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We investigate the optimal supply chain structure in inventory location with the advance of omnichannel
in the retail industry. Based on a dyadic supply chain consisting of a supplier and buyer(s) considering
asymmetric information and flexible production lead times, we show that a dichotomous inventory
location, combining VMI (Vendor Managed Inventory) and RMI(Retailer Managed Inventory), is optimal
for the whole system in the presence of nonstationary demand across periods and asymmetric information
between the suppplier and the buyer(s). Next, on the request of mass merchandisers to increase material
availability under omnichannel initiatives, we show that more investment in reducing the production
lead time is necessary when customer demands are less correlated across periods. It seems that such
guideline for the investment in material availability can be more valuable with an increasing trend of
omnichannel initiatives to revamp consumer experience in an uncertain market environment.
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| . Introduction a range of initiatives, from the pickup, deliv-
ery, and data analytics to its premium online
subscription service and its curated e-commerce
With digital technologies, the retailing in- channel and making additional initiatives, and

dustry evolves toward a seamless omnichannel such an omnichannel requires another range

retailing experience, and the distinctions
between physical and online vanish, as argued
in Brynjolfsson et al. (2013). Wal-Mart's

omnichannel shows that the company is making

of initiatives to provide increased end-to-end
visibility in material availability despite the
organizational independence of the suppliers.

It seems that such a hybrid model is changing
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the landscape in the retail industry radically
while leading manufacturers to reconsider
their supply chain distribution strategies
due to the increase in operating costs for the
omnichannel.

Implementing the omnichannel is a highly
complicated task as it needs integration of
service for shoppers in their search and buying
process and a broader perspective on the
issue of optimizing the supply chain structure
and inventory management. In Walmart (2019)
and WalmartMediaGroup (2020), we can ob-
serve Wal-Mart requests its suppliers to pro—
vide increased end-to-end visibility in mate-
rial availability for an integrated service. Gallino
et al. (2016) claimed that the performance of
the whole distribution system under omni-
channel initiative could differ significantly
due to the inventory fulfillment for customers’
streamlined experience of customers, and it
indicates that the omnichannel dynamics of
Wal-Mart can be more complicated than that
under Vendor Managed Inventory (VMI) which
is well-known as one of the pioneering ini-
tiatives of Wal-Mart in the past. Despite the
evidence in Herhausen et al. (2015) showing
increasing outcomes via perceived service
quality due to the online and offline integration
through the omnichannel, we expect that om-
nichannel dynamics can cause significant con-
flict among all entities in the channel as the
necessity of improved material availability to

embrace the omnichannel marketing requests
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suppliers to have more responsibility in man-
aging inventory, especially in highly uncertain
market conditions.

From River Logic (2022), we can find the
trend of distribution channels adopting mul-
tiple regional distribution centers, relying less
on large centralized ones, and selecting third-
party distributors to supply stores and ship
directly to customers. Under such a supply
chain, the previous pilot projects of VMI have
received a great deal of attention among the
academia and the industries in the past as
the means to alleviate the harmful double
marginalization effects under Retailer Managed
Inventory (RMI). However, on the issue of who
benefits from VMI, we still have conflicting
evidence. For example, Bourland et al. (1996),
Cachon and Fisher (2000), Gavirneni et al.
(1999), Lee et al. (2000), and Raghunathan
and Yeh (2001) claimed that the manufacturer
is the primary beneficiary, whereas Baljko
(2003) reported that about 60% of electronics
suppliers experience a cost surge after VMI
implementation while about 70% of their cus-
tomers experience a cost reduction. Furthermore,
Schenck and Mclnerney (1998) claimed that
drivers for the success and failure of VMI are
controversial among presses despite the re-
markable success stories of VMI. Considering
that the omnichannel dynamics are more com-
plicated than that under VMI, as shown pre-
viously, mass merchants are still trying to

figure out what is the right strategy to over-
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come the challenges they face in embracing
omnichannel marketing.

We propose a single supplier-multiple buyer
model that allows a hybrid supply chain (VMI
or RMI or an intermediate mixture of them)
to investigate the optimal supply chain struc-
ture to embrace omnichannel marketing driven
by mass merchants. As the basic assumptions
we allow that customer demands, occurring
only at the buyers’ sites, are stochastic and
follow non-stationary auto-correlated AR(1)
processes. For simplicity of analysis, we as-
sume independent demands across buyers.
The supplier can meet buyers orders within
a fixed production lead time. All the supply
chain participants are following the base-
stock-policy. The supplier and all the buyers
have inventory holding and shortage penalty
costs per unit per period of time, based on
their net inventory levels at the end of a pe-
riod, and there exists no fixed cost for the
shipment from the supplier to each buyer. The
supplier makes a contract with each buyer
about the distribution lead time and the re-
sulting inventory locations in the supply chain
and the supplier can invest in her production
process to reduce the production lead time at
the supplier's factory. As the key feature of
our model, we consider the buyers decision
to share his own private information, whereas
we do not consider abusing of information,
recipients of information sharing benefits, and

the confidentiality of the shared information
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which are regarded as hurdles in information
sharing, as noted in Lee and Whang (1999).

Our approach is similar to studies on the
cooperation between the vendor and buyers
for improving the performance of inventory
control such as Goyal (1988) and Lu (1995)
for joint economic lot sizing decisions for sin-
gle vendor single buyer model, and Jalbar et
al. (2005) for single vendor multiple buyers
models. The critical difference lies in the sto-
chastic non-stationary demand and flexible
production lead time, which seems to be more
realistic in representing the VMI in practice
and highly important affecting the perform-
ance of the supply chain in a broad sense. We
can find a similar structure in Cachon and
Fisher (2000), addressing the issue of in-
formation sharing between multiple identical
retailers and a single uncapacitated supplier,
and Graves (1996), on a multi-echelon inventory
model based on Poisson distributions. However,
our model is more general than Cachon and
Fisher (2000) as we allow non-identical re-
tailers in a dyadic supply chain, and it is less
restrictive compared to the Poisson distribution
of Graves (1996). In addition, as our model
allows the analysis of the effect of flexible
production lead time, it reflects the requests
of retailers to provide increased end-to-end
visiibility in material availability for an in-
tegrated service for consumers when mass mer-
chants are engaged in omnichannel initiatives.

The single supplier-multiple buyer structure
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of our paper is similar to Barnes-Schuster et
al. (2006) assuming random demand in each
period with independent and identical dis-
tribution under based stock policy. The key
difference is the asymmetry of the information
under a nonstationary demand which corre-
sponds to a critical feature in VMI by meas-
uring the information sharing effect under
autocorrelated AR(1) processes, as in Lee et
al. (2000). Furthermore, we allow the flexi-
bility of production lead time in a more gen-
eral business environment which seems to be
one of the key feature in the implementation
of omnichannel initiatives as we can observe
evidence in Walmart (2019) and Walmart
MediaGroup (2020). In addition, as we do not
take into account specific restrictions in the
supply chain, like (2, Z2) condition in Fry et
al. (2001). However, the assumptions are more
general than previous studies such as Chen
et al. (2001) focusing on VMI systems with
independent and competing retailers. More
related studies on different issues in VMI
such as the ratio of the order costs and the
carrying charges of the supplier with different
demand assumptions can be found in Zhang
et al. (2007) and Yao et al. (2007).

[I. The Model

We consider a dyadic supply chain of a sin-
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gle supplier and a buyer as the foundation of
the analysis. Customer demands occur only
at the buyers. The demand process {D,} at
each buyer is a nonstationary autocorrelated

process such that
D =d+pD,_, +e, (1

where d>0, —1<p<1, and all the ¢s are
independent and identically distributed nor-
mally distributed with mean zero and var-
iance ¢®. To have negligible probability of a
negative demand, o is assumed to be sig-
nificantly smaller than d. The demand process
of each buyer is independent of each other’s.
Let Z and ! denote the supplier's production
lead time and the delivery time from the sup-
plier to a buyer, respectively, and functions
& and ¢ are the standard normal distribution
and density functions, respectively. Assuming
that both the supplier and the buyers review
their inventories periodically and replenish
them with goods from the upstream sites
every period using a base-stock policy, as in
Raghunathan (2003), we set the sequence of
events as follows. First, each buyer observes
demand D, realized at period ¢, reviews its
inventory level, and then places an order of
size Y, to the supplier. Second, the supplier
delivers the goods ordered at period t—1 to
each buyer. Third, the buyer receives the goods
ordered at period t—1{ and fulfills demand D,
at period t. Fourth, the supplier completes
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production of goods ordered at period t—L
and initiates production on orders placed by
the buyer at period ¢. Finally, on-hand and
on-order inventories are counted, and costs
are calculated.

We assume that the supplier's production
lead time is known and independent of order
size. To simplify the analysis, we also assume
that the supplier can meet all orders from the
buyers by expediting its production process.
No fixed cost is incurred when placing an
order and unit inventory holding and delivery
expedition costs are constant over time as
Lee et al. (2000). The terms & and p denote
the unit inventory holding cost and the delivery
expedition cost per period for the buyer,
respectively. # and P denote the unit in-
ventory holding cost for the supplier and the
expedition cost per period for the supplier
from an alternative source, respectively. We
assume that both the supplier and the buyer
(or buyers) can expedite the process by paying
the additional cost to fulfill all customer de-
mands without a fixed cost for simplicity of
analysis. The supplier delivers the entire
amount of goods ordered by the buyer after a
fixed delivery lead time. By negotiating to
increase the delivery lead time to the buyer,

the supplier can reduce her demand risk.

2.1 The Buyer Model

The buyer has an inventory problem with
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a fixed delivery lead time ! and a demand
process {D,}. From recursive equation (1),
the total demand during the delivery lead

time is written as

= 555 {d Thaa(1 = p) +p(1 = pHD)

te+ (L+p)esia o+ (L+p+p?+ o+ p e

1
i=1 Dt+i

Therefore, for a given demand D, at period
t, the total demand until the delivery, that
is, during periods t+1,t+2,..,t+1, has a
normal distribution 7 (z|D,) with mean m,

and variance v, such that

o d 1-pl
me = E(Zhy Deri 1D) = Zjus (1= p) {5+ D 2572 and

vy = Var(Zi; Desil D) = 02 T5o,(1 —p)? /(1 - p)? =o?w.

Let S, is the buyer's optimal order-up-to
level. Then, the sum of the expected holding and
expedition costs at period t+1 is minimized
for S, = m, + ko+/v, where k=& '(p/ (p+h)).
We then have the buyer's optimal order quan-

tity at period ¢t as

_al
Y, =D¢+ (St —S¢—1) = D¢ + p((ll_:;)) (D¢ = Dy_1).
(2)
The sum of the buyer's expected inventory

holding and expedition costs, €/, can be

obtained as
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¢t =p; (c—S)dR(ID) +h I (S¢ = x) dF(x|D,)
= oVv [(h + p)L(k) + hk] (3)
= oVv p(k)(h +p), (4)

where L(z) = fw(z—z) d®(z). The result in

equation (3) holds for any value of & when
S, is set as S, =m,+ko /v for given values of
p and h, and the result in equation (4) holds
specifically for given k=& '(p/(p+h)). We
will use them for the analysis of the asym-
metric information case and the full information
case, respectively. It is easy to show that € is

monotone increasing and concave in { € [0, o).
2.2 The Supplier Model

We assume that the supplier knows the
distribution of the demand process {D,} for
each buyer. The supplier's production deci-
sion process is given as follows. After the
supplier receives an order ¥, from a buyer, it
immediately initiates production at period ¢
to bring its inventory position up to level
7,. The order will be ready for shipment at
the beginning of period ¢+ZL+1. As the sup-
plier can avoid the risk from inventory during
the delivery lead time | set by the buyer, the
supplier does not need to keep inventory to
cover the orders during its whole production
lead time Z, as shown in Lee et al. (2000).

Therefore, the order-up-to level 7, covers only

1080

the orders during the time = L—1, which can
be named its effective production lead time,
similarly to Barnes-Schuster et al. (2006).
However, different from the stationary model,
the supplier anticipates the total autocorre-
lated demand during its effective production
lead time.

The supplier’s total shipment quantity over
its effective production lead time is B, = =7}
Y,... To determine the conditional mean and
variance of B, given a buyer’s order ¥;, we
write B, in terms of Y. By repetitively ap-
plying equations (1) and (2), we have Y, =
d(1=p")/ (1=p) +p' ¥, + ¢, (1=p"") / (1—=p) +
0 e e (0 (1=p))/(1=p), i =1,2,..,

and we have

B p(L—p™N))  (p(1—p™")
Bt—l_p{(r+1) -0 + =) Y,
1— +1 1 .
+ %Etﬂﬂ + E ?:1(1 - p1:+l+2 l)6t+i
_ pa-p™MHa-ph
ap? 5)

In order to determine the supplier's order-
up-to level 7, that minimizes the sum of
expected inventory holding and expedition
costs at period t+7+1, the supplier needs to
identify the probability distribution of B,. We
assume that the supplier knows both the
buyer's order quantity ¥, and the error term

¢, when it determines the order-up-to level
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7,. From (5), we can infer that the total
shipment quantity over the supplier's lead
time, (B,l¢,), has a normal distribution 7

with mean A4 and variance > V' such that

o __d _p@-p™hH, | pa-p™h
My =G+ D -5~ 3t I

_ p-p™Ha-ph
(1-p)?

V'= R (1-pH)? /(1 - p)%

e, and

We note that the two terms 44" and V' are
functions of I due to r=L—1. So, the supplier’s
optimal order-up-to level is 7" = M, + Ko /' V" .

For given K=& '(P/(P+H)), the sum of
the supplier's expected inventory holding and
expedition cost at period t+7+1 under full

information sharing, C/*, is

¢ =P [ (a—1/9)dF, ()
7;’*

+H (1)~ %) dF' ()
= oVV'[(H + P)L(K) + HK] (6)
= VvV ¢(K)(H + P). (7)

Similarly as in the buyer model, the result
in equation (6) holds for any value of & when
7" =M+ KoV for given values of P and
H, and the result in equation (7) holds spe-
cifically for given K=& Y(P/ (P+H)). We will
use them for the analysis of the asymmetric

information case and the full information case,
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respectively. C/° is independent of 44" and
D,, and is monotone decreasing and concave
in e [0, L+1].

Ill. The Optimal Supply Chain Structure

Based on the mathematical model in the
previous section, we consider a dyadic supply
chain of a single supplier and n buyers under
the omnichannel environment. In such an en-
vironment (see Figure 1), each of the buyers
represents stores in different locations be-
longing to a giant retailer, like Wal-Mart
shown in River Logic (2022), adopting the
omnichannel strategy allowing customers to
visit and pick up items or the store come to
them when products are delivered, as reported
in Bell et al. (2014). All buyers are assumed
to have identical cost parameters as Lee et
al. (2000) and Raghunathan (2003), as om-
nichannel retailers charge the same price for
the items sold online and offline, regardless
of stores. However, each buyer in a different
location faces a demand with different demand
variability as o; <0, <---<0,. We let sub-
script a denote each buyer. From now on, we
investigate the structural properties of the
supply chain under two different information

sharing scenarios.
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Distribution ;
Supplier Retailer AR(1) process Corr = p
lead time
Proximity
Supplier’s Factory Warehouse
Demand 1
I
rL Store 1
Master
Wareh
o Store 2
VMI-
] Iz Demand 2
Production Proximity RMI
lead time = L Warchouse

(Figure 1) Omnichannel Retailing with Two Stores in Different Locations

3.1 Full Information

We first consider the case where the supplier
has full information on the demand at each
buyer and each buyer a negotiates with the
supplier independently for the delivery lead
time 1, € [0, L+1]. The supplier uses a base-
stock-policy and its demand at each period ¢ has

a normal distribution with standard deviation
oa \? :
Y= N EZ:l Ve O = \/zg=1 (ﬁ) %:l%z+1(1 —pi)?

n
and mean Y, = Y, M',,, where M, and V, o
a=1

are the mean and variance of the total ship-
ment quantity to buyer a, respectively, over
the supplier’s effective lead time as shown in
the previous section. Then, the supplier’s
optimal order-up-to level is 7" =Y, + K&
and, using the results in equations (4) and (7),
the total supply chain cost 7°C/ (i}, I, -, 1,)

can be computed as
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TC'e (bl s ln) = Bag 9O +p) 75 [X2,(1 = p/)?

+ ¢(K)(H + P)¥'".

Now, we characterize the total supply chain
cost function, and examine the optimal struc-
ture of the supply chain, that is, where the
inventories should be positioned. Let 8= ¢(k

k k
(h+p)/¢(K)(H+P), By = \/E \/E

k
/Y, o, Vk>k and o, <0, < <o, then

a=kK+1
we have the following results.

Proposition 1 1) 7¢/ (1, Iy, ... ,1,) is concave
inl,€[0, L+1]Va=1, .., n, and the minimum
exists at l; corresponding to one of the ex-
trema of I, [0, L+1]Va=1, .., n.

2) The total supply chain cost is minimized
under the following three conditions given
as: (i) The supplier hold inventory for buyers

1 through m, and the buyers m+1 through
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n hold their own inventories (i.e. I,=0
Va=1,.., mand l,=L+1 Va=m+1, .., n) if
maxk:o..“,mﬂ{ﬂm,k} =B = Ming_yi, {Bk.m}
for some me(1,...,n—1]: (ii) only the buyers
hold their own inventories (i.e. I,=L+1
Va=1,..,n)if B < min,_, {8, form=0
: and (iii) only the supplier hold inventory (i.e.
1,=0 Va=1,..,n) if B=maz,_y . 1{Bni}
for m=mn.

The extreme point I, =0 corresponds to
the case when the supplier is keeping in-
ventory for buyer a as in VMI program. The
other extreme point I,=ZL+1 is the case
when buyer a keeps its own inventory as in
RMI program. Therefore, Proposition 1 con-
firms that the results of Barnes-Schuster et
al. (2006) for a two-retailer model can be
generalized to more than three-retailer cases
in a more general environment allowing in-
formation asymmetry. Our key findings, as
compared with those of Barnes-Schuster et
al. (2006), are paraphrased as follows.

* When n=1, we have min,_, {8} =
should hold their inventory (RMI is preferred)
if (¢(k)(h+p))/(¢(K)(H+ P)) = 1 and vice versa.

* When n=2, we have maz,_, ., 1{8,,:}=

minkil,.wn{ﬂk,o}: \/(Jf-ﬂ-og)/(ol +02) . Therefore,
the buyers should hold their inventory (RMI
is preferred) if (¢(k)(h+p))/(o(K)(H+P)) =

\/ (62+03)/ (0, +0,) and vice versa. It confirms
that the result in Barnes-Schuster et al. (2006)

Korean Management Review Vol.51 Issue.4, August 2022

for a two-buyer case holds under autocorrelated
nonstationary demand as well. In the presence
of a power retailer and a fringe in a com-
petitive market, showing p > P> max{ h,H} in
general due to the high cost when inventory
is not available at the retailers’ sites than
that of the supplier, RMI is recommendable.
However, RMI may still be recommendable
even if the retailer’s expedition cost p is less
than that of the supplier represented as P.

e Proposition 4 of Barnes-Schuster et al.
(2006) for <1 corresponds to our result for

the case when g

m,m—1 =

B < By+1.m for some m.

However, the supplier may need to hold in-

.....

e FHither all buyers or only the supplier
should hold inventory (a mixture of RMI and

VMI is not allowed) if = fo?/ =i o? = 3o,
/ >to; Yk=1,..,n. For a special case when
;=0 Vi, the supplier should hold all in-
ventory if 5> m/ >"a,;. Otherwise, the
buyers should hold all inventory. As m
/ 270, <1, the supplier may need to hold all

inventories for the buyers even if the supplier
has a higher sum of the inventory holding

and expedition costs than that of the buyers.

3.2 Asymmetric information

We now suppose that the supplier receives
information only on the buyer's order quan-

tity ¥, and the error term e, is unknown to

at
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the supplier when it determines its order-
€,.). The effec-

tive production lead time for each buyer a is

up-to level. We let ¢, = (¢;;s -,

r,=L—1,. From equation (5), the supplier
knows that the total shipment amount for
each buyer a during its effective lead time,

B, has a normal distribution with mean A4,
and variance o2V, such that M, =M, +e,
p(1—p" (1= p")/(1=p)? and V,=V +,2(1
—p"™2(1=p")2/(1=p)*. Therefore, the sup-
plier has total demand from the buyers that

has a normal distribution #, with mean Y, and

standard deviation ¥ such that Y, = i]]Mm
and ¥=+/Z"_, V,0>. The supplier'’s optimal
order-up-to level that minimizes the expected
inventory holding and expedition costs for
demand distribution £, is 7, =Y, + KW.
However, because the true distribution is
F,/ with mean Y,” and standard deviation ¥',
T: is actually far away as much as K times
of the true standard deviation beyond the

true mean value so that 7, =Y, + K%', where

K=(Y,—Y',) /¥ + KU /W . Therefore, the sup-
plier's expected holding and expedition costs
with no information sharing incurred at period

t+7+1, C; has the following property.

€ = Be [P fyiCc = T) dF',CO) + H 1% (T = x) dF', ()]
= E, [Y'((H + P)L(K) + HE)]
> W'((H + P)L(E. [K]) + H Ecyyp ., [KI.

at,a=1,..n
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The last inequality is due to the Jensen's
inequality for the convex loss function. Because
E  lr,=r/)]=0 and ¥=¥', we have

€at,a=1,....n

B [K]> K. Since we have E,

[K] > K, due to Lemma 2 in Lee et al. (2000),
we have C’= €. Consequently, we observe
that information sharing enables the supplier
to reduce its expected inventory holding and
expedition costs. Using both the result in
equation (4) and that in equation (6), because
the buyer decides based on full information
and the supplier decides under asymmetric
information, the total supply chain cost under

no information sharing can be computed as

TC, (L, Ly oy 1) = z:=1¢(k) (h+p) 1?1)

le“ (1— pl)2 + Ex,[¥ [(H + P)L(R) + HR ]
j=1

Because C’= C/and the buyer’s cost is
invariant to information sharing, we have
TC,(lys lyy ey 1)) = TC/ (I 1yy ey 1)) . The mini-
mum value of the piecewise linear function
TC,(ly, Iy, -, 1,) attained at I, corresponding
to one of the extrema of I,€ 1[0, L+1]Va=1,
ey M.

By comparing the previous results under
full information, we can summarize prop-
erties of the optimal structure without ex-
planation about the straightforward proof as

follows.
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Proposition 2 K=K Y,=Y/, and v=v
hold when either I, =0 or I,=L+1 Va.

This result indicates that we have 7C,(1,, I,,
e 1,) =10/ (I, 1y, ..., 1,) if either I, =0 or I, =
L+1 VYa=1,...,n. Thus, regardless of whether
we adopt the simplified assumption that the
supplier does not utilize historical order quan-—
tities of a buyer to estimate the actual de-
mand, as in Lee et al. (2000), or not, we have
the same the optimal supply chain structure.
It is well known that the assumption for sim-
plification tends to exaggerate the benefit of

information sharing, as shown in Raghunathan
(2001).

3.3 Flexible Production Lead Time

Now, we consider an extended model such
that the supplier can reduce its production
lead time L by an appropriate investment.
As the optimal delivery lead times I, of each
buyer a for a given production lead time L
should be either one of the extrema of [
a€ [0, L+1], and the optimal partision, de-
viding I, =0 as G, and I, =L+1 as G|, is in-
dependent to L, the optimal total supply
chain cost function for given I(Z), denoting

the vector (I},...1,), can be expressed as

reaE) = ﬁ{ PGP

L+1
+¢(K)(H +P) z ot } Z-=1 (1 - piy2,

Korean Management Review Vol.51 Issue.4, August 2022

Proposition 3 7C(i(L)) is monotone in-
creasing in L and p, respectively, and is con-
cave in L.

The proposition states that the supply chain
performance can improve by reducing the
production lead time, and the cost reduces
more significantly when the demand at each
buyer's site is more positively autocorrelated
over periods. The second concavity result will
be necessary to find the optimal production
lead time in proposition 4. To examine how
the optimal production lead time changes to
p, we can consider a monotone decreasing
investment cost function to the production
lead time L, given as ¢(Z), within a given
boundary condition n < L < ¢, and we have
the following result.

Proposition 4 For given p, the optimal
production lead time minimizing the total
cost TC(I(L))+<¢(L), denoted by L(p) have
the following properties as 1) L(p) is ob-
tained at one of the extrema of [n, & if ¢(L) is
linear and monotone decreasing in Z and 2)
L(p) is decreasing in p.

The first property shows that we can easily
find the optimal production lead time when
¢(Z) is linear. However, when ¢(Z) is convex
and monotone decreasing in L, requiring a
heavier investment as the production lead
time decreases, the optimal decision Z(p) is
not restricted to one of the two extrema. The
second property shows that more investment

in reducing the production lead time is needed
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when demands are more positively correlated
as such a property of demand improves the
value of the effort to accelerate the production

processes of manufactuers.

3.4 Computational Results

To have more insights about the optimal
supply chain structure, we have investigated
the properties of the performance of the supply
chain based on an illustrative example. Cost
parameters are set as p = 50, h = 2, P = 25,
and H = 1 to represent the lower holding and
penalty costs at the supplier’s site than the
buyers’ sites. The production lead time is set
as L = 9. The demand process is specified by
d = 100, ¢ = 50, and 0.1 < p < 0.9. The
other parameters are computed as ®(k) =
(K), and 8 = 2.

Figure 2 shows the combined effects of p

and I on the total supply chain cost, TC(p)
for given p, in the case of a single supplier
single buyer model. We can observe its mini-
mum at one of the extrema in (0, L+1]. In
addition, we can find that switching inventory
control policy from RMI to VMI can reduce
the supply chain cost more significantly when
the costs at the supplier's site are far less
expensive than those at the buyers’ sites.
Interestingly, the system performance may
be the worst under the partial location of
inventories at different buyers’ locations, and
the harmful effect of inventory misplacement
increases when the demands are more pos-
itively correlated over periods, and RMI seems
to be close to the worst performance especially
for high values of p. Considering that the
basic cost structure is similar in the model of
a single supplier-multiple buyers, by the n

times aggregation of the total cost of each
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(Figure 2) The Effects of I and p on the Total Cost
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single supplier and single buyer case, we
believe that the insight from the computa-
tional study in this paper seems to be valid
for the case of multiple buyers as well.
Figure 3 shows how both non-linear invest-
ment function and different demand correla-
tions over time periods affect the optimal in-
vestment decision in the single supplier-
single buyer model. TC represents the sum of
the investment and the holding and shortage
costs. To verify the effect of the investment
in the production lead time reduction, we as-
sume that L is in its efficient frontier and the
requested investment ¢(Z) follows a quad-
ratic function as 25 * (L - §%for 0 < L < ¢,
where the current system has a production
lead time ¢ = 10. By marking the optimal
investment decision under this convex invest-
ment function with larger marks in the figure,
we can find that a high level of investment

in production time reduction is needed as p

increases. Such a result coincides with the re-
sults in proposition 4 under the linear invest-
ment function, except that Z(p) is not obtained
at one of the extrema of [y, ¢. Thus, we may
recommend that more investment in reducing
the production lead time is needed when
demands are more positively correlated. In
addition, considering the functional form of
TC((L)), the basic cost structure seems to be
similar in the model with a single supplier and
multiple buyers. Thus, the insight from the
computational study in this paper seems to be

valid for the case of multiple buyers as well.

IV. Conclusion

We propose a dyadic supply network model
consisting of a manufacturing supplier and a

retailer with multiple stores and investigate

—— TS

—=—TZ(07
—a— T 20 5)

TC

—m— T3
—— T

’\—\—Q‘I
—a—Invest

(Figure 3) Optimal Choice of Z under Different p
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the optimal supply chain to embrace omni-
channel marketing. First, we show that the
supply chain works best under a mixture of
VMI and RMI, allowing the supplier to mon-
itor all the buyers inventories and schedule
replenishment deliveries under VMI if the
supplier's cost is sufficiently lower than the
buyers costs and RMI vice versa. It indicates
that the relative magnitude of the buyers’
costs to those of the supplier is the critical
determinant of the dichotomous feature of
the optimal supply chain. Interestingly, our
results show that VMI can be a preferable
choice even when the supplier's costs are higher
than those of buyers, whereas the opposite
case is not feasible. From the computational
study, we can also find that the partial allo—-
cation of inventories between the supplier and
the buyer that does not follow the dichoto-
mous feature of the optimal supply chain can
degrade the system performance significantly.
Thus, when managers do not have clear ideas
on the optimal structure and partially allo-
cate inventories among the supply chain par-
ticipants, the supply chain performance may
be the worst. In addition, our results show
that the optimal supply chain structure is
invariant to the nonstationarity of the de-
mand processes and the asymmetry of in-
formation among partners. Thus, we recom-
mend the optimal dichotomous structure of
the supply chain as a critical guideline for

managers in their omnichannel initiatives
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regardless of information sharing among dif-
ferent entities in the channel.

The managerial implications of our results
for mass merchants like Wal-Mart in the re-
tail industry can be summarized as follows.
First, mass merchants under the omnichannel
initiative with the advance of digital tech-
nologies need to have an aggressive attitude
toward the investment in the production proc-
ess of suppliers for an integrated service ex-
perience when demands are more positively
correlated. It implies that such merchants
may need to support the supplier-driven ini-
tiatives to reduce the production lead time
as the mass merchant can benefit from such
supplier-driven initiatives. Second, our results
show that the impact of such an investment
in improving the capability of suppliers is highly
significant when the mass merchants have
many stores in different locations as part of
their supply chains. Thus, the benefit from the
omnichannel initiatives is more significant
for giant retailers like Wal-Mart than others
with less market share. Thus, giant retailers
will show an aggressive attitude toward om-
nichannel initiatives. Third, on the effect of
the different forms of the investment function
of the retailer, including linear and quadratic
forms, our results show that the optimal pro-
duction lead time is not necessarily restricted
to one of the two extrema of the feasible region.
Thus, mass merchants need to have a flexible

attitude toward the investment in supplier-
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driven initiatives considering their financial
conditions and the properties of the effect of
IT solutions of SaaS companies.

As the justification of the insights based on
the proposed model, we need to point out
that it represents the omnichannel dynamics
driven by a giant retailer with multiple stores
in different locations. The proposed model
considers the supply chain structure reported
in River Logic (2022) that reflects the industry
trend of multiple regional distribution centers
relying less on large centralized ones and se-
lecting third-party distributors to supply stores
and ship directly to customers. Next, as om-
nichannel retailers usually charge the same
price for the items sold online and offline,
regardless of stores, all the retail stores are
assumed to have identical cost parameters
regardless of the items sold online and offline.
In addition, the flexible production lead time
reflects the evidence we can observe in Walmart
(2019) and WalmartMediaGroup (2020), showing
the behavior of mass merchants under omni-
channel initiatives requesting manufacturers
to provide increased end-to-end visibility in
material availability for an integrated service.
Thus, our assumptions seem reasonable in
representing the omnichannel initiative of
mass merchants, and the insight in this paper
can be a valuable guideline for retailers with
multiple stores which are attempting to em-
brace omnichannel marketing. However, dif-

ferent models seem to be necessary to address

Korean Management Review Vol.51 Issue.4, August 2022

the dynamics of omnichannel initiative from
the viewpoint of suppliers. For example, Shao
(2021) proposed a different supply chain struc-
ture to investigate the impact of competing
retailers omnichannel moves on the supply chain
performance from the supplier's perspective.
Thus, a careful interpretation of the insight
of this paper seems necessary due to the limit
of our assumptions.

For further research, it seems possible to
consider the different features of the omni-
channel specifically as we can witness in the
increasingly pervasive activities such as buy-
online-and-pick-up-in-store in Gao and Su
(2016), the cross—channel return policy in
Radhi and Zhang (2019), and online and off-
line assortment strategy in Shao (2020). We
believe it will provide managers more fruitful
ideas about how to optimize the supply chain
in the presence of a mass merchant driving
the omnichannel initiative. In addition, as
the emerging trend of omnichannel initiatives
includes diverse activities of suppliers such
as increasing end-to—end visibility in material
availability and satisfying safety requirements,
consideration of incentives of different enti-
ties in the channel seems necessary. Especially
in the initiatives between Nestle and Wal-
Mart and between Golden State Foods and
Costco, we can observe evidence of why con-
sideration of such activities can provide man-
agers in the retail industry fruitful insight into

how they can create value, and we believe it
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can be a good foundation for extended studies

in the future.
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(Appendix)

Lemma 1 Suppose that f(z) is concave in = and x, <z, <---<=x, holds for discrete values of
Ty, Ty -, T,. Then, a piecewise linear function F(x) satisfying F(x;) = f(x;) for all i=1, .., n is
concave in .

Proof To prove the function #(z) is concave we need to show that for any two point @ and b the
relation F(Aa+(1—=X)b) > AF(a)+(1—X)F(b) holds for all A&(0,1), i.e. the line segment
connecting (a, F(a)) and (b, £(b)) lies below the function #(z). Suppose that, for any given value of
AE(0,1), da+(1—=XN)bE(z;, 2,,,) for some i, and also suppose that an extended line of the line

segment (Aa+(1—X)b), F(Aa+(1—X)b) out of the bound = € (a,b) intersect with the function
f(z) at point 2 =a" and = =0b" such that " <a and b’ > b . Then, to prove the concavity of F(z), it

suffices to show that the line segment connecting (z;, f(x;)) and (z;,, f(x;.,)) is placed above the
line segment connecting (a’, f(a')) and (v', f(b")), where @' <z; <z,., <b'. Equivalently, it suffices
to show that the condition kf(z;)+(1—k)f(x; ) >tf(a’)+(1—¢)f(b") holds for any 0 < k<1,
where kv, +(1—k)z, ., =ta’ +(1—8)0".

Let x; =\ @’ +(1=X)b" and x; ., = X\ya’ +(1—=X,)b for some for A\, A, & (0, 1) From the concavity
of f we have f(z;) >\ f(a') +(1—=X) f() and f(z;,,) > A fa' ) +(1—N,) f(B) for A, A€ (0, 1).
By substituting these two conditions to the inequality kf(x;) +(1—k)f(z, ) >tf(a’ ) +(1—2)f (")

stated above, we have the following inequalities given as

kf(x,) +(1=k)f(z; 1) = kO (@) +@=X) F0) +(1=k) (A f(a ) +(1=x,) f(b'))
= (kA +(1=F)A) (@) +(R(1=X) +(1=k) (1 =X,))f ).

By letting ¢ = (kA +(1—k)),), we can find that the condition kf(x;)+(1—k)f(z,,,) >tf(a")+
(1—t)f(b") holds for any 0 < k < 1, and the proof is completed.

Lemma 2 1) f;frl(l—p”')Q is piecewise linear and concave in [, for [=0,1,2, ..., L+1: 2)

\/2;:](1*p~7)2 is piecewise linear and concave in I, for {=0,1,2, ..., L+1.

Proof : 1) For 0<p<1, the term X% (1—p')* is concave in I, for a continuous variable !

because it decreases more sharply as [ increases. From lemma 1, a piecewise linear function of it for

1=0,1,2, .., L+1 is also concave in (.
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2) Next, we can easily identify that the term ZI;=1(1—,oj)2 is concave in ! for a continuous
variable { when p=0 or p=1. When 0 < p <1, to prove the concavity of the term, it suffices to show
that VAW +B1)+Q(1)—vVB1)+Q(1) < vBI)+QU1)—vV@I) VYi=0,1,2,..,L—1, where
QU =%'_(1—p")*, A1) =1—p""" and B() =1-p""

By transferring the terms v B(1) + Q1) and v/ Q(I) to the right-hand side and the left-hand side,

respectively, and squaring both sides of the condition, we have

2V(AW) +B0)+ Q1)) Q) < 2Q(1) +3B(1) — A(l).

We know 2Q(1) +3B(1) —A(l) >0 because Q1) >0 and 3B(1)—A(l) =0 due to the fact that
3B(1)—A(l)=2—p""(3—p) =2—p(3—p) >0 VI=0,1,2, .., L for 0<p<1. By squaring both
sides and rearranging the result we have (3B(1) —A(1))*/ (8(4(1)—B(1)))— Q) = 0, and we can

1 :
find that this condition is equivalent to (1/4p—1/8) +Zl,1{ yrEs +2p' — 1}2 0.
P

Because the first term in the parenthesis of the last expression is no less than 1/8 for p >0, the
condition is satisfied when the second term is nonnegative. Multiplying the second term by a

*1 the condition is reduced to 0 < 8p% Tt —4p®¥ 1 —4p' T 41 =4p(2p% — p* —p')

nonnegative term 4p

+1=1—4p(p")(p*—1)*. Because the maximum of the term z(z—1)? for given 0 < z < 1 corresponds
; 1

to 4/27 at x =1/3, we have 1—4p(p")(p'—1)2 = 1—4p (E)z 1—16/27 > 0 and the second square

root term is concave in [.

Lemma 3 +f(z)+g(y)is concave in = and y if both f(x) and g(y) are non-negative and

concave in « and y, respectively.

Proof: For given (xy, %), (2, y,)., and ¢ =1—¢, where 0<¢t<1 , we wish to show that

Vo +tz,) +g(ty, +'y,) Zt\/f($1)+g(y1)+t' V(@) +g(y,) , which is equivalent to f(tz, +
t'yy) = f () +82g(y,) +2 f(2,) +t22t" /(f(t2)) +g(y,)) (f (tz,) +g(y,)) . From the concavity of
f(z) and g(y). we have f(tz, +t x2)+g(ty1+t yQ) > tf(z,) +t f(z,) +t' g(y,) +t g(y,) . Therefore,

it suffices to show that the term tf(x,) +¢ f(z,) +tg(y,) +t g(y,) is no less than ¢*f(z,) + g (y,) +

2 f(2,) +1 2 g(y,) + 2t /(f(tx;) +9(y,)) (f(z,) +9(y,)) . By eliminating identical terms from both
sides of the last inequality condition and squaring both sides, the inequality reduces to (f(x,)—

—flxy) +g(y;) —g(y,))* = 0. From the nonnegativity of the quadratic form, we have the result.

Korean Management Review Vol.51 Issue.4, August 2022 1093



Hag-Soo Kim

Proof of Proposition 1: 1) The first term of 7C, (1}, I,, ..., 1,,). corresponding to the buyers total
cost, is concave in [,€ [0, L+1]Va=1, .., n as the concavity is conserved with respect to
operations such as addition and multiplication by a positive constant. Next, from the first result in

Lemma 2 and the concavity conservation property under multiplication, X, (o, /(1—p))*

1 (1=p)? is concave in I, € [0, L+1]. Next, the second term of 7'C; (I, ly -y 1,) is also
concave in [,€ [0, L+1]Va=1,..,n from the concavity conservation property in Lemma 3. So,
TC/ (1}, 1y, -, 1,) is concave in {, and its minimum exists at one of the extrema of the feasible region

n

I,€0, L+1]vVa=1, ..,n.

2) Suppose that each buyer in group B holds its own inventory and the supplier holds inventory for

the buyers in group 5. Then, the cost function in part 1) can be written as

jn=1(1_l7j)2

TC, =
' (1—-p)?

d(R)(H+P)(BEcp o, Z,c5 00). (8)

As the cost function is equivalent to proposition 4 of Barnes-Schuster et al. (2006), except that

the first term is independent of the other terms of 7°C,, we can claim that the system cost is

minimized when the supplier holds the inventories for a certain buyer group B with standard
deviations smaller than those of the other buyers in the group B, similarly as in Barnes-Schuster et
al. (2006). It means that out of the n+1 possible candidate partitions, the partition consisting of
B with n—m buyers and B with m buyers is optimal if the resulting system cost is better than that
of any other candidate partitions. So, the conditions in parts (i), (i), and (iii) can be easily derived

based on the formula in equation (8).

Proof of Proposition 3: Considering that Bi]- is invariant to changes in Z, the optimal delivery

decision is placed at either one of the extrema of the feasible region I € [0, L+1] regardless of L,

>/, (0=p')? /(1—=p) is concave in L based on the second result of lemma 3. Therefore,

TC(1(L)) is concave in L. The monotone increasing property is trivial.
Next, to prove the monotone increasing property of 7C(I(L)) in p, it is enough to show that the
term A(p) is monotone increasing in p, for given A(p) = vV B(p) /(1—p) and B(p) = L (1—p')*.

By differentiation, we have aB(p)/op=2r"2(1—p' ) (=i p'™"), and 84(p)/op=((1—p)aB(p)/
ap+2B(p))/(2(1—p)* V/B(p)). As the denominator of the last formula is positive, we need to show
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that the numerator of it is positive. The numerator can be expressed as /4 2(1—p){(1—p?)
(—ip" D) }+ZF 1 2(1—p')%. The last formula can be represented as 277} (1—p ) {—(1—p)ip' ™!
(1=p)=2 1 =pH=(=p)ip '+ (1 =p) (A +p+p?+ - +p" =21 (1-p")(1-p)

{(1=p"™ ) +(p—p" ™)+ -~ +(p" " =p'"1)}. As the last term in this equation is positive for

0<p<1, B(p) is monotone increasing in p. Considering that 77C(I1(L)) o< A(p), we can find that
TC(1(L)) is monotone increasing in p.

Proof of Proposition 4: 1) As 7C(I(L)) is concave in L from proposition 3 and the investment
cost function ¢(Z) is concave in L, the total cost is also concave in L. Therefore, the optimal

production lead time is placed at one of the extrema of the feasible region [n, &].

2) We prove the result by the contradiction. Suppose that Z; :L(pl) >L2:L(p2) for some
p1 > py. Because ((L) is strictly decreasing in Z, we have a(/8Ll,_; >a(/oL|,_; . Next, from the
definition of 7C(I(L)) for given p, or p,, we have 6 TC(I(L)|p,) /oL > oTC(I(L)|p,) /oL VL. So,
orC((L) | p) /oL | ,_, >0TCU(L) | py) /oL | ,_, . Based on the first result in proposition
3, the last term is greater than 97C(I(Z) | p,) /oL | ;_, . Finally, from the optimality of ZL(p) at
py. we have 0=07TC(I(L) | p,) /oL | -1, +oa¢(L)/aL | 1z, Combining the previous three results,
we have 0 7C(I(L) | p;) /oL | ,_, +a¢(L)/oL | ,_, >0. Because the last expression contradicts
the property of Z(p,) minimizing 7C(1(Z)1p,) +¢(L), we have the result.

* The author Hag-Soo Kim is a professor at Dept. of Bus. Admin. Gyeongsang National University. He got a Ph.D. from
Northwestern University and published papers in leading journals such as Management Science. His current work
includes Big Data strategy of supply chains under information asymmetry, strategy of SaaS solutions under supply
chain competition, and Platform based competition in digital business.

Korean Management Review Vol.51 Issue.4, August 2022 1095




	Optimizing Supply Chain Structure To Embrace Omnichannel Marketing
	Ⅰ. Introduction
	Ⅱ. The Model
	Ⅲ. The Optimal Supply Chain Structure
	Ⅳ. Conclusion
	References


