870 2900 14390 71950 o

¥*&#####f###ﬁ““##################Q#####ﬂ##ﬁ############&ﬁ#.
AVERAGE STMULATED COSTS FOR CASE NO. g 694 685 "
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3190
3000
2850
2650
2400
2250
2100
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3000
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TABLE VI

SUMMARY OF SIMULATION OUTCOMES

REORD.OT _
wmmwu . 100 200 300 1100 500 600 700 /800 900
100 6ok.615) 63.461 | 7ub.711 |7L5.Leo | L3.269 |639.326 | 81.730 571.923 | 172.88L
200 218.7L9563.L61 | 937.980 .ﬂom.@mw 13.365 | 2L.038 | 721.057 | 956.538 | 6LB.8LE
300 699.615 | 82.788 | L95.769 |937.692 |187.692 | 185.673 96.057 | 610.38L | 831.538
Lo 199.711(573.173 | 928.365 |L95.480 | 668.365 158.653 | 533.557 | 956.63k | 812.307
500 661.3u6] 92.499 | L86.153 |78L.038 |259.711 | 591.3h6)| 918.173 649.038 | 110.38L
600 151.826|573.269 29.519 |745.480 | 572.211 | 206.730| 3k1.2L9 | 2L9.807 | 5L7.980
700 599.038 [121.Lh2 | L62.115 | 1h.711 |572.307 | 697.115| 312.L99 533.557 | 230.576
800 79.903 |5Lk. 419 Ho.mow 51,.807 | 716.63L | 81.826| 629.903 | 225.865 | 6L8.962
1900 512.692 mr.mwo 510.38} |803.365 235.769 | 5L3.L461| 307.692 | 6L8.9k2| 177.88L
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SIMULATION TABLE FOR CASE NO 1 :

——_——-—-.————-—-—....-——-.———.-..———-—_—q_— ——

-— - e

SIMU=-  RANDOM NUMBERS _

LATED  ———=mmemmee STMULATED WEFK ACTIVITY SIMULATED  COSTS

KEEK FOR FO2 e

TUMB, CUSTOM. DELIV. DEMAND RECEIPT BALANCE INVENT- ORDERING SHORT-

DEMAND TIME . UNITS  UNITS UNITS  KEEPING AGE

1 55 &9 3 0 5 25 0 0
2 27 34 ;2 0 3 15 10 0
3 63 17 3 8 8 42) 0 0
4 31 58 2 0 & 30 i) 0
s 15 . 85 2 0’ 4 20 10 0
& 63 42 3 0 1 5 10 0
7 87 71 4 16 13 65 0 0
8 49 91 3 0 10 59 9 0
9 en | 3 0 7 35 o 0.
AR & 0 2 0 S 25 0 0
11 T6 e 3 2 2 10 10 0
12 44 L3 3 8 7 35 0 0
13 78 81 3 0 4 20 10 0
14 95 40 & n 0 0 10 0
15 3 ™ 0 16 16 an 0 ¢
15 51 35 3 0 13 65 0 0
17 25 73 2 0 11 55 ] 0
18 62 36 3 0 8 &40 0 i ]
19 b . 68 4 0 4 20 10 0
20 43 34 3 o 1 5 10 9
21 27 17 2 16 15 15 0 0
22 19 8 2 0 13 65 -0 0
23 65 4 3 0 10 50 0 0
24 32 2 2 0 8 40 0 -0
25 16 1 2 0 6 30 ) 0
26 14 5 2 ) 4 29 10 -0
21 13 28 Z 8 10 50 0 9
27



o BB =

58 B2 6

. 4 0 2 10 10 0
' 59 41 53 3 8 7 35 0 0«
6V 20 26 2 0 5 25 0 0
61 16 69 2 0 3 15 10 0
62 14 9n 2 0 1 5 10 0
63 63 95 3 8 6 30 -0 0

64 87 53 4 8 10 50 . 0 0.
65 99 32 6 0 4 20 10 0
66 49 72 3 8 9 45 ' 0 0
67 24 92 2 0 7 35 0 0
63 18 46 2 0 5 25 0 0
69 15 79 2 0 3 15 10 0
T0 7 39 1 0 2 10 10 0
71 59 94 3 8" il 35 0 0
T2 35 3 2 8 13 65 0 0
T3 17 T 2 0 11 55 0 0
T4 8 3 1 0 10 50 0 0
75 54 57 3 0 7 35 0 0
76 83 34 4 0 3 15 10 0
77 41 73 3 8 8 40 ' 0 0
78 26 36 2 0 6 30 0 0
79 63 18 - 3 U 3 15 10 0
80 37 15 2 8 9 45 0 0
Bl 68 57 3 0 6 30 0 0
82 84 78 4 0 2 10 10 0
83 98 39 5 0 -3 0 10 150
84 49 75 3 16 13 65 0 0
85 T4 37 3 0 10 50 0 0
86 137 24 2 0 8 . 40 . . 0 0
87 74 62 3 0 5 .25 0 0
88 93 81 4 0 1 TR 10 0
89 52 40 3 0 -2 0 10 100
90 26 S 20 2 16 14 70 0 0
91 13 66 2 0 12 60 o 0
92 56 33 3 n 9 - 45 : 0 0
93 - 84 22 4 0 -5 25 0 0
94 .98 - 61 5 -0 0 o 10 0
95 99 36 6 0 -6 0 10 300
96 55 24 3 16 13 65 0 0
97 33 12 2 0 11 55 0 0
98 16 62 2 0 9 45 0 0
. 99 64 81 3 0 6 39 0 0
100 82 90 4 v} 2 10 10 0
101 47 1 3 0 -1 0 10 50
102 73 .6 3 16 13 65 0 0
103 42 59 3 0 10 50 0 0
104 27 85 2 0 8 40 0 0
TOTALS 287 272 697 3560 340 750
AVERAGES 2.759 2.615 6,701 34,230 3,269 7.

#############################ﬂ###ﬁ##############E#####ﬂ##l##ll#####ll‘#ﬂHﬁ##i
AVERAGE SIMULATED COSTS FCR CASE NO. 1# 44,711



