
 

 

  
Abstract— Supplier selection has an important role in supply 

chain management.  A decision maker has to decide how much 
purchasing quantity of each product should be ordered to suitable 
suppliers considering multiple conflicting criteria. To make the 
model sufficiently realistic to be used in practice, quantity discount 
and volume discount policies, minimum order quantity, minimum 
and maximum number of supplier for each product, and relationship 
with suppliers are considered. An LP model is constructed and solved 
using IBM ILOG CPLEX Optimization Studio.  A numerical 
example is given to demonstrate that the solution is realistic. 
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I. INTRODUCTION 
N many countries, business decision making has changed 
over time from single criterion (profit) to multi criteria 

decision. The significance of the multi criteria decision making 
has become a stand out issue nowadays. Among the diversities 
of criteria, price, quality, and delivery criteria are popular. 
There are practical limitations for supplier selection problems, 
for example, capacity of suppliers, minimum and maximum 
number of supplier per product, minimum order quantity, 
relationship between buyer and suppliers. Multi criteria 
decision making helps the decision maker to choose 
appropriate suppliers for each product by trading off between 
conflicting quantitative and qualitative criteria.  

In a whole process, the total cost, quality, and delivery 
lateness are usually the critical factors. Related to the total 
cost, encouraging policies such as quantity discount and 
volume discount can be used. The quantity discount 
encourages the buyer to purchase more of only one item to 
reduce the unit purchase cost. On contrary, the volume 
discount encourages the buyer to purchase more of many items 
from the same supplier.  The volume discount is dependent on 
total dollar value of purchasing from the supplier.  

This paper proposes a multi objective linear programming 
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model to solve the supplier selection problem.  There are three 
criteria namely, total purchase cost, weighted sum of quality 
score, and weighted sum of delivery lateness.  Since these 
criteria have different dimensions, they are transformed to 
satisfaction levels which are dimensionless.  A compromised 
solution is determined by maximizing the weighted additive of 
the satisfaction levels of all criteria.  The model includes many 
realistic constraints, namely, quantity discount, volume 
discount, customer demand, supplier capacity, minimum and 
maximum number of suppliers for each product, minimum 
order quantity, and relationship with supplier.   

The constraint related to minimum and maximum number of 
suppliers for each product is very important.  In some cases, 
the product must be purchased from only one supplier, for 
example, there is only one mold for plastic injection operation. 
In some cases, the buyer wants to maintain at least two 
suppliers for a critical product to minimize a risk of supply 
disruption of a single supplier.  Moreover, to maintain 
relationship with a key supplier, the company may have a 
contract that no less than x percent of the demand of a 
particular product must be purchased from this key supplier.  

II. LITERATURE  REVIEW 
Many researchers have paid attention to the supplier 

selection problem in recent years. Corresponding to the topic 
of this paper, volume discount and quantity discount 
environments are reviewed in this paper. 

Xia and Wu[1]introduce a volume discount with multiple 
products and has multiple objective programming models. 
Then Wang and Yang[2] proposed a new model that includes 
the quantity discount into the model. Later, Kamali, Ghomi 
and Jolia[3] also discussed about the quantity discount with a 
joint optimization model together with multi criteria. In 
addition, Zhang and Chen[4] introduced a procurement 
decision by considering fixed selection costs and quantity 
discount.  

There are many approaches appeared in the literature for 
supplier selection problem. No matter what methods and 
criteria are used, the only target is to select the best supplier(s) 
for each product and determine the suitable purchasing 
quantity.  
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III.MODEL DEVELOPMENT 

A. Notations 
In this circumstance, three criteria (i = 1,…,3) which are 

price, quality, and delivery are concerned. To facilitate 
compromising among these criteria, the satisfaction level of 
each criterion is used.   

It is assumed that supplier k (k = 1,…,K) purchases  product 
j (j = 1,…,J) at some volume. Moreover the levels of both 
business volume breaks and price breaks are defined by c = 
1,…,C which is shown in Table III. Note that level1 is the first 
level of both business volume breaks and price breaks. 
However, the amount of units within the level1 does not need 
to be the same. 

 
 

TABLE I 
INPUT PARAMETERS 

Symbol Meaning 

hjk maximum supply capacity of product j offered by supplier k 
dj total demand of product j 
uj maximum number of supplier that can receive order of product j 
loj minimum number of supplier that can receive order of product j  
ojk minimum order quantity of product j that can be purchased from 

supplier k (unit) 
srjk 1 if supplier k supplies product j, 0 otherwise (unitless) 
rjk minimum fraction of total demand of product j that must be 

purchased from supplier k to maintain relationship (unitless) 
pcjk price that supplier k offers for  product j for discount level c ($) 
z1jk unit price of product j from supplier k ($) 
z2jk quality score (1 to 10) of product j from supplier k (unitless) 
z3jk delivery lateness of product j from supplier k (days) 
ecjk break point of quantity discount level c of product j from 

supplier k (unit) 
gck discount fraction of volume discount from supplier k at discount 

level c (unitless) 
bck break point of volume discount at level c of supplier k 
fk 1 if supplier k offers quantity discount; 0 if it offers volume 

discount 
wi weight of criteria i 
mni Minimum value of criteria i 
mdi Moderate value of criteria i 
mxi Maximum value of criteria i 

 
TABLE II 

DECISION VARIABLES 

Symbol Meaning 

vcjk purchase quantity at discount level c of product j from supplier 
k (unit) 

πjk 1 if product j is ordered from supplier k; 0 otherwise 
tcjk business volume of product j from supplier k in level c if the 

quantity discount is used ($) 
ack business volume of product j from supplier k in level c if volume 

discount is used ($) 
αck 
 
y1 
y2 
y3 

1 if quantity discount level c is selected for supplier k; 0 
otherwise 
total purchased value ($) 
weighted sum of quality score (unit) 
weighted sum of delivery lateness (unit day) 

βck 1 if volume discount level c is selected for supplier k; 0 
otherwise 

λi satisfaction level of criteria i (unitless) 

 

B. Objective functions 
 (1) shows an expression for the total purchased value.  (2) 

is sum of multiplication product between purchase quantity 
and quality score. Note that the quality score is measured using 
1 to 10 scale where 10 is the best quality.  (3) is sum of 
multiplication product between purchase quantity and delivery 
lateness.   (4) is weighted additive of satisfaction levels of 
criteria.  The use of these objective functions will be explained 
later. 
y1= ( ) ( )∑ ∑∑ ∑ ∑ −⋅−+⋅

c k kckckc j k kcjk fgaft 11    (1) 

y2 = ∑ ∑ ∑ ⋅
c j k cjkjk vz2                      (2) 

y3=∑ ∑ ∑ ⋅
c j k cjkjk vz3                           (3) 

∑ ⋅
i iiw λ                         (4) 

C. Quantity discount constraint 
Purchase quantity vcjk must be corresponding to suitable 

discount level and only one level is selected.   
∑ ∑ ⋅⋅=⋅

c c kcjkcjkkcjk fvpft            kj ∀∀ , (5)         

fefvfe kckcjkj kcjkkckjkc ⋅⋅<⋅≤⋅⋅ ∑− αα,1
 

kjc ∀∀∀ ,, (6) 
 1≤⋅∑c kck fα                        k∀ (7) 

D. Volume discount constraint 
The business volume ack from supplier k should be in 

suitable discount level c  and only one level is selected. 
( ) ( )∑ ∑ ∑ −⋅⋅=−⋅

c c j kcjkjkkck fvzfa 11 1    k∀ (8) 

( ) ( ) ( )fbfafb kckckkckkckkc −⋅⋅<−⋅≤−⋅⋅
−

111,1 ββ  

                   kjc ∀∀∀ ,,  (9) 

( ) 11 ≤−⋅∑c kck fβ                                           k∀ (10) 

E. Demand constraint 
Sum of the class of every assigned volume vcjk must meet the 

customers’ demand.  

dv jc k cjk =∑ ∑                  j∀ (11) 

F. Available supplier constraint 
A supplier may supply only some products not all products.   

sr jkjk ≤π                   kj ∀∀ , (12) 

G. Supply capacity constraint 
The sum of all levels of assigned volume vcjk  must be less 

than capacity hjk which will be active if the assigned πjk is 
equal to 1. 

π jkjkc cjk hv ⋅≤∑                 kj ∀∀ , (13) 

H. Maximum and minimum number of supplier constraint 
There is a constraint that set the upper limit and lower limit 

of number of suppliers for each product. It is stated as 

ulo jk jkj <≤ ∑ π                 j∀ (14) 



 

 

I.   Minimum order constraint 
The sum of all levels of assigned volume vcjk must be greater 

than the required minimum order of product j from supplier k.  
∑≤⋅

c cjkjkjk vo π                  kj ∀∀ , (15) 

J.   Relationship with supplier constraint 
Customer might make an agreement with supplier k that he 

or she will purchase the product j at least some percentage of 
the total demand from this supplier k.  

∑≤⋅
c cjkjjk vdr                     kj ∀∀ , (16) 

K.   Satisfaction level constraint 
Satisfaction level of criterion i is equal to 1.0 when criterion 

i is the best whereas it is 0.0 when it is the worst.   
( ) ( )mdmxmx y 1111 /1 −−≤λ                   (17) 

( ) ( )mnmdmny 2222 /2 −−≤λ                 (18) 

( ) ( )mdmxmx y 3333 /3 −−≤λ                  (19) 

Where 
10 <≤ λ i

                      i∀ (20)  

IV. NUMERICAL EXAMPLE 
To demonstrate the model, a numerical example is provided. 

A company desires to select suitable supplier(s) for the 
products. In this problem, there are 5 products and 5 suppliers.  
Each supplier can supply only some products. Three relevant 
criteria are price of the product, quality score, and delivery 
lateness. The related data are shown in Table III-Table XX. 
Furthermore, the given weights are 0.45 for price’s criteria, 
0.18 for quality’s criteria and 0.37 for delivery’s criteria. In 
addition, supplier 3 offers the volume discount whereas the 
others offer the quantity discount. However, no discount is a 
special case of both volume and quantity discounts.  

 
TABLE III 

DEMAND (DJ) 

Product Demand 

1 500 
2 30 
3 100 
4 700 
5 2,500 

 
TABLE IV 

AVAILABLE SUPPLIERS (SRJK) 
P/S S1 S2 S3 S4 S5 
P1 1 1 1 1 1 
P2 0 1 0 1 0 
P3 1 1 1 0 0 
P4 0 0 1 1 1 
P5 0 0 0 1 1 

 
 

TABLE V 
CAPACITY (HJK) 

P/S S1 S2 S3 S4 S5 
P1 1,000 300 400 1,500 700 
P2 0 50 0 40 0 

P3 300 1,000 100 0 0 
P4 0 0 500 2,000 600 
P5 0 0 0 3,000 2,000 

 
TABLE VI 

MINIMUM ORDER QUANTITY (OJK) 
P/S S1 S2 S3 S4 S5 
P1 0 0 0 0 0 
P2 0 0 0 0 0 
P3 0 10 0 0 0 
P4 0 0 0 0 0 
P5 0 0 0 100 0 

 
TABLE VII 

LIMITED NUMBER OF SUPPLIER (UJ,LOJ) 
Product P1 P2 P3 P4 P5 
Max supplier 2 5 3 4 3 
Min supplier 1 1 1 1 1 

 
TABLE VIII 

MINIMUM FRACTION OF DEMAND TO BE PURCHASED (RJK) 
P/S S1 S2 S3 S4 S5 
P1 0 0 0 0 0 
P2 0 0 0 0 0 
P3 0 0.1 0 0 0 
P4 0 0 0 0 0 
P5 0 0 0 0 0.05 

 
TABLE IX 

UNIT (LIST) PRICE (Z1JK) 
P/S S1 S2 S3 S4 S5 
P1 50 40 55 50 45 
P2 0 200 0 230 0 
P3 70 75 72 0 0 
P4 0 0 30 32 29 
P5 0 0 0 20 20 

 
TABLE X 

QUALITY SCORE (Z2JK) 
P/S S1 S2 S3 S4 S5 
P1 3 5 6 2 4 
P2 0 6 0 7 0 
P3 5 7 6 0 0 
P4 0 0 8 10 5 
P5 0 0 0 8 9 

 
TABLE XI 

DELIVERY LATENESS (Z3JK) 
P/S S1 S2 S3 S4 S5 
P1 3 1 2 4 3 
P2 0 4 0 3 0 
P3 2 2 1 0 0 
P4 0 0 3 5 4 
P5 0 0 0 5 3 
 

 
TABLE XII 

BREAK POINT OF VOLUME DISCOUNT (BCK) 
Level Supplier3 

1 0 

2 10,0 00 
3 150,000 

 
 



 

 

TABLE XIII 
VOLUME DISCOUNT PERCENTAGE ( GCK  ) 

Level Supplier3 

1 0 
2 0.05 
3 0.1 

 
TABLE XIV 

PRODUCT1’S PRICE FOR QUANTITY DISCOUT LEVELS (PCJK) 
Level/supplier  S1 S2 S4 S5 

Level1 50 40 50 45 
Level2 45 39 48 43 
Level3 43 38 46 42 

 
TABLE XV 

PRODUCT2’S PRICE FOR QUANTITY DISCOUT LEVELS (PCJK) 
Level/supplier  S1 S2 S4 S5 
Level1 0 200 230 0 
Level2 0 180 220 0 
Level3 0 170 210 0 

 
TABLE XVI 

PRODUCT3’S PRICE FOR QUANTITY DISCOUT LEVELS (PCJK) 
Level/supplier  S1 S2 S4 S5 

Level1 70 75 0 0 
Level2 68 74 0 0 
Level3 65 73 0 0 

 
TABLE XVII 

PRODUCT4’S PRICE FOR QUANTITY DISCOUT LEVELS (PCJK) 
Level/supplier  S1 S2 S4 S5 

Level1 0 0 32 29 
Level2 0 0 30 28 
Level3 0 0 28 25 
 

TABLE XVIII 
PRODUCT5’S PRICE FOR QUANTITY DISCOUT LEVELS (PCJK) 

Level/supplier  S1 S2 S4 S5 
Level1 0 0 20 20 
Level2 0 0 18 17 

Level3 0 0 16 14 

 
TABLE XIX 

PRODUCT1,3,4,5’S QUANTITY DISCOUNT BREAK POINTS (ECJK) 
Level/supplier  S1 S2 S4 S5 
Level1 0 0 0 0 
Level2 100 100 100 100 
Level3 500 500 500 500 

 
 

TABLE XX 
PRODUCT2’S QUANTITY DISCOUNT BREAK POINTS (ECJK) 

Level/supplier  S1 S2 S4 S5 

Level1 0 0 0 0 
Level2 100 50 20 100 
Level3 500 60 30 500 

V. RESULT 
Before the multiple objective model is solved, single 

objective models will be solved.  Firstly, the total purchase 
value y1 is minimized subject to constraints (5)-(16). 
Secondly, the weighted sum of quality score y2 is maximized 
subject to constraints (5)-(16). Lastly, the weighted sum of 
delivery lateness y3 is minimized subject to constraints (5)-
(16). After the single objective models are solved, the 
objective function values are presented in Table XXI. Note 
that the best and worst values from each row are identified.  

  
TABLE XXI 

OPTIMUM’S RESULT FROM SINGLE OBJECTIVE MODELS 
Criteria Min y1 Max y2 Min y3 
Price (y1) 87,700 (Best) 93,400 (Worst) 91,050 
Quality (y2) 28,690 (Worst) 32,660 (Best) 30,520 
Delivery (y3) 13,220 13,340 (Worst) 12,100 (Best) 

 
 To transform the values of criteria to the satisfaction levels, 
the minimum (mni), moderate (mdi), and maximum (mxi) 
values of each criteria must be determined as shown in Table 
XXII.  For the criteria to be minimized (price and delivery 
lateness), the minimum value must be zero, the moderate and 
maximum values must be the best and worst values, 
respectively. On contrary, for the criteria to be maximized 
(quality score), the minimum and moderate values must be the 
worst and best values, respectively.  Note that the maximum 
values must be big positive number. 
 

TABLE XXII 
BEST AND WORST POSSIBLE CASES FOR EACH CRITERION  

Criteria i mni mdi mxi 
Price 0 87,700 93,400 
Quality score 28,690 32,660 Big positive number 
Delivery lateness 0 12,100 13,340 

 
The final step is to solve the multiple objective model.  In 

this case the objective function is to maximize the weighted 
additive of satisfaction levels of all criteria (4) subject to 
constraints (5) to (20).   The optimal results are presented in 
Tables XXIII and XXIV.   

 
TABLE XXIII 

OPTIMAL SATISFACTION LEVELS 
Weighted average λ1 (price) λ2 (quality) λ3 (delivery) 
0.77 0.71 1.00 0.74 
 

TABLE XXIV 
OPTIMAL ORDER QUANTITY FOR EACH PRODUCT 

P/S S1 S2 S3 S4 S5 
P1 0 40 0 0 460 
P2 0 0 0 30 0 
P3 0 10 90 0 0 
P4 0 0 500 0 200 
P5 0 0 0 500 2,000 

 
From Table XXIII, the weighted additive of satisfaction 

levels of three criteria (0.77) is relatively high and the 
satisfaction levels of price (0.71) and delivery (0.74) are high 



 

 

and that of quality is perfect (1.0). This indicates that the 
model is effective to determine a compromised solution among 
three criteria.  Note that for this numerical example, the given 
weights are 0.45, 0.18, and 0.37 for price, quality, and delivery 
criteria, respectively. This indicates that higher weight of a 
criterion is not necessary to get higher satisfaction level for 
that criterion. 

From Table XXIV, the order quantity for each product is 
presented. It is observed that the solution satisfies all 
constraints.  Moreover, the order quantity of some products are 
sufficient to get both quantity and volume discounts.  For 
example, supplier 3 offers volume discount and total purchase 
volume, from supplier 3 ($21,480) is sufficient to get a volume 
discount of 5 % (level 2).  Note that product 3 is not purchased 
from supplier 3 in full amount since it has a limitation that at 
least 10% of the total demand of product 3 must be purchased 
from supplier 2 to maintain relationship with the supplier(see 
Table VIII). In addition, for quantity discount case, we can see 
that product 2 is supplied by supplier 4 for 30 units which is 
high enough to get the quantity discount level 3. 

For this small numerical example, the computational time to 
determine the compromised solution is only 3 seconds.  
However, bigger problems will need much longer 
computational times.  It is expected that this model can solve 
moderate sized problem in a reasonable time. 

VI. CONCLUSION 
In this paper, a supplier selection problem with variety of 

criteria and multi-products concerning quantity and volume 
discounts is studied. The problem is formulated as a linear 
programming model with multiple objectives. Since criteria 
values have different dimensions, it is inconvenient for trading 
off and determining a compromised solution.  Thus, they are 
transformed into the satisfaction levels which are 
dimensionless.  The model includes practical limitations, such 
as minimum order quantity, relationship between supplier and 
buyer, and maximum and minimum numbers of suppliers for 
each product.  The numerical example demonstrates that the 
model offers a reasonable and realistic solution based on the 
imposed constraints and objectives. 

This paper can be extended by considering uncertainties 
since many parameters may not be estimated certainly.  
Uncertain parameters are for example, customer demand and 
supply capacity.  
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