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Vendor managed inventory (VMI) is one of the strategies that is widely
used in integration and simplification of supply chain. VMI is an
integrated approach for retailer—vendor coordination, according to
which the vendor (mostly manufacturer) decides on the appropriate
retailers’ inventory levels. Because the time value of money has not been
considered in any analytical VMI model up to now, therefore, in this
paper a new model for two-echelon single-manufacturer multi-retailer
supply chain under non-consignment VMI program by considering time
value of money is proposed. The present value of each inventory cost is
evaluated in a single period and generalized to infinity horizon and then
transformed to the equivalent annual cost in order to take the time value
of money into consideration. It is also shown that under non-
consignment VMI system, the retailers’ total costs is very reduced but
the manufacturer is faced with increased costs in relation to the
traditional system. In this study, the reasons of manufacturer‘s
cooperation with the VMI program in spite of his increased cost is
clearly explained. Finally, the sensitivity analysis is performed to
determine the effect of different parameters of the model on the optimal
solution. The results validated the model’s behavior and also showed
that by considering high penalty cost per unit product, proposed model
can be used for supply chain with limited storage capacity.
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Vendor Manager Inventory
Supply Chain Management
Wal-Mart
Proctor and Gamble
JC Penney
Feed-forward Flow
Feedback Flow
Supplier-owned inventory (SOI)
Consignment vendor managed inventory
10. Non-Consignment vendor managed inventory
11. Joint Economic Lot Size
12. Economic Lot Size
13. Economic Order Quantity
14. Non-Consignment Vendor Managed Inventory
15. Lead time
16. Present Value
17. Equivalent Annual cost
18. Mixed Integer Nonlinear Programming
19. Particle Swarm Optimization
20. Genetic Algorithm
21. Imperialist Competitive Algorithm
22. Local search algorithm
23. Simulated Annealing Algorithm
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C VM HCVMI PC OCVMJ HCew™
iC:/MI AC;,MI ACV‘MI AC;M] Agswu HC :/M[ OC:,MI PCr OCSVMl HCSVMl TS Tr AC . q n Q N AS
0.324 0.286 0.026 0.207 0.157 160.574 182.219 14.701 116.443 88.123 0449  0.224 562.06 56.12 2 112.241 B 50
0.183 0.275 0.036 0.354 0.151 210.636 140.189  27.689  270.575 115.788 0.588  0.294  764.878 73.448 2 146.897 B.A 150
0.128 0.269 0.043 0.413 0.148 250.284 118.836 39.602  384.296 137.759 0.697 0348  930.777 87.116 2 174233 B,A 250
0.098 0.264 0.047 0.445 0.146 284.403 105.227 50.561 478.559 156.707 0.791 0395 1075.46 98.839 2 197.679 B,A 350
0.08 0.26 0.05 0.468 0.143 313.049 96.093 60.388 563.998 172.645 0.869 0435 1206.17 108.655 2 217.31 B,A,C 450
0.067 0.256 0.053 0.484 0.141 339.059 89.136 70.054  641.605 187.139 0.94 0.47 132699  117.545 2 235.09 B,A,C 550
0.058 0.252 0.055 0.495 0.139 363.181 83.576 79.516  713.189 200.6 1.006  0.503  1440.06  125.772 2  251.544 B,A,C 650
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Hc™ oc™  PC, OC:/MI HCSVMI ACT q n Q S h,
238.765 124.309 36.033 208.718 0 0.665 0333 607.822 83.15 2 1663 BA 0
192.803  152.658 22.755 254744 141.232 0.538 0.269 764.192 67.285 2 13457 BA 4
165733  176.714 15936 293.811 242.588 0.463 0.232 894.783 57.909 2 115819 B 8
147363  198.074 11.632 328.504 323.352 0.412 0.206 1008.92 51.534 2 103.068 B 12
220.793  133.988 30.633 435461 260.01 0308 0.308 1080.89 76955 1 76955 B,A 16
209.089 141.186 27.249 458.856 307.732 0.292 0.292 1144.11 72914 1 72914 B,A 20
199.073  148.02 24.452 481.064 351.536 0.278 0.278 1204.14 69.453 1 69453 BA 24
Ug salyly S1.Y Jgoz
PCB VMI VMI VMI VMI
pc, HC™ OGT  pc, pc, OC T HC . T AC Qs 9 o o s Uy
1 165.094 177.378 183.503 183.503 294.889 90.617 0.462 0.231 911.48 32.305 57.688 2 115.376 B 1
1 166.27 176.16 131.218 131.218 292912 91.266 0.465 0.232 857.827 32.534 58.096 2 116.192 B 6
1 169.103 173.3 89.607 89.607 288.266 92.83 0.473 0.236 813.105 33.084 59.078 2 118.156 B 11
0.989 202.352 145.708 21.366 21.594 243.459 111.205 0.565 0.282 724.317 39.528 70.586 2 141.173 B.A 16
0.981 204.162 144.464 13.668 13.931 241.439 112.206 0.57 0.285 716.201 39.879 71.212 2 142.424 B,A 21
0.962 206.446 142.925 7.798 8.107 238.941 113.469 0.576 0.288 709.888 40.321 72.001 2 144.002 B,A 26
0.908 209.192 141.12 3.652 4.02 236.009 114.989 0.584 0.292 705.331 40.852 72.95 2 145.899 B.A 31
0.715 212.385 139.079 1.112 1.556 232.696 116.757 0.592 0.296 702.472 41.469 74.052 2 148.105 B,A 36
0.085 216.009 136.836 0.05 0.587 229.054 118.763 0.602 0.301 701.249 42.17 75.304 2 150.607 B,A 41
0.007 216.785 136.366 0.004 0.561 228.291 119.192 0.605 0.302 701.194 42.32 75.571 2 151.142 B,A 42
0 217.081 136.187 0 0.565 228 119.356 0.605 0.303 701.19 42.377 75.674 2 151.347 A 43
0 217.081 136.187 0 0.565 228 119.356 0.605 0.303 701.19 42377 75.674 2 151.347 A 44
0 217.081 136.187 0 0.565 228 119.356 0.605 0.303 701.19 42377 75.674 2 151.347 A 45
0 217.082 136.187 0 0.565 228 119.356 0.605 0.303 701.19 42.377 75.674 2 151.347 A olede
7o yialyy 1A Sy
HC:/M[ OC:/MI PCB PCr OC;/MI HCSVMI '1'; "[‘r ACYM ds q 0 Q S T,
217.082 136.187 0 0.565 228 119.356 0.605 0.303 701.19 42.377 75.674 2 151.347 B,A 0
197.442 149.198 31.814 31.96 249.125 108.489 0.551 0.276 736.214 38.578 68.889 2 137.778 B,A 4
182.979 160.565 53.824  53.831 267.584 100.494 0.511 0.256  765.453 35.776 63.885 2 127.77 B,A 8
171.569 170.885 69.418  69.418  284.344 94.192 0.479 0.24 790.41 33.562 59.933 2 119.866 B 12
162.389 180.242 80.714 80.714  299.541 89.125 0.454 0.227 812.011 31.78 56.75 2 113.5 B 16
154.885 188.714 89.081 89.081 313.301 84.985 0.433 0.217 830.966 30.322 54.146 2 108.292 B 20
148.618 196.446 95.337  95.337 325.86 81.529 0.416 0.208 847.789 29.103 51.97 2 103.94 B 24
143.292 203.548 10(,)7'02 10(,)7'02 337.395 78.593 0.401 0.2 862.855 28.067 50.12 2 100.24 B 28
71.237 404.013 0 0 663.087 38.972 0.2 0.1 1177.31 14 25 2 50 & olbe
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PC,+HC™ +OC™  PC,+HC™ HC™ oc™ PC oc™ HC™ T, T  ac™ g Q S P
414.999 299327 257463 115672 41864 375935 132772 0358 0358  923.706 89.586 1  89.586 B,A 250
370.739 221.665 197.612  149.074 24053 248924 125400  0.552 0276 745072 68948 2 137896 BA 500
359.82 188.972 171.608  170.848  17.364 194029 128889  0.719 0.24 682738 59.946 3 179839 B 750
357.003 169.166 155.63 187.837 13536 162.721 134955 0.87 0218 654679 54405 4 217619 B 1000
357.355 173.935 159.491 18342 14445  159.141 121531 0.892 0223 638027 55744 4 222978 B 1250
357.748 177.396 162286 180.353 15109  156.655 112172 0907 0227 626575 56714 4 226857 B 1500
358.12 180.022 164405 178.098 15617 154828 105263 0919 023 61821 57449 4 229796 B 1750
356.89 163.833 151301 193057 12532 136327 118506  1.058 0212 611723 52902 5 26451 B 2000
356.892 165.548 152605 191344 12853 135218 113862  1.068 0214 605972 53386 5 266929 B 2250
356.919 166.969 153.848 189.95  13.121 134315  110.081  1.076 0215 601315 53786 5 268931 B 2500
356.995 169.006 155.5 187.988 13506  113.209 85672 1305 0217 555876 5436 6 326159 B el
Ag il 510 Jgar
HC™  ocy™  oc™  PC,  oc™  HCM™ T T AC™ g4 ¢ n Q S A
191.517 3.841 111394 22413 25635 105213 0535 0267  686.886  37.43 66.84 2 13368  BA 1
202.669 47.284 149.126 25.445 243.103 111.38 0.566 0.283 731.722 39.59 70.696 2 141.392 B,A 13
213.234 86.592 183.575 28.434  231.832 117.226 0.595 0.297 774.3 41.633 74345 2 148.691 B,A 25
223298 122.605 215386 31372 222089 122799  0.623 0311  814.943 43578 77819 2 155637 BA 37
232.925 15593 245033 34254 213557 128133  0.649 0325  853.902 45437 81138 2 162276 B,A 49
242.167 187.023 272.869 37.079  206.006 133.256 0.675 0.337 891.377 47.22 84.322 2 168.644 B,A 61
251.065 216.23 299.168 39.847 199.261 138.192 0.699 0.35 927.534 48.936 87.385 2 174.77 B,A 73
259.659  243.822 32414 42561 193.187 142961  0.723 0361  962.508  50.591 90341 2 180682 B,A 85
hg selyly 1.0 Jguzr
HC\C/MI HCXMI HC%:: HCY™  HCM  oCYM! PC oCY™MI  pCYM! T T ACYM q q N Q s h
HC) B r r v s s s r B B
47.759 66.863 0.163 22.288 136.91 130.991  32.192  219.565 12433 063 0315 643989 44112 78772 2 157543 BA 1
43.753 61.255 0.438 81.673 186.681 142491 26.685 238236  113.831 0578 0289  707.925 40447 72227 2 144453 BA 4
40.61 56.854 0.576 132,659 230123 153104 226 255469  105.601 0537 0268 766897  37.567 67.083 2 134166 BA 7
38.059 53.282 0.66 177607 268948  163.007  19.475 27155 98928 0503 0252  821.908 35226 62904 2 125807 BA 10
35.873 50.222 0.717 217.627 303722 172.613 16922  287.15 93213 0475 0237 873619 33218 59319 2 118637 B 13
34018 47.625 0.757 254001 335644 181731 14807 301959 88368 045 0225 922508 31.514 56274 2 1125499 B 16
32424 45393 0.787 287492 365309 190401  13.034 316041 84205 0429 0215 968991  30.047 53656 2 107312 B 19
31.035 43.448 0.811 318622 393.105  198.684 11526 329495  80.579 0411 0205 101339 28769 51373 2 102745 B 22
20809 41733 0.829 347776 419319 20663 10231 342402  77.383 0395 0.197 105596  27.64 49358 2 98715 B 25
[2] Stapleton D, Hanna J, Ross R. Enhancing supply &>y

chain solutions with the application of chaos

theory,

Supply

Chain  Management:

An

international Journal, (2006), Vol. 11, Issue 2, pp.

108-114.

[1] Ben-Daya M, Darwish M, Ertogral K. The joint

economic

lot sizing problem: Review and

extensions, European Journal of Operational
Research, (2008), Vol. 185, Issue 2, pp. 726-742.



iz g oSyl Sy Jolid (ol 90 (ilol i VM ol (0 pui lnd

fas olol 6939%0 pob dbwyly alaao

Jat Hloj il 555 A g0 b iy p900,5

Journal of Business Logistics, (1999), Vol. 20,
Issue 1, pp. 183-203.

[15] Darwish MA, Odah OM. Vendor managed
inventory model for single-vendor multi-retailer
supply chains, European Journal of Operational
Research, (2010), Vol. 204, pp. 473-484.

[16] Yuliang Y, Philip T. Evers, Martin E. Dresner.
Supply Chain Integration in Vendor-Managed
Inventory, Decision Support Systems, (2007),
Vol. 43, Issue 1, pp. 663-674.

[17] Williams M. Making consignment- and vendor-
managed inventory work for you, Hospital
Material Management Quarterly, (2000), Vol. 21,
Issue 4, pp. 59-63.

[18] Wang Y, Jiang L, Shen Z. Channel performance
under consignment contract with revenue sharing,
Management Science, 2004, Vol. 50, pp. 34—47.

[19] Kaipia R, Holmstrom J, Tanskanen K. VMI:
What are you losing if you let your customer
place orders? Production Planning and Control,
(2002), Vol. 13, pp. 17-25.

[20] Lee HL, So KC, Tang CS. The value of
information sharing in a two level supply chain,
Management Science, (2000), Vol. 46, pp. 626—
643.

[21] Lee C, Chu W. Who should control inventory in a
supply chain?, European Journal of Operational
Research, (2005), Vol. 164, pp. 158-172.

[22] Guan R, Zhao X. On contracts for VMI program
with continuous review (r,Q) policy, European
Journal of Operational Research, (2010), Vol.
207, pp. 656-667.

[23] Piplani R, Viswanathan S. A model for
evaluating supplier-owned inventory strategy,
International Journal of Production Economics,
(2003), Vol. 81, pp. 565-571.

[24] Yao Y, Dong Y, Dresner M. Managing supply
chain backorders under vendor managed
inventory: An incentive approach and empirical
analysis, European Journal of Operational
Research, (2010), Vol. 203, pp. 350-359.

[25] Fry MJ, Kapuscinski R, Olsen TL. Coordinating
production and delivery under a (z,Z)-type
vendor-managed inventory contract,
Manufacturing  and  Service  Operations
Management, (2001), Vol. 3, pp. 151-173.

[26] Shah J, Goh M. Setting operating policies for
supply hubs, International Journal of Production
Economics, (2006), Vol. 100, pp. 239-252.

[3] Dorling K. Determinants of successful vendor
managed inventory relationships in oligopoly
industries, International Journal of Physical
Distribution and Logistics Management, (2006),
Vol. 36, Issue 3, pp. 176—191.

[4] Danese P. The extended VMI for coordinating
the whole supply network, Journal of
Manufacturing Technology Management, (2006),
Vol. 17, Issue 7, pp. 888-907.

[5] Pohlen T, Goldspy T. VMI and SMI programs:
How economic value added can help sell the
change, International Journal of Physical
Distribution and Logistics Management, (2003),
Vol. 33, Issue 7, pp. 565-581.

[6] Magee JF. Production planning and inventory
control”, McGraw-Hill Book Company, New
York, NY, (1958).

[7] Haisheng Yu, Amy Z Zeng, Lindu Zhao.
Analyzing the evolutionary stability of the
vendor-managed inventory supply chains,
Computers & Industrial Engineering, (2009),
Vol. 56, pp. 274-282.

[8] Tyan J, Wee H. Vendor managed inventory: A
survey of the Taiwanese grocery industry, Journal
of Purchasing and Supply Management, (2003),
Vol. 9, Issue 1, pp. 11-18.

[9] Cetinkaya S, Lee CY. Stock replenishment and
shipment scheduling for vendor-managed
inventory systems, Management Science, (2000),
Vol. 46, Issue 2, pp. 217-232.

[10] Dong Y, Xu K. A supply chain model of vendor
managed inventory, Transportation Research Part
E: Logistics and Transportation review, (2002),
Vol. 38, pp. 75-95.

[11] Disney SM, Potter AT, Gardner BM. The impact
of vendor managedinventory on transport
operations, Transportation Research Part E,
(2003), Vol. 39, Issue 5, pp. 363-380.

[12] Childerhouse P, Towill DR. Engineering supply
chain to match customer requirements, Logistics
Information Management, (2000), Vol. 13, Issue
6, pp. 337-345.

[13] Disney SM, Towill DR. The effect of Vendor
Managed Inventory (VMI) dynamics on the
Bullwhip Effect in supply chain, International
Journal of Production Economics, (2003), Vol.
85, Issue 2, pp. 199-215.

[14] Waller M, Johnson ME, Davis T. Vendor
managed inventory in the retail supply chain,

£ ojlo — V8 ol — WAF liano) ol gi i y1 ko § s buo st Lol (s &4 5t



9 oSy Sy Jolds ombaw 90 iilolpl VM ol (g0 pumij Sudi

ol.e,ibd 6.))5){4; ).oli ‘Lw)lg’ gn.hm

Fav
Sst Floj Si)] 55 M yo b g g0 5wz

Ay Joe dr gl destedi i (PO f > (G alad [vAl
Sl az g oS ady S Lalpd 50 Seiad @i S5 anje

‘_,’_LLQJIQ,,_.. 4y i «SCM) u...a\_, 0,2y Cu ppde )3 & jo8

Ol Cris g pde B iils g Co o g mlio wiige
MY L as ) ojled A al> (VYAY)

[39] Torres F, Ballesteros F, Villa M. Modeling a
Coordinated Manufacturer—Buyer Single-Item
System under Vendor-Managed Inventory,
Handbook of EOQ Inventory Problems, (2014),
Vol. 197, pp. 247-278.

[40] Buzacott JA. Economic order quantities with
inflation”, Operational Research Quarterly,
(1975), Vol. 26, pp. 553-558.

[41] Grubbstrom RW. A principle for determining the
correct capital costs of work-in-progress and
inventory, International Journal of Production
Research, (1980), Vol. 18, pp. 259-271.

[42] Dohi T, Kaio N, Osaki S. A note on optimal
inventory policies taking account of time value,
AIRO-Operations Research, (1992), Vol. 26, pp.
1-14.

[43] Hariga MA. Economic analysis of dynamic
inventory models with non-stationary costs and
demand, International Journal of Production
Economics, (1994), Vol. 36, pp. 255-66.

[44] Chen JM. An inventory model for deteriorating
items with time-proportional demand and
shortages under inflation and time discounting,
International Journal of Production Economics,
(1998), Vol 55, pp. 21-30.

[45] Chung KJ, Tsa SF. Inventory systems for
deteriorating items with shortages and a linear
trend in demand-taking account of time value,
Computers & Operations Research, (2001), Vol.
28, pp. 915-934.

[46] Ben-Dayaa M, Nomana SM, Harigab M.
Integrated inventory control and inspection
policies with deterministic demand, Computers
and Operation Research, (2006), Vol. 33, pp.
1625-1638.

[47] Corbacioglu U, van der Laan EA. Setting the
holding cost rates in a two-product system with
remanufacturing, International Journal of
Production Economics, (2007), Vol. 109, pp.
185-194.

[48] Mirzazadeh A, Seyyed Esfahani MM, Fatemi
Ghomi SMT. An inventory model under
uncertain inflationary conditions, finite

[27] Chen H, Chen J, Chen Y. A coordination
mechanism for a supply chain with demand
information updating, International Journal of
Production Economics, (2006), Vol. 103, pp.
347-361.

[28] Banerjee A. A joint economic lot size model for
purchaser and vendor, Decision Sciences, (1986),
Vol. 17, pp. 292-311.

[29] Goyal SK. A joint economic-lot-size model for
purchaser and vendor: A comment, Decision
Sciences, (1988), Vol. 19, pp. 236-241.

[30] Yang PC, Wee HM. Economic order policy of
deteriorated item for vendor and buyer: An
integrated approach, Production Planning and
Control, (2000), Vol. 11, pp. 474-480.

[31] Ouyang LY, Wu KS, Ho CH. Integrated vendor—
buyer cooperative models with stochastic demand
in controllable lead time, International Journal
Production Economics, (2004), Vol. 92, pp. 255—
266.

[32] Pasandideh SHR, Akhavan Niaki ST, Roozbeh
Nia A. A genetic algorithm for vendor managed
inventory control system of multi-product multi-
constraint economic order quantity model, Expert
Systems with Applications, (2011), Vol. 38, pp.
2708-2716.

S 50 adg Ay i Cran g el ] (b [YY]

o 485 (Jlaial (Lo b (xhaw 99 oy plnns

Ol Cis g pde o8 iils Wy Co s g mlio wiige
DFFF ao ) o)l YF alr (ITAY)

[34] Yang PC, Wee HM. A single-vendor and
multiple-buyers production-inventory policy for a
deteriorating item, European Journal of Operation
Research, (2002), Vol. 14, pp. 570-581.

[35] Yang PC, Wee HM. An integrated multi-lot-size
production inventory model for deteriorating
item, Computer Operations Research, (2003),
Vol. 30, pp. 671-682.

[36] Jalbar BA, Gutierrez J, Sicilia J. Integer-ratio
policies for distribution/inventory systems,
International Journal of Production Economics,
(2005), Vol. 93, pp. 407-415.

[37] Zhanga T, Lianga L, Yua Y, Yu Y. An integrated
vendor-managed inventory model for a two-
echelon system with order cost reduction,
International Journal of Production Economics,
(2007), Vol. 109, pp. 241-253.



iz g oSyl Sy Jolid (ol 90 (ilol i VM ol (0 pui lnd

FaA gl (63530 yol dLuly (i
olel 5292k 5ol busly (Haae st Hloj 5o 55 A 4 b g 8005

production rate and inflation-dependent demand
rate for deteriorating items with shortages,
International Journal of Systems Science, (2009),
Vol. 40, pp. 21-31.

o s 5 g 3 i ol sl [F9]
b s s o3Il 535 3 o Sl )l 9 e Sl oo
o 585 (509290 S5 Joo Ko 50 (550 lg0 2929
Ol Cmio g e olSasls adgi Co pae 5 plio (cwsits
AAYSIAY ao ¥ ojled XY ale (VF44)

£ ojlo — V8 ol — WAF liano) ol gi i y1 ko § s buo st Lol (s &4 5t



