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Abstract

The significant advances iinformation and communication technologies and the gro
focus on E-business and modern supply chain management have puskedwards closef
collaboration and more efficient integration of the supgigin functions. In this paper, we
consider two known integrated supply chain inventogdeis. In the first model the vendpr
ships a batch for each buyer immediately after the coropleti batch production, whereas fin
the second model, the buyer receives the batch only h#teprevious batch is consumed |y
demand. We derived the closed form solutions for both rsodsing a simple algebrajc
approach that can be easily applied without differentiadutas. The proposed solution fis
illustrated by a numerical example.
Keywords: Supply chain management, inventory coordinatigiiout derivatives, information
sharing.

1 Introduction

The increasing use of internet and other related emergifggmation technologies is fast
becoming vital tool for supply chain management and integratioheoflifferent supply chain
functions. Research findings in this area revealed tHarnmation sharing and coordinated
inventory replenishments can lead to significant reductigherinventory and order costs as well
as transportation costs. Real-time based exchange andgshhntical information among the
supply chain partners can increase the efficiency arettaféness of the supply chain. For
example, Gunasekaran and Ngai [1] reviewed the literaelated to information systems in the
supply chain management and integration and found if@imation technology can play critical
role to foster supply chain competitiveness and has a gragrice on the effectiveness of the
supply chain management. Ketikidis et al. [2] inved&dahe current use of information systems
to support logistics and supply chain management in South East Elitepeidentified major
challenges and developments on the use of information systenhsgfstics and supply chain

*Corresponding author: mseliaman@gmail.com;



British Journal of Mathematics & Computer Scien€&5}, 2177-2187, 2014

management by enterprises. They examined the actualdéeatisfaction of current policy on
LSCM, and they revealed the actual need of enterprisesuth &£ast Europe on effective use of
information systems for logistics and supply chain managemLee et al. [3] in their
investigation on the bullwhip effect in supply chains repgbttet lack of information sharing can
lead to excessive inventory, poor customer service, losthuege unplanned capacities, and
ineffective logistics. They recommend avoiding managenidépendence by integrating various
supply chain functions. Su and Yang [4] looked into the adopfi®R® systems and the impacts
on firm competence in supply chain management. They proposeatiel featuring ERP benefits
to firm competences in supply chain management. The ddexted from experts in Taiwanese
IT firms provided empirical evidence that adoption of ERPR tzad to better supply chain
management competence at strategic planning level as svall @perational process, customer
and relationship, and planning and control process integrkevels.

In recent years, the issue of inventory coordination betwesingle-vendor and multi-buyers has
received considerable interest in the supply chain managditesature [5-6]. Kim et al. [7]
developed an integrated analytical model for the synchronizedugament, production and
delivery policies in the single vendor multi- retailers sypphain system. They proposed a
heuristic solution algorithm and presented numerical exaniplésistrate the application of the
proposed algorithm. Chan and Kingsman [8] developed a maticatmatodel for the single-
vendor multi-buyers supply chain inventory coordination problassuming synchronized
delivery and production cycles. Results from their numericalysisahave shown that the
synchronized inventory decisions will achieve a significantcgdn in the supply chain system
costs.

Zavanella and Zanoni [5] proposed a synchronized single-vendorbuyér production model
with shared management of the buyers’ inventory accorttingpe Consignment Stock policy.
Hoque [9] developed a generalized synchronized single-venditi-buyer supply chain model in
which the vendors’ lot is transferred in equal and/or uakguzed batches. Through comparative
studies with techniques developed by Zavanella and Zanonihgs]reported significant cost
reductions by his model. Hariga et al. [6] commerndadHoque [9] and showed that the cost
comparison between his model and of the models by Hoque (20X1gt appropriate. They
further demonstrated that the model in [9] resulted ingefatotal cost per unit time if adjusted to
fit to an appropriate comparative analysis with the modf]in

Traditionally, differential calculus was the most plgy approach for optimizing integrated
production inventory supply chain models, Teng et al. [10]. Heweanother line of research
focused on easy alternative non-differential calculus ismlumnethods for the optimization of
these types of systems. For example, Grubbstrém [11pduted the use of algebraic
optimization approach to the EOQ model with no backordgiree then, algebraic approach for
the optimization of production inventory models hagiesd notable attention of researchers. The
popularity of the algebraic approach for the optimizatbproduction inventory models could be
due to the fact that it requires basic knowledge of sinefgenentary mathematics, Cardenas-
Barrdn [12]. Examples on the use of algebraic procedursslte the inventory models include:
Cérdenas-Barrdn [13], Cardenas-Barron [14], Chung and Waje \Mee and Chung [16], Chi
[17], Seliaman and Ahmad [18], Ben-Daya et al. [19] and GasiBarron [20]. Cardenas-Barrén
[14] reviewed the algebraic procedure used by differesganehers between (1995) and (2006) to
solve the inventory problems. Another intensive and relbtivecent review on the use of
algebraic optimization methods in the development of produaticentory systems is presented
in Cardenas-Barrén [12].
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In this paper, we revisit the models in Hoque [21] anghpse a simpler closed form solution for
the single-manufacturer multi-buyer integrated supply chaienitory coordination problem. The
remainder of this paper is organized as follows. The reption presents the problem definition,
assumptions, notations, and the detailed development of thelsnadd numerical example is

presented in section 3. Section 4 contains some concluetimayks.

2 Models Development

2.1 Notations and Assumptions

As in Hoque [21], the following notations are used in devebpgie model:

D =The total demand rate in the supply chain per year;
P,=Production rate at the vendor;

h; =Inventory holding cost per item per year for the vendor;
S=Vendor’s production set up cost per lot;

Z=the size of batch transferred from the vendor to the buyers
n=the number of equal sized batches in a lot;

Di=The annual demand rate tﬁbbiuyer;

h: =Inventory holding cost per item per year for théiyer;

S =Order cost thé"ibuyer per order.

Assumptions for the single-vendor multi-buyers supplyrcihadbdel:

(a) A single product is produced by the vendor and transferrédtetbuyers;
(b) Replenishment is instantaneous;

(c) Production rates and Demand rate are deterministic afatmni

(d) Alot produced by the vendor and sent in equal batches tautyers;
(e) Complete information sharing policy is adopted;

(f) There is no backlogging.

2.2 TheFirst Modé€

In this model the vendor ships a batch for each buyer imnedgdiafter the completion of batch
production. Therefore, the total cost for the vendor consisteeofnventory carrying cost and
production set-up cost. In each production cycle, the vendor msdulot of sizewZ Each batch
of sizeZ is transferred to the buyers as soon as its processifimistsed, so the total cost for the
vendor per year is:

Dhz DS
TC, =——7~+— 1)
2P nZ
Hoque [21] has shown that the average annual totalb€@stventory, transportation and ordering
for the ith buyer is given by:
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TG, =02 +(”—;1)(% —%}Dihz +D(S +nT)/nz @

Hence the total annual cost for the integrated vendor-busygaply chain is:

o ol g R

Equation (3) can be rewritten as:

TC=ZY+V—V 4)
Z
Where
Dh 1 1 1 il
—— 4+ +(n-2) - |'D
{P {D i )(D PJ}Z 'h}
Y = (5)
2
and

W D{SZ_SZT} ©

Using the algebraic approach proposed by Cardenas-Bfiidnthe annual total cost for the
entire supply chain in Eqg. (4) can be represented byprfattg the term 1/Z and completing the
perfect square, one has:

TC= %(z 2y _ 27 YW +W + 22\/\(w)2 0

Factorizing the perfect squared trinomial in a squanednbial we obtain:

TC= % (23 - W + 207w ®

* W
Z =.|— 9
‘/Y 9)

Hence, the optimal batch siZeis:
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Now, the minimum annual total cost for the entire sugplgin is:

The optimal batch siz& is a function of the integer multiplier n. We use the methioperfect
square to drive the optimal value of this integer muéiplSubstituting for Y and W into Eq.(10)
we get:

1

TC= ﬁ{(na+ b)(c + %)}2 (12)

Where:

1 1)\ Dh 1 u S
a:(B_EjéDih'b:?-FE;Dih , C=D§Ti andd=D(S+ZSj

i=1

Rewriting Eq.(11):

1
\/E{E[n\/g:—\/mr+[@+\/ﬁ:]z}z @)
n
From (12) setting:
[nvac-vbdf =0
the optimal value of the integer multiplier n is derivedalows:

R bd
n=|— (13)
ac

Chung and Wee [15] pointed that since the value n* is a pasitieger, the following condition
must be satisfied:

(n).(n" -1 < (%) <(n).(n" +1) (14)

Following the procedure described by Garcia-Laguna et 2], fBe optimal integer multiplier
must have one of the following two values:

n’ =|-05+,/025+bd/ac |or n, =[05+,/025+bd/ac|  a5)
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Where |_X—‘ is smallest integer greater than or equal to xlgnjj is largest integer less than or
equal to x.

If nl* = n;, then there is a unique optimal integer value and we castitsi® n* from Eq.(15)

into Eq.(9) to find the optimal batch sizé. Also, substitutingn’ from Eq.(15) into Eq.(12)
derives the optimal annual total cost in the followitgsed form:

TC' =v2|Vad ++/bc] (16)

If we substitute for a, b, c and d into Eq.(15), we get:

-2 o33 s Ea o oL 2gon Er |

Eq.(17) represents the minimum annual total cost for therattsdysupply chain system expressed

only in terms of the production rate, demand rate andpavaineters. Ihl* * nz* , then there are
two optimal integer values for the multiplieas shown by Garcia-Laguna et al. [22].

2.3 The Second M odel

In his second model, Hoque [21] assumed that the veratefers a batch of size Z to the buyers
after everyZ/D units of time. For this case, he formulated the tatadual cost for the integrated
vendor-buyers supply chain as:

m

Z Dh m
1 S+ ) m
Tc=4|bh, 5 +(n—1)(i-1joh +1p S*2aS +Y T a8
2| P D D P Z n =
Eq. (18) can be rewritten as:
TC=ZY+ V?V (19)

Where:

=
P D

Dh Z:ih+(n— )(1 lJDh
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and
S+ m
W=D %4-21-' (21)
i=1

To drive the optimal values of Z and n, we can follow thmesalgebraic approach detailed in the
previous subsection. Keeping the definitions of ¢ and dsed in manipulation of the first model,
and defining:

e:[i—%joh df—2—Dh lZDh h

* W
z :1/— 22
v (22)

The optimal batch siz2 is:

and the optimal integeris
n = |— (23)

Similar to the step in the first model, the value bisa positive integer, the following condition
must be satisfied:

(n).(n" -1 < (g) <n’).(n +1) (24)

By substituting forZ', n" in Eq.(18), the optimal annual total cost is givenhia following closed
form in case of unique optimal integer value rfior

TC = \/5[\/& + \/EJ (25)

If we substitute for e, f, c and d into Eq. ( 23 ), we ge

e f[ \/( IS*ZS] \/[2Dh+1ZDh thZT] (26)
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3 Numerical Examples

Consider the single-manufacturer multi-buyer supply chaitesysised by reference [21] with the
buyers’ data given in Table 1, and the data for the maturi is as follows:
S$=300,h=0.2,P=1500, and>=970.

Table 1. Data for the 5 buyers

Buyeri S D; hi T,
1 25 200 0.22 25
2 15 150 0.24 20
3 25 22¢ 0.2 18
4 30 230 0.23 25
5 30 16E 0.21 15

Applying our alterative algebraic procedure on this exampteguiure provides an optimal lot
size of 3277.6 for the manufacturer. The optimal numbehigiments is given as 4. The total cost
under this solution is 495.4. The details of the cost componesilting from this solution are
given in Table 2. This solution is identical to the solutpresented in [21].

Table 2. The solution of the numerical example

Cost component Our solution Solution in [21]
Lot size, batch sizes and its no. 3277.6 3277.6
Set up cost of the manufacturer 88.8 88.8
Inventory cost of the manufactu 53.C 53.C

Ordering costs of buyers 37.0 37.0
Inventory costs of the buye 194.% 194.%
Transportation cost 121.9 121.9

Total cost of the manufacturer 141.8 141.8
Total cost of the buye 353.¢ 353.€

Total cost 495.4 495.4

Many models were developed in the literature for motigatite buyers to accept the centralized
inventory coordination between the buyers as a group and the va@haobuyers can get benefits
of sharing their information and consequently synchronize theéntory replenishment cycle to

reduce their transportation and set-up cost. This is edlgguissible if the buyers are located in
the same region (Sarmah et al. [23], Seliaman [24]. Coatidig their transportation management,
the buyers can significantly reduce the total costs and ireptio®ir service levels (Chan and
Zhang [25], Ertogral et al. [26], Capar et al. [27], §aand Kim [28]. The buyers can also jointly
reduce their ordering costs (Woo et al. [29]).

4 Conclusion

This paper addressed two integrated inventory models fordic@ting the inventory policies
between a vendor and a group of buyers. In the first mbdalendor ships a batch for each buyer
immediately after the completion of batch production, wheiiaathe second model, the buyer
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receives the batch only after the previous batch iswoed by demand. The study proposed a
simpler algebraic method to solve the two models withomgudifferential calculus. We derived
the closed-form solutions for both models. The described mad@l be used by the buyers to get
benefits of vertically sharing their information and synchzimg their inventory replenishment
cycle. The group of buyers can use either Eq.(17) or Eqt(?6pgotiate the manufacturer to
offer them a discounted price based on their horizontal sgnization of the inventory
replenishment cycle. The vendor should entice the buyers fi #@ocoordination since his total
cost will be minimized under the coordination. After compéing the buyers for their increased
costs as a group, savings resulting from the coordinatimuld be fairly shared between the
vendor and the group of buyers. In turns, the buyers asup ghould compensate any individual
buyer for any cost difference between his/her cost umgesynchronized vertical cycle in his/her
optimal independent cost.
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