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Abstract

This paper presents the methods for order selection and pricing of manufacturer (supplier) with make-to-order basis
when orders exceed production capacity. By quoting the concepts of triangular fuzzy numbers and linguistic variables,
a fuzzy approach to evaluating buyers by taking into account both positive and negative criteria is proposed. According
to the classified results of buyers, the orders will be produced with priority, declined, or determined by MIP model. The
fixed quantity MIP model and flexible quantity MIP model are employed to determine the produced orders along with the
production quantity and the reference amount for price reduction. By applying the concept of TOPSIS, the closeness coef-
ficients for satisfaction grades of orders and for ranking values of buyers are used as the adjusting rates in the final pricing
MIP model to set segmented price.
� 2007 Elsevier B.V. All rights reserved.
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1. Introduction

In recent years, supply chain management and the supplier selection problems have received considerable
attention. Chen et al. (2006) concluded that supplier selection problems adhere to a group decision-making
under multiple criteria, uncertain and imprecise data, and fuzzy sets theory is adequate to deal with them. They
proposed a normalization method involving linear scale transformation to transform the benefit and cost cri-
teria into comparable scales in their fuzzy decision-making approach. The drawback of the method is that the
fuzzy ratings must not include zero; otherwise, all normalized fuzzy ratings will yield zero. With respect to buyer
and supplier relationships in the supply chain, Shin et al. (2000) studied the supply management orientation and
concluded that an improvement in the supply management orientation improves the performance of both sup-
pliers and buyers (a win–win situation for the supply chain). Das and Abdel-Malek (2003) stated that the under-
lying assumption of a good supply chain is that buyers and suppliers are willing to accommodate the
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uncertainties and variations in each other’s business. They introduced supply chain flexibility as the elasticity in
the supply contract negotiated between the buyer and supplier. Calosso et al. (2003) presented a negotiation
process and three mixed integer programming (MIP) models in a make-to-order (MTO) environment to deal
with interfirm negotiation.

Most researches focus on the viewpoint and decision-making of buyers, but Korpela et al. (2002) presented
a frame to focus on those of suppliers. They proposed the analytic hierarchy process and MIP for the man-
ufacturer (supplier) to solve production allocation problems that maximize both strategic importance of cus-
tomers and preferences of customers but minimize customer-related risks. Choi et al. (2004) proposed an order
selection agent that employs a job shop scheduling model to deal with the decision problem of selecting a set of
optimal orders to maximize profit under limited production capacity. However, the performance of buyers has
not been evaluated or taken into account in their method.

With respect to pricing process, Kingsman and Souza (1997) conducted an empirical research and found that
most companies use two-phase activity-based costing methods to estimate cost. An initial price is prepared by
cost estimation in the first phase and then adjusted with considerations of the company’s characteristics, market
conditions and economy in the second phase. The final price formula consists of five elements, which include
final estimated cost, risk with cost variances, risk with mistakes by the estimators, mark-up on materials and
profit margin. In the case of orders which are considered ‘‘very normal’’; that is, these orders do not present
any significant risk of losses, a pre-specified profit margin for these orders is utilized to set price by some com-
panies. In the accounting literature, some authors, for example, Drury (1992) and Needles et al. (1994) have
argued that companies employ a cost-plus method for pricing, where the estimated cost is adjusted according
to demand and some market factors. Hinterhuber (2004) proposed a framework using company perspective,
customer perspective and competitive perspective to set price. The segmented pricing – by type of customer
and distribution channel – is introduced to complement a policy of fixed prices in the research. Shipley and Job-
ber (2001) suggested the concept of continuous pricing process, that is, the selected elements of the pricing pro-
cess can be altered by the changes in environment conditions, in marketing strategy and in customer needs.

In this paper, we focus on the viewpoint and decision-making of suppliers. In addition to the production
perspective, the customer relationship management (CRM) has also attracted increasing attention from sup-
pliers to analyze information about customer behavior and preference to build close business relationship.
Armstrong and Collopy (1996) conducted an empirical research and concluded that companies with a pure
competitor-oriented strategy are less profitable and less likely to survive than companies with a strong cus-
tomer orientation. One of the important facets of CRM is that several studies have shown that not all custom-
ers are equally profitable for a company (Storbacka, 2000); and hence, Parvatiyar and Sheth (2001, 2002)
pointed out that the company must be selective in tailoring its program and marketing efforts by segmenting
and selecting appropriate customers so that a company allocates its resources to those customers it can serve
the best in order to create mutual value. According to the customer selectivity idea, we propose a fuzzy
approach for evaluating customers (buyers) and use the assessment results to screen orders. By applying
the concept of TOPSIS (Hwang and Yoon, 1981), the closeness coefficients of the negative-ideal solution
for satisfaction grades of orders and the closeness coefficients of the positive-ideal solution for ranking values
of buyers are calculated and used as the adjusting rates in the segmented pricing formula.

This paper is organized as follows. In the next section, we describe the characteristics and considerations of
manufacturer for decision-making. In Section 3, we present the framework and methods for evaluating buyers.
Section 4 discusses how to select orders and set prices, while an illustrative numerical example is presented in
Section 5. The empirical application of the addressed problem is introduced in Section 6. Finally, conclusion is
pointed out in Section 7.

2. The characteristics and considerations of manufacturer for decision-making

Possible buyers detect the market demand and then place orders to declare the intention for purchasing the
predicted quantity of product. From the standpoint of the manufacturer, the characteristics of the production
system include: (i) The product structure belongs to multiple products – low volume type. (ii) It is hard to keep
a ready inventory of pre-manufactured or over-manufactured goods, and hence, the supplier’s production is a
MTO basis. (iii) The demand quantity surpasses the supply quantity, that is, the manufacturer cannot produce



H.-T. Lin, W.-L. Chang / European Journal of Operational Research 187 (2008) 415–428 417
all the orders under the limited production capacity of the planning horizon. Briefly speaking, the limited pro-
duction capacity for manufacturer in MTO environment and consideration of CRM make it imperative to
properly select the orders and set prices to attain the pre-specified profit margin.

The cost of producing the orders is divided into cost directly related to the number of units in the orders,
such as direct materials, direct labor, power and machine cost, indirect cost such as the cost of production
planning, control, inspection, supervision and material handling, and traditional factory overhead. The indi-
rect cost and factory overhead are allocated to each order proportional to the number of produced units,
abbreviated by allocated cost. Under the characteristics of the production system, the minor deviation
between the produced quantity and purchase quantity of each order can probably increase total production
quantity, which will probably reduce the production cost per unit and increase the number of produced orders.
As a result, the price competitiveness and customer relationship will be enhanced. To respond to the under-
lying assumption of a good supply chain (Das and Abdel-Malek, 2003) and construct the mutual relationship
between manufacturer and buyers, the manufacturer has negotiated agreements with some of the buyers,
abbreviated by agreed group, to accept the minor quantity deviation and then share the associated price reduc-
tion to compensate for the deviation.

The decision-maker of manufacturer takes into account the assessment result of each buyer, purchase quan-
tity of each order along with the allowed quantity deviation, production capacity limit and pre-specified profit
margin to determine production plan of a specific horizon, e.g., a daily or weekly production plan, with the
objective of maximizing total production quantity. The assessment result of each buyer and actual percentage
deviation of quantity for each order are further used in the final pricing process. The computation flow of the
proposed methods is shown as Fig. 1.
3. Framework and methods for evaluating buyers

In this section, a fuzzy approach to evaluating and classifying buyers is developed. The importance weights
of various criteria and the ratings of buyers for subjective and qualitative criteria are considered as linguistic
variables. The judgment values of linguistic data are quantified with triangular fuzzy numbers (TFNs). The
reason for using TFNs to capture the vagueness of the linguistic assessments is that TFN is intuitively easy
to use (Liang and Wang, 1994). The linguistic variable schemes in the rating set (Cochran and Chen, 2005;
Liang and Wang, 1994) and weighting set (Liang and Wang, 1994), shown in Tables 1 and 2, respectively,
are used in this study to evaluate the ratings of buyers with respect to different criteria and the importance
of the criteria, respectively. The extension principle (Zadeh, 1965) is used to aggregate fuzzy numbers in
the following weighted rating model.

As the buyer evaluation is a group multiple-criteria decision-making problem, the following sets are used in
our description for convenience:

(i) A set of n possible buyers called B ¼ fB1;B2; . . . ;Bng.
(ii) A set of K criteria called C ¼ fC1;C2; . . . ;CKg. Let C ¼ C0 [ C00, where C 0 and C00 are the sets of positive

and negative criteria, respectively.
(iii) A set of S decision-makers called D ¼ fD1;D2; . . . ;DSg.

The steps of the proposed approach are as follows.

Step e1: Form a committee of decision-makers who are concerned and familiar with marketing, selling and
CRM. Identify and divide the evaluation criteria into positive criteria (the higher the rating, the
greater the preference) and negative criteria (the lower the rating, the greater the preference).

Step e2: Obtain the linguistic rating of each buyer for each criterion and linguistic weight of each criterion
from decision-makers. The linguistic judgment values for evaluating the buyers with respect to differ-
ent criteria and the importance weights of the criteria are quantified with TFNs as shown in Tables 1
and 2, respectively. Let TFNs
eM jks ¼ ðajks; bjks; cjksÞ; j ¼ 1; 2; . . . ; n; k ¼ 1; 2; . . . ;K; s ¼ 1; 2; . . . ; S



Fig. 1. Flowchart of the proposed methods.

Table 1
Linguistic variables for rating of buyer

Linguistic data (Positive criteria/Negative criteria) TFN

Very Good/Very High (0.8, 1, 1)
Good/High (0.6, 0.8, 1)
Fair/Medium (0.3, 0.5, 0.7)
Poor/Low (0, 0.2, 0.4)
Very Poor/Very Low (0, 0, 0.2)

Table 2
Linguistic variables for importance weight of each criterion

Linguistic data TFN

Very High (0.7, 1, 1)
High (0.5, 0.7, 1)
Medium (0.2, 0.5, 0.8)
Low (0, 0.3, 0.5)
Very Low (0, 0, 0.3)
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be the linguistic ratings assigned to Bj for Ck by Ds. Let TFNs

W ks ¼ ðdks; hks; zksÞ; k ¼ 1; 2; . . . ;K; s ¼ 1; 2; . . . ; S

be the linguistic weights given to Ck by Ds.

Step e3: Transform the various criteria scales into comparable scales. In our paper, the set of criteria are

divided into positive and negative criteria. With respect to the transformation methods, the normal-
ization method involving linear scale transformation (Chen et al., 2006) cannot be used here since the
assessed fuzzy ratings may include zero in this paper, which will probably lead all normalized ratings
to zero; the methods of inverse normalized amount (Ghodsypour and O’Brien, 1998) cannot be
applied here since it is proposed for crisp number. We propose the following arithmetic operations
to transform the assessed ratings for positive and negative criteria into comparable scales:
Mjks ¼ eM jks H ðamin; amin; aminÞ
¼ ðajks � amin; bjks � amin; cjks � aminÞ; Ck 2 C0; ð1Þ

Mjks ¼ ðcmax; cmax; cmaxÞ H eM jks

¼ ðcmax � cjks; cmax � bjks; cmax � ajksÞ; Ck 2 C00; ð2Þ

where amin and cmax are the minimal and maximal numbers used in the rating scale, respectively.

Step e4: Aggregate the fuzzy assessments of the decision-makers. According to the idea of Golden Mean, the

aggregated fuzzy assessment should not be influenced by the largest and smallest values. Hence, the
maximal and minimal linguistic judgment values of the decision-makers for evaluating Bj with respect
to Ck and for evaluating the importance weight of Ck are trimmed off. By using the trimmed mean
aggregation rule to pool the decision-makers’ opinions, the TFNs of Bj for Ck will be
Mjk ¼ ðajk; bjk; cjkÞ; j ¼ 1; 2; . . . ; n; k ¼ 1; 2; . . . ;K; ð3Þ
where

ajk ¼
XS

s¼1

ajks �max
s
fajksg �min

s
fajksg

 !,
ðS � 2Þ;

bjk ¼
XS

s¼1

bjks �max
s
fbjksg �min

s
fbjksg

 !,
ðS � 2Þ;

cjk ¼
XS

s¼1

cjks �max
s
fcjksg �min

s
fcjksg

 !,
ðS � 2Þ:

The importance weight of Ck will be

W k ¼ ðdk; hk; zkÞ; k ¼ 1; 2; . . . ;K; ð4Þ

where

dk ¼
XS

s¼1

dks �max
s
fdksg �min

s
fdksg

 !,
ðS � 2Þ;

hk ¼
XS

s¼1

hks �max
s
fhksg �min

s
fhksg

 !,
ðS � 2Þ;

zk ¼
XS

s¼1

zks �max
s
fzksg �min

s
fzksg

 !,
ðS � 2Þ:
Further, Mjk and Wk are aggregated by averaging the products between the criteria ratings and the
corresponding importance weights. The fuzzy suitability index, Gj, of Bj can be obtained using the
fuzzy sum and fuzzy multiplication as follows:
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Gj ¼ ð1=KÞ � ½ðMj1 � W 1Þ � ðMj2 � W 2Þ � � � � � ðMjK � W KÞ�:

Here, Gj is not a TFN. For simplicity, we use the approximation formula (Liang and Wang, 1994) to
approximate the aggregated TFN

Gj ffi
XK

k¼1

ajkdk=K;
XK

k¼1

bjkhk=K;
XK

k¼1

cjkzk=K

 !
: ð5Þ
Step e5: Calculate the total utility values, or ranking values, of the aggregated fuzzy assessment, which can be
used to rank and classify the buyers. The total utility function developed by Chen (1985) is used
against Gj to obtain a number, U T ðBjÞ, for each buyer. By using the definitions and formulas of right
utility value, URðBjÞ, derived from the associated maximizing set and of left utility value, U LðBjÞ,
derived from the associated minimizing set (Hsieh and Chen, 1999; Cochran and Chen, 2005), the
total utility value UT ðBjÞ of Gj are calculated as follows and will be used in the segmented pricing
formula to set the final price:
U T ðBjÞ ¼ ½U RðBjÞ þ 1� U LðBjÞ�=2: ð6Þ
Step e6: Calculate the utility similarity between each buyer’s fuzzy assessment value and each linguistic data in
Table 1. Choose the corresponding best linguistic data of each buyer with largest utility similarity to
classify the buyers. The classified results will be used in the order selection process. Denote the total
utility value of the fuzzy assessment of Bj and of linguistic data Li by U T ðBjÞ and UT ðLiÞ, respectively.
By using the utility similarity method proposed by Hsieh and Chen (1999), the utility similarity
between the fuzzy assessments of Bj and Li, U SðBj; LiÞ, can be calculated as
U SðBj; LiÞ ¼
minfU T ðBjÞ;U T ðLiÞg
maxfUT ðBjÞ;UT ðLiÞg

: ð7Þ
4. Methods for order selection and pricing

To adopt the essence of customer (buyer) relationship orientation, the orders placed by the buyers who
were classified into VG or G are produced with priority to enhance customer relationship, whereas the orders
of those who were classified into VP are declined to avert the potential transaction risk, and the orders of the
remaining buyers are determined by the MIP model. As the orders are screened according to the classified
results of buyers who placed the orders and the production plan is of short horizon; that is, the update cost
information is used in the decision-making process. The production plan can be viewed as one that does not
present any significant mark-up on materials and risks with cost variances and mistakes by estimators, which
makes the production cost less variable and simpler for estimation. Hence, the pricing model proposed by
Kingsman and Souza (1997) can be simplified as the process of making the production cost estimate and then
adding some pre-specified profit margin, which will be used in this paper. The initial price of each produced
order is set by estimating the production cost and adding a pre-specified profit margin. Then, the initial price is
adjusted in accordance with the actual percentage deviation of quantity for the orders and the ranking values
of the buyers who placed the orders. The larger the percentage deviation of quantity, the lower the satisfaction
grade of the order; and hence, the lower the final price will be. Moreover, the higher the ranking values, the
greater the preference of the buyer; and hence, the lower the final price will be. A lower final price means a
larger value of price reduction in the pricing formula (12).

A stepwise description of the order selection and pricing process is given in the following.

Step s1: Determine the produced orders along with the production quantity and price per unit by performing
the fixed quantity MIP model, MIPx, where none of the buyers has agreed to accept quantity devi-
ation. For the notations used, see Table 3.
MIPx is formulated as follows:



Table 3
Notations

Index
Yi: product type i, i ¼ 1; 2; . . . ;m
Bj: possible buyer j, j ¼ 1; 2; . . . ; n
Oij: order placed by Bj for purchasing Yi

Input parameters
qij: purchase quantity of Oij

ti: processing time per unit of Yi

b: hour rates of direct labor, power and machine cost, etc.
ri: direct material cost per unit of Yi

TL: maximal production time in a day
FC: indirect cost and factory overhead in a day
p: rate of pre-specified profit margin of a production plan

Decision variables
xx

ij: production quantity of Oij in MIPx

px
ij: price per unit of Oij in MIPx

kij ¼ 1; if Oij is produced; otherwise kij ¼ 0
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Maximize Z ¼
Xm

i¼1

Xn

j¼1

xx
ij ðc0Þ

Subject to kij ¼ 1; Bj 2 fVG;Gg
¼ 0; Bj 2 fVPg
¼ ð0; 1Þ; otherwise; ðc1ÞXm

i¼1

Xn

j¼1

tixx
ij 6 T L; ðc2Þ

px
ij ¼ F C

Xm

i¼1

, Xn

j¼1

xx
ij þ ri þ bti

 !
ð1þ pÞ; ðc3Þ

xx
ij ¼ kijqij: ðc4Þ

The objective function (c0) is to maximize total production quantity to reduce the allocated cost per
unit of product and increase the number of produced orders as far as possible. Constraint (c1) re-
stricts the orders placed by the buyers who were classified as VG or G to be produced with priority,
whereas the orders placed by those who were classified as VP are declined. The actual production time
is restricted within capacity limit by Constraint (c2). Constraint (c3) sets the price per unit to satisfy
the pre-specified profit margin using the cost-plus method. Constraint (c4) identifies Oij to be pro-
duced or declined. The purchase quantity and produced quantity are restricted to integers for conve-
nience in our model.
Step s2: If none of the buyers is of the agreed group, terminate the algorithm. The final production quantity
and price are determined as xx

ij and px
ij, respectively. Otherwise, calculate the allowed quantity devi-

ation of Oij for buyers of the agreed group as e
_ �qij, where e

_
is the pre-set percentage deviation.

For convenience, e
_ �qij is rounded to the smallest integer, which is greater than or equal to it, denoted

by Eij. Then, the minimal and maximal production quantities of Oij will be ql
ij ¼ qij � Eij and

qu
ij ¼ qij þ Eij, respectively. MIPx is then modified to formulate the flexible quantity MIP model,

MIPf, where some of the buyers are of the agreed group. The notations px
ij and xx

ij are replaced by
pf

ij and xf
ij, respectively, and Constraint (c4) is replaced by kijql

ij 6 xf
ij 6 kijqu

ij for the orders placed
by buyers of the agreed group.

Step s3: Perform MIPf to determine the produced orders along with the production quantity, xf
ij, and price per

unit, pf
ij.
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Step s4: If
Pm

i¼1

Pn
j¼1xx

ij P
Pm

i¼1

Pn
j¼1xf

ij, terminate the algorithm. Otherwise, calculate the cost reduction per
unit as
cD ¼ F C

Xm

i¼1

Xn

j¼1

xx
ij � F C

, Xm

i¼1

Xn

j¼1

xf
ij

,
;

which is the difference between the allocated cost per unit in MIPx and MIPf. Then, the reference
amount for price reduction per unit is calculated as pD ¼ cDð1þ pÞ.
Step s5: Calculate actual percentage deviation of quantity for the produced order Oij as
eij ¼ ðjxf
ij � qijj � 100%Þ=qij ð8Þ

and then derive the associated satisfaction grade with respect to quantity as

Xij ¼ 1� eij: ð9Þ
Theoretically, the maximum of Xij is 1.
Step s6: By applying the concept of TOPSIS, calculate the closeness coefficient of the produced order Oij with
respect to Xij, denoted by CNij, and use it as the adjusting rate in pricing process to compensate for
the quantity deviation. The larger the eij, the lower the Xij, and the larger the price reduction will be.
The positive-ideal solution and the negative-ideal solution with respect to Xij are set as 1 and
mini;jfXijg, respectively. We calculate the relative closeness to negative-ideal solution as the closeness
coefficient:
CN ij ¼
1� Xij

1�mini;jfXijg
: ð10Þ
Step s7: Calculate the closeness coefficient of Bj with respect to UT ðBjÞ, denoted by CPj, and use it as the
adjusting rate in pricing process. The larger the U T ðBjÞ, the greater the preference of Bj, and the larger
the price reduction will be. The positive-ideal solution and the negative-ideal solution with respect to
UT ðBjÞ are set as 1 and 0, respectively. We calculate the relative closeness to positive-ideal solution as
the closeness coefficient:
CP j ¼
U T ðBjÞ � 0

1� 0
¼ UT ðBjÞ: ð11Þ
Step s8: By using xf
ij as the final production quantity of Oij, px

ij as initial price per unit of Oij and pD as reference
amount for price reduction, the final price per unit of Oij, p	ij, is set in accordance with CNij and CPj as
the following segmented pricing formula:
p	ij ¼ px
ij � q � pD � ðw1 � CNij þ w2 � CP jÞ; ð12Þ

where w1 and w2 are the importance placed on CNij and CPj by the decision-maker, respectively, and
q is an elastic factor used to adjust the rates of price reduction in equality of scale to obtain the best
solution for attaining the pre-specified profit margin as far as possible. The final prices per unit of the
produced orders are set by the following model, MIP*:

Minimize Z ¼ G� þ Gþ

Subject to p	ij ¼ px
ij � q � pD � ðw1 � CN ij þ w2 � CP jÞXm

i¼1

Xn

j¼1

p	ij � x
f
ij þ G� � Gþ ¼ F C þ

Xm

i¼1

Xn

j¼1

xf
ij � ðri þ b � tiÞ

" #
ð1þ pÞG�; Gþ P 0:
5. Numerical example

Suppose a manufacturing firm that desires to deal properly with the 17 orders placed by 10 buyers has to
propose the one-day production plan. The relevant data of the orders are shown in Table 4. The products



Table 4
Relevant data of the orders

ri ($/unit) ti (m/unit) qij

B1
a B2 B3

a B4
a B5

a B6 B7 B8 B9 B10
a

Y1 600 3.0 60a 40
Y2 550 2.0 25 35a 20
Y3 460 1.5 30a

Y4 320 4.0 80a

Y5 150 3.5 50a 35 30
Y6 200 2.5 20a

Y7 180 2.6 60 30
Y8 350 3.0 55a 25
Y9 250 1.0 50a 40a

a Indicates that percentage deviation of quantity within about 5% is acceptable.
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purchased by the orders are divided into nine types. The production capacity required to produce all the
orders is estimated to be 1935.5 minutes, which exceeds the maximal production capacity of 960 minutes each
day (TL = 960). Hence, the buyers’ evaluation for the order selection and pricing process is conducted. The
estimated production cost reveals that b = 8 dollars/minute and F C ¼ 50; 000 dollars/day. p is set as 10%
of the production cost. Five out of 10 buyers have agreed to accept the percentage deviation of quantity within
about 5%.

Steps e1 and e2: Suppose that a committee of seven decision-makers has been formed to evaluate the buy-
ers. Three positive criteria and two negative criteria are considered to evaluate the buyers.
The positive criteria include relationship closeness (C1), coordination and conflict resolu-
tion (C2) and buyer’s position and influence in the industry (C3). The negative criteria con-
tain likelihood of canceling order without agreement (C4) and likelihood of risk at an
uncollectible account (C5). The evaluation results are shown in Table 5.

Step e3: As the maximal and minimal numbers used in the rating scale are one and zero, respec-
tively, the assessed ratings for positive and negative criteria are transformed into compa-
rable scales by formulas (1) and (2), respectively, as follows:
Table 5
Ratings of the buyers a

Decision-maker

D1

..

.

D7
Mjks ¼ eM jks H ð0; 0; 0Þ ¼ eM jks; for Ck ¼ C1;C2;C3:

Mjks ¼ ð1; 1; 1Þ H eM jks; for Ck ¼ C4;C5:

For example, the linguistic data assigned to B2 for negative criterion C4 by D1 is Low (L),
the fuzzy rating is eM 241 ¼ ð0; 0:2; 0:4Þ, which represents the expansion interval of dislike.
nd importance weights for various criteria

Buyer/weight Positive criteria Negative criteria

C1 C2 C3 C4 C5

B1 VG G G VL L
B2 G F VG L VL
..
. ..

. ..
. ..

. ..
. ..

.

B10 VP VP P VH VH
Weight H VH M VH M

..

. ..
. ..

. ..
. ..

. ..
.

B1 VG G VG VL VL
..
. ..

. ..
. ..

. ..
. ..

.

B10 VP P P VH VH
Weight M VH M H M



Table 6
Pooled ratings and wei

C1

B1 (0.72,0.92,1)
B2 (0.58,0.78,0.9
B3 (0.54,0.74,0.9
B4 (0.36,0.56,0.7
B5 (0.30,0.50,0.7
B6 (0.12,0.32,0.5
B7 (0.18,0.38,0.5
B8 (0.30,0.50,0.7
B9 (0.64,0.84,1.0
B10 (0,0,0.20)

Wk (0.54,0.76,1.0

Table 7
Total utility values of

Buyer

B1

B2

B3

B4

B5

B6

B7

B8

B9

B10
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The transformed rating is M241 ¼ ð1; 1; 1Þ H ð0; 0:2; 0:4Þ ¼ ð0:6; 0:8; 1Þ, which represents the
expansion interval of preference.
Step e4: The pooled ratings and weights of the decision-makers are calculated by formulas (3) and
(4), respectively. Then, the aggregated fuzzy suitability indices are calculated by formula
(5) as shown in Table 6.

Steps e5 and e6: By using formula (6) to calculate the total utility values as shown in Table 7, then the util-
ity similarity values are calculated by formula (7) and each buyer is classified according to
the corresponding linguistic data, as seen in Table 8.

Step s1: Note that B1 and B9 are classified as G, whereas B10 is classified as VP in Table 8. Hence,
k11, k41, k29 and k59 are set as one, and k9;10 is set as zero in Constraint (c1). The production
information, xx

ij and px
ij, is depicted in Table 9.

Step s2: For the nine orders placed by the five buyers of the agreed group, calculate ql
ij and qu

ij and
then modify the formula of Constraint (c4). For example, the allowed quantity deviation
of order O25 is E25 ¼ 5%� 35d e ¼ 2, then ql

25 ¼ 35� 2 ¼ 33, qu
25 ¼ 35þ 2 ¼ 37. The asso-

ciated formula is modified as k25 � 33 6 xf
25 6 k25 � 37.

Steps s3 and s4: The production information, xf
ij and pf

ij, is depicted in Table 9. The increments of total pro-
duction quantity and number of produced orders attained by MIPf are 13 (=373 � 360)
and 1 (=10 � 9), respectively. Calculate cD ¼ 50; 000=360� 50; 000=373 ¼ 4:8406 and
pD ¼ 4:8406� 1:10 ¼ 5:3247.

Steps s5, s6 and s7: Calculate eij and Xij by formulas (8) and (9), respectively. Then, calculate CNij using for-
mula (10) with minfXijg ¼ 94:29%. By using formula (11), CPj can be drawn from Table 7.
The computational results are shown in Table 10, where CPj is depicted to match the order
placed by Bj.
ghts and aggregated fuzzy suitability indices

C2 C3 C4 C5 Gj

(0.54,0.74,0.94) (0.64,0.84,1) (0.68,0.88,1) (0.64,0.84,1) (0.30,0.62,0.92)
4) (0.42,0.62,0.82) (0.72,0.92,1) (0.64,0.84,1) (0.68,0.88,1) (0.27,0.58,0.89)
4) (0.36,0.56,0.76) (0.06,0.26,0.46) (0.36,0.56,0.76) (0.58,0.78,0.94) (0.18,0.43,0.73)
6) (0.54,0.74,0.94) (0.30,0.50,0.70) (0.54,0.74,0.94) (0.36,0.56,0.76) (0.21,0.47,0.77)
0) (0.42,0.62,0.82) (0.06,0.26,0.46) (0.42,0.62,0.82) (0.30,0.50,0.70) (0.16,0.38,0.66)
2) (0.36,0.56,0.76) (0,0.16,0.36) (0.12,0.32,0.52) (0.06,0.26,0.46) (0.08,0.26,0.50)
8) (0,0.08,0.28) (0.06,0.22,0.42) (0.06,0.22,0.42) (0,0.12,0.32) (0.03,0.15,0.38)
0) (0.24,0.44,0.64) (0.58,0.78,0.94) (0,0.16,0.36) (0.12,0.32,0.52) (0.10,0.31,0.59)
0) (0.68,0.88,1) (0.72,0.92,1) (0.72,0.92,1) (0.30,0.50,0.70) (0.30,0.61,0.89)

(0,0.04,0.24) (0,0.16,0.36) (0,0.04,0.24) (0.06,0.18,0.38) (0.00,0.05,0.26)

0) (0.66,0.94,1) (0.26,0.54,0.84) (0.62,0.88,1) (0.26,0.54,0.84)

buyers and of linguistic data

U T ðBjÞ Linguistic data UT ðLiÞ
0.6221 Very Good 0.9167
0.5931 Good 0.7500
0.4794 Fair 0.5000
0.5120 Poor 0.2500
0.4410 Very Poor 0.0833
0.3276
0.2334
0.3768
0.6147
0.1387
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Step s8: Suppose decision-makers set w1 ¼ 2 and w2 ¼ 1. By using MIP*, the final price per unit
along with the final price reduction, calculated as q� 5:3247� ð2� CN ij þ CP jÞ, is
obtained with q ¼ 0:5820, as shown in Table 10. The reason for O25 sharing the maximal
Table 8
Utility similarity values and the classified results of each buyer

VG G F P VP Classified results

B1 0.6786 0.8294 0.8038 0.4019 0.1340 G
B2 0.6470 0.7908 0.8431 0.4215 0.1405 F
B3 0.5230 0.6392 0.9588 0.5215 0.1738 F
B4 0.5585 0.6826 0.9766 0.4883 0.1628 F
B5 0.4811 0.5880 0.8819 0.5669 0.1890 F
B6 0.3574 0.4368 0.6552 0.7631 0.2544 P
B7 0.2546 0.3112 0.4668 0.9336 0.3570 P
B8 0.4111 0.5024 0.7536 0.6635 0.2212 F
B9 0.6706 0.8196 0.8134 0.4067 0.1356 G
B10 0.1513 0.1849 0.2773 0.5547 0.6010 VP

Table 9
Production information

Order qij MIPx MIPf

xx
ij px

ij xf
ij pf

ij

O11 60 60 839.1778 57 833.8531
O17 40 0 – 0 –
O22 25 25 775.3778 25 770.0531
O25 35 35 775.3778 33 770.0531
O29 20 20 775.3778 20 770.0531
O35 30 30 671.9778 31 666.6531
O41 80 80 539.9778 76 534.6531
O53 50 0 – 0 –
O58 35 0 – 0 –
O59 30 30 348.5778 30 343.2531
O64 20 0 394.7778 19 389.4531
O72 60 0 – 0 –
O77 30 30 373.6578 30 368.3331
O85 55 0 – 0 –
O86 25 0 – 0 –
O94 50 50 436.5778 52 431.2531
O9;10 40 0 – 0 –

Total 360 – 373 –

Table 10
Computational results of pricing process

Produced order eij (%) Xij (%) CNij CPj p	ij Final price reduction

O11 5 95 0.8750 0.6221 831.8261 7.3517
O22 0 100 0.0000 0.5931 773.5397 1.8381
O25 5.71 94.29 1.0000 0.4410 767.8126 7.5652
O29 0 100 0.0000 0.6147 773.4727 1.9051
O35 3.33 96.67 0.5833 0.4410 666.9955 4.9823
O41 5 95 0.8750 0.6221 532.6261 7.3517
O59 0 100 0.0000 0.6147 346.6727 1.9051
O64 5 95 0.8750 0.5120 387.7674 7.0104
O77 0 100 0.0000 0.2334 372.9344 0.7234
O94 4 96 0.7000 0.5120 430.6521 5.9257
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price reduction is that it takes the maximal percentage deviation of quantity and its rank-
ing value is passable, whereas O77 sharing the minimal price reduction is because it takes
no percentage deviation of quantity and its ranking value is not good enough. The cost of
production plan along with the associated revenue is 200,060 and 220,066, where the rate
of pre-specified profit margin, 10%, is attained.
6. The empirical application

Examples of industries where this problem arises fall into small and medium firms who manufacture and
sell packed lunch/dinner/provisions, denoted by packed food, in Taiwan. The capacity of a firm is limited by
the work force and facility. For convenience, it is regular for most of the conferees, participants, workers, offi-
cers, and students, etc., to consume packed food in Taiwan. The purchasers are concerned with flavor and
price. Especially in the government offices and public schools, the unit price is restricted to be less than a
certain value by the accounting and audit regulations. For some of the seminars, symposiums, workshops, stu-
dent subsidiary courses or extracurricular activities, etc., the number of participants or members relevant to
working group are unable to be determined exactly; and hence, a minor quantity deviation is accepted some-
times in practice. For the firm with excellent cookery and using good material, the received orders from local
buyers or organizations in the vicinity always surpass the supply quantity.

As there are more than ten kinds of packed food, in general, providing buyers to pick and choose and with
the considerations of hygiene and safety; hence, the method of keeping a ready inventory of pre-manufactured
or over-manufactured goods is forbid, which led the supplier’s production to a MTO basis. As the demand
and delivery date is specified by the orders and cannot be shifted to other days, the manufacturer should con-
duct order selection to propose a daily production plan. As there is a large secondary choice of suppliers for
the buyers, it is common and ordinary for the buyers whose orders are declined to purchase elsewhere.
Fig. 2. Linkage and communication between the proposed scheme and related core business processes.
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Recently, organizations have invested considerable resources to implement manufacturing and information
technologies, such as JIT, QR, MRP II and ERP systems, to integrate and coordinate distinct functions within
a firm. However, as Chen and Chen (2005) pointed out, many production decision-making processes do not
take marketing’s dynamic nature into account, and hence, the dynamic aspects of pricing and other marketing
related variables tend to be ignored in the computerized manufacturing planning systems. To reform the draw-
backs, Hu and Munson (2002) presented an incremental quantity discount model to rectify the unrealistic
assumption of fixed prices for lot-sizing planning. Chen and Chen (2005) developed the coordinated and
decentralized decision-making policies that solve the production lot-size/scheduling problem taking into
account the dynamic aspects of customer’s demand as well as the restriction of finite capacity in a plant. Anjos
et al. (2005) opined that although a fixed pricing policy is an attractive proposition, it is nonetheless important
to update current pricing in response to fluctuations in demand, and possibly also to changes in the price that
customers are prepared to pay. They presented a continuous pricing methodology which is particularly well
suited for application in the context of an increasing role for the Internet as a means to market goods and
services. Most small and medium firms in Taiwan lack appropriate resources in funds, personnel and a
cost-effective management technology to respond to demand advantageously and quickly. As the proposed
scheme can be solved easily with Excel and LINGO package, it can be used to link and communicate with
the related core business processes to construct a small-sized ERP framework, which is depicted in Fig. 2.

7. Conclusion

In this paper, we proposed the methods for order selection and pricing process of manufacturer (supplier)
with MTO basis and limited production capacity. By quoting the concepts of TFNs and linguistic variables, a
fuzzy set approach for evaluating buyers with respect to positive and negative criteria is conducted. According
to the classified results of buyers, the orders are produced with priority, declined, or determined by the MIP
model, which realizes the essence of customer (buyer) relationship orientation.

This paper introduced the concept of flexible quantity, where the supplier has negotiated agreements with
some of the buyers to accept the minor quantity deviation and then share the associated price reduction to
compensate for the deviation. Under the characteristics of MTO and limited production capacity, the flexible
quantity model can probably increase the total production quantity, thus reducing the allocated cost per unit.
A segmented pricing formula is proposed to set the final price in accordance with the actual percentage devi-
ation of quantity for the orders and the ranking values of the buyers to cope with the dynamic and long-term
relationships between supplier and buyers.

In order to set competitive price, the manufacturers should dedicate their efforts to reduce cost by improv-
ing and reengineering the manufacturing processes/methods, among which, reduce the allocated cost per unit
by increasing production quantity is a managerial topic. Moreover, the manufacturers should take into
account the marketing strategy, economic trend, customer need and so on to adjust the pre-specified profit
margin.

The proposed scheme can deal with the order selection and pricing process more objectively with customer
relationship orientation. It can be used to link and communicate with the related core business processes.
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