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abstract

In today’s highly competitive environment, an effective supplier selection process is very
important to the success of any manufacturing organization. In this context, supplier selection
represents one of the most important functions to be performed by the purchasing department. This
paper presents a supplier selection problem along with an integrated multi objective, multi-
product, multi period model under hybrid Make-To-Stock (MTS)/Make-To-Order (MTO)
production strategy. The model consists of manufacturer, multi-product, multi distributer, and
multi-supplier. The objective of the model is to minimize the total cost, minimize the total delivery
time, and maximize the facility utilization involved in running supply chain via Fuzzy Goal
Programming (FGP) approach. The model is tested with a set of realistic data and the optimal
results show that most of strategic and tactical decisions are obtained. So the model is validated
and provided useful tool to select the optimal supplier.
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1. Introduction

Supplier selection is the process by which the buyer

identifies, evaluates, and contracts with suppliers.

The challenges mentioned above make supplier

selection a fertile topic for operations and

management science disciplines. The selection of

suppliers plays a key role in an organization because

the cost of raw material constitutes the main cost of

the final product. Many experts believe that the

supplier selection is the most important activity of a

purchasing department [1].

facilities and capacity, technical capability and
geographical location were also identified as
important criteria.

Supplier selection is complicated by the need to
consider  various  criteria.  According to

academicians and purchasing managers, there are
many criterions that are important in the supplier
decision process. Quality, cost, and delivery
performance history are identified as the three most
important criteria in supplier selection. Production

Many previous studies have been conducted, in
which the criteria and methodologies for supplier
selection were discussed.

One of the most significant ones, focused on
analysis of measureable criteria for supplier
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selection, was made by Dickson [2].He examined
the importance of supplier evaluation criteria and
presented 23 supplier attributes that managers
consider in such an evaluation. In their survey
identified

quality, cost and on-time delivery as the most
important supplier selection criteria in the evaluation
of supplier performance. In addition, Kermani et al
investigated the methodologies for supplier selection

[4].

A Drief review of some of the articles discussing
supplier selection as a whole is presented below.

Kokangul and Susuz [5] apply an integration of
analytical hierarchy process and non-linear integer
and multi-objective programming under some
constraints such as quantity discounts, capacity, and
budget to determine the best suppliers and to place
the optimal order quantities among them. Their
integration-based multi-criteria decision making
methodology takes into account both qualitative and
quantitative factors in supplier selection. Dursun and
Karsak[6] developed a fuzzy multi-criteria group
decision making approach that makes use of the
quality function deployment (QFD) concept for
supplier selection process. Adeinat and Ventur [7]
presented a mixed integer nonlinear programming
model to find the optimal replenishment policy for a
particular type of product for the case of a single
retailer and multiple potential suppliers. Mendoza
and Ventur [8] a two mixed integer nonlinear
programming models are proposed to select the best
set of suppliers and determine the proper allocation
of order quantities while minimizing the annual
ordering, inventory holding, and purchasing costs
under suppliers’ capacity and quality constraints.

Shirkouhi et al. [9] aim to solve a supplier selection
problem under multi-price level and multi-product
using interactive two-phase fuzzy multi-objective
linear programming (FMOLP) model. The piecewise
linear membership functions are applied to represent
the decision maker’s fuzzy goals for the supplier
selection and order allocation problem resulting in
more flexibility via an interactive decision-making
process. Huseyin Selcuk Kilican[10] developed an
integrated approach including fuzzy Technique for
Order Preference by Similarity to Ideal Solution
(TOPSIS) and a mixed integer linear programming
model to select the best supplier in a multi-
item/multi-supplier environment.

On the other hand Mafakheri et al.[11] proposed a
two-stage multiple criteria dynamic programming
approach for two of the most critical tasks in supply
chain management, namely, supplier selection and
order allocation. While Elahi et al [12] attempted to

Weber et al. [3] classified all published papers
(since 1966) according to the studied criteria and
they

take the quantity discount into consideration and
proposed a multi- objective linear programming
utilizing a fuzzy compromise programming in order
to convert this problem to a single objective model
and incorporate the weights of objectives through
various decision makers’ opinion.

a multiple sourcing supplier selection problem as a
multi objective linear programming problem is
considered by Arikan [13]. Three objective functions
are minimization of costs, maximization of quality
and maximization of on-time delivery respectively.
He proposed a fuzzy mathematical model and a novel
solution approach in order to solve the problem, to
satisfy the decision maker’s aspirations for fuzzy
goals.

Liao and Pei Kao [14] integrate the Taguchi loss
function, analytical hierarchy process (AHP) and
multi-choice goal programming (MCGP) model for
solving the supplier selection problem. The
advantage of this proposed method is that it allows
decision makers to set multiple aspiration levels for
the decision criteria.

Lee et al. [15] develop a fuzzy multiple goal
programming (FMGP) model to help downstream
companies to select thin film transistor liquid crystal
display (TFT-LCD) suppliers for cooperation. Fuzzy
analytic hierarchy process (FAHP) is applied first to
analyze the importance of multiple factors by
incorporating experts’ opinion, and these factors
include cost, yield and number of suppliers. Multi-
choice goal programming is used next to consider the
limits of various resources and to formulate the
constraints.

Rong-Ho Lin[16] suggested a comprehensive
decision method for identifying top suppliers by
considering the effects of interdependence among the
selection criteria, as well as to achieve optimal
allocation of orders among the selected suppliers.

Woarawichai et al. [17] aim to calculate the optimal
inventory lot-sizing for each supplier and minimize
the total inventory cost which includes joint purchase
cost of the products, transaction cost for the
suppliers, and holding cost for remaining inventory.
They applied the Genetic algorithms to the multi-
product and multi-period inventory lot-sizing
problems with supplier selection under storage
capacity. Also they considered a maximum storage
capacity for the decision maker in each period.
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Aksoy and Nursel [18] aimed to aid just-in-time (JIT)
manufacturers in selecting the most appropriate
suppliers and in evaluating supplier performance.
They presented neural a network based supplier
selection and supplier performance evaluation
systems. The proposed approach is not limited to JIT

supply.

The supplier selection problem in presence of price
breaks or discount schemes becomes more
complicated. Suppliers sometimes offer discounts.
The motivation for using discount schemes stems
from the fact that it tends to encourage buyers to
procure larger quantities and to obtain operating
advantages (such as economies of scale or reducing
the cost of transportation) for the buyer.

Amid et al. [19] developed a fuzzy multi objective
model for the supplier selection problem under price
breaks that depend on the sizes of order quantities.
Through this model, purchase managers can assign
different weights for numbers of criteria in order to
manage flow of supply materials, components and
finished products to improve quality, service and
reduced cost, in order to make improvement in
supply chain performance.

On the other hand Esfandiari and Seifbarghy [20]
propose a multi-objective model in which purchasing
cost, rejected units, and late delivered units are
minimized, while the obtained total score from the
supplier evaluation process is maximized. They
assume that the buyer obtains multiple products from
a number of predetermined suppliers. The buyer
faces a stochastic demand with a probability
distribution of Poisson regarding each product type.
They assumed that the supplier prices are linearly
dependent on the order size of each product. They
use the well-known L-1 metric method to solve the
supplier evaluation problem by utilizing two meta-
heuristic algorithms to solve the corresponding
mathematical problems.

Ebrahim et al. [21] introduced a mathematical model
considering different types of discount (all-unit cost,
incremental discount, and total business volume
discount) through multi-objective formulation for
single item purchasing problem. In addition,
constraints such as suppliers 'capacity and demand
are taken into consideration in the model. They
presented a proposed scatter search algorithm (SSA)
to solve this problem. Chang and Lee [22] proposed a
comparison Shopping Optimization Model based on
Suppliers’ Pricing Contexts (CSOM-SPC), which
gives online consumers effective price-sorted
suppliers.

A manufacturing system can be defined as an
arrangement of tasks or processes to transform a
selected group of raw materials or semi-finished
products into a set of finished products. From the
viewpoint of the relationship between production
release and order arrival, production systems can be
classified into Make-To-Stock (MTS) and Make-To-
Order (MTO) or Hybrid one. In a MTS system, the
facility produces according to a forecast of customer
demand. In a MTO system, the facility produces
according to customer requests and no finished goods
inventory is kept. Hybrid MTS/MTO production gain
the advantages of the two strategies.

Some researches on the combined MTO-MTS
planning used the Decoupling Point (DP) approach to
distinguish the MTS and the MTO stages of a
production system. Jan Olhager [23] investigates the
impact of the position and role of the CODP on
issues of concern for production and supply chain
management. He proposes a dual design approach for
production and supply chain planning systems; one
type of system for operations upstream the CODP
and another type of system for downstream
operations in order to fully support the characteristics
and objectives of each respective part of the supply
chain. He also[24] discusses the impact of having
the decoupling point at different positions, and the
distinguishing features for value chain operations
upstream the decoupling point versus those
downstream the decoupling point.

While Sun et al. [25] used multiple DPs to partition
the supply network. The components are made to
stock from the upper supply network to the multiple
DPs while the components are made to order from
the multiple DPs to the end of the supply network.
They mainly consider the effect of demand variance
and customer delivery time for positioning multiple
DPs. Also, H. Shidpour et al. [26] analyze impacts of
single-CODP and multiple-CODP and develop two
objective bases on company's profit customer values
perceived on product variety with trade offing among
two proposed objective under service time constraint.

The Customer Order Decoupling Point (CODP) or
Order Penetration Point (OPP) in the production line
is a point in the manufacturing value chain for a
product, where the product is linked to a specific
customer order and also divides the manufacturing
stages that are forecast-driven from those customer-
order-driven ones [27].

H. Rafiei and M. Rabbani [28] attempted to propose
a new decision making structure to find solutions for
two strategic issues in MTS/MTO systems including
order partitioning and OPP location for each product
family by considering the driving factors influencing
these issues and fuzzy ANP as a decision making tool

Engineering Research Journal, Menoufiya University, Vol. 40, No. 2, April 2017 121



M. S. Abass, A.M. Gaafer, A. R. Saad “MODELING AND ANALYSISOF AT ...”

for finding the OPP locations. They also [29] address
the strategic level of Hybrid Make-To-Stock
(MTS)/Make-To-Order (MTO) production contexts
using Fuzzy Analytic Network Process (FANP). But
the decisions which are involved in this level are
family formation and order partitioning.

Some other researches deal with end-products which
having a common component, i.e: semi-finished
product.

On the other hand Lmehdawe and Jewkes [30]
consider a stochastic two-stage hybrid manufacturing
system for a single product where semi- finished
goods are Made-To-Stock (MTS) and then
differentiated when demand is realized through a
Make-To-Order (MTO) stage. They introduce a batch
ordering policy to permit economies of scale in
ordering due to a cost associated with each order
placed. They use the Matrix-analytic method to
evaluate system performance under this ordering
policy. After wards, they develop an optimization
model to find the optimal intermediate buffer size
and the optimal replenishment order quantity for the
system. They show that a base stock policy is sub-
ptimal in the presence of a replenishment cost for
semi-finished goods.

The idea of switching between MTS and MTO
production has been discussed by other researchers.
Zhan et al. [31] develop an analytical model of a
multiple-machine  dynamic hybrid MTS-MTO
facility which is capable of efficient standardized
production and mass customization. They propose a
simple policy for switching a select group of flexible
machines between MTS and MTO production. H.
Rafiei and M. Rabbani [32] combine the switching
between MTS and MTO and OPP. They developed a
model to first decide on which product is
manufactured upon MTS, which one upon MTO and
which one upon hybrid strategy. Then, a fuzzy
analytic network process (ANP) is utilized to locate
the OPP for the products which are decided to be
manufactured upon hybrid strategy.

While Zaerpour et al. [33] present a strategic
decision-making structure to determine whether a
particular product should be produced under make-
to-order (MTOQO) or make-to-stock (MTS) strategy. A
novel hybrid methodology consisting of strengths,
weaknesses, opportunities and threats (SWOT)
analysis and analytic hierarchy process (AHP) is
proposed. FAHP’s connection to SWOT yields a
novel hybrid method for partitioning of MTO/MTS
products. Kaminsky and Kaya [34] integrate due date
guotation with combined MTO-MTS decision
making, consider several different approaches for
sequencing jobs and focus on two-stage supply chain
models. Their analysis provides guidance for

deciding when to use MTS and when to use MTO
approaches in supply chains, and how to effectively
operate the systems to minimize system-wide costs.
On the other hand Kalantari et al. [35] present a
novel decision support system for order
acceptance/rejection in a hybrid Make-to-
Stock/Make-to-Order production environment. The
proposed decision support system is comprised of
five steps. Wu et al. [36] presentd a scheduling
method for a hybrid MTO/MTS semiconductor fab
imposed with machine-dedication constraints. The
scheduling method involves two shop floor control
decisions; releasing and dispatching.

Lower inventory cost and better customer service is
the target of all approaches, although different
approaches are used to control the production of
hybrid MTO-MTS systems. This objective is
achieved by integrating production planning and
inventory control decisions.

Soman et al. [37] test the conceptual production
planning and inventory control framework for
combined make-to-order (MTO) and make-to-stock
(MTS) production mode. They apply the framework
in the case of a firm that produces 230 products on a
single line with limited capacity. But In-Jae Jeong
[38] propose a dynamic model to simultaneously
determine the optimal position of the decoupling
point and production—inventory plan in a supply
chain such that the total cost of the deviation from
the target production rate and the target inventory
level is minimized using the optimal control theory.
While Chang et al. [39] aimed to develop a heuristic
activity control (PAC) model to achieve the different
production criteria (for MTO and MTS) in the hybrid
production environment. Eivazy et al. [40] present a
dynamic production control and scheduling model
for a semiconductor shop (fab) with hybrid
MTS/MTQO production environment. The proposed
model encompasses two major modules: release
module and dispatching module.

A mixed MTS/MTO policy is also considered by
Khaled et al. [41] to manage a single manufacturing
facility producing two classes of end-products, high
volume demands (HV) and low volume demands
(LV).They analyze and compare the impact of the
choice of the scheduling policy on the overall
performance of the system. They consider two
policies: the classical a first-in—first-out (FIFO)
policy and a priority policy (PR). They develop
analytical/numerical solutions to optimize each
system.

On the other hand Eltawil and Ghazal [42] presents
an integrated production/inventory planning model.
The model is employed within an Enterprise
Resource Planning (ERP) system to generate
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feasible, constrained operational production plans
and replenishment schedules. The model is applied to
a process industry case of a single line, multi-stage,
multi-product environment. The existence of co-
products and the combined make-to-order and make-
to stock (MTO-MTS) production planning strategy
are the main features incorporated.

Working according to a MTO process while the
supplier works with a MTS process problem is
discussed by Guillaume et al. [43]. They propose a
method based on fuzzy modeling allowing a
customer to choose a plan taking into account the
uncertainty on his requirements when he works in
MTO-ATO while his supplier is in MTS.

Based on the above literature review, it is clear that
there has been a lot of research done in the areas of
MTS/MTO planning and supplier selection and a few
papers combining them. It is noted that few papers
deal with integrated production — inventory problems
along with MTS/MTO  production strategy and
these papers concern with minimizing the inventory
holding cost only So the objective of the paper is to
integrate the supplier selection problem along with
the inventory, production and distribution problems
across the various stages of the supply chain under
MTS/MTO strategy as a single mathematical model
aiming to minimize the total cost, maximize the
facility utilization, and minimize total delivery time.
This paper is a first step in this direction.

2. Model Formulation

Although the importance of a hybrid MTS/MTO
strategy which combines the advantages of MTS and
MTO strategies, the researchers focus on the
decoupling point and which product will the firm
decide to produce according to MTS or MTO
strategy and few of them study this strategy with
aggregate production planning.

2-1- Case study description

The case study considered here consists of a spinning
plant which produces four items; two of them
produced under MTS strategy and the other two
items under MTO strategy, with a limited capacity
over time, three distribution centers which receive,
distribute finished products and store excess
production. The manufactured products are directly
delivered to distribution centers (DCs).The firm owns
the manufacturing plant and DCs. Therefore, the
manufacturers are responsible for the sales of their
products in DCs outlets. The raw material here is
cotton which is supplied by a number of suppliers.
The raw material passes throw seven manufacturing
stages to obtain the finished product.

In this paper, a supplier selection along with an
integrated production, inventory and distribution
model under MTS/MTO strategy was investigated
using FGP approach. The objective is to minimize
the total cost, maximize the facility utilization, and
minimize the total delivery time of the SC. Lingo 11
is used to obtain the optimum solution.

2-2- Model Assumptions

The followings are the underlying assumptions for
each stage that needs to be stated before we proceed
with the model formulation.

2-2-1- Suppliers:

e Every chosen supplier has a particular
minimum shipment quantity that he supplies
and maximum order capacity over which he
cannot supply for each type of raw material.

e  Only one supplier is finally selected in every
time period.

2-2-2- Manufacturers:

e Manufacturing site follows MTS/ MTO
production strategy.

e For MTO production strategy the
manufacturing process is instantaneous, i.e.,
the plant can produce and ship immediately
when the order arrives without any time
delay.

e Backorders are not considered in this stage .

e The plant has a capacity limit for producing
finished products.

e The plant has a limited capacity for storing
finished products.

e The plant has a limited capacity for storing
raw material.

e  For MTS products there is safety stock
inventory in each time period.

e Inventory in any period t represents the
inventory level at end of the time period t.

e Initial inventories are assigned.

e Set up cost is not considered because it is
very small and accure at one stage only
(spinning stage.)

e Unit transportation cost of finished products
from the plant to DC k is independent on
the type of finished product.
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2-2-3- Distribution centers: item S at the plant.
Hd Unit holding cost per period for
e Inventory in any period t is the inventory item(S and O) at DCs k.
level at end of the time period t. W Storage capacity for row
e Initial inventories are assigned to each DC. material at the plant.
e Backorders are not allowed for MTO Ws Storage capacity for item S at
products. the plant.
e Each DC has a limited storage capacity for Wy Storage capacity at DC k.
finished products. Syst Am_ount of item S produced in
e Unit holding cost for finished products is periodt. _
independent on the type of the finished Ot Amount of item O produced in
product at DC k. period t. _
Quskt Amount of item S delivered
2.3 Integrated production, inventory, and :)r:rrigctihte plantto DCs k in
distribution model under MTS/MTO strategy. Q00 Amount of item O delivered
Here the problem consisted of one supplier, one Irom the plant to DCs k in period
plant, and three distribution centers. Our objective is IR, I.nventory level for raw material
to minimize the total cost for the supply chain. at the plant in period t.
IR, Initial Inventory level for raw
2.3.1 Definitions of Symbols material at the plant.
Plyst Inventory level for item S at the
z Set of suppliers (1,2,3.....2). plant in period t.
Xs Set of products based upon MTS Plyso Initial Inventory level for item S
strategy (1, 2, 3 ,Xs). at the plant.
Xo Set of products based upon MTO D lyekt Inventory level for item S at DCs
strategy (1, 2, 3 ,Xo). k in period t.
k Set of distribution centers (1, 2,..K) D lysio Initial Inventory level for item S
t Time period index (t=1,2,3...T) at DCs k.
QPL Quality standard set by the DIOyokt Inventory level for item O at
manufacturer for raw material DCs k in period t.
QSUPzt  Quality of raw material from D100 Initial Inventory level for item O
supplier z in time period t. at DCs k.
Rzt The quantity of raw material F Demand for item S at DCs outlet
shipped from supplier z to the k in period t
Plant in time period t. FO Demand for item O at DCs
V't Quantity of raw material reaching outlet k in period t
the plant from the selected Yzt Binary variable denoting
supplier z in time period t. whether supplier Z is selected
Maxsup ~ The maximum capacity of the sup- time period t for raw material.
plier for raw material. Bkt Backorders at DCS k at the end
Minsup Minimum quantity supplied by the of time period t
supplier for raw material. CBk Backorders cost at DCS k
CSUP, The unit transportation and purch- Ukt Delivery time per unit for (Xs or
asing cost for raw material from Xo ) product from the plant to
the supplier to the plant in period DCs k in period t our/unit
t Vkt Capacity per truck delivered for
D Auvailable capacity of the plant. (Xsor Xo) from the plant to
Csys Unit processing cost of product S DCs kinperiodt.
produced under MTS Strategy. NS Unit processing time of item S.
Coyo Unit processing cost of product O
produced under MTO strategy. NO Unit processing time of item O.
Cdy Unit transportation cost of
products (S and O) from the plant
to DCy
HR Unit holding cost per period for
raw material.
HSys Unit holding cost per period for
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2.3.2 Model Formulation

The three objective functions are formulated as
follows:-

Minimize the total cost

Min total cost =purchasing cost+ production cost +
inventory cost from suppliers to factory and factory
to DCs + transportation cost for product from factory
to DCs.

Min = ZCSUP*R + ch *S+ Zozcx?*?of
2t

ZHR* IR+ ZHS*PI +2Hd

xs

(ZDI + ZDIO) +ch* (ZQ + >°QO)

Kt Xskt okt Xokt

(2.1)
Maximize the Utilization Level of Facilities

Capacity utilization can be measured in percentage of
actual output or in the percentage of time a
constrained resource is used. This study uses time-
based measurement. The facilities utilization can be
calculated as

MaxWt =

ZZNS*S/D+ZZNO*O/D
t

xst xot

(2.2)
Minimization of Total Delivery Time

Min F3 =

YT RN Q

* xskt
\

kt

33 weno, 3 23)
v

2.4 Model Constraints
2.4.1 Raw Material Constraints

The supplier selection model is formulated based on
the following preferences of the buyer.

The quality of raw material purchased QSUPzt must
meet the specific standard set for that material by the
manufacturer QPL for every supplier Z in each time
period t:

QSUP, > QPL*Y, V zt (2.4)
The capacity of the supplier for raw material must be
high enough to meet the quantity of raw material
ordered from the supplier in each time period t:

Rzt < Maxsup* Yzt v (1) (2.5)

The order quantity of raw material must meet the
minimum purchase requirement of supplier in every
time period t:

R;x > Minsup* Yy,

Vo (2.6)

The quantity of raw material that reached to the plant
must meet the quantity of raw material needed for
producing all types of products in every time period.

(ZS +20)

xot

V Xs,Xo,t 2.7)

For every time period t, only one supplier is finally
selected.

ZYt =1 v (1) (2.8)

2.4.2 PLANT CONSTRAINTS

The quantity of raw material reaching the plant Vt
from the selected supplier z equal to the quantity of
raw material shipped from that supplier Rzt to the
plant in time period t.

= VvV zt 2.9
V=38 @)

The constraint (3.9) assures the linearity of the
following constraint.

The quantity of raw material which used to produce
any product (S or O) in any period cannot exceed the
inventory of raw material in that period.
IR+V— (ZS + ZO)< IR VXoXol

(t-1) t s xot

(2.10)

The inventory of raw material stored at the plant
must be within the storage capacity limits for each
time period t:
IRy < WR v o(t) (2.12)

For MTS products, the inventory of the products in
any period must exceed the demand for each time

period t:

Pl +S—>" (2.12)

xs (t—1) xst o xskt

Q < PI VXS'lt

Xst

The inventory of MTS products stored at the plant
must be within the storage capacity limits of the
products for each time period t:

>SPI<WP v o

xs Xskt

(2.13)

The inventory of MTS products should exceed the
safety stock value.

Pl > SSV Vo (2.14)
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For MTO products, the quantity produced of these
products equal its demand.

0=3QO Vo Xot (2.15)

xot K xot
The quantity of all products produced at any time
period must not exceed the production capacity.

v (1) (2.16)

> S *Ns > O *NO<D
% xst + o Xot

243 DISTRIBUTION CENTERS
CONSTRAINTS

The actual demand for MTS items at DCs outlet in
any period cannot exceed the forecasted demand in
that period

Att=1

Dlxs(t—l)+ K XSkt'Dlxst > F

T oVoxkt  (217)

Backorders are allowed for MTS items only.

Att>2

>.Q
Dlxsk(t—l) + Tk ekt - Dlyg — Bxsk(t»1)+B><skt > F

Vv xs,kt (2.18)
For MTO items, the following constraint presents the
inventory balance at the DC, outlet.

DIO+> QO -DIO=FO VY %kt (2.19)

xo(t—1) K xokt xot

the DCs must be within the storage capacity limits
for each time period t:

DI+ >DIO<Wd V ki (2.20)

xs XSkt xo X0 K

The restrictions of non-negativity on the decision
variables.

stt 2 0, Oxot b 0, stkt b 0, Qoxokt 2 0: IRt 2 0:

PlxstZO- DIxsktZO, Dloxoktzo (221)

3. Model Implementation and Analysis

The model formulated earlier is tested for a set of
realistic data and the results are discussed.

Cd1 =50 LE/Ton, Cd2 = 75 LE/Ton,

Cd3 =100 LE/Ton.

Quality Standard set = 4. If the quality of raw

material is bigger than or equal this value, the raw

material is good quality. Otherwise it is fair.

Given Data

Number of suppliers, Z =3

Number of DC, k =3

Number of time periods, t=6 (t=1, 2, 3,.., 6)

Table (3-1) summarizes the data for the raw materials
and suppliers. Values for quality are based on a
rating scale (1-Fair to 10-Excellant) such that high
values represent better quality. Table 3-2 contains
plant data and Table 3-3 includes the data for the DC;
items.

3-1-1- Raw materials and Suppliers data

Table 3-1: Raw materials and Suppliers data

Supplier | Supplier | Supplier
3 2 1
Quality
provided for 6 419217 | 24,6,7,3, | 7,9,4,1,9,
time periods 4 4
Maximum
capacity (ton) 775 650 670
Minimum order
quantity (ton) 60 65 50
8600 8600 8300
8700 8400 8400
Cost per unit 8800 8600 8100
for 6 time 8500 8750 8200
periods 8500 8400 8300
(LE/ton) 8700 8600 8150

3-1-2- Plant data

Production capacity (Tons) ,D = 100Ton

Production cost for MTS products, Cgys = 5000
LE/Ton, 4000 LE /Ton

Production cost for MTO products, Csxo = 10832
LE/Ton, 4880 LE /Ton

Raw material initial inventory, IRO =50 Ton

Raw material storage capacity, WR =60 Ton

MTS products storage capacity, WS = 15 Ton

MTS products inventory holding cost per unit time
period, HSxs = 140LE/Ton, 120 LE /Ton

Raw material inventory holding cost per unit time
period, HR = 130 LE/Ton

Safety stock value, SSV =1 Ton

For simplicity, we assume that the unit
transportation cost of the finished products from the
plant to the DCs is independent of the product type.
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3-1-3- DC, data

Table 3-2: DCs Demand data

Customer’s demand at the DC, (Ton)
DC1 DC2 DC3
Time period MTS | MTO MTS MTO MTS MTO
S1 S2 o1 02 S1 | S2 0O1 02 S1 S2 0o1 02
1 7 20 5 15 4 15 6 10 4 20 7 12
2 10 9 10 3 14 | 10 8 3 10 11 10 5
3 7 8 6 2 7 11 10 2 5 13 8 2
4 6 7 15 0 6 4 7 0 7 2 11 0
5 1 2 5 0 1 3 5 0.5 1 2 4 0
6 9 8 2 5 6 7 2 4 9 8 2 5
Table 3-3: DCs data
DC1 DC2 DC3
MTS MTO MTS MTO MTS MTO
S1|S2|01|02|S1|S2|01|02|S1|S2|01]|02
Initial inventory,Dl s or xo) 0 10{25| O 0 8 20| O 0 {2030 | O 0
Maximum inventory capacity, 50 Ton 40 Ton 30 Ton
Inventory holding cost per unit time 140 LE 150 LE 130 LE
period,
3.2 Results
3.2.1 Results

The optimization software, LINGO is used to
generate the fuzzy goal linear program and solve
it.

Table 3-4: Supplier selection, Order quantity,
and raw material inventory

Time
period

Supplier
selected

Quantity
ordered

inventory

Time 1
period
1

63 50

Time 1
period
2

50 50

Time 1
period
3

50 50

Time 2
period
4

50

Time 1
period
5

50

Time 1
period
6

50 60

It is clear from Fig. (3-4) that the first supplier is
selected for most of the time periods and the
ordered quantity for each time period covers the
production quantity needed for produce all
items. Another interesting observation is that the
quantities ordered for all periods are equal to the
raw material minimum order quantity values.
Also, it is to be noted that there is inventory
stored during all time periods and the stored
quantity at the end period is equal to the
maximum storage capacity for raw material. Fig.
(3-1).

From Figs.(3-2),(3-3), It can be seen that the
plant produce hybrid products (MTS-MTO
products) all over the time periods and the sum
of the quantity of the fourth products is less than
the plant capacity for each time period. Another
notation that there is no production of the first
MTS item at the first, the second, the third and
the last time periods. The reason for this for the
first and the last periods is due to the shipment
quantity since there is no shipment quantity
from the plant to all DC, at these time periods,
but for the second and the third periods there is a
shipment quantity from the plant to the first DC
which covered by the inventory stored at this
period. The reason for this is the initial
inventory stored at the DC, at the start of the
time horizon beside the backorder quantity is
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shipped immediately during this time periods to
satisfy the demands. It can also be seen that
there is no production of MTO second item at
the fourth period because there is no demands
for this item from all the three DC, at that
period.

100

80

/

4

20

0

1 2 3 4 5 6
Time Period (Month)

Fig.(3-1) Order quantity, and raw material

inventory.
40
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Fig.(3-2) MTS items production (ton)
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MTO items Production (Ton)
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Fig.(3-3) MTO items production (ton)

It is clear that the inventory for the two products
for all time periods is equal to the safety stock
value SSV except for the first MTS item at the
first and the second time periods. This is
because there is no shipment quantity from the
plant to any of the DC; at the first period so the
stored inventory remains unchanged. But at the
second period there is a shipment quantity from
the plant to the first DC which is less than the
stored inventory at this period as shown in
Fig.(3-4).

Fig. (3-5) indicated that the zero shipment MTS
products quantity from the plant to the DC1 at
the first, fourth, and sixth periods is due to the
inventory stored and the backorder quantity at
these periods which cover the demand at this DC
outlet. On the other hand there is a shipment
MTO items quantity for each time period except
for the second MTO item at the third and fifth
periods that is because there is no demand at
these periods Fig.(3-6).

Figs.(3-7) and (3-8) illustrated that there are zero
shipment quantities for MTS first item for the
first three and the last periods and for the
second MTS item at the first and the third
periods at this DC. So, a same explanation can
be used for zero shipment quantity. While there
is a shipment quantity for MTO items for each
time period except for the second MTO item at
the fourth period. So, a same explanation can be
used for this zero shipment quantity also.
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It can be seen from Figs.(3-9) and (3-10) that
there are shipment quantities for both MTS
and MTO items for all periods except some
periods science there are no  shipment
quantities. The same explanation can be used
for zero shipment quantities.

From table (3-5) it can be seen that for MTO
products there is no inventory at all time
horizon for the three DC, and this agreed with
their production strategy. For MTS products
there is inventory at the first period for some
items and extended to the third period for
another items this is due to the inventory and
backorder quantity as explained before but for
the remaining periods its zero and that’s to
minimize the cost of holding inventory aiming
to make the inventory at the plant this is from
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one view point. From the other view point, the
actual demand may be less than or equal the
expected demand and this will result in
inventory at the DC,.
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Fig.(3-9) Finished MTS products quantity
transported from the plant to DC3
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DC3

transported from the plant to DC3

DC1 DC2 DC3
Time
Period
MTS MTO MTS MTO MTS MTO

DI11 | DI21 | DIO11 | DIO21 | DI12 | DI22 | DIO12 | DIO22 | DI13 | DI23 | DIO13 | DIO23
Time 3 0 0 21 5 0 0 16 10 0
Periodl
Time 0 0 0 7 0 0 0 6 0 0
Period2
Time 0 0 0 0 0 0 0 1 0 0
Period3
Time 0 0 0 0 0 0 0 0 0 0
Period4
Time 0 0 0 0 0 0 0 0 0 0
Period5
Time 0 0 0 0 0 0 0 0 0 0
Period6
130 Engineering Research Journal, Menoufiya University, Vol. 40, No. 2, April 2017




M. S. Abass, A.M. Gaafer, A. R. Saad “MODELING AND ANALYSISOF AT ...”

The following Figs.(3-11), (3-12), and (3-13) illustrates the backorder quantities for all DC.

n
S
N
S

=
=Y

=
o

-
o
.
I

/A

2]
o

©

N

MTS Backorder Quantity (Ton)

MTS Backorder Quantity (Ton)

&v
A y *, ? 4,
()
/T , /
4 4
1 2 3 4 5 6 1 2 3 4 5 6
Time Period (Month) Time Period (Month)
Dc 1L c-=
Fig.(3-11) Finished MTS products backorder Fig.(3-12) Finished MTS products backorder

quantity at DC1 guantity at DC2

[
]

[
N

MTS Backorder Quantity (Ton)

2

1 2 3 4 5 6

Time Period (Month)
c_-=
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4, Concolusion

Some conclusions and recommendations for
further research are discussed.

1. For supplier stage, the supplier was chosen
and the optimal raw material shipment quantity
has been obtained.

2. For production stage, the optimal production
quantities for all products, the inventory levels
for raw material and MTS products, and
shipment amounts for all products are
obtained.

3. For DCs stage, the optimal inventory levels
for all products are obtained.

4. The model validated in minimizing total
cost and total delivery time and maximizing
facility utilization.
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