ICIC Express Letters ICIC International (©2018 ISSN 1881-803X
Volume 12, Number 3, March 2018 pp. 237-244

LOCATION PROBLEM OF THE CUSTOMER ORDER DECOUPLING
POINT WITH CONSTRAINED DELIVERY LEAD TIME

QINGYI FEI AND LINDU ZHAO*

School of Economics and Management
Southeast University
No. 2, Sipailou, Nanjing 210096, P. R. China
feiqingyi@163.com; *Corresponding author: ldzhao@seu.edu.cn

Received September 2017; accepted November 2017

ABSTRACT. To deal with the location problem of the customer order decoupling point
(CODP) in a postponement production system, a manufacturer cost optimization model
based on the queuing theory is proposed. Especially, the impact of delivery lead time on
CODP is analyzed. The model is proved to be effective through numerical simulation.
From this simulation, we obtain that higher demand arrival rate and longer production
time make CODP move downstream while the product types have no significant impact
on the position of CODP when delivery lead time is long.
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1. Introduction. In recent years, consumer demand for personalized products has grown
steadily [1]. And the postponement strategy is often used due to the maintained scale
advantages while providing customized goods [2]. Due to the customers’ impatience if the
original manufacturer fails to meet the negotiated delivery lead time, it is necessary and
important to study the postponement strategy in order that the manufacturer can gain
maximum profit considering the delivery lead time.

The location of customer order decoupling point (CODP) in the postponement strat-
egy is a key problem. The CODP is the marketing-production interface [3]. The CODP
is defined as the point in the value chain for a product, where the product is linked to
a specific customer order. There are external and internal factors affecting the position
of CODP. External factors are related to the supplier delivery performance [4-6] and the
supply chain integration [7-9]. Internal factors are strongly linked to the company’s design
features, assembly and production management [10]. Researchers and practitioners pro-
pose many effective methods to study the optimal location of CODP, such as the queuing
Markov chain [11,12], the Bayesian belief networks [13], and the median-joining phylo-
genetic networks [14]. Although postponement has recently been mentioned as a useful
tool for mitigating risk, most previous studies focus on demand uncertainty. Moreover,
there is a lack of theory-testing studies examining the relationship between the location
of CODP and the delivery lead time. As one of the most important customer satisfaction
performance indicators, the delivery lead time is a factor that cannot be neglected when
we determine the position of CODP. Hence, we argue that there is an implicit and open
debate within the literature that offers strong motivation for this work.

In this research, a CODP positioning model is developed, which satisfies a certain de-
livery lead time constraint. It aims to minimize the total cost, including the production
cost, the WIP holding cost, the semi-finished items inventory holding cost and the prod-
uct /process redesign cost. The effect of the delivery lead time on the CODP location is
investigated. Through the numerical simulation, the impact factors such as the demand
arrival rate, the production time and the product types are analyzed.
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The remainder of this article is organized as follows. In Section 2, we describe the
problem. Section 3 develops a mathematical model and analyzes this model. Numerical
experiments are conducted to demonstrate the impact of the parameters on the optimal
policy in Section 4. This is followed by some concluding discussions and suggestions for
future research in Section 5.

2. Problem Description. We consider a manufacturer who provides a product family.
The production system is divided into two stages: the generic stage (Stage 1) and the
final customization stage (Stage 2). At Stage 1, semi-finished items are produced based
on make-to-stock (MTS) and are stocked in warehouse. At Stage 2, once customer orders
arrive, semi-finished items are customized in a make-to-order (MTO) fashion and are sent
directly to the customers. The delayed production process is illustrated in Figure 1.
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F1GURE 1. The postponement production process

For convenience, the symbols description is as follows: z is the base-stock level, « is the
delivery lead time, s is the total production time, D is the demand arrival rate of all the
products, A, is the demand arrival rate in the generic stage, Ay is the demand arrival
rate of the kth production line in the final customization stage, 1 < k < N, assuming N
total product types.

Decision variables are as follows: r is the proportion of generalized production time
in total production time, which stands for the position of CODP, 0 < r < 1. For the
generic stage, ¢,(r) is the unit production cost, p,(r) is the quantity of WIP, p,(r) is the
average production rate, wy(r) is the unit cost of the WIP inventory, hy(r) is the unit
semi-finished item inventory holding cost, F[I](r) is the expected inventory level of the
semi-finished items. For the final customization stage, co () is the unit production cost,
p2.x(r) is the quantity of WIP, us () is the average production rate, and wo(r) is the
unit cost of the WIP inventory.

Our model encompasses the following assumptions. (1) The production system is a con-
tinuous, uniform, value-added process. Thus, ¢,(7), wy(7), hy(r) and wq k() are increasing
functions of r, and ¢y () is decreasing function of r. Given c,(r) = 17, wy(r) = wyr,
hy(r) = hr, war(r) = wo + waer, cox(r) = co(1 — 1), where ¢1, 2, wg, wy, we, h are
constants greater than zero. (2) N types of customized products belong to one product
family, and every customized product has some similarities, i.e., for two random cus-
tomized products ¢, j, Ao; = Aoj, fo; = Ho, Coi = Caj, Wa; = Waj. (3) As the CODP
moves downstream, more processes are standardized and modularized. Thus, the corre-
sponding product/process redesign cost F'(r) is increasing. We assume F(r) is a linear
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increasing function of r, i.e., F(r) = ar, where a is a constant greater than zero. (4) The
process has the characteristics of stationary, independence and universality. Both the
demand arrival internal time and the production time are exponential distributions where
the service rule is first come first serve. Thus, the whole production system is regarded
as an M/M/1 queuing system.

3. Mathematical Model and Analysis. The following describes the cost optimization
model used to obtain the optimal CODP. Firstly, the cost at the generic stage is calculated.
Secondly, the cost at the final customization stage is derived. Thirdly, the delivery lead
time is computed using the queuing theory. We begin with the cost at Stage 1.

The production time at the generic stage is rs, the average production rate f,(r)
equals (rs)~!, and the quantity of WIP is equal to the average utilization of Stage 1, i.e.,
pg(r) = Agy(r)~1 = Drs. The manufacturer manages the semi-finished items using the
base-stock policy, and the expected inventory quantity can be expressed as [15]:

BNr) = 2= 72200 (1= )7 )

Thus, the cost at the generic stage is:
TCi(r) = Ageq(r) + pg(r)wy(r) + hy(r) E[1)(r) (2)

The first term is the production cost, the second term is the WIP holding cost, and the
third term is the inventory holding cost of the semi-finished items.
Based on assumption (1), Equation (2) can be rewritten as:

Drs .
TCy(r) = Deyr + Drswyr + hr {z ~ T Drs [1— (Drs) ]} (3)

The production time at the final customization stage is (1 — r)s, and the average
production rate is [(1—r)s] . By assumption (2), the demand arrival rate and the average
production rate of the kth production line are respectively presented as Ay = DN,
pok(r) = [N(1 —r)s]~!. The quantity of WIP is equal to the average utilization, which
means pg (1) = Ay pptax(r) "t = (1—7r)Ds. Thus, the cost at the final customization stage
can be specified as:

TCy(r) =Y (Maneon(r) + pos(r)wai(r)) (4)

k=1

The first term is the production cost, and the second term is the WIP holding cost.
Based on assumption (2), Equation (4) can be reformulated as:

TCy(r) = Dea(1 —r) + NDs(1 — r)(wo + wor) (5)

The total cost is the sum of three terms: the product/process redesign cost, the generic
stage cost and the final customization stage cost:

TC(r) = F(r)+TCi(r) + TCs(r)
= Dcy + NDswg + (a + Dey — Deg + N Dswy — N Dswo)r

Drs

(6)
+ (Dswy, — N Dsws)r* + hr {z T s 11— (Drs)z]}

Denote A = Dco+ NDswy, B =a+ Dcy— Deo+ NDsws — N Dswy, C = Dsw; — N Dsws;
thus, Equation (6) can be transferred as follows:

TC(r) = A+ (B+ hz)r + (C — hDs)r* — h(Ds)*r* — h(Ds)*r* — - - — h(Ds)*r*™' (7)
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Because the second stage is processed on MTO, the customers have to wait to receive
products. The waiting time can be expressed by the expected sojourn time in queuing
system [16]:

ET = ! (8)

Zf@vzl M2,k — 25:1 A2k
The focus of our research is on finding the optimal position of CODP to minimize
the manufacturer’s total cost with the constraint of delivery lead time. We establish the
following mathematic model:

min T'C(r)
ET < «
0<Ds<1
s.t. 0<r<l1 (9)

wy(r) < hy(r) < wa(r)

The first constraint means the waiting time is no more than the delivery lead time. The
second constraint means that the overstock is not considered. The third constraint means
that the value of CODP is between 0 and 1. Since the process is value-added, the unit
WIP holding cost at the generic stage is less than the unit inventory cost at the generic
stage, which is less than the unit WIP holding cost at the final customization stage.

Proposition 3.1. T'C(r) is strictly concave with respect to r.

The constraint condition ET < a can be simplified as $=9E2Ps < [t is easy to see

aDs+s
that % < 1, and then there exist two situations.

(1) when %ﬁf‘” > 0, or equivalently, 0 < «

exists a ¢t that makes TC'(r =t) = TC(r — 1), thus

s—ataDs s—ataDs * __ s—ataDs
t) when 0 < D——l—s <, TC(T_D——FS) <TC(7“—>1),then7“ “aDsts here,
s—s
<a<

Ds—1—Dst 1— Ds
2) when t < s=ateDs ] TC (p = s=atels) > TC(r — 1), then r* — 1, here,

. aDs+s aDs+s
s—s
0<a< Ds—1—Dst "

()When%im<0 Whlchmeamsoz>1D7

less than T'C(r — 1), hence, r* = 0.
From the above analysis, the optimal CODP r* can be expressed as:

s—a+aDs
[—QDS+S ,1) There

then r € [0,1). Because T'C'(r = 0) is

( ts — s
tend to 1, l<a< ——m———
~ Ds—1— Dst
X s—a+aDs ts — s
rt = + , <a< (10)
aDs + s Ds—1— Dst 1—Ds
0, o >
\ — 1—Ds
When 0 < a < ﬁ, customers are impatient to wait. At this situation, it mlght be

better for the manufacturer to set CODP at the end of production line. When o > -,
customers have enough patience to wait for product to delivery. At this situation, it could
be a good choice to put CODP at the beginning of production line. When % <a<

52> MTS/MTO mixed production mode is more appropriate, and the optimal CODP

depends on the demand arrival rate, the total production time and the delivery lead time.

4. Numerical Simulation. In order to verify the proposed model, we set parameters
as follows: s =0.8, D =0.8, a =12, ¢; = 0.9, wg = 0.01, w; = 0.15, wy = 0.65, h = 0.3,
co =1, z=2, and N = 50. We simulate the postponement production system by Matlab
software.



ICIC EXPRESS LETTERS, VOL.12, NO.3, 2018 241

We can obtain the relationship between a and r* from Equation (10):

tend to 1, 0<a<04775

. 0.8 — 0.36a
rt=q 2 U 04775 < a < 2.2222 (11)
0.8+ 0.64a’ @
o> 2.2222

Figure 2(a) is a plot of the optimal CODP r* when the delivery lead time « increases
from 0 to 3. The observation has important implications: when the delivery lead time is
long, which means customers have enough patience to wait, the manufacturer should set
CODP as small as possible. While the delivery lead time is quite short, the manufacturer
should delay the product differentiation.
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F1GURE 2. Effect of delivery lead time

The optimal cost under different values of the delivery lead time can be obtained by
substituting the optimal CODP into the manufacturer’s cost function (see Figure 2(b)).
The relationship between the optimal total cost and the delivery lead time is similar to
Figure 2(a). The implication of this result is that longer delivery lead time causes a more
forward CODP position, resulting in the corresponding manufacturer’s total cost to fall,
and vice versa. Hence, the manufacturer hopes that customers have enough patience to
wait their products to delivery. To achieve this goal, the manufacturer can surrender part
of their profits to the customers, e.g., falling prices, which makes customers have lower
requirement for the delivery lead time.

Then, we conduct a variety of numerical simulations to better understand how the
values of D, s, N influence the manufacturer to select the optimal CODP.

Figure 3(a) demonstrates how the demand arrival rate affects the optimal CODP over
a range of the delivery lead time. It is easy to observe that as the demand arrival rate
increases, the optimal policy is to delay the CODP position. The phenomenon reflects
that when the delivery lead time is short, it is optimal to delay product differentiation to
late in the total process as the demand arrival rate increases. On the other hand, when
the delivery lead time is long, the optimal strategy is pure MTO, which is not affected by
the demand arrival rate.

Substituting 7* into the total cost, as shown in Figure 3(b), we obtain that TC(r*) is
increasing with the demand arrival rate. Especially, the products with medium require-
ment for delivery lead time are more sensitive to the demand arrival rate than low or high
requirement. Therefore, the manufacturer needs to pay more attention to the demand
fluctuation with the medium delivery lead time.
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FIGURE 4. Effect of production time

As shown in Figure 4(a), it indicates that when delivery lead time is relatively short, the
manufacturer will change his production mode from MTS/MTO mixed production mode
to push CODP to the end process as the production time becomes longer. The reason is
that the longer production time causes the longer queue and the lower satisfaction. Thus,
the CODP should be pushed to the end of production line, which shortens the queue
length.

Substitute 7* into the total cost. As shown in Figure 4(b), when the delivery lead
time is short, the manufacturer’s total cost will decrease slightly as the production time
increases. The reason is that CODP is set at the end of production line, and the total
cost is the sum of the cost of the generic stage and the cost of product/process redesign.
Although the quantity of WIP at the generic stage is increasing when production time
is longer, the increase rate is less than the decrease rate of inventory cost. When the
delivery lead time becomes larger, TC(r*) will decrease with the production time. The
analysis is just like the previous part of the demand arrival rate. The drop rate of the
total cost with medium requirement for delivery lead time is obviously higher than low
requirement interval. Hence, for the products with medium requirement, the manufacturer
should increase investment on the production equipment and use the advanced production
technology to improve productivity and reduce production time.
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Figure 5(a) shows that the optimal CODP varies with delivery lead time under the
different values of the product types N. It is apparent that there are different changing
behaviors of r*. When the delivery lead time is relatively short, the optimal CODP is set
at the end of production line as the product types increasing. If customers are willing
to wait, however, the manufacturer always chooses MTO production mode, which is also
not affected by the product types.
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Substituting the optimal CODP into the total cost, we obtain the impact of the product
types and the delivery lead time on the total cost as shown in Figure 5(b). The total
cost is an increasing function of the product types, which can be found obviously from
the mathematical model in Section 3. Combining the simulation result in Figure 5(b),
however, the total cost is not affected by the product types when the delivery lead time
is relatively short. The reason is that the final customization stage’s cost equals 0 at this
case; thus, the product types have no effect on total cost.

5. Conclusions. The CODP position is a critical question when achieving mass cus-
tomization, personalization and small batch production. In this paper, we study the
location problem of CODP in a postponement production system subject to a constraint
on the delivery lead time. We learn that the optimal policy for the system is MTO when
the customers are willing to wait. We also conduct the sensitivity analysis of three fac-
tors: the demand arrival rate, the production time and the product types. Our simulation
shows that CODP moves to the end of production line when the demand arrival rate be-
comes larger, the production time delays or the product types increase. In addition, the
manufacturer always hopes that his customers have enough patience to wait in order to
minimize his total cost. In the future research, if the demand side or the supply side
is disruptive, how to optimize the CODP position to strengthen self-repair ability and
self-adaptive ability of supply chain may be interesting to some managers.

Acknowledgment. This work is partially supported by the National Natural Science
Foundation of China (No. 71390333), the Key R&D Plans of Jiangsu Province, China
(No. BE2016803). The authors also gratefully acknowledge the helpful comments and
suggestions of the reviewers, which have improved the presentation.



244

1]

Q. FEI AND L. ZHAO

REFERENCES

S. L. Cui and S. Veeraraghavan, Blind queues: The impact of consumer beliefs on revenues and
congestion, Management Science, vol.62, no.12, pp.3656-3672, 2016.

S. Jonnalagedda and H. Saranga, Commonality decisions when designing for multiple markets, Fu-
ropean Journal of Operational Research, vol.258, no.3, pp.902-911, 2017.

E. Teimoury and M. Fathi, An integrated operations-marketing perspective for making decisions
about order penetration point in multi-product supply chain: A queuing approach, International
Journal of Production Research, vol.51, no.18, pp.5576-5596, 2013.

J. Gualandris and M. Kalchschmidt, Product and process modularity: Improving flexibility and
reducing supplier failure risk, International Journal of Production Research, vol.51, no.19, pp.5757-
5770, 2013.

S. Saghiri and A. Hill, Supplier relationship impacts on postponement strategies, International Jour-
nal of Production Research, vol.52, no.7, pp.2134-2153, 2014.

T. Ngniatedema, L. A. Fono and G. D. Mbondo, A delayed product customization cost model with
supplier delivery performance, European Journal of Operational Research, vol.243, no.1, pp.109-119,
2015.

K. A. Ferreira, R. N. Tomas and R. L. C. Alcantara, A theoretical framework for postponement
concept in a supply chain, International Journal of Logistics-Research and Applications, vol.18,
no.1, pp.46-61, 2015.

U. Okongwu, M. Lauras, J. Francois and J. C. Deschamps, Impact of the integration of tactical
supply chain planning determinants on performance, Journal of Manufacturing Systems, vol.38,
pp.181-194, 2016.

D. P. van Donk and R. van Doorne, The impact of the customer order decoupling point on type
and level of supply chain integration, International Journal of Production Research, vol.54, no.9,
pp-2572-2584, 2016.

M. C. Chou, G. A. Chua and H. Zheng, On the performance of sparse process structures in partial
postponement production systems, Operations Research, vol.62, no.2, pp.348-365, 2014.

E. M. Jewkes and A. S. Alfa, A queueing model of delayed product differentiation, European Journal
of Operational Research, vol.199, no.3, pp.734-743, 2009.

U. N. Bhat, An Introduction to Queueing Theory Modeling and Analysis in Applications, 2008.

T. Ngniatedema, M. Shanker, M. Hu, A. L. Guiffrida and B. E. Patuwo, Late customization strategy
with service levels requirements, International Journal of Production Economics, vol.166, pp.72-84,
2015.

M. Hanafy and H. ElMaraghy, Developing assembly line layout for delayed product differentiation
using phylogenetic networks, International Journal of Production Research, vol.53, no.9, pp.2633-
2651, 2015.

P. H. Zipkin, Foundations of Inventory Management, McGraw-Hill, New York, 2000.

J. A. Buzacott and J. G. Shanthikumar, Stochastic Models of Manufacturing Systems, Prentice Hall,
Englewood Cliffs, NJ, 1993.



