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We analyzed the effect of three different types of inventory systems for saving the total cost using simulation on the system

where multiple depots and many retailers disperse on the limited area. Three types of inventory systems are single echelon system

with inventory exchange and two-echelon system and the variant two-echelon system. Variant two echelon system is the two-echelon

system where the inventory transshipmentsare allowed on every two stage inventory echelons. Inventories kept on every retailer

are commonly used for all retailers when certain retailer has stock-out. And when all retailers are stock-out, inventories kept

on every depot are commonly used for the retailers whose assigned depots are stock-out. These all three systems are simulated

with the constraint of service level on wide range of parameter settings. Simulation results show that cost saving effect appear

clear for single echelon system and two-echelon system when shortage cost portion and transportation cost portion becomes large

respectively irrespective of depot number. Variant two echelon system seems to be superior to two other systems when trans-

portationcost portion becomes very small. But this superiority is not proved in terms of statistics. So we may conclude that

the variant two echelon system may be useless with the higher administrative efforts due to frequent inventory exchange. Also

we note that the traditional two echelon system becomes inferior to two other systems in terms of statistics when service level

becomes high or when demand variance becomes very large. And inventory integration effect that cost becomes saved when

depot number decrease,
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diminishes when transportation cost or stock-out cost increases irrespective of inventory systems.
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<Figure 1> Inventory Systems for the Simulation
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<Figure 2> Simulation Flow Chart for Basic Two Modules
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{Table 1> Basic Parameters
Parameter Value Parameter Value
Transportation Cost for replenshments(trans_coeff) 15 Ordering Cost at retailer depot(m f,) 4000
Transportation Cost for retailer orders . C Normal
(trans_coeff retailer) 45 Order Quantity Distribution (150,100)
Unit Inventory Cost at depot(h) 400 Service Level(fill rate) 70%
. . Transportation delay coefficient for retailer orders
Unit Inventory Cost at retailer depot(mh) 400 (delay coeff retailer) 3
Ordering Costat depot( f;) 40,000 Unit Shortage Cost(st;) 15
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<Table 2> Simulation Result with Transportation Cost Change

P ; b ¢ wh ¢ wh ¢ wh depot = 1 depot = 3 depot = 5
arameters by .| opt. when | opt. when | opt when , , , , , ,
Cases Policy depot = 1 | depot = 3 | depot = 5 opt/A HCI/A opt/A HCI/A opt/A HCI/A
opt opt opt opt opt opt
Low Trasportaion cost | A | 4200557 | 3759262 | 4764826 | 1000 113 100.0 113 100.0 8.7
trans_coeff = 2, B | 4416903 | 4270747 | 5601,005 | 1052 12.1 13.6 103 1175 104
trans_coeff retailer = 5 | 3,858,138 | 4,937,145 | 6,591,966 91.8 27 1313 12.1 138.3 12.1
Basic Setting A | 14426154 | 12,169,486 | 13,071,589 | 1000 8.7 100.0 8.7 100.0 8.7
trans_coeff = 15, B | 12,923,748 | 12,561,575 | 12,455,732 |  89.6 78 103.2 9.1 953 83
trans_coeff retailer = 45 1114 445 478 | 10,905,035 | 13,854,316 | 100.1 8.7 89.6 0.9 106.0 9.2
High Trasportaion cost | A | 26560170 | 22,892,079 | 20411452 | 1000 114 100.0 114 100.0 8.7
trans_coeff = 30, B | 23476145 | 21,354,023 | 21375190 | 884 10.1 933 82 104.7 9.1
trans_coeff retailer = 90 |1 95316 160 | 14,694,633 | 16722375 | 953 108 64.2 0.6 81.9 7.1

*A indicates 1 echelon system in <figure 1>. B Variant Inventory system. C indicates 2 Echelon system HCI indicate each policy’s HCI(Half
Confidence Interval). opt indicate each policy’s optimal cost. All Tests are done in this table with the parameters : delay coeff retailer =
0.05, unit_shortage cost = 0.5.

Low Transportation cost Basic High Transportation cost
10000000 14000000 30000000
12000000 T 20000000 - -
5000000 :
10000000 10000000
0 8000000 0
A B C A B C A B C

* left axis indicates the minimum cost range (regardless of depot number), horizontal axis the policies.

<Figure 3> Minimum Cost for each policies By Transportation Cost
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<Table 3> Simulation Results with Shortage Cost Related Parameter Change

P ¢ B t wh ¢ wh t wh depot = 1 depot = 3 depot = 5
arameters By .| opt. when | opt. when | opt when , : , : , :
Cases Policy depot = 1| depot = 3 | depot = 5 opt/A HCI/A’ | opt/A HCI/A* | opt/A” | HCI/A
opt opt opt opt opt opt
Low Shortage cost A | 14,426,154 | 12,169,486 | 13,071,589 | 100.0 8.7 100.0 8.7 100.0 8.7
delay_coeff = 0.05, B | 12,923,748 | 12,561,575 | 12,455,732 89.6 7.8 103.2 9.1 95.3 8.3
unit_shortage cost = 0.5 14,445,428 | 10,905,035 | 13,854,316 | 100.1 8.7 89.6 0.9 106.0 9.2
A | 14,673,631 | 13,579,972 | 13,719,624 | 100.0 11.4 100.0 11.4 100.0 8.7
delay_coeff = 0.1, B | 17,628,830 | 13,782,820 | 13,718,611 | 120.1 13.7 101.5 8.8 100.0 8.7
unit_shortage cost = 1.0
C | 13265965 | 11,708,691 | 12,300,199 90.4 10.3 86.2 7.6 89.7 23
High Shartage cost A | 18,156,907 | 16,686,675 | 15,210,576 |  100.0 10.2 100.0 9.5 100.0 9.0
delay coeff = 3.0, B | 23,192,594 | 16,234,775 | 13,989,223 | 1277 19.1 97.3 9.2 92.0 8.2
unit_shortage_cost = 150 ¢ 13 748 623 | 17,704,908 | 17,069,452 | 1033 106 106.1 10.1 112.2 104

*A, B, C policy and HCI, opt all indications are same as in <Table 2>. All Tests aredone

retailer = 45.0, trans_coeff = 15.0.

Low Shortage cost
14000000
12000000
10000000
8000000
A B C

*axis indication same as <Figure 3>.

in this table with the parameters : trans_coeff

Middle High Shortage cost
20000000 20000000
I I ! I
10000000 : 10000000
0 0
A B C A B C

<Figure 4> Graph the Minimum Cost for Each Policy By Shortage Cost
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3.13 8 e wE Aaru)g vjF St 2] St w2 A, B A ik Al Eelge] oS
FEHlgo] st AuideR Ao 9@ FA8E 1 A R LAHAE dolA A, B B3| Eglsitt
g FEHE BFo] et A AL MUE AAFHOoR E LH Mool o] F=4n]E HFo
HFgsh7|io 2& 3 2 502 AJUdo= ozl a "dojx|al Ao, F48]E v]Fo] e 4 A H o]
F4 9 Aan)E Bgs Ak A AL =508 BA ol did] FrjgHdA -EAdo] woly FAskH o
o & o]He Hugt &&eto] v ALE &8 F OE ATHAE ZEU CHIYL dHS A dEvE B
An]8-S 47 B ol & diidez fElsld Aol gdo] A, B U] LAMLE Wi 79 EEde
o AR A Al A7 v 2AH ] AEte] F 2 YEeldal ik 53] Al Aol v]go] fHAshE
o= Qlgte] A A H o] WA FAH &S Al A AS oS EEiAE vl A7 348 s &= cA4 )
s 4 Q7] wiEolth EE BAAS AUldoz Aang o AR gdk Bgle] L FEH = oz Wl
Hlzo] Aatai7lol Ansde 9= AgAnT} 94
stta & & 9l Aot 3.14 A2Z7|A] Foll wE A7 6v]{-9-9 H3)
ole13t aIE AWK 7] 98 <Table 4> HJURFS AR 47} Z7bshd BA AL AR A e 714
Aot FEuE 2 A FES Y% 0SS UE 3 e FHE Y 4AQ) AnEde] eyt oksiA|
ShEy] EFABER 8L 7]EY o] A oR =o]l f A7 A A L] AL EE]E, SAE[E ST 99)
A slo] Al EP o)A Aast A3 HoFET) <table 4>  9HH A A B A g 9 84 F Al A7)
o 1HA Alolx~E FE5HES F 19R UE Ao Ay A9 F&d o3t F4, 5H8 A a9t gEA =
olaL 2®¥A Alojx~E Al ARTLEEE =o]7] 8] v BAAL AH AT A A FAY FES US &
A F7HH o R A Aan]) S-S 1HA Aoz 10%E &317] W), A, BAA 7 dEHQA AR F Sl
v Zlo] Axfolt, 2 F0]8 $9¥ste ks olopr|d & gty %
AEH ol Ay AuFge] aHRTE A A H]E H]Fo] ofF & <Table 2>9] 3WA Alo|~= A|aL
2 Qg F4n§ A7t gt gAZ & Ao yE 7] 7 FTekE AR A vE 947 AskEa 9lal,
ST <Table 4>l oJstd 7} Alo|~d=2 AR A HA  FHH|§o] ofF =& 792 <Table 3>9] 3¥A Ao~
H| 802 B HAn &S e gho] i 100%%. = BAAH AR A th3k 97} A7) A 71 F7het
o 2 Ao Yo, 27k Aol B BE AR 5 dEAoR AsEHe Ao® ASHT O grde
F 42 AHAS FEo] Aol $de Aoz Yehgrt  dEAQ WIS olopr|E & gltt
(<table 4> #H- A &), F7HH o2 LA A|are] H St Aa71A] #7F S7FskH A A7) A 7F g4 o] Qhy]
L5 $E 294 Ao|x9 AdeE Ay AuE 83 = CAHYLS AmuEHoA A v Es| R
AR dAo] A7|A] F7F 19 3AY we Aol Ty dFHoZE YA FH W2 FHHE FEEo]
22 1R § ZelEAnE A5 oA tel] 9lo] ¥l flon®E Aav|A Ut SIS E e SHE 9o
2898 E F 9SS & 5 Uk ol A AuE IA] dWHoR dFo] fEstta & 4 gtk Al
gt Ank FH|goll= wu|st S v A u|E-d7re]  AOR AJIH|E H|Fo] T <Table 2> 1HA Alo] 2~}
a Fak= B S gles FolAA Fuk <Table 3>9] 3HA Alo]xnk &g 02 CHFo] A7
CAAL Ao g F4An]g9] H|Fo] sl 348 A § F7bd mgt EgsiAs Wo] #SHrh
<Table 4> Simulation Results with Higher Inventory and Shortage Cost Portion
Parameter opt. when | opt. when | opt when depot = 1 depot = 3 depot = 5
Change Policy depot = 1| depot = 3| depot = 5| OPVA" | HCI/A" | opt/A’ | HCI/A' | opt/A’ | HCI/A
opt opt opt opt opt opt
A 8,308,953 | 8,669,813 | 8,262,861 | 100.0 14.9 100.0 113 100.0 10.0
Basic setting :
b = 400 B 8,943,670 | 8,441,625 | 8,657,884 | 107.6 15.9 97.4 143 104.8 10.2
C 9,065,404 | 13,993,366 | 12,503,869 | 109.1 15.3 161.4 29.0 1513 18.3
Tnventory holding A 8,084,553 | 8,442,217 | 8,541,292 | 100.0 19.3 100.0 14.9 100.0 11.8
cost Decrease B 8,943,670 | 8,441,625 | 8,657,884 | 110.6 214 100.0 14.6 101.4 99
mh = 40 C | 17,057,290 | 17,127,784 | 15,638,315 | 211.0 315 202.9 203 183.1 18.7

*A, B, C policy and HCI, opt all indications are same as in <Table 2>. All Tests are done in this table with the parameters : delay coeff =
3.0, unit_shortage cost = 15.0, trans_coeff = 2, trans_coeff retailer = 5.
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o] AYE ZAA3sl= WH(R : Diameter)o] EEH A} sk AFEA A H9od FLsA o] Hrt
o2 F5H g vFo] Fopd Aolth v BE Wy FYdAL F40E 2 AunE vFe AAcHA e
B2 adRolng A gy FAENE nTe 37 2 ARAY BAL Y8 d ol <Table 5>A C
stal g9 g Fold Aotk A 3114804 AAo] el A= e A7) A gk dglo] ERly]
Ht%o] o] A= F5nlgo] Fopx= 499 U 1 vk ARA I BAY HAAE o= Ao YA
Aol7] wio] ARl Bt} FElsid Aow wolg o] AR ¢ Aoz Btk A 7 A4S
T 4 2 AunE vFo] EFAA A 31280 3 sAlo WHAo] fFAdte AS WARAR FEHE
A AFstaxel AnEday SHoA FAE 7P HlFo] AT A ZANE FAl A o] AR A)
Ade BAAE B} fEsd Zlo|th <Table 5>°ﬂ*1 B3 g FANEE fhaste] e A" (<Table 5>¢]
ol wpe} o] Z7)d ¥ FEuH|goR 2ld CHA  Basic Case)ol ] & HIIt ¢S AR Holu Ar]A
o] 9ol ARA o] FEs|A WA kst = o] o] ok Aagle]l defo] AEelxet 2ol 7 HA s
welth ol AurA 4271 370 B ARHoR ¢ Thol LAMYE WM E L4 A g
<Table 5> Simulation Results with Diameter and Retailer Number Decrease
. opt. when |opt. when | opt when depot = 1 depot = 3 depot = 5
Parameter Policy | jeot = 1|depot = 3|depot = 5| OPVA" | HCI/A" | opt/A” | HCI/A' | opt/A’ | HCI/A
opt opt opt opt opt opt
. A | 14,426,154 | 12,169,486 | 13,071,589 |  100.0 8.7 100.0 8.7 100.0 8.7
N Ea?& %asf ;00 B | 12,923,748 | 12,561,575 | 12,455,732 |  89.6 7.8 103.2 9.1 95.3 8.3
C | 14445428 | 10,905,035 | 13,854,316 |  100.1 8.7 89.6 0.9 106.0 9.2
. A | 8902,503 | 7,852,909 | 8,673,366 | 1000 11 100.0 11.6 100.0 8.7
Dlamet;r:DT‘;rOeased : B | 9229802 | 7998438 | 8,816,256 | 103.7 11.8 101.9 9.3 101.6 8.9
C | 8786389 | 7,536,880 | 9,052,741 |  98.7 1.2 96.0 12 104.4 2.1
A | 9290218 | 6,856,757 | 7,518,525 | 1000 114 100.0 114 100.0 8.8
Retailer N;m'frl?“reased: B | 9,524,979 | 7,304,648 | 7,110,008 | 102.5 12,0 106.5 9.4 94.6 8.6
C | 8678352 6,332,985 | 6778431 | 934 10.7 92.4 8.0 90.2 13
Retailer Number Diameter | A | 5445505 | 5481743 | 5878670 | 100.0 114 100.0 11.8 100.0 9.0
Both Decreased : B | 5586469 | 5450,108 | 5349.827 | 102.6 123 99.4 9.1 91.0 8.0
N =15 R =150 C 6,721,279 | 5,329,955 | 5985569 | 123.4 14.1 97.2 8.5 101.8 0.0

*A, B, C policy and HCI, opt all indications are same as in <Table 2>. All Test done in this table with the parameters :

45.0, trans_coeff = 15.0, delay coeff = 0.05, unit_shortage cost = 0.5.

Diameter Decreased

Retailer Number Decreased

9000000 10000000
8000000 | } 5000000
7000000 0
A B C A

*axis indication same as in <Figure 3>.

<Figure 5> Graph the Minimum Cost for Each Policy By Diameter
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<Table 6> Simulation Results with Demand Average and Variation Increase

Al o] 2~(Basic)
AAANA 45 9485

opt. when |opt. when | opt when depot = 1 depot = 3 depot = 5
Parameter Policy depot = 1|depot = 3|depot = 5 opt/A” | HCI/A” | opt/A’ | HCI/A* | opt/A” | HCI/A
opt opt opt opt opt opt
A | 18,156,907 | 16,686,675 | 15,210,576 |  100.0 10.2 100.0 9.5 100.0 9.0
Basic Setting
B | 23,192,594 | 16,234,775 | 13,989223 | 1277 19.1 973 9.2 92.0 8.2
Norm(150,100)
C | 18,748,623 | 17,704,908 | 17,069452 | 103.3 10.6 106.1 10.1 1122 104
A | 27,074,132 | 25,897,525 | 23,633,660 |  100.0 18.8 100.0 15.2 100.0 9.6
Demand average Increase [™=p ™ 5 )0 6103 550 391 | 23,536,816 | 932 16.8 90.9 10.4 99.6 9.6
Norm(450,100)
C | 27,090,197 | 27,827,678 | 28,036,308 |  100.1 18.9 1075 124 118.6 113
. A | 23173712 | 17,376,645 | 18,107,730 | 100.0 164 100.0 114 100.0 8.7
Variance Increase B | 23,325277 | 14,547,029 | 14,384,739 |  100.7 17.6 83.7 74 79.4 7.1
Norm(150,300)
C | 22885289 | 24,126,555 | 23,946,372 | 98.8 16.2 138.8 17.2 1322 127

*A, B, C policy and HCI, opt all indications are same as in <Table 2>. All Tests

delay_coeff = 3.0, unit_shortage cost = 15.0.

Basic Demand Average Increase
20000000 40000000
15000000 f i
10000000 20000000 :
5000000
0 0

A B C A

*axis indication same as in <Figure 3>.

are done in this table with the parameters:

40000000

20000000

Variance Increase

<Figure 6> Graph the Minimum Cost for Each Policy By Demand Distribution Change
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gRlatr] off@A Ak ko]l AAE A9, B o CHAL ANbA 07 =2 518 H|F dH<Table 7>
2 AAEd dg v&5-97F QA E dolAe Ao o BE Aoy thE Ao Algd ol Hla) oA
2 S th(<Figure 6>9] 3WA 1¥). BAAY] $94d 0% =2 FHHEHTS 7HA AL Aol A FAo] nE
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7190 o2 Helrt of Hleh v ElsA= AR Btk <Table 7>l4
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<Table 7> Simulation Results with Service Level Increase
. opt. when |opt. when | opt when depot = 1 depot = 3 depot = 5
Parameter Policy | jepot = 1|depot = 3|depot = 5| OPY/A" | HCI/A” | opt/A” | HCI/A" | opt/A’ | HCI/A
opt opt opt opt opt opt
A | 13,527,772 | 11,827,427 | 13,036,877 |  100.0 8.7 100.0 8.8 100.0 8.8
fill rate : 50% B | 12,805,603 | 12,519,860 | 12,075,908 94.7 8.2 105.9 9.3 92.6 8.2
C | 14,440,555 | 9,397,676 | 11,685,603 | 106.7 9.3 79.5 6.9 89.6 7.8
A | 14,426,154 | 12,169,486 | 13,071,589 | 100.0 8.7 100.0 8.7 100.0 8.7
fill rate : 70% B | 12,923,748 | 12,561,575 | 12,455,732 89.6 7.8 103.2 9.1 95.3 8.3
C | 14,445,428 | 10,905,035 | 13,854,316 |  100.1 8.7 89.6 0.9 106.0 9.2
A | 14,426,154 | 14,032,382 | 13,395,597 |  100.0 8.7 100.0 8.7 100.0 8.7
fill rate : 90% B | 14,248,594 | 14,415,068 | 13,478,550 98.8 8.6 102.7 8.9 100.6 8.8
C | 16,326,488 | 18,376,756 | 16,957,985 | 113.2 9.8 131.0 113 126.6 11.0

*A, B, C policy and HCI, opt all indications are same as in <Table 2>. All Tests are done in this table with the parameters :

0.05, unit_shortage cost = 0.5.

Fill Rate 50%

Fill Rate 70%

delay coeff =

Fill Rate 90%

20000000 14000000 20000000
. 12000000 ; T
10000000 T 10000000
10000000
0 8000000 0
A B C A B C A B C

*axis indication same as in <Figure 3>.

<Figure 7> Graph the Minimum Cost for Each Policy By Service Level Change
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