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Abstract Recent researches have shown the importance of
improving the supply chain competitiveness by means of
strategic alliances. This study considers the retailer—supplier
partnership through a vendor-managed inventory (VMI)
system and develops an analytical model to explore the
effect of important supply chain parameters on the cost
savings realized from collaborative initiatives. This model
is developed for a two-level supply chain consisting of a
single supplier and a single retailer and examines the
inventory management practices before and after imple-
mentation of VMI. The results of analytical examination
show that VMI implementation in economic order quantity
model when shortage is backlogged sometimes has the
ability to reduce total costs of supply chains. Three
numerical examples are also given to support this claim.

Keywords Vendor-managed inventory - Supply chain
management - Economic order quantity - Shortage - Backlog

S. H. R. Pasandideh

Railway Engineering Faculty,

Iran University of Science and Technology,
Tehran, Iran

e-mail: SHR_pasandideh@sbu.ac.ir

S. T. A. Niaki (B<)

Department of Industrial Engineering,
Sharif University of Technology,
Tehran, Iran

e-mail: niaki@sharif.edu

A. Roozbeh Nia

Department of Industrial Engineering, Islamic Azad University,
Qazvin, Iran

e-mail: ali_roozbeh@yahoo.com

1 Introduction

A supply chain is a dynamic system that includes all
activities involved in delivering a product from the stage of
raw material to the customer. These activities include
manufacturing, inventory control, distribution, warehous-
ing, and customer service. Supply chain management
coordinates and integrates all of these activities into a
smooth process.

The main objective of the supply chain management is to
minimize system-wide costs while satisfying service-level
requirements. With increasing global competition and emer-
gence of e-business, supply chain management is viewed as
a major solution to cost reduction and profitability [21].

Inventory has been considered one of the major drivers
of the supply chain and its management [7]. “There is
nothing more important within the realm of supply chain
management than the management of inventory...” [18]. As
such, decisions regarding inventory replenishment have a
direct effect on supply chain performance.

In a traditional supply chain, each partner (company) is
responsible for its own inventory control and production
or distribution ordering activities, and the interactions
between partners are limited to the feed-forward physical
flow of products and the feedback flow of information.
One fundamental characteristic and problem that all
partners of a traditional supply chain (such as retailers,
distributors, manufacturers, raw material suppliers) must
solve is “just how much to order the production system to
make (or the suppliers to supply) to enable a supply
chain echelon to satisfy its customers' demands”. This is
the classic production/inventory control problem [9]. A
simple schematic of a four-echelon supply chain, com-
prising retailer, distributor, warehouse, and factory, is
illustrated in Fig. 1 [10].
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Fig. 1 A traditional supply
chain

In a vendor-managed inventory (VMI), besides the
traditional supply chain information and material flows, the
supplier controls the retailer's inventory level so as to ensure
that desirable customer service levels are maintained. In
other words, VMI has been described as an inventory and
supply chain management tool in which the supplier has
taken the responsibility for making decisions as to the timing
and amounts of inventory replenishment [10].

Evidence has shown that VMI can improve supply chain
performance by decreasing inventory levels and increasing
fill rates; as a result, industry use of VMI has grown over
time [12]. VMI is a collaborative commerce initiative that
integrates operations between suppliers and retailers
through information sharing and business process reengin-
eering. By the aid of information technologies, such as
electronic data interchange (EDI) or internet-based XML
protocols, retailers can share sales and inventory informa-
tion with suppliers on a real-time basis. A simple diagram
of a VMI supply chain is found in Fig. 2 [9].

Suppliers can then use this information to plan production
runs, schedule deliveries, and manage order volumes and
inventory levels at the retailer's stock-keeping facilities [26].

The potential benefits from VMI are very compelling
and can be summarized as reduced inventory costs for the
supplier and retailer and improved customer service levels,
such as reduced order cycle times and higher fill rates [1,
24]. These benefits have been realized by successful
retailers and suppliers, most notably Wal-Mart and key
suppliers like Proctor & Gamble [4].

In order to determine the impact of important supply
chain parameters on the cost savings to be realized from
collaborative initiatives such as VMI, in this paper, the
previous research is extended and an analytical model is
developed for an economic order quantity (EOQ) problem
where shortage is backlogged. The model is considered for
a two-level supply chain consisting of a single supplier
(vendor or distributer) and a single buyer (retailer) to
examine the inventory management practices before and
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after the VMI implementation. These results have mana-
gerial ramifications in that they can help demonstrate when
and by how much VMI is likely to produce benefits for
supplier-buyer dyads in practice.

The rest of the paper is structured as follows: in the next
section, a review of the literature on VMI is presented.
While section 3 presents the framework of the proposed
model, section 4 contains the model along with its
assumptions. Section 5 uses the framework to analyze cost
savings due to VMI. Three numerical examples are
presented in section 6 to justify and demonstrate the
application of the proposed method. Finally, conclusions
and recommendations for future research are presented in
section 7.

2 Literature review

An early conceptual framework of VMI was described by
Magee [19] when discussing who should have authority
over the control of inventories. However, interest in the
concept has only really developed during the 1990s.
Companies have looked to improve their supply chains as
a way of generating a competitive advantage, with VMI
often advocated. This strategy has been particularly popular
in the grocery sector but has also been implemented in
sectors as diverse as steel, books, and petrochemicals [10].
Examples of the companies that popularized VMI in 1980s
are Wal-Mart, K-Mart, and Proctor & Gamble [2, 24].
The use and the benefits of VMI were originally
documented by a few authors with the primary research
being conducted by Blatherwick [2], Cachon and Fisher
[3], Clark and Hammond [8], Fraza [13], and Waller et al.
[24]. In all documented cases of organizations that use
VMI, there was some connection between the members in
order to facilitate the exchange of information on inventory
levels, product usage, and re-supply issues. Generally, this
connection was provided with EDI [12]. Haavik [14] stated

Fig. 2 A VMI supply chain
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that EDI tools were needed to realize the full benefits of
VMI. Lawrence and Vokurka [17] and Challener [5],
however, described situations where the exchange was a
manual process. In these cases, a representative from the
upstream member physically monitored the inventory level.
In order to illustrate the potential inventory cost savings
from integrated inventory management, early researchers
studied simple supply chains with a single supplier and a
single retailer.

Woo et al. [25] and Yu and Liang [27] extended the two-
echelon inventory supply chains to three echelon ones
where the supplier was a manufacturer and his raw
materials' inventory was involved. In order to streamline
the supply chain, the supplier expected to synchronize his
production cycles with his retailers' orderings. The supplier
and his retailers employed a common replenishment cycle
policy to reduce supply chain inventory cost. Vigtil [23]
described a set of five case studies that indicated sales
forecasts and inventory positions were the most valuable
information provided to suppliers by the retailers in a VMI
relationship.

Generally speaking, the VMI research can be classified
into two groups:

(a) Strict managerial and functional subjects along with
simulation procedure (see, for example, [9, 15, 21])

(b) Analytic and mathematical terms and presentations of
the economic analysis (see, for example, [6, 11, 16,
20, 22, 26])

Within the second group, Dong and Xu [11] presented
an analytical model to evaluate the short-term and long-
term impact of VMI on supply chain profitability by
analyzing the inventory systems of the parties involved.
The impact of VMI was also compared with that of full
channel coordination, and it was found that, in the short
term, VMI can accomplish what full channel coordination
is set to accomplish. They formulated appropriate mathe-
matical models for a buyer—supplier channel structure,
examined the effects of a VMI strategy on the various cost
components of both parties, and then analyzed the role of
VMI in a supply chain initiative. In particular, the effects of
an integrative VMI program on total relevant costs and
profits were investigated. Several common assumptions that
also were used in their inventory-channel coordination
research were: the inventory system of the buyer can be
described by an EOQ policy, the demands are deterministic,
there are no stock-outs, and the lead times are also
deterministic.

Yao et al. [26], using the same assumptions as Dong and
Xu's [11], along with an additional assumption (the order
quantity for the supplier is likely to be an integer multiple
of the buyer's replenishment quantity), presented an
analytical model to determine how key logistics parameters,

most notably ordering costs and inventory carrying charges,
can affect the benefits to be derived from VMI. They then
determined how the benefits were likely to be distributed
between a buyer and a supplier in a supply chain, given
these logistics parameters. Finally, they presented a numer-
ical example to illustrate their results.

Van Der Vlist et al. [22] extended the Yao et al. [26]
model along with the costs of shipments from the supplier
to the buyer. Sofifard et al. [20] presented an analytical
model for a single-buyer—single-supplier model to explore
the effects of collaborative supply-chain initiatives such as
VMI with the economic production quantity (EPQ) manner.
Furthermore, Jasemi [16] developed a supply chain model
with single-supplier n-buyers and compared the VMI
system with traditional types. He also made a pricing
system for profit-sharing between parties.

It should be noted that, in all of the previous researches
within the second group, the EOQ model with infinite
production rate was considered.

3 Modeling framework

In order to determine the impact of important supply chain
parameters on the cost savings to be realized from
collaborative initiatives such as VMI, consider a two-level
supply chain consisting of a single supplier and a single
retailer for which we examine the inventory management
practices before and after the implementation of VMI
Although many of the results can be generalized to more
complex supply chains, a simple supply chain is used for
computational ease. We assume that the retailer faces
external demand from consumers.

In a supply chain without VMI on the one hand, the
supplier observes consumer demand only indirectly through
the retailer's ordering policy. In fact, the retailer company
appears to be the “leader” in this relationship and the
supplier just takes the order quantity from the retailer and
makes the necessary delivery. In other words, the supplier
does not have any responsibility for the production holding.
On the other hand, in a supply chain with VMI, the retailer
no longer manages its inventory system and leaves it to the
supplier to determine inventory levels, order quantities, lead
times, etc. [11].

In a supply chain with VMI, the supplier's information
system directly receives consumer demand data. As a
result, the supplier now has the combined inventory with
order setup and holding cost [11]. The supplier with regard
to its own inventory cost, which equals the total cost of the
supply chain, determines the timing and the quantity of
production in every cycle. The major difference between
not using and using VMI is that the retailer's order quantity
is determined by the supplier in a VMI system [26].
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Figure 3 presents the modeling framework of VMI and
non-VMI supply chains, where the triangles show the
stores.

4 The EOQ policy when shortage is backlogged

In this section, the assumptions and the notations are first
defined. Then, the total cost of both the traditional (non-
VMI) and the integrated (VMI) supply chains are modeled.

4.1 Assumptions

The mathematical model of this research will be developed
on the basis of the following assumptions:

(a) A single-supplier—single-buyer supply chain with one
item is considered.

(b) Shortage is allowed and is completely backlogged
(t #0and 7 = 0).

(c) Deliveries of orders are assumed to be instantaneous,
that is, the lead time is zero.

(d) Costumer's demand is deterministic.

(e) The production rate is infinite.

(f) The product price is fixed in the planning period.

4.2 Notations

The following notations will be used to develop the
proposed model:

TC,ovmr Total costs of non-VMI supply chain
TCymr Total costs of VMI supply chain
As Supplier's ordering cost per unit
Ap Buyer's ordering cost per unit
Onovmi  Order quantity of non-VMI chain
Ovwmr Order quantity of VMI chain
D Buyer's demand rate
Without VMI
Simple Supply Chain Consumer
Demand
Supplier A Buyer <:|

With VMI
Integrated Supply Chain

Consumer
Demand

]

Decision Maker

Supplier A »  Buyer

Fig. 3 The modeling frameworks
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hy Product's carrying cost per unit held in buyer's
store in a period

KBy Buyer's inventory cost before VMI
KB, Buyer's inventory cost after VMI
KSy Supplier's inventory cost before VMI
KS, Supplier's inventory cost after VMI
b Fixed amount of shortage in a cycle
T Fixed cost of shortage per unit

Pis Cost of shortage per unit per time

4.3 The case of non-VMI (traditional) supply chain

Prior to implementing VMI, the inventory cost of the buyer
and the supplier and, hence, the total inventory costs of the
supply chain are calculated as follows:

AgD hg 2 nb? rbhD
KBy = + hovmt — b)” + oo+ ———
0 OnovMmt  20novMr (Grovear = b) 20novM1  Onovmr
(1)
AsD
KSy = ——> (2)
QnoVMl
AgD h
TChovmi = KBy + KSg = —— e (Onovmr — b)
OnovMmt — 20novMi
nb? zbD AsD

+ + +
20movM1 OnovMmi  Onovmi

(3)

The buyer's inventory cost in Eq. 1 is a function of both
Onovmr and b for which the optimal values can be obtained
by partial derivatives. Differentiating Eq. 1 with respect to
Onovmr and setting it zero results in:

0KBy
aQnoVMl ( )
1 s 1.,
= —73 DAg + = hg(Onovmn — b)” + Db + —1b (5)
noVMI 2 2
hy
+ — (Onovmi — b) =0
QnoVMI

1
= - 5 (Onovmr — b)2 + Onovmi (Onovmr — b)

1 1.
= — ( DAg + zDb + —7b* (6)
hg 2

1 1 1. |
- 5QI210VM1 “hs <DAB + Db + Eﬂbz) + Ebz (7)
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At the same time, differentiating Eq. 1 with respect to b
results in:

0KB
o7 (8)
hB 7%b D
= — no - b + - 0 9
OnovMi (Grovear = b) Onovmt  Onovmr ®)
hgb b D
= —hp + + + =0 10
B Qv | CoovMi | Orovmr (10)
1 A
= (th+7Z'b+7FD):hB (11)
QnoVMI
b(hg +7) =D
= OnovMi ZL—F— (12)
hg hg
5 .
= OnovMi =ﬂ—+b 1+£ (13)
hg hp

Inserting Eq. 13 into Eq. 7, we can write

1 [zD #\1* 1 1 1

~|=—+b(1+—)| =— (D4 Db +~7b* | + = b*

2[hB+<+ ﬂ hB( BT+ +27r >+2
(14)

= <ﬁ'2 +fth>b2 + 277Db + (xD)? — 2DAghs =0 (15)

Since shortage is allowed and backlogged, i.c., 7 # 0
and 7=0, the optimal value of » can be obtained using
Eq. 15 as b*:

(7%2 +z%hB)b2 — 2DAghy = 0 (16)

(17)

Inserting Eq. 18 into Eq. 13, we can obtain the optimal
order quantity of the non-VMI supply chain as:

* 2DAghp T
Onovmi 7+ hg) < + hB) (19)

(20)

[ 2DAghg (7 + hg)’
NzZG+m) 2

= Q:oVMI = \/(212;4]3) (hB;_”> (21)

Furthermore, inserting Eqs. 18 and 21 into Eq. 3, the
total inventory cost of the supply chain before implement-
ing VMI becomes:

h 2
DAp + 2 (Q:()VMI - b*) +2 4 AsD

1
TChovmi = —5—— 2

noVMI

DAg

hs (2DAg s
i} 14
3 ( s ( +ﬂ+hB))

M) (hB—f’}) é 2DAghg 4D
(”B 7 +2<7%(7%+hs) s

(23)

1
:—[DAB +DAB<1+ ~

h DAgh
()7 )
B n

= DA
T+ hg + S:|

(24)
1 h h
= —<%) (}m%) {DAB (1 +1+ ﬁ + ﬁ) +DAS}

(25)

= TChovmr =

hB 2

S S {ZDAB (1 + h—B> + DAS}
e
(26)
4.4 The case of VMI (integrated) supply chain

After the implementation of VMI, the inventory costs of
both the buyer and the supplier and, hence, the total
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inventory costs of the integrated supply chain are calculated
as follows:

KB, =0 (27)
AsD  AgD hg ,  ab? 7bD

KS, === 4 25 — b+
" 0w Owan | 20vwi (G — ) 20vmi - Ovmi
(28)

TCymr = KB; +KS§; = ﬁ(AB +4s) + % (Ovmi — b)?
(29)

+ 2o B
Once again, the total inventory cost of the integrated
supply chain in Eq. 29 is a function of both Oy and b for
which the optimal values can be obtained by partial
derivatives. Differentiating Eq. 29 with respect to Qvag
and setting it zero results in:

ITCymt
=0 30
90vmi (30)
= — L (4 + 4s) — L2 (Ovw — b)* +-4 (Q:MI - b)
Oymi Oumi VML
(31)
—Z =
2QVMI QVMI
1 h 2 gb?
- [D(AB +ds) + 2 (O = b) + - +7sz]
VMI
h *
+ *B Oy — b) =
VM
(32)

1 hg [ 2 1 b?
= <_T> > ( M — b) - |:D(AB +As) +T+”bDj|
VMI
hg *
t— (QVMI - b) =0
VMI

(33)

(Qvmi —b)  (34)

(g Bl

VMI

1 % 2 % %
-5 (QVMI - b) + Ovmi (QVMI - b)
~12
= hi [D(AB + As) +%+an] (35)
B

= (QT/MI - b) {_% (Q:;MI - b) + Q:MI]

1 272
=— [D(AB +A4s) + - + an] (36)
hy 2

= (@) |5 (@ +7)]

1 ~12
=— D(AB + As) + ﬂ + zbD (37)
hg 2

1/ w 1 ib?
=5 (QiMI - bz) = |D(s + 45) + =~ + wbD
2 hi 2

(38)

1«2 1 h? 1
= = Qg = — | D(Ap + As) + S+ bD| + =5 (39)
2 hp 2 2

Differentiating Eq. 29 with respect to b and setting it
zero results in:

- 4
b 0 (40)
hg * 1 .o D
- A NI A ey
Ovmi (QVMI ) Ovmi Ovmt (41)
hgb® 1 .« D
= —hg+——+ ab + =0 42
P ow | Qv Ovmi (42)
® . %
= oo (th rabt 4 ﬂD) = hg (43)
b*(hg +7) D
= Ouwmi = ————> + == (44)
hg hg
5 .
= Owi ==+ b 1+ (45)
hg hg
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Inserting Eq. 45 into Eq. 39, we can write:

1[zD =« #\1* 1 7b? 1 s
—|==+b (1+—])| =— |D(4 +A4s) + — +7bD| +=b
2|:hB+ <+hB)] hB|:(B+ s)+ 5+ }+2

. * %
However, we need to obtain the term (QVMI —-b ) as
follows:

* % ZD(AB +As) 7+ hp 2DhB(AB +As)
QVMI - b = A - 2R

(46) hg T (7 + hs)
N A A 55
= (;:2 +ﬂhB>b*2 " 27ADb” 4 (wD)? — 2D(Ap + As)hg = 0 (55)
(47)  _ 2D +4s) (R+hs\ 2Dk} (4s + As) (56)
. . . hs T (7 + h)hs
Considering 7 # 0 and 7=0 in Eq. 47 the optimal value
of b* is obtained as:
2 ~
(7%2 +7%h3)b* — 2Dhg(Ap + 4s) =0 (48) _ [2D(Ap +4s)( [t+hs h (57)
2Dhg (A + A
= p = w (49)
"+ mhy A 2 5
_ ZD(AB +As) (IZ' + hB) — hB (58)
hg 7(7 + hg)
* 2DhB (AB + As)
\/ (7 + hg) (50)
Therefor*e, by inserting Eq. 50 into Eq. 45 the optimal 2D(Ag + 4s) 7+ h3 + 2mhg — h}
value of Oy, is obtained as: - \ g 27+ hp) (59)
k 2DhB (AB + As) ﬁ'
=\ - 51
QVMI ﬂ'(ﬂ' 4 hB) hB ( ) —
_ 2D(AB + As) (ﬂ'(ﬂ' + 2h}3)> (60)
hB 7%(7% + hB)
2Dhy(Ap + As) (7 + hp)’
= ~ ~ 2 (52)
(7 + h) hy ~
. ZD(AB +AS) 7+ hp n hp (61)
B hy m+hy 7w+ hy
* 2D(Ap + A4s) (7 +hp
= Ovmi = \/ h = (53)
B T
* * o ZD(AB +As) l’lB
Finally, by inserting Egs. 50 and 53 into Eq. 29, the total = Qv —b = \/ hp I+ 7+ hg (62)
inventory cost of the supply chain under VMI becomes:
- Now, by inserting Eq. 62 into Eq. 54, we can write:
h * ¥\2 7h
A
VMI
(54)
5 2
h 2D(4p+4s) h ? 2Dhg (Ap+4s)
D(Ag + 4s) + 3 (\/ it (14 ﬁﬁm)) +5 W)
TCvmi = (63)
2D(4p+4s) (72+ha)
hB 3
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D(dy + ds) + D(dg + As) (1 -+ 35-) + D(d + 4s) (75.)

2D(Ag+As) (ziJrAhB)

hg I3
(64)
h h
Dl +45) (1 + 14 ,Hf;m) 5
2D(Ap+4s) <ﬁ+h3)
hg T
2D(Ag + As) (1 e )
= TCymi = i (66)

D)

5 The analysis of inventory costs with and without VMI

In order to compare the total inventory costs of the supply
chain in two cases of non-VMI and VMI implementation,
let TCymi<TChovmi- Then, in what follows, a suitable
requirement is derived on which this assumption holds.

TCymi < TChov (67)

oo s )]

2D(Ap+As) (7#+hs 2DAg [ hs+7
hB T

20an +4) (14 2t55) ] [2m (14 5880) + 4]

=

2D(Ap+A4s) - /2DA4g
hB hB
(69)
2 h 2
Ap + As)*(1+7)
= 2D(Ag+As)
hg
2 h 2 2 h
[4,43(1 ) AR+ s 1+ ﬂgB)]

hy

2
2hp(A4p + As) (1 + ;z«hth)
D

=

G
(7+hg)?

o [43 (1+ + ) + 43+ s (1+ 5

<

2DAg

Ol LAC U Zyl_ﬂbl

(71)

hy , 44K 842hg  , 44pAshy
= 445 + + - + A5 + 44pAs + —
2DAB[ B Grhg)?  mhy ST UPTS T g
2hp(Ap + 4 2 2
|2 (4 +4s) 1+AhB ! AhB >0
D (£+hg)" 7T +hs
(72)
442 hyp 4431 8432 Aihy  4dpAshs (73)
2DAs  2DAg(# + hg)?  2DAp(%+hg)  2DAg 2DAg
4dpdshy  2hp(ds +4s)  2h}(4s + 4s)
2DAg (7 + hp) D D(# + hg)’
4k} (45 + 4s) .
D +hg) ~
24phg 24ph} 443, Ahy  24shg 24sh?,
D D(#+hg)?  D(#+hs)  2DAg D D+ hg)

_ 2hp(dp +4s)  2h}(4s +4s)  4hj(4s + 4s) .
D D(# + hg)* D& +hg) —
(74)

[4/1}3}1,23 + 24sh} — 4hiAp — 4h}As

D(# + hp)

24k}, — 2h3,(Ap + As)
D(# + hg)*

I [ZABhB + 2A4shg — 2hgAp — 2hBAs] A%hB

D 2D4g = °
(75)
—DAsh? 2Ash? AZh

ASBz_ ASB + SBZO (76)

D@+ hy)? DG+ hg)  2DAg

Ashg | —213 2hy  As
= — — +—| >0 77
D | (#+hg)* (A+hs) 24s (77)

-
o

B Value
o = N W H O O N © ©

012345678 9101112131415161718 1920

Fig. 4 The VMI to non-VMI ratio of the supplier's order quantity vs d
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Table 1 The initial data of the numerical examples Table 3 The results obtained for example 2

The parameters Numerical examples Non-VMI  VMI- o Does The

supply supply Eq. 85  selected

Example 1 Example 2 Example 3 chain chain hold? chain

Ap 21 30 45 b* 1.50 100.82  97.16 No Non-VMI

As 75 40 150 o* 106.46 190.44

hB 90 90 90 Total cost 9,90171 10,53356

D 8,000 8,000 8,000

T 80 80 80

Ashg | —4Agh — 44phg (7 + hg) + As (% + hg)*
D 24g (% + hg)?
(78)

_ Ashs {—4AthB — 4dphght — 4Agh, + As(7 + hB)z] >0

24D(# + hg)’ -

(79)
Ashg 2 . . 2
— > = | —8Agh} — 4dghgit + As(% + hg)*| >
24pD(% + hg)’ [ e o o g } -°
(80)
Ashg . .. .

The term D (zi+hB)2 is always positive, therefore:
(84573 — 4dht + ds(i + hs)’] > 0 (81)
= [ Auhs (8hs + 42) + As( + h)?] > o (82)
= As(# + hg)* > Aghg(8hg + 47) (83)
= As(7 + hg)* > 4dphg(2hp + 7) (84)

4hg(2h T
St > Ay | 020 T 7) (85)
(7[ + hB)

Table 2 The results obtained for example 1

Hence, the following conclusion can be made in a
single-buyer—single-supplier supply chain system where
the EOQ model is used and shortages are completely
backlogged:

* The VMI integrated supply system is not always better
than the traditional one.

* The VMI implementation has the ability to reduce the
total costs of the supply chain only when Eq. 85 holds.

5.1 The VMI-to-non-VMI ratio of supplier's order quantity

Let § be the VMI-to-non-VMI ratio of the supplier's order
quantity, i.e.,

QVMI

_ 86
OnovM1 (86)

Then,

2D(An+4s) (7thy
5 hg (”)_\/AB+A5_1+ Ai:]+ﬁ
2DAg (M) VAg Ag ’
hg 7

(87)

where d :j—z. Since the quantity of § monotonically

increases with respect to d, the following conclusions can
then be made:

(a) The ratio of the VMI order quantity to non-VMI order
quantity () monotonically increases with respect to
d= j—;. Figure 4 depicts this conclusion.

(b) The larger the ratio of the supplier to the retailer order
cost, the larger the ratio of VMI to non-VMI order
quantity is.

Table 4 The results obtained for example 3

Non-VMI  VMI- « Does Eq.  The Non-VMI  VMI- o Does The
supply supply 85 hold? selgcted supply supply Eq. 85  selected
chain chain chain chain chain hold? chain
b* 1.47 100.82  68.01  Yes VMI b 1.53 143.69 145.74  Yes VMI
o* 89.07 190.44 o* 130.38 271.42
Total cost  12,505.80  12,335.64 Total cost 17,649.22  17,581.00
@ Springer
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(c) Since small values of d cause the retailer' order cost to
be larger than the supplier's order cost and since
B=1 +\/3, the implementation of VMI reduces
order quantities by a greater amount when the order
cost ratio is small. This is a favor for the supplier
because its order cost decreases.

6 Numerical examples

In this section, three numerical examples are given to
justify and demonstrate the application of the proposed

method. In these examples, let o = Ap [4;,23(2%};:)
m+hg

based on Eq. 85, if the inequality As>« holds, the total
costs of the VMI system will be smaller than the one of the
non-VMI supply chain.

The initial data of the numerical examples are given
in Table 1, in which the examples share equal demand,
equal carrying cost, and equal shortage cost. However,
different buyer and supplier's ordering costs are used.
The results of applying the proposed method on the
data of the numerical examples are given in Tables 2, 3,
and 4.

The results of Tables 2, 3, and 4 show that employing
Eq. 85 is justified and the supply chain with less total cost
is selected as the better one in all of the three examples.

] . Hence,

7 Conclusions and future research

This paper contributes to the literature an analytical model
that helps to provide a better understanding of how
important supply chain parameters affect the inventory cost
savings to be realized from VMI implementation. This
model was considered for a two-level supply chain, which
consisted of a single supplier and a single buyer by which
the inventory management practices before and after the
implementation of VMI were examined. Results from the
model showed that VMI implementation in EOQ model,
when shortage is backlogged, has the ability to reduce total
costs of supply chain only in a special case (when Eq. 85
for Ag and Ag holds). In other words, we showed that cost
savings earned by implementing collaborative initiatives
such as VMI that allows information sharing and integra-
tion among firms in the supply chain cannot be reached
without limitation.

Since the proposed model of this research is represen-
tative of a certain type supply chain, the results are only
true when the assumptions are held. In particular, the
demand was assumed to be known with certainty, the lead
time was assumed to be zero, and only one item was

@ Springer

assumed to be in the supply chain. The study of changing
the above assumptions is a possible topic for further
research.

References

1. Achabal D, Mclntyre S, Smith S, Kalyanam K (2000) A decision
support system for vendor managed inventory. J Retail 76:430—
454

2. Blatherwick A (1998) Vendor-managed Inventory: fashion fad
or important supply chain strategy? Supply Chain Manag 3:10—
11

3. Cachon G, Fisher M (1997) Campbell soup's continuous
replenishment program: evaluation and enhanced decision rules.
Prod Oper Manag 6:266-276

4. Cetinkaya S, Lee CY (2000) Stock replenishment and shipment
scheduling for vendor-managed inventory systems. Manag Sci
46:217-232

5. Challener C (2000) Taking the VMI step to collaborative
commerce. Chem Mark Rep 258:11-12

6. Chang SKJ, Chuang PC, Chen HJ (2005) Short comment on
technical note—the EOQ and EPQ models with shortage derived
without derivatives. Int J Prod Econ 97:241-243

7. Chopra S, Meindl P (2001) Supply chain management:
strategy, planning, operation, Ist edn. Prentice Hall, Upper
Saddle River

8. Clark TH, Hammond JH (1997) Reengineering channel reordering
processes to improve total supply-chain performance. Prod Oper
Manag 6:248-265

9. Disney SM, Towill DR (2003) The effect of vendor managed
inventory (VMI) dynamics on the bullwhip effect in supply
chains. Int J Prod Econ 85:199-215

10. Disney SM, Potter AT, Gardner BM (2003) The impact of vendor
managed inventory on transport operations. Transp Res Part E
Logist Trans Rev 39:363-380

11. Dong Y, Xu K (2002) A supply chain model of vendor managed
inventory. Transp Res Part E Logist Trans Rev 38:75-95

12. Emigh J (1999) Vendor-managed inventory: Financial and
business concepts in brief. Computerworld 33:52

13. Fraza V (1998) Streamlining the channel. Ind Distrib 87:73—
74

14. Haavik S (2000) Building a demand-driven vendor-managed
supply chain. Healthc Financ Manage 54:56-61

15. Holmstrom J (1998) Business process innovation in the supply
chain—a case study of implementing vendor managed inventory.
Eur J Purch Supply Manag 4:127-131

16. Jasemi M (2006) A vendor managed inventory. Master of Science
Thesis, Department of Industrial Engineering, Sharif University of
Technology, Tehran, Iran (in Farsi)

17. Lawrence FB, Vokurka RJ (1999) Two distributors, two
approaches. APICS Perform Advant 12:26-29

18. Levy M, Dhruv G (2000) Supply chain management in a
networked economy. J Retail 76:415-429

19. Magee JF (1958) Production planning and inventory control.
McGraw Hill, New York

20. Sofifard R, Hosseini SMM, Farahani RZ (2007) The study of
vendor-managed-inventory in supply chain with mathematical
model. Master of Science Thesis, Department of Industrial
Engineering, Amirkabir University of Technology, Tehran, Iran
(in Farsi)

21. Tyana J, Wee HM (2003) Vendor managed inventory: a survey
of the Taiwanese grocery industry. J Purch Supply Manag 9:11—
18

www.manaraa.com



Int J Adv Manuf Technol (2010) 49:329-339

339

22.

23.

24.

Van Der Vlist P, Kuik R, Verheijen B (2007) Note on supply chain
integration in vendor-managed inventory. Decis Support Syst
44:360-365

Vigtil A (2007) Information exchange in vendor managed
inventory. Int J Phys Distrib Logist Manag 37:131-147

Waller M, Johnson ME, Davis T (1999) Vendor-managed
inventory in the retail supply chain. J Bus Logist 20:183—
203

25.

26.

217.

Woo YY, Hsu SL, Wu SS (2001) An integrated inventory model
for a single vendor and multiple buyers with ordering cost
reduction. Int J Prod Econ 73:203-215

Yao YL, Evers PT, Dresner ME (2007) Supply chain integration
in vendor managed inventory. Decis Support Syst 43:663—674
Yu YG, Liang L (2004) An integrated vendor managed inventory
model for end product being deteriorating item. Chin J Manage
Sci 12:32-37 (in Chinese)

@ Springer

www.manaraa.com



Reproduced with permission of copyright owner. Further reproduction
prohibited without permission.

www.manaraa.com




	An investigation of vendor-managed inventory application in supply chain: the EOQ model with shortage
	Abstract
	Introduction
	Literature review
	Modeling framework
	The EOQ policy when shortage is backlogged
	Assumptions
	Notations
	The case of non-VMI (traditional) supply chain
	The case of VMI (integrated) supply chain

	The analysis of inventory costs with and without VMI
	The VMI-to-non-VMI ratio of supplier&newapos;s order quantity

	Numerical examples
	Conclusions and future research
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200037000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003000200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


