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Abstract

A number of efficiency-based vendor selection and negotiation models have been developed to deal with multiple

attributes including price, quality and delivery performance. The efficiency is defined as the ratio of weighted outputs to

weighted inputs. By minimizing the efficiency, Talluri [Eur. J. Operat. Res. 143(1) (2002) 171] proposes a buyer–seller

game model that evaluates the efficiency of alternative bids with respect to the ideal target set by the buyer. The current

paper shows that this buyer–seller game model is closely related to data envelopment analysis (DEA) and can be

simplified. The current paper also shows that setting the (ideal) target actually incorporates implicit tradeoff infor-

mation on the multiple attributes into efficiency evaluation. We develop a new buyer–seller game model where the

efficiency is maximized with respect to multiple targets set by the buyer. The new model allows the buyer to evaluate and

select the vendors in the context of best-practice. By both minimizing and maximizing efficiency, the buyer can obtain

an efficiency range within which the true efficiency lies given the implicit tradeoff information characterized by the

targets. The current study establishes the linkage between buyer–seller game models and DEA. Such a linkage can

provide the buyer with correct evaluation methods based upon existing DEA models regarding the nature of bidding.

� 2002 Elsevier B.V. All rights reserved.
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1. Introduction

As pointed out by Wise and Morrison (2000),
one of the major flaws in the current business-

to-business (B2B) model is that it focuses on price-

driven transactions between buyers and sellers,

and fails to recognize other important vendor at-

tributes such as response time, quality and cus-

tomization. In fact, a number of efficiency-based
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negotiation models have been developed to deal

with multiple attributes––inputs and outputs. For

example, data envelopment analysis (DEA) is used
by Weber and Desai (1996) and Weber et al. (1998)

to develop models for vendor evaluation and ne-

gotiation. The efficiency is defined as the ratio of

weighted outputs to weighted inputs. The weights

reflect the tradeoffs among multiple outputs and

multiple inputs. However, such tradeoffs are usu-

ally not completely known to the buyer. Using

DEA, one can estimate a set of weights and ob-
tains the relative efficiencies in the context of best-

practice.
ed.
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Talluri (2002) develops an efficiency-based

buyer–seller game model that evaluates alternative

bids based upon the ideal target set by the buyer.

In Talluri (2002), the efficiency of each vendor is

minimized when the efficiency of the ideal target is
set equal to one. That is,

min

Pv
r¼1 aryrpPu
s¼1 bsxsp

s:t:
Pv

r¼1 aryr idealPu
s¼1 bsxs ideal

¼ 1 ð1Þ
Pv

r¼1 aryriPu
s¼1 bsxsi

6 1 8i

ar; bs P 0 8r; s
where ar and bs represent unknown output and
input weights, respectively. p represents a specific
vendor bid under evaluation among n bids (i ¼
1; . . . ; n). Each bid i has v bid outputs yri (r ¼
1; . . . ; v) and u bid inputs xsi (s ¼ 1; . . . ; u). yr ideal
(r ¼ 1; . . . ; v) and xs ideal (s ¼ 1; . . . ; u) represent the
rth bid output and ith bid input for the ideal target
set by the buyer. The ideal target represents the

best values for each inputs and outputs (i.e., min-

imum input values and maximum output values)

across all n vendor bids, and therefore dominates
all the vendors.

Talluri (2002) states that ‘‘although our models

are grounded in the general efficiency theory, they

are different from a traditional DEA sense’’. In
fact, model (1) is closely related to the CCR ratio

model (Charnes et al., 1978) where the efficiency of

each individual vendor is maximized. The next

section shows that because the ideal target de-

fined in Talluri (2002) dominates all vendors,

the constraints on the vendors ðð
Pv

r¼1 aryri=Pu
s¼1 bsxsiÞ6 1Þ are redundant and can be removed

from both model (1) and the CCR ratio model.
Note the fact that the efficiency of the ideal target

must be equal to one in the CCR ratio model.

Thus, the only difference between model (1) and

the CCR ratio model is that the former minimizes

the vendor efficiency and the latter maximizes the

vendor efficiency.

Through efficiency minimization in model (1),

the buyer identifies/selects the vendor who has the
largest minimum efficiency with respect to the ideal
target. Note that a vendor having the largest

minimum efficiency does not necessary mean that

the vendor is the best with respect to the ideal

target. Because unlike the CCR ratio model, model

(1) does not evaluate efficiency in the context best-
practice.

Note that the constraint on the ideal target

ðð
Pv

r¼1 aryr ideal=
Pu

s¼1 bsxs idealÞ ¼ 1Þ incorporates

implicit tradeoff information into the efficiency

evaluation. i.e., this constraint can be viewed as

incorporation of tradeoffs or weight restrictions in

DEA (see, e.g., cone-ratio DEA model by Charnes

et al., 1990). Note also that the ideal target defined
in Talluri (2002) may not be achievable by all the

vendors, and therefore may be unrealistic. As a

result, the implicit tradeoff information charac-

terized by ð
Pv

r¼1 aryr ideal=
Pu

s¼1 bsxs idealÞ ¼ 1 may
not be valid, and the vendor efficiency in model (1)

may not be correctly characterized with respect to

the unrealistic target/invalid tradeoffs. Therefore,

alternative targets which are realistic may be used
in evaluating and selecting the vendors. In fact,

such targets represent the buyer�s preferences over
the weighting scheme. When multiple bid outputs

and inputs are present, multiple targets may be

needed in order to fully characterize the buyer�s
preferences over the bids.

The current paper extends the model (1) into

situations where vendor efficiency is maximized so
that the buyer evaluates and selects the vendors in

the context of best-practice. The current paper also

explicitly links the Talluri (2002) model to the

DEA. Consequently, more buyer–seller game mod-

els can be obtained based upon DEA. For exam-

ple, the Talluri (2002) model yields an invalid

result in proposing negotiation strategies where

the percentage of on-time delivery can exceed
100%. This invalid result can be circumvented by

using a DEA model where the best-practice ex-

hibits variable-returns-to scale.

Although the ideal target implicitly incorpo-

rates some sort of tradeoff information, the true

efficiency of vendors is still not completely known

to the buyer. With the current buyer–seller game

model, the buyer can obtain an efficiency range
where the true efficiency lies given the targets. This

better helps the buyer in selecting the competitive

bids.
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The rest of the paper is organized as follows.

The next section simplifies the models in Talluri

(2002). We then develop new buyer–seller models.

The new models are illustrated with numerical

examples including a pharmaceutical company
studied in previous studies. The final section con-

cludes.
1 Note that model (5) may be infeasible if the multiple targets

set by the buyer cannot be fit into the same efficient facet. If that

happens, the buyer has to adjust the targets. For example, we

can require that G6 vþ u� 1. These G targets actually deter-
mines an efficient facet contains the origin. Therefore, we only

need at most vþ u� 1 points to determine such an efficient
facet. Model (5) is also similar to the benchmarking model used

in Zhu (2001) in measuring the quality-of-life of cities.
2. Simplified buyer–seller game model

Because the ideal target in Talluri (2002) is de-

fined as dominating all vendors, constraints
ð
Pv

r¼1 aryri=
Pu

s¼1 bsxsiÞ6 1 are redundant in model
(1). Consequently, model (1) can be written as

min

Pv
r¼1 aryrpPu
s¼1 bsxsp

s:t:
Pv

r¼1 aryr idealPu
s¼1 bsxs ideal

¼ 1

ar; bs P 0 8r; s

ð2Þ

Because the ideal target dominates all the vendors,

the DEA efficiency of the ideal target must be

equal to one, and the DEA efficiency of vendors

must be less than one. Consequently, if we change

the objective from minimization to maximization
in model (1), then we obtain the CCR ratio model.

This finding links model (2) (or model (1)) to the

DEA methodology. As a result, more buyer–seller

game can be obtained by changing the objective in

various DEA models.

In Talluri (2002), another buyer–seller game

model is developed when all vendors� efficiencies
are minimized simultaneously. That is

min
Xn

i¼1

Pv
r¼1 aryrpPu
s¼1 bsxsp

s:t:
Pv

r¼1 aryr idealPu
s¼1 bsxs ideal

¼ 1 ð3Þ
Pv

r¼1 aryriPu
s¼1 bsxsi

6 1 8i

ar; bs P 0 8r; s
Similarly, model (3) can also be simplified as

min
Xn

i¼1

Pv
r¼1 aryrpPu
s¼1 bsxsp

s:t:
Pv

r¼1 aryr idealPu
s¼1 bsxs ideal

¼ 1

ð4Þ

The contribution of the simplified models (2) and
(4) lies in the fact that computational burden can

be substantially reduced if the problem size is

large. Also, the buyer–seller game model is linked

to DEA.
3. New buyer–seller game models

Note that the ideal target in Talluri (2002) may

not be achievable by all vendors. As a result, the

target may not be realistic and the resulting vendor

efficiency may not be correctly evaluated. In this

section, we assume that the targets set by the buyer

do not have to dominate all the vendors. Suppose

the buyer selects G targets represented by ytargetrk

and xtargetsk (k ¼ 1; . . . ;G). We modify model (1) into
the following model where efficiency is maximized

as in DEA 1

max

Pv
r¼1 aryrpPu
s¼1 bsxsp

s:t:
Pv

r¼1 ary
target
kPu

s¼1 bsx
target
k

¼ 1 k ¼ 1; . . . ;G ð5Þ
Pv

r¼1 aryrpPu
s¼1 bsxsp

6 1 8i 6¼ p

ar; bs P 0 8r; s
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Model (5) maximizes each vendor�s efficiency in-
dividually when the efficiencies of the targets are

set equal to one. Model (5) differs from model (1)

in three aspects. First, model (5) provides the best
efficiency scenario for the vendors whereas model

(1) calculates the worst scenario. Second, the effi-

ciency of vendor can exceed one if the targets do

not dominate all the n vendors. Third, if new
vendors enter the negotiation process and some of

the new vendors dominate the targets, new targets

need not to be established.

If all the targets dominate the vendors, then
ð
Pv

r¼1 aryrp=
Pu

s¼1 bsxspÞ6 1 (8i 6¼ p) are redundant
and can be removed from model (5).

In fact, model (1) determines the minimum effi-

ciency for vendor p, and model (5) determines the
maximum efficiency when the efficiency of targets

is assumed to be one. Let h�p and �hh
�
p be the optimal

values to models (1) and (5), respectively. Let hp be
the true efficiency of vendor p with respect to the
fact that the efficiencies of the targets are set equal

to one. Then h�p 6 hp 6 �hh�p. When both models (1)
and (5) are calculated, the buyer can have an effi-

ciency range within which the true vendor effi-

ciency lies. This better helps the vendor in

evaluating and selecting the vendors. 2

We can develop the following buyer–seller game

model when all vendors� efficiencies are maximized
simultaneously.

max
Xn

i¼1
wi

Pv
r¼1 aryrpPu
s¼1 bsxsp

s:t:
Pv

r¼1 ary
target
kPu

s¼1 bsx
target
k

¼ 1 k ¼ 1; . . . ;G

ar; bs P 0 8r; s

ð6Þ

where wi (i ¼ 1; . . . ; n) are buyer-specified weights
reflecting the preference over vendors� efficiencies.
By using the Charnes–Cooper transformation,

all models (1)–(6) can be transformed into linear

programs. For example, model (5) is equivalent to
2 We may use the average of h�p and �hh�p as the efficiency of
vendor bid p in the Talluri (2002) bid selection model.
max
Xv

r¼1
aryrp

s:t:

Xv

r¼1
ary
target
k ¼

Xu

s¼1
bsx
target
k k ¼ 1; . . . ;G

Xv

r¼1
aryrp 6

Xu

s¼1
bsxsp 8i 6¼ p

Xu

s¼1
bsxsp ¼ 1

ar; bs P 0 8r; s
ð7Þ

4. Illustration

We first use the numerical example in Table 1

to illustrate the buyer–seller game models. We
have 12 vendors (DMUs). Their performance is

characterized by (1) distribution costs, including

transportation and handling costs, (2) customer

response time (days), the amount of time between

an order and its corresponding delivery, (3) per-

centage of shipping errors (number of incorrect

shipments made), (4) manufacturing cost, total

cost of manufacturing, including labor, main-
tenance, and re-work costs, (5) number of items

produced (in each month), (6) percentage of on-

time delivery, (7) fill rate, proportion of order filled

immediately, (8) weakly profit, and (9) number of

distribution centers.

Usually smaller values on the first four mea-

sures and larger values on the remaining five

measure indicate better performance of these
vendors. We therefore select the first four measures

as inputs and the remaining as outputs. The last

row of Table 1 provides the target based upon the

best values of the inputs and outputs across all 12

DMUs. The last column provides the efficiency

scores obtained from the CCR ratio model.

It can be seen that model (1) indicates that

DMU3 is the best DMU, because it has the largest
minimum efficiency score. Model (5) indicates that

DMU6 is the best DMU with respect to the target.

This shows that the best DMU under model (1)

does not necessarily mean that the DMU is the



Table 2

Data for the vendors

Variable Vendor 1 Vendor 2 Vendor 3 Vendor 4 Vendor 5 Vendor 6 Ideal target

Price ($/units) 0.1958 0.1881 0.2204 0.2081 0.2118 0.2096 0.1881

% Acceptance 98.8 99.2 100 97.9 97.7 98.8 100

% OTD 95 93 100 100 97 96 100

Table 1

Numerical example

DMU Distri-

bution

cost

Re-

sponse

time

Ship-

ping

errors

(%)

Manu-

factur-

ing cost

Items

pro-

duced

On-

time

delivery

(%)

Fill

rate

(%)

Profit Distri-

bution

centers

Model

(1)

Model

(5)

CCR

ratio

1 609 4 24 1340.55 45 673 7.29 7.21 131 125 0.187 0.878 1

2 613 4.50 18 634.70 40 990 3.19 4.94 33 47 0.092 0.755 1

3 558 3 18 657.50 39 079 5.15 8.50 104 62 0.283 0.720 1

4 580 3.75 20 882.40 38 455 3.184 4.48 71 94 0.133 0.694 0.977

5 625 3.75 33 3286.70 54 291 17.158 15.41 148 105 0.119 0.856 1

6 535 3.75 17 917.04 34 534 4.512 8.78 124 112 0.182 0.896 1

7 650 5 18 3714.30 41 984 12.195 8.82 98 77 0.070 0.730 1

8 740 6.75 20 2963.10 43 249 9.205 7.81 118 102 0.092 0.694 0.978

9 775 3.99 18 3240.75 43 291 5.825 10.05 102 45 0.066 0.753 1

10 888 4.25 34 2197.12 46 444 10.4 18.21 240 55 0.127 0.706 1

11 727 3.5 26 778.35 41 841 3.21 4.67 52 50 0.122 0.661 0.917

12 695 4 26 1245.75 40 221 2.365 3.58 37 37 0.070 0.570 0.795

Target 535 3 17 634.70 54 291 17.158 18.21 240 125
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best in the context of best-practice in model (5).

Therefore, it is critical that we also use model

(5) when selecting the best vendor. Finally, the

efficiency ranges presented by the 11th and 12th

columns yield more information regarding the
performance of the DMUs.

We next use the data in Weber and Desai

(1996), Weber et al. (1998) and Talluri (2002) to

demonstrate the models. Table 2 presents the data

where the price is used as the only input, and

percentages of accepted items (measuring quality)

and on-time deliveries (OTD) (measuring delivery

performance) are used as the two outputs. The
company is a division of a Fortune 500 pharma-

ceutical company. The last column reports the

ideal target used in Talluri (2002) which by defi-

nition dominates all the vendors.

Table 3 presents the results obtained from

model (2) with the last column reporting the effi-

ciency scores (h�p) obtained from model (1). Note
that �hh�p ¼ h�p in vendors 3 and 4. Although Table 3
reports a set of optimal weights, we should point

out that caution should be paid when using these

optimal weights because of possible multiple op-

timal solutions. The same comment can be applied

to Talluri (2002).
Now, we relax the assumption that the target

must be composed by the best values of all at-

tributes of the vendors. Suppose a new vendor

enters the bidding. The last column of Table 4

reports the new vendor. The second column of

Table 4 reports the efficiency scores obtained

from model (5). If we use model (1), then a new

ideal target will be determined via changing the
input for the old ideal target to 0.1877. The third

column of Table 4 reports the efficiency scores

obtained from model (1) with the new ideal tar-

get. Both models (1) and (5) indicate that the new

vendor is the best one.

We finally note that Talluri (2002) states ‘‘ven-

dors 1, 3, 4, 5 and 6 must improve their percentage

of OTD to 96.77%, 109.03%, 102.88%, 104.77%



Table 3

Vendor efficiency

Efficiency (�hh�p) Weights Efficiency (h�p)

Price % Acceptance % OTD

Vendor 1 0.949 5.10725 0.00961 0 0.913

Vendor 2 0.992 5.31632 0.01000 0 0.930

Vendor 3 0.853 4.53721 0 0.00853 0.853

Vendor 4 0.904 4.80538 0 0.00904 0.904

Vendor 5 0.868 4.72144 0.00888 0 0.861

Vendor 6 0.887 4.77099 0.00897 0 0.862

Table 4

Vendor efficiency with a new vendor

Efficiency

(�hh�p)
Efficiency

(h�p)
New vendor

Vendor 1 0.949 0.910 Price: 0.1877

Vendor 2 0.992 0.928 % Acceptance: 100

Vendor 3 0.853 0.852 % OTD: 98

Vendor 4 0.904 0.883

Vendor 5 0.868 0.860

Vendor 6 0.887 0.860

New vendor 1.002 0.980
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and 103.57%, respectively.’’ Obviously, one cannot
have OTD exceeding 100%. As a result, the ne-

gotiation strategies proposed in Talluri (2002) are

unpractical and invalid. Talluri (2002) does not

demonstrate how these values are obtained.

However, we should note the fact that we cannot

use model (1) to generate these values, because

model (1) does not evaluate efficiency in the con-

text of best-practice.
Because of the linkage between DEA and the

buyer–seller model established by the current

study, one can use a variable-returns-to-scale DEA

model to overcome this problem. i.e., the
Pv

r¼1 aryri
should be replaced by

Pv
r¼1 aryri þ uo, where uo is

unconstrained in sign. This uo corresponds to the
convexity constraint in the dual form to model (7),

and this convexity constraint guarantees that the
OTD will not exceed 100% (Banker et al., 1984).

Note that Weber and Desai (1996) employ the

correct DEA model with variable-returns-to-scale.
5. Conclusions

Talluri (2002) proposes minimizing efficiency to

develop a buyer–seller game model for selection
and negotiation of purchasing bids. The current

paper proposes maximizing efficiency in develop-

ing the buyer–seller game model so that the per-

formance is measured against best-practice. The

current paper shows that the models developed in
Talluri (2002) and in the current paper are closely

related to DEA. As a result, new models based

upon various DEA models can be established. For

example, if we want to consider the returns to scale

or treat uncontrollable bid output/input values,

related DEA models can be used with respect to

efficiency minimization and maximization. Finally,

Zhu (2002) provides an Excel Add-In for calcu-
lating the models discussed in the current paper.
Acknowledgements

The author is grateful to the helpful comments

and suggestions made by two anonymous referees.
References

Banker, R.D., Charnes, A., Cooper, W.W., 1984. Some models

for estimating technical and scale efficiencies in data envel-

opment analysis. Management Science 30, 1078–1092.

Charnes, A., Cooper, W.W., Rhodes, E., 1978. Measuring the

efficiency of decision making units. European Journal of

Operational Research 2, 429–444.

Charnes, A., Cooper, W.W., Huang, Z.M., Sun, D.B., 1990.

Polyhedral cone-ratio DEA models with an illustrative

application to larger commercial banks. Journal of Econo-

metrics 46, 73–91.

Talluri, S., 2002. A buyer–seller game model for selection and

negotiation of purchasing bids. European Journal of Oper-

ational Research 143 (1), 171–180.



156 J. Zhu / European Journal of Operational Research 154 (2004) 150–156
Weber, C.A., Desai, A., 1996. Determination of paths to

vendor market efficiency using parallel coordinates repre-

sentation: A negotiation tool for buyers. European Journal

of Operational Research 90 (1), 142–155.

Weber, C.A., Current, J.R., Desai, A., 1998. Non-coop-

erative negotiation strategies for vendor selection. Euro-

pean Journal of Operational Research 108 (1),

208–223.
Wise, R., Morrison, D., 2000. Beyond the exchange: The future

of B2B. Harvard Business Review 78 (6), 86–96.

Zhu, J., 2001. A multidimensional quality-of-life measure with

an application to Fortune�s best cities. Socio-Economic
Planning Sciences 35 (4), 263–284.

Zhu, J., 2002. Quantitative Models for Performance Evaluation

and Benchmarking: Data Envelopment Analysis with

Spreadsheets. Kluwer Academic Publishers, Boston.


	A buyer-seller game model for selection and negotiation of purchasing bids: Extensions and new models
	Introduction
	Simplified buyer-seller game model
	New buyer-seller game models
	Illustration
	Conclusions
	Acknowledgements
	References


