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Abstract Usually, in make-to-order environments which

work only in response to the customer’s orders, manufac-

turers for maximizing the profits should offer the best price

and delivery time for an order considering the existing

capacity and the customer’s sensitivity to both the factors.

In this paper, an integrated approach for pricing, delivery

time setting and scheduling of new arrival orders are pro-

posed based on the existing capacity and accepted orders in

system. In the problem, the acquired market demands

dependent on the price and delivery time of both the

manufacturer and its competitors. A mixed-integer non-

linear programming model is presented for the problem.

After converting to a pure non-linear model, it is validated

through a case study. The efficiency of proposed model is

confirmed by comparing it to both the literature and the

current practice. Finally, sensitivity analysis for the key

parameters is carried out.

Keywords Make-to-order � Pricing � Delivery time � Order

scheduling � Mixed-integer non-linear program

Introduction

Frequently market structure changes and advances in

technology have created new competitive environments. In

such modern markets, continuous changes in the cus-

tomers’ expectations and demands as well as reduced

product life cycle cause a wide range of customers’ orders

which should constantly be delivered at the reasonable

prices. Accordingly, make-to-stock (MTS) systems have

become as inefficient and unreliable solutions especially

when the production capacity is limited. Hence, more

attention has been paid to make-to-order (MTO) systems;

currently, manufacturing and service industries are shifting

towards such a product positioning strategy (Chaharsooghi

et al. 2011).

MTO systems are approached when the product

demands are not predictable beforehand; therefore, the

manufacturer naturally starts to produce when a customer’s

order is received. This leads to the lower inventory costs as

well as the higher production flexibility, but longer delivery

times (Dellaert and Melo 1996; Holweg and Pil 2001). In

fact, the price of increased flexibility and decreased

inventory costs in MTO systems may be the increased

response times and/or a need for maintaining the higher

production capacity to accommodate the demand shifts

(Hopp and Spearman 2011). Accordingly, to be able to

deliver products in the competitive and reliable price and

delivery times, the manufacturers usually face the chal-

lenge of how to prioritize the multiple diverse customers’

orders and to allocate the limited production capacity to

satisfy the accepted orders.

It is worth noting that MTO manufacturers, when

making decisions on the arriving orders, need to; (1) con-

sider the effects of their offered price and delivery time on

the acquired quota of the demand and (2) simultaneously

optimize the pricing, delivery time setting, and order

scheduling to escape from the suboptimal or even infeasi-

ble decisions.

Majority of currently developed production planning

models in MTO systems assume that the demand, as a non-

controllable factor, is dictated to the model in the form of

an exogenous parameter. However, there is no necessary to
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meet all the demands in the competitive markets; so,

manufacturers need some mechanisms to control the

demand share and thus, their production volume. Several

factors affect the demands in MTO systems, the most

important two out of them are price and delivery time.

When the other features of similar products are as fixed, the

price distinctions may induce the highly different demand

levels. In addition to price, the delivery time is also an

important dimension affecting the customer’s ordering

decision. In fact, price and delivery time are the two main

criteria based on which an order may be rejected or

accepted.

Most studies assumed that the increased delivery time

reduces the quantity or probability of demands. In the MTO

environments, delivery time affects the customers’ satis-

faction and acts as a mean to attract the market demands

(Xiao et al. 2009). A customer’s order is affected not only

by the delivery time; but also, by the offered price (Liu

et al. 2007; Xiao et al. 2011; Huang et al. 2013). To the

best of our knowledge, a few works have focused on both

needs of the MTO manufacturers mentioned above. In

below, we try to review the most relevant and supportive

body of the literature.

Easton and Moodie (1999) introduced a technique that

simultaneously optimized pricing and lead-time decisions

under the contingent orders. Ashayeri and Selen (2001),

with the aim of maximizing the profits in a combined MTS/

MTO environment, proposed a methodology to improve

the cooperation between marketing and production sectors

in selection of the optimal orders. Using M/M/1 queue,

Pekgun et al. (2007) formulated a production planning and

pricing model where the demands as a function of price and

delivery time were entered and met with the rates of k and

l.

Ebadian et al. (2008) proposed a five-stage decision-

making structure in an MTO environment to prioritize

orders with the aim of maximizing the profits and market

share. At the first two stages, some inappropriate orders are

rejected and in the next stages, a mathematical model

optimizes each order’s delivery time and costs. Afterward,

the price is determined based on a markup method. The

main shortcoming was that the customer’s orders (de-

mands) were not related to the price and delivery time in

their model. Chaharsooghi et al. (2011), using a dynamic

production planning, determined the prices and delivery

times in the MTO environments with limited capacity and

different classes of customers. The probabilistic demands,

in their research, were considered to be as a function of the

price, delivery time, and order placement time. Teimoury

et al. (2011) considered a service/make-to-order firm with

heterogeneous price and delivery time-sensitive customers

in different market segments as an M/M/1 queuing system.

The objective of this profit-maximizing firm was to

determine optimal price, delivery time, and capacity for

different market segments.

Li et al. (2012) formulated a semi-Markov decision

model and developed a reinforcement learning based on

Q-learning algorithm for the problem of an MTO firm. To

maximize the expected profits in an infinite planning

horizon with stochastic demands, the firm needs to make

decisions on which orders to accept or reject, the trade-off

between price and lead-time, and the potential for

increased demand against capacity constraints. Fattahi and

Khodadad (2015) proposed a hierarchical production

planning for the combined MTS/MTO environments as an

extension to that of Ebadian et al. (2008), but they did not

consider the prices and delivery times of competitors as

well as the amount of demands attracted from the market.

Feng and Zhang (2017) studied the optimal dynamic

offering of lead-time and price for an MTO manufacturer

which knows the probability distribution of customers’

sensitivity on the offered lead-time and price as well as the

individual sensitivity of each customer.

In this study, the model proposed by Ebadian et al.

(2008) is extended and a mixed-integer non-linear pro-

gramming model is proposed to determine the price and

delivery time as well as to schedule the orders in MTO

systems. The demands in the proposed model, unlike the

model by Ebadian et al. (2008), depends upon the price and

delivery time; In fact, the manufacturer maximizes the

profits by optimizing the price and delivery time, and

scheduling of orders in an integrated manner based on the

competitors’ prices and delivery times. Also, the delivery

time and price are optimized assuming the accepted orders

and available capacity in the system. Finally, the earliness

and tardiness are considered for both the available and new

orders, and another objective function is added to control

the shop floor idle time.

The rest of the paper is organized as follows: In the next

section, the problem formulation and solution are pre-

sented. Then, the numerical results in Mohabbat Kar

Company (a manufacturer of home appliances) are ana-

lyzed. Finally, the concluding remarks are drawn.

Problem formulation

To avoid the unnecessary complexity, two MTO manu-

facturers are taken into account and the market demand is

assumed to be supplied only by them; however, the model

can simply be generalized. Production environment is job

shop; i.e., placed orders move through the different oper-

ation sequences and consume the different materials and

components. At the beginning of each period, customers

place the orders and two manufacturers determine and offer

their own prices and delivery times. Notably, each order in
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the MTO environments needs different route, operations,

facilities, and consuming materials. Normally, when price

and delivery time are set by the manufacturers, the cus-

tomers’ order might be accepted and allocated to the order

winner. Hence, out of the total available demand, the

acquired market share depends on the price and delivery

time offered by the competing manufacturers.

Generally, the proposed prices and delivery times are

determined based on the status of system, available

accepted orders, and company’s available resources at the

time. Therefore, in each time, the orders may be divided

into three categories:

1. Available orders: Those for which the price and

delivery time have already been set; i.e., the related

demand volumes are known; however, they are still

preserving in the order pool, waiting to be produced. If

such orders are not delivered to the customers on the

due dates, a penalty is incurred based on the number of

days they will be delivered earlier or later.

2. New orders: Those just placed and their price and

delivery time must be offered; the demand volume of

such orders depends mainly on the price and delivery

time which will be offered.

3. Working orders: Those which are producing in the

shop for which the production capacity is utilized

during the scheduling period (Fig. 1).

Notation

Parameters:

i Orders; i = 1,…,I (new orders), i = I?1,…,K (available

orders)

r Production resources (r = 1,…,R)

t Time periods (t = 1,…,T)

Di Potential demand volume of order i

ai Price sensitivity for order i

bi Delivery time sensitivity for order i

a0i Price sensitivity of rival manufacturer for order i

b0i Delivery time sensitivity of rival manufacturer for order i

L0i Delivery time offered by rival manufacturer for order i

P0
i Price offered by rival manufacturer for order i

CRirt Regular-time production cost of order i on resource r at

period t

COirt Over-time production cost of order i on resource r at period t

CSirt Subcontracting costs of order i related to resource r at period

t

CMi Component/material costs for order i

LPi Per period lateness penalty for order i

EPi Per period earliness reward for order i

nrt Per unit idle time cost of resource r in period t

CPRrt Regular-time capacity of resource r at period t (machine-

hours)

CPOrt Over-time capacity of resource r at period t (machine-hours)

CPSrt Subcontracting capacity related to resource r at period

t (machine-hours)

ROTrt Required capacity of resource r at period t for working orders

PRir Per unit required capacity of order i on resource r

M Very large number

Decision variables:

Li Delivery time offered for order i

Pi Price offered for order i

Qi Acquired demand of order i

Yirt Capacity of resource r assigned to order i at period

t including regular-time, over-time and subcontracting

(machine-hours)

CTi Completion time period of order i

Oirt Over-time capacity of resource r assigned to order i at period

t (machine-hours)

Sirt Subcontracting capacity related to resource r assigned to

order i at period t (machine-hours)

Xirt Binary variable indicating if order i is processed on resource

r at period t

CDPi Lateness in delivery of order i

DDNi Earliness in delivery of order i

Note worthily, the data (including the price and delivery

time sensitivities, and the offered price and delivery time)

of the rival manufacturer are predicted based on the his-

torical data of the same orders.

The market demand acquired from the new orders is

denoted as a linear demand function according to constraint

(6) as proposed by Huang et al. (2013).

Mathematical model (MINLP)

max Z ¼ w1 � w2 � w3 � w4 � w5 ð1Þ

w1 ¼
XK

i¼1

Pi:Qi

price?
Lead time?

price?
Lead time?

New orders

price=9 $
Lead time=8

Available orders
price=6 $

Lead time=2

Working orders

Fig. 1 Order category
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w2 ¼
XK

i¼1

XR

r¼1

XT

t¼1

CRirt:ðYirt � Oirt � SirtÞ
þCOirt:Oirt þ CSirt:Sirt

" #

w3 ¼
XK

i¼1

CMi:Qi

w4 ¼
XR

r¼1

XT

t¼1

nrt: CPRrt þ CPOrt �
XK

i¼1

ðYirt � SirtÞ
" #

w5 ¼
XK

i¼1

ðLPi:CDPi þ EPi:DDNiÞ

Objective function (1) maximizes the total profits as the

income (w1) minus the total costs w2 þ � � � þ w5ð Þ. w2

includes the operational costs of available/new orders at

regular-time, over-time, and subcontracting; w3 denotes the

component/material costs for the available/new orders; w4

is the total idle time costs of resources; w5 is the lateness/

earliness costs of the available/new orders.

XK

i¼1

ðYirt � Oirt � SirtÞ�CPRrt � ROTrt; 8r; t ð2Þ

XK

i¼1

Oirt �CPOrt; 8r; t ð3Þ

XK

i¼1

Sirt �CPSrt; 8r; t ð4Þ

Yirt �Oirt þ Sirt; 8i; r; t ð5Þ

Qi ¼ Di � ai:Pi � bi:Li þ ða0i:P0
i þ b0i:L

0
iÞ; i ¼ 1; 2; . . .; I

ð6Þ
XT

t¼1

Yirt ¼ PRir:Qi; 8i; r ð7Þ

Yirt �M:Xirt; 8i; r; t ð8Þ
t:Xirt �CTi; 8i; r; t ð9Þ
XR

r¼1

XT

t¼1

CRrt:ðYirt � Oirt � SirtÞ þ COrt:Oirt þ CSrt:Sirt½ �

þCMi:Qi �Pi:Qi; 8i ¼ 1; 2; . . .; I

ð10Þ
Li � T ; 8i ¼ 1; 2; . . .; I ð11Þ
CTi � Li ¼ CDPi � DDNi; 8i ð12Þ

Yirt;Oirt; Sirt;Pi; Li;Qi;CDPi;DDNi � 0;

CTi Integer;Xirt 2 f0; 1g; 8i; r; t:
ð13Þ

Constraint (2) considers the maximum regular-time

capacity according to the required capacity of working

orders. Constraints (3–4) represent the maximum over-time

and subcontracting capacity, respectively, for all the orders.

Constraint (5) ensures that sum of the over-time and sub-

contracting is less than the total required time for pro-

cessing the orders. Constraint (6) denotes the acquired

market demand. Constraint (7) ensures that the sufficient

capacity is dedicated to the available/new orders. Con-

straints (8–9) consider the completion time of orders. The

offered price for each new order is needed to be less than

its total costs via the constraint (10). Constraint (11)

ensures that the offered delivery time of each new order

does not exceed the end of time horizon. Constraint (12) is

used to compute the lateness and earliness penalties in the

objective function. Constraint (13) is related to non-nega-

tive, integer, and binary variables.

Converting to pure NLP

Because of the difficulty of solving the proposed MINLP

model due to the presence of binary variables and non-

linear equations, we employ a simple method, also used by

Almehdawe and Mantin (2010), to convert it to a pure non-

linear program. This could be done by applying the penalty

term M:Xirt:ð1 � XirtÞ in the objective function and relaxing

Xirt as a continuous variable. Then, a much simpler and

pure NLP is resulted where all variables are continuous and

the term w6 ¼
PK

i¼1

PR
r¼1

PT
t¼1 M:Xirt:ð1 � XirtÞ is sub-

tracted from the objective function. All the constraints

remain unchanged unless Xirt is a non-negative continuous

variable in (13). Notably, as a result of penalty term w6, Xirt

will only be binary.

Case study

Mohabbat Kar is a manufacturer of home appliances in Iran

under Davoodi brand. It started at 1974 and continued by

manufacturing water dispenser and industrial refrigerators

and freezers in 2011 by employing skillful employees. The

water dispenser and fridge lines completely work for the

MTO market. Features such as dimensions, number of taps,

and type of steel are specified by the customer. Another

custom-built product is showcase fridge; the customers

have the option to determine components, number of

shelves, color, dimensions, number of fans, and number of

operators. Manufacturing process is performed at a job

shop during the regular-time and over-time; if necessary,

subcontracting is also allowable. These two MTO products

are manufactured by two companies in Najafabad County

which compete to fulfill a more acquired market demand.

Mohabbat Kar has to deal with a wide range of prices

based on the experience and the factors such as cost esti-

mates and long-term relation to the customers. Different

features such as price, delivery time, quality, and alike may
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be negotiated. Currently, this company by the experience

employs the pre-determined price and delivery time

options depending on the customer’s type and available

capacity. We implement the proposed mathematical model

for this company to determine the optimum price and

delivery time and compare its performance with that of

Ebadian et al. (2008) and the current practice.

The model was implemented for the case study in a

given weekly time horizon partitioned into daily periods.

Figure 2 shows a schematic representation of the order

entry and scheduling procedure. The time periods corre-

sponding to pricing and delivery time decisions are marked

with DM1 and DM2. Notably, the bid price and delivery

time to be offered for the received orders must be deter-

mined at the first and fourth periods.

Table 1 lists all the orders in the two decision points.

For example, at DM1, there are 12 orders: (1) 7 available

orders whose prices and delivery times have already been

specified and thus a penalty is incurred if not produced on

time; (2) working orders in the course of production; and

(3) new orders whose prices and delivery times must be

determined. Notably, due to the dynamic nature of the

problem and the possibility of violating the decisions, a

short-term weekly time horizon is considered, therefore,

only a limited number of orders will be assessed in each

decision point. For the sake of compression, we only pro-

vide the results regarding DM1. The costs and required

quantity of components/materials, process times and

required resources to fulfill each order are inherently

determined according to the order type. Table 2 shows the

required resources to fulfill the available orders at DM1 (in

hours). Tables 3 and 4 give the above-mentioned time for

the working and new orders. The maximum regular-time,

over-time and subcontracting capacities are given in

Table 5. Restrictions pertaining to the machinery used in

company limit the maximum subcontracting capacity.

Manufacturing capacity of both competing manufacturers

is assumed to be equal. The manufacturing cost consists of

labor costs plus the average cost of water, electricity, gas,

and taxes. Table 6 presents the raw material required for

two new orders, as a sample. Table 7 denotes the hourly

cost of production in regular-time, over-time and subcon-

tracting. Over-time cost equals the regular-time cost mul-

tiplied by 1.4. Subcontracting is restricted to high volume

orders as it costs twice as much as the regular-time.

Determining the price and
delivery time of orders at

the first stage DM 1

t=1 t=2

Determining the price and
delivery time of orders at the

Second stage DM 2

After the release
of the amount of

demanddispatch
order

dispatch
order

After the release
of the amount of

demand

t=3 t=4 t=5 t=6 t=7 t=8

Determining the price and
delivery time of orders at

the first stage DM 1

t=1 t=2

Determining the price and
delivery time of orders at the

Second stage DM 2

After the release
of the amount of

demanddispatch
order

dispatch
order

After the release
of the amount of

demand

t=3 t=4 t=5 t=6 t=7 t=8

Fig. 2 Order entry and scheduling procedure

Table 1 Order types
Decision point Total orders Available orders New orders Working orders

DM1 12 7 3 2

DM2 8 5 2 1

Table 2 Required time for available orders at DM1 (in hours)

Resource Two-tap water

dispenser

Three-tap water

dispenser

Display fridge (1) Display fridge (2) Display fridge (3) Refrigerator Fridge

Computation post 1 1.5 1.5 2 1 1 1

Cutting 2 2 3 1.5 3 1 1

Panel post – – – – – – 50

Bending work 1 1 1 1 1 1

Skeleton assembly 0.5 1 1 2 1 1 14

Chassis assembly 1 1 1 1 1 – –

Painting post – – 48 – 48 – –

Container post 1.5 2 – – – 5 –

Insulation 0.5 0.5 1.5 1.5 2 2 4

Steel work – – 4 6 5 – –

Final assembly 1 1 8 7 8 3 –

Doors – – 6 7 8 7 4

Finishing 1 1 3 3 3 2 8
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Table 3 Required time for

working orders (in hours)
Resource First period First period Second period

Three-tap water dispenser Display fridge (3) Display fridge (3)

Computation post 0 0 0

Cutting 0 0 0

Panel post – – –

Bending work 0 0 0

Skeleton assembly 0 0 0

Chassis assembly 0 0 0

Painting post – 6 0

Container post 0 – –

Insulation 0 2 0

Steel work – 5 1

Final assembly 1 6 2

Doors – 6 1

Finishing 1 3 3

Table 4 Required time for new

orders (in hours)
Resource Four-tap water dispenser Display fridge (4) Display fridge (5)

Computation post 1 2 1

Cutting 3 3 2

Panel post – – –

Bending work 1 2 1

Skeleton assembly 1 1 1

Chassis assembly 1 1 1

Painting post – – 48

Container post 2 2.5 –

Insulation 1 1 1.5

Steel work – – 4

Final assembly 1.5 3 8

Doors – 4 6

Finishing 1 2 3

Table 5 Available capacity (in

hours)
Resource Maximum regular-time Maximum over-time Maximum subcontracting

Computation post 14 4 14

Cutting 14 4 21

Panel post 14 4 7

Bending work 14 4 14

Skeleton assembly 14 4 14

Chassis assembly 14 – 14

Painting post – – 500

Container post 14 4 14

Insulation 14 4 14

Steel work 14 4 14

Final assembly 14 4 14

Doors 14 4 14

Finishing 14 4 14
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Manufacturing costs over the different periods are con-

sidered to be constant. Table 8 gives the market’s potential

demand for the new orders at DM1. Parameters describing

the customers’ sensitivity to price, delivery time, and delay

penalty are introduced as uniform distribution in Table 9.

The available orders should be fulfilled in the time deter-

mined in the previous periods, or the company must pay a

delay penalty. Table 10 shows the parameters of the

available orders at DM1.

The non-linear model was solved in GAMS 23.7 opti-

mization software using MINOS solver. The profits for the

new orders at DM1 are 1,705,000 and the other decision

variables are listed in Tables 11 and 12. Table 11 shows

the acquired demand, the offered price and delivery time,

lateness and earliness penalties of the new orders. For

example, the delivery of four-tap water cooler is 2 days

Table 6 Required material for

2 new orders
Four-tap water dispenser Display fridge (4)

Materials Quantity Cost (tomans) Materials Quantity Cost (tomans)

Stainless steel tub 0.5 2.9 kg 41,600 Galvanized 50 14 kg 38,640

Stainless steel tub 0.4 1 kg 9000 Steel 40 kg 336,000

Steel 9.2 kg 64,000 Profile 9 kg 40,050

Galvanized 0.6 5.5 kg 16,000 Foam – 50,000

Sheet 2.6 kg 7000 Lamp 1 13,000

Copper pipe 0.6 kg 23,000 Ventilation hoods 3 34,800

Solder and tin 0.7 kg 17,500 Screw 100 2000

Foam – 17,000 Rivet 30 5000

Fiberglass 125 9 30 3000 Brass wire 0.1 kg 1000

Socket 4 7000 Copper pipe 0.5 kg 14,500

Floater 1 7000 Hinge 12 18,000

Floater balls 1 1300 Aluminum 4 kg 142,000

Underwater 1 2300 Rubber nail 15 30,000

Screw 40 1800 Glass 55,000

Water hose 40 cm 1 3300 Glue 1 12,000

Pipe 1 1000 Thermometer 1 12,000

Rubber 0.6 m 500 Knob 6 9600

O-ring 4 1000 Sheet 40 88,000

Tap 4 44,000 Cast iron wheels 4 24,000

Galvanized socket 1 500 Rubber 15.5 m 500

Plastic caps 3 600 Evaporator 22 270,000

Green pipe 0.15 m 300 Job shop 1 20,000

Color 0.15 kg 2000 Banner 1 6500

Label 3 300 LED 1 25,000

Polk tap 4 1000 Wood 1 6000

Job shop 1 8500 – – –

Table 7 Manufacturing costs (tomans per hour)

Resource Regular-time Over-time Subcontracting

Computation post 5700 8000 11,400

Cutting 5700 8000 11,400

Panel post 4700 6600 9400

Bending work 4700 6600 9400

Skeleton assembly 4700 6600 9400

Chassis assembly 4700 6600 9400

Painting post – – –

Container post 4700 6600 9400

Insulation 4700 6600 9400

Steel work 4700 6600 9400

Final assembly 4700 6600 9400

Doors 5700 8000 11,400

Finishing 4700 6600 9400

Table 8 Potential demand for new orders at DM1

New orders Potential demand

Four-tap water dispenser 20

Display fridge (4) 10

Display fridge (5) 7
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late; although this offer will acquire more demands and the

resulting profits will be more than the penalty incurred by

delay. Notably, this type of policy is very well-known

among the order-based businesses.

Price and delivery time of orders remaining from prior

periods were also determined. Table 12 shows the sched-

ule, tardiness and earliness of these orders.

In Figs. 3 and 4, the offered price and delivery time of

the proposed model is compared to those of Ebadian et al.

(2008) and Mohabbat Kar’s current practice. Additionally,

Fig. 5 shows that the manufacturer, using the proposed

model, can gain the more profits through the improved

offered price and delivery time. Notably the company’s

profits by the proposed model is 2.4% (1,665,000 tomans)

and 4.9% (1,625,000 tomans) more than those of Ebadian

et al. (2008) and the current practice, respectively.

Sensitivity analysis

To analyze sensitivity of the results to the price and

delivery time of the rival manufacturer, the problem was

solved for the different values of price and delivery time

Table 11 New orders’ decision variables

Order Qi Pi Li CDPi DDNi

Four-tap water dispenser 11 396,000 13 2 0

Display fridge (4) 5 1,490,000 12 0 0

Display fridge (5) 4 1,716,000 17 3 0

Table 12 Available orders’ decision variables

Order CTi DDNi CDPi

Two-tap water dispenser (1) 10 0 0

Three-tap water dispenser (2) 11 0 0

Display fridge (1) 24 2 0

Display fridge (2) 16 1 0

Display fridge (3) 26 2 0

Refrigerator 10 0 0

Fridge 22 0 1
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Fig. 3 Comparing the offered prices
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Fig. 5 Comparing the acquired demands

Table 10 Parameters of existing orders at DM1

Order Acquired

demands

Delivery time

(day)

j = 1 j = 2 j = 1 j = 2

Two-tap water dispenser (1) 3 2 10 8

Three-tap water dispenser (2) 2 4 11 12

Display fridge (1) 2 5 22 24

Display fridge (2) 4 2 15 16

Display fridge (3) 3 4 24 28

Refrigerator 2 2 10 12

Fridge 2 3 23 18

Table 9 Random distribution for other parameters

Parameter Random distribution

Lateness penalty Uniform (10,000, 20,000)

Earliness reward Uniform (1000, 2000)

Idle time cost Uniform (2000, 5000)

Price sensitivity Uniform (0.4, 0.6)

Delivery time sensitivity Uniform (0.5, 1)

Cross price sensitivity Uniform (0.1, 0.2)

Cross delivery time sensitivity Uniform (0.1, 0.5)
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offered by the rival manufacturer. The outputs are pre-

sented in Figs. 6 and 7. Notably, increase in the price and

delivery time of the rival manufacturer leads to increase in

the company’s profits. This seems reasonable as the price

and delivery time are inversely related to the received

demands. Increase in the rival’s price and delivery time

increases the acquired demand of manufacturer and vice

versa. Therefore, in addition to the internal condition, a

special attention must be paid to the rival’s strategies. Also,

the profits are optimized for the different values of cus-

tomers’ sensitivity. As shown in Fig. 8, with the increase in

the customers’ sensitivity to the offered price and delivery

time, the profits are decreased.

Conclusion

After placement of an order in the MTO systems, its price

and delivery time must be determined. In fact, the acquired

demand for each order depends mainly upon the price and

delivery time offered by the company and its rivals. Also,

the demands induced by each order might be supplied by

more than one manufacturer. In this paper, a mixed-integer

non-linear model was proposed to determine price, delivery

time, and scheduling of all placed orders based on the

available orders and capacity at the time of making the

order. The demand was a function of the prices and

delivery times offered by the company and the rivals. The

efficiency of proposed model was confirmed by comparing

its results, regarding the offered prices and delivery times,

acquired demands and profits, to those of both the Ebadian

et al. (2008) and the current practice of company. Sensi-

tivity analysis was carried out regarding the rival’s delivery

time and price as well as the customers’ sensitivity to price

and delivery time. Future work may focus on the combined

MTS/MTO environment. The other factors influencing the

demand such as reputation and quality can also be

investigated.
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