
ARTICLE IN PRESS
0925-5273/$ - see

doi:10.1016/j.ijp

�Correspondi
E-mail addre

(R. Ganeshan).
Int. J. Production Economics 108 (2007) 341–348

www.elsevier.com/locate/ijpe
A mathematical approach to designing
central vs. local ordering in retail

Ram Ganeshan�, Lawrence J. Ring, John S. Strong

Mason School of Business, The College of William and Mary, P.O. Box 8795, Williamsburg, VA 23187, USA

Available online 24 December 2006
Abstract

To gain efficiencies in the supply chain, retailers are (re) organizing their ordering processes either ‘‘centrally,’’ ‘‘locally,’’

or some combination of the two. Conventional wisdom is that centralized ordering leverages scale and improves efficiency.

On the other hand, ‘‘decentralized’’ ordering increases the responsiveness to the customer by letting local stores

merchandise and order based on local preferences.

Based on our experience with a mid-size retailer in the USA, this paper presents an optimization model that allocates

buyers between a ‘‘central’’ buying organization and ‘‘local’’ retail outlets.

r 2007 Elsevier B.V. All rights reserved.
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1. Introduction

To gain efficiencies in the supply chain and
improve customer service, retailers are (re) organiz-
ing their ordering processes either centrally, locally,
or some combination of the two. On one hand,
advances in technology have made it possible for
retailers to organize their buyers centrally where a
dedicated purchasing organization does the buying
for the entire retail chain. Central buying has its
obvious advantages. It leverages scale by consoli-
dating the orders from the local stores while
eliminating duplication and associated overhead.
Often, this implies a better price from suppliers,
efficiency in developing overall policies, and better
coordination and control of operations (see for
front matter r 2007 Elsevier B.V. All rights reserved
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example, Leenders and Fearon, 1997; Dobler and
Burt, 1996). Several large retailers in the United
States, for example, Wal-Mart, Food Lion, and
Federated Stores use central buying procedures to
reduce costs in their supply chain.

On the other hand, many retailers use local
procurement strategies to tailor needs to local
demographics; and react faster to competitive
pressures such as a promotion from a competitor’s
store. For example, the fashion retailer Nordstrom
lets buyers at the local level (with central guidelines)
make buying decisions. Most retailers, however, use
some combination of centralized and decentralized
buying—leveraging private labels or promoting and
developing national brands centrally (for example
the Joseph Abboud brand at Nordstrom) while
planning a strategy at a local level to be competitive
(Ballou, 1999, pp. 619–620).

Motivated from a project in which we helped a
mid-size retailer with their procurement and supply
.
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Nomenclature

i index to identify local retail location i

c index to identify the central location
f i the number of full time equivalents

(FTE) at location i

f c the number of FTE at the central
location

k the amount of work done by a FTE in a
day (we assume ‘‘a day’’ without any loss
of generality—this could be a week,
month or any other time frame)

W i amount of work done in retail location i

in a day. W i ¼ kf i

W c amount of work done at the central
location in a day

WT
i amount of work that needs to be done in

retail location i in a day
WT total amount of work that needs to be

done in all locations combined in a day.
Therefore, WT ¼

P
i WT

i

F i
T WT

i =k, amount of FTEs needed to
complete WT

i

di cost of having an FTE at location i

dc cost of having an FTE at the central
location
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chain strategies, this paper provides retail managers
insights on how they can structure the buying
organization. Specifically, we provide an optimiza-
tion model that helps allocate buyers between a
‘‘central’’ buying organization (who make buying
and merchandising decisions for the entire retail
organization) and ‘‘local’’ (buyers who are located
at the store or local level and make buying and
merchandising decisions locally) retail outlets.

In scanning the academic literature related to the
retail industry, we have not found a paper that
explicitly models how a retail organization can
decide how many buyers to allocate between local
and central locations. The literature in retail buying
itself is large (see for example Gilbert, 1999; Sheth,
1981) and deals primarily with how retail buyers
make decisions. A stream of research in the
purchasing literature analyzes, from a strategic
organizational perspective, the costs and benefits
of either centralized, decentralized, or a hybrid
system. The primary results are that the structure of
the buying organization (and any move to change it)
depends on the overall organizational design and
the specific needs and objectives of the organization
(Fearon and Leenders, 1995; Fearon, 1998; Johnson
and Leenders, 2001). However, these studies do not
provide any prescriptive models to allocate assets or
buyers between central and local locations. Another
stream of literature discusses how information
technology has changed processes (see Wilson,
1997) but does explicitly address the central vs.
local buyer-positioning issues. On a more tactical
level, the rich literature on multi-echelon inventory
systems addresses local and central decision makers;
but does it primarily from an inventory perspective,
providing optimal inventory policies (or parameters
given the policy) under either type of control (see
Ganeshan et al., 1998 for a comprehensive review).

We contribute to the literature in two important
ways: (1) To the best of our knowledge, we are the
first to explicitly address how many buyers to have
centrally or locally through a mathematical model;
(2) what makes our paper unique is that we adapt
data from a mid-size retailer in the USA to illustrate
our model.

The remainder of the paper is organized in the
following way. Section 2 presents the model and
Section 3 provides some insights into the model. In
Section 4, we use disguised data from a retail
organization to illustrate the model in Section 2.
Finally, in Section 5 are our conclusions.
2. Model development

2.1. Modeling the central workload

Centralizing the ordering process brings with it
the benefits of economies of scale so fewer full time
equivalents (FTEs) are needed to complete a certain
amount work at the central location when com-
pared to the local locations. Second, most of the
benefits of central ordering accrue early, i.e., any
model should display diminishing returns. Based on
our experience with a retailer (see ensuing discus-
sion), we chose the following function (that
aggregates across all product categories) that
satisfies the above two properties:

W c ¼WTð1� e�rf c Þ, (1)
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where 0prp1 represents how fast the economies of
scale benefits accrue. Note that W c ¼ 0 when
f c ¼ 0; and W c !WT when all FTEs are based
at the central location.

Any decision to centralize buying also means that
the information used to make the buying decisions
(like sales, inventory, etc.) is also available centrally.
Such centralization of data is typically achieved by
merchandising systems that connect the retail
locations together. So a buyer at a central location
will have real-time access to local transaction data.

In case of categories of fast-moving products with
predictable demand (like Toothpaste, Diapers, etc.),
the replenishment decisions are straightforward and
often buyers use automated controls (typically via
the same merchandising systems that centralize the
data) to replenish the individual stock keeping units
(SKUs). In such product categories, the benefits
of centralization accrue fast. On the other hand,
fashion products require a lot more time accessing
vendors, their products, and their suitability to local
preferences. Additionally they may require special
merchandising needs such as displays and even-
tually a markdown schedule if there is a mismatch
between supply and demand. Such products require
a lot of communication between central buyers
and the local store and therefore the benefits of
centralization are relatively less.

A typical way to estimate the benefits of
centralization (and rÞ is to meet with the local
managers and the COO or the CEO and estimate
for large product categories the amount of FTEs
that can be saved by moving buying operations
to a central location. In our case, we had meetings
with the local buying organizations and accessed
their workloads for several product categories
that spanned both fast-moving consumer goods
like Toothpaste and fashion products such as
Young Men’s apparel. With the help of the CEO,
we then estimated the number of buyer-FTEs that
can be saved by moving these categories to central
buying.

2.2. Modeling the penalty function

Our intent is to model two trends: first, since
moving FTEs to a central location takes away local
merchandising control, any penalty should be a
function of the workload that is performed at the
central location; and second, as one would expect,
the penalty increases as the amount of work that is
performed locally decreases.
We use a penalty function at any retail location i

as follows:

X

i

lie
miðW

T
i �W iÞ, (2)

where li;mi are parameters that need to be estimated
for each retail location.

For product categories that tend to have a local
flavor like fashion or local arts and crafts, local
buyers typically canvas the market by attending
fashion shows and vendor events, choose styles
(for apparel) or specific SKUs that may be of
interest locally. The premise is that their local
knowledge can provide increased sales and reven-
ues. Centralizing buying for such products may
lead to standardization of some of these SKUs
across retail outlets (like similar styles across
outlets) or an inappropriate match of SKUs to
local preferences. Second, the retail chain we
were involved with had several sales events through-
out the year that required the local buyer to
judge what SKUs to showcase at such events. The
decisions on promotional items at these sales events
and indeed throughout the year depended on local
competitive pressures. A central buyer may lack the
specialized knowledge required for such promo-
tional events. Finally several product categories
(such as makeup items) require a high degree
of merchandising that a local buyer can react to
quicker than a central one.

Estimating the penalties of centralization requires
the planner to estimate the loss in revenues of
moving buyers to a central location. Since transac-
tion data are readily available, the exact time at
which a product stocks-out can be obtained. With
historical sales data, one can estimate lost sales. The
ideal method to estimate the penalty will be
compare changes in revenues and of lost sales of a
product category bought both locally and centrally.
So the retailer can phase out a few SKUs to
central buy and observe the changes in revenues
(and on lost sales). Alternatively, interviews with
local buyers and merchandisers can estimate
the potential revenues lost as result of a move to
central buy.

2.3. The optimization model

The objective of the model is to determine the
number of FTEs at local and central locations that
minimizes the cost of the ordering organization.
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Using our notation:
Find f i (for all i) and f c that minimizes the total

cost of ordering (TCO):

TCO ¼
X

i

ðdi f i þ lie
miðW i�WT

i ÞÞ þ dc f c (3)

s.t.
X

i

W i þW c ¼WT, (4)

0pf ipWT
i =k, (5)

f cX0. (6)

The first term in (3)
P

i di f i is the sum of the cost of
FTEs at each of the retail locations. This is simply
the cost of an FTE multiplied by the total number
of FTEs. The practical way to estimate the cost is to
isolate all ordering related activities (see Ganeshan
et al., 2004) in the financial reports and convert it to
a per FTE basis (most firms have a set definition for
FTEs—for example, a person working 8 h/day for
all the working days in a month).

The second term in (3) is the sum of penalty cost at
each location. Each location will determine the
parameters li;mi depending on how much the moving
of merchandising activities are impacting them.

The third term, dc f c, is just the cost of FTEs at
the central location. Just as in the local case, the cost
of a FTE at the central location is estimated
through the money spent on the ordering organiza-
tion at the central level.

Constraint (4) simply states that the FTEs at the
local and the central locations must complete all the
work that is required. The work done by a FTE at
the central location spans multiple retail locations
so without any loss of generality we can assume that
the work at the central location can be equally
allocated to completing work at each of the local
locations (with fewer FTEs, of course). Constraints
(5) and (6) are non-negativity constraints. The
upper bound in Eq. (5) simply states that any retail
location does not need any more FTEs once their
individual workloads are satisfied.

This constrained non-linear optimization pro-
blem can be solved by well-known methods such as
Newton’s or the Conjugate-gradient methods.

3. Model analysis
Observation 1. This set of observations explore the
shape of the total workload function:
(a)
 W c monotonically increases as f c increases.

(b)
 W c is concave in f c.

(c)
 0pW cpWT.
Proof. (a) qW c=qf c ¼WT f ce
�rf c logðeÞX0 which

proves (a).
(b) q2W c=q

2f c ¼ �W cr
2e�rf c logðeÞ2p0 which

shows the concavity and the economies of scale
effect.

(c) Simply substituting, W c ¼ 0 when f c ¼ 0; and
W c!WT when f c is large. How fast W c!WT

depends on the value of r. It is easy to see that for a
higher value of r, it will require relatively fewer
FTEs at the central location for W c!WT. &

Observation 2. These set of observations explore the
shape of the penalty function:
(a)
 The penalty cost at each location i is increasing
with decreasing f i.
(b)
 The penalty cost at each location i is convex in
f i. P
(c)
 If P is the total penalty, 0pPp i lie
kmif i .
Proof. (a) Noting that W i ¼ kf i, qPi=qf i ¼

likmie
�kmiðf i�Fi

TÞ logðlieÞX0 which proves (a).
(b) q2Pi=q

2f i ¼ limik
2e�kmiðf i�Fi

TÞ logðlieÞ
2p0.

(c) Straightforward substitution yields the re-
sult. &

Observation 3. This set of observations give some
insights into the optimal solution:
(a)
 At optimality, the ratio of local to central
workload is erf �c=ð1� erf �c Þ where f �c is the
optimal number of FTEs at the central location.
(b)
 At optimality, the ratio of the local to central
workload is a decreasing function w.r.t. r.
(c)
 As the penalty cost is decreased with all else
being equal, the ratio of the local to central
workload decreases.
Proof. (a) Any optimal solution will satisfy (4).
Therefore,
X

i

W i þWTð1� elf �c Þ ¼WT,

X

i

W i ¼ elf �c ,

or

R ¼
X

i

W i=WT ¼ elf �c=ð1� elf �c Þ.
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(b) Noting that

qR=qr ¼ 2e�3f �c rf �2c log e2=ð1� elf �c Þ
3

þ 3e�2f �c rf �2c log e2=ð1� elf �c Þ
2

þ e�f �c rf �2c log e2=ð1� elf �c ÞX0

proves (b). This is rather intuitive—as the benefits at
the central location accrue faster, a smaller number
of FTEs are needed to do the same amount of work.

(c) This is easy to see without going into the
mathematical details. The penalty function keeps
FTEs from being moved to the central location. So
when the penalty cost is decreased, more FTEs are
moved to the central location, decreasing the
ratio. &

Observation 4. These observations explore how the
penalty function impacts the optimal solution. To
improve comprehension and to ease computation,
this set of assumptions assume li ¼ l;mi ¼ m:
(a)
 When di ¼ d, the penalties at each local location
is the same.
(b)
 If di4dj; f �i of �j 8i; j; iaj.
Proof. (a) Any optimal solution will satisfy:

qTCO=qf i ¼ 0

or

mklemðwT
i �f �i kÞ logðleÞ ¼ d 8i.

Therefore, the amount of work that is moved to the
central location, wT

i � f �i k, is the same for each
location i. This simply means that when the cost
structures of each of the local locations are the
same, the amount of penalty at each location is also
the same.

(b) When the cost of FTEs is different at each
location the optimal solution will satisfy,

mklemðwT
i �f �i kÞ logðleÞ ¼ di 8i.

A straightforward substitution in the above
equation yields the result. If the local location is
more expensive in terms of FTE cost, more work
from that location will be moved to the central
location. &

4. Numerical illustration

We illustrate our model adapting data from a
mid-size retailer in the USA. For confidentiality
reasons, we have disguised the data. However, we
have maintained the relative magnitude of the data.
The retailer has over 50 retail outlets in 20 locations
around the country. The stores can be classified as
mass-merchandisers that also carry select fashion
items. We chose two of the retailer’s typical
locations (each location has 7–10 retail stores) to
contrast local vs. centralized buying. Historically,
each of the locations has done buying and
merchandising independently largely due to the
fact that each had an independent ‘‘legacy’’ systems
to aid them in making decisions. Implementing a
new merchandising technology made it possible to
share information centrally and therefore the
potential to centralize the buying and merchandis-
ing decisions.

Each FTE buyer works 8 h a day (kÞ and a
workload of 240 (WT

1 Þ and 144 (WT
2 Þ hours are

required at location 1 and 2, respectively. To meet
the workload entirely by local buyers translates to
30 and 18 FTEs at each location, respectively.
The cost of each FTE at retail location 1 and 2 are
$175 and $212, respectively. To estimate these costs,
we looked at the financial statements of each of
these locations and calculated how much the
organization spent a day for each of the FTEs
locally. The cost multiplied by the number of FTEs
gives the cost of the buying organization (see
Ganeshan et al., 2004).

4.1. Estimating the economies of scale and the

penalties functions

The new merchandising system allows a buyer at
a central location to see product movement across
all the retail locations, enabling her to plan
assortments for many locations with minimal
additional effort. The Chief Operating Officer of
this organization estimated that about 35 FTEs
would be needed at a Central location to do the
same amount of work. In addition, our interviews
with managers with the local locations pointed to
r ¼ :2 is a reasonable estimate of how fast the
benefits accrue across the organization. Fig. 1 gives
our estimated relationship between the number of
FTEs at the Central location and the amount of
work they can handle (Observation 1a–c).

On the other hand, central merchandising also
reduces the speed with which the local retail outlet
can react to promotions from other retailers. For
this retailer, it also takes longer to resolve inventory
and replenishment issues at the local level. This
penalty could manifest itself as lost sales, slower
service, or local supply related issues. Since the
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issues were similar at both locations, we assumed
the penalty functions to be identical. We estimated
the penalty parameters as li ¼ l ¼ 1;mi ¼ m ¼ :1.
Fig. 2 shows the estimated penalty cost for this
retail organization (Observation 2a–c).
4.2. Optimal solution and its sensitivity

The optimization problem in (3)–(6) can be solved
using simple numerical techniques such as the
Newton or the Conjugate-gradient methods. The
convexity of the objective function (Fig. 3 for
example graphs the optimal cost for any given value
of f cÞ assured us that a unique combination of f 1,
f 2, and f c exists that minimizes TCO. The results of
the optimization suggest the organization retain
23.52 and 11.23 FTEs at locations 1 and 2,
respectively, and 1.61 at the central location. The
total cost/day is $7,263.53 (Table 1).
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Fig. 4 shows how the optimal ratio of the local to
central workload changes with r. As in Observation
3b, an increased r means that more work centrally
will be cheaper. A manager can use a chart such as
this to decide how much work (or alternatively
FTEs) to locate at the central location.

Fig. 5 shows how the optimal ratio of the local to
central workload changes with m. As m decreases,
so does the penalty. So for the same penalty, more
work can be moved to the central location to reduce
cost.
5. Conclusions and directions for future research

Our objective in this paper was to provide a
model that will provide retail managers insights into
deciding how many buyers to station at the local
and central levels. We accomplished this by framing
the problem as a non-linear optimization model
that is the sum of the costs of maintaining FTEs
at the central and local location. The key tradeoff is
that moving buyers to a central location brings
with it economies of scale while inducing penalties
for lack of local merchandising. The model balances
two competing costs: the penalty cost that increases
as more FTEs are moved to the central location
and the economies of scale effect that requires
fewer FTEs (hence cheaper) at the central location
to complete the same amount of work. The result
of our model was the number of FTEs at each
retail location and at the central facility. We
illustrated our model by using data from a retail
organization we have been working with over the
last few years.
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Table 1

WT 384

k (h/day) 8

Local location (i) 1 2 Central location

W iT 240 144

W i 188.17 89.86 W c 105.97

f i 23.52 11.23 f c 1.61

di 175 212 dc 225

li 1 1 r 0.2

mi 0.1 0.1

Pi $178.29 $224.54

FTE cost $4,116.13 $2,381.28 $363.30

TotalsP
i W i þW c 384.00

Total penalty $402.82

Total FTE cost $6,860.71

TCO $7,263.53
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Fig. 4. Optimal local/central.
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Our model also provides these additional insights:
1.
 As the benefits of the economies of scale accrue
faster (r is higher), the optimal solution will
require relatively fewer FTEs at the central
location.
2.
 As the penalty cost decreases at the local level, it
is optimal to have relatively higher number of
FTEs at the central level.

Finally, here are a few suggestions for future
research:
1.
 Our model is static, i.e., the decisions are made
without considering long-term fluctuations in
workload. Our current recommendation is that
retailers revisit how the workloads are allocated
periodically as the needs of the organization
change.
2.
 While we have used specific functions for the
economy-of-scale and the penalty functions, it is
conceivable that these functions are different for
different organizations. Procedures are needed to
estimate first, the form of the economies-of-scale
and penalty functions; and second the specific
parameters of these functions.
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