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Abstract—Remanufacturing is the process of
converting used products back to like-new products.
Production planning of inventory control policies
in the remanufacturing of used products with
different prioritizations (remanufacturing vs
manufacturing) is investigated in this case study.
For the hybrid manufacturing/remanufacturing
production planning problem, the imprecision of
customer demand, related operating costs, and
the number of returned used components are
considered to be the main uncertainty. As a result,
the fuzzy set theory is employed due to the presence
of the imprecise information. To defuzzify imprecise
data, the Possibilistic Linear Programming (PLP)
with the weighted average method is applied. The
proposed approach maximizes the most likely
value of the profit, minimizes the risk of obtaining
a lower profit, and maximizes the possibility of
obtaining a higher profit for each production
planning policy at the same time. The result shows
that the Priority-To-Remanufacturing (PTR) policy
shows a higher profit from each objective function
and is solved with a higher satisfaction value than
the policy of giving more Priority-To-Manufacturing
(PTM). For instance, the most likely profits of the
PTR policy from each scenario are ranging from
$ 66,774 to $ 114,280 as compared to $ 66,610
to $ 88,882 from the PTM policy and a higher
satisfaction values of the linear membership
function are ranging from 38.34% to 53.95% from
the PTR policy as compared to 39.13% to 53.40%
from the PTM policy. As a result, PLP can help
decision makers to be well aware of the risks and
effects of uncertainty on their plans, so they can
prepare in advance for such scenarios.

Index Terms—Optimization, Hybrid
manufacturing/remanufacturing, Possibilistic
Linear Programming.

[. INTRODUCTION

Many products such as electrical apparatus, toner
cartridges, cellular phones, and automotive parts
require remanufacturing for recovering components
as raw materials to produce finished products [1].
Because of limited resources, remanufacturing of
these used products is significantly growing in many
countries. According to the Carbon Trust news,
remanufacturing in the UK had a market potential of
up to £5.6 billion, with benefits to improve business
revenues, margins, and stability of supply [2].

Remanufacturing includes the processes of
disassembly, cleaning, inspection, and sorting of used
products before reassembling to new parts or new
products. It can be divided into two groups. First, a
stand-alone remanufacturing system is concerned
with used products that are supplied for all demands.
Second, a hybrid manufacturing/remanufacturing
system can be used when remanufacturing is required
to work along with the existing manufacturing
processes where new components may only be
required when there is a shortage of old or used
components.

In remanufacturing processes, the uncertainty of
quantity, timing, and quality of receiving used
products dramatically increases the difficulty of
production planning and inventory management.
Planners need to make decisions on how many new
components or how many used products are required
and especially on when such orders should be placed.
Moreover, customer demand and related operating
costs are very much subject to uncertainty. Customer
demand normally varies with time due to errors in
forecasting, or lack of information while certain
operating costs are difficult to be fixed in advance.
To handle such issues, a certain approach can be used
to optimize such problems under the uncertainty.
Instead of using a typical linear programming where
the uncertainty is disregarded, Possibilistic Linear
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Programming (PLP) is one of the approaches that
can be used to incorporate fuzzy data and optimize a
problem. Our main contribution is to introduce the
Possibilistic Linear Programming (PLP) model to
optimize the profit of the production and inventory
planning in a hybrid manufacturing/remanufacturing
system can then recommend the best policy
between the Priority-To-Remanufacturing (PTR) and
Priority-To-Manufacturing (PTM) in an uncertain
environment. A sensitivity analysis is carried out with
many scenarios to investigate the effects of each
policy under the different levels of weight for
pessimistic, most likely or optimistic conditions.

The remaining paper is presented as follows.
Section 2 presents a literature review. Section 3 shows
the methodology for solving the stochastic model
based on the Possibilistic Linear Programming
model. Section 4 presents a case study of inventory
control and optimization in a hybrid manufacturing/
remanufacturing in an uncertain environment. Next,
Section 5 shows the results and discussion. Section
6 then presents the conclusion.

II. LITERATURE REVIEW

Lund (1985) illustrated remanufacturing as
“an industrial process in which worn-out products
are restored to like-new condition” [3]. The
remanufacturing industry boomed during World War II
because of insufficient resources. The automotive
(industrial) sector has the most experience in
remanufacturing [1]. Remanufacturing is a product
recovery option. There are many recovery options such
as reusing, repairing, refurbishing, and recycling [4].
Remanufacturing is a direct form of reuse that
combines returned products, to resell them again like
new products. The remanufacturing process can be
separated into disassembling the returned products,
cleaning disassemble parts, replacing or repairing any
worn or damaged components, testing the quality of
products, updating some parts of electro-electronic
products, and reassembling the products. Products
that pass remanufacturing testing can be considered
to have the quality of “like-new” products [5].

According to [6], remanufacturing is normally
managed under two business strategies: combined
and dedicated models. The combined model is most-
ly applied in European countries. Remanufacturing
and manufacturing are combined in the same line as
a hybrid process. In contrast, the dedicated model is
mostly applied in North America. It is considered a
standalone remanufacturing line. For production
planning and inventory control problems, attention
is placed on different inventory policies such as
periodic and continuous reviews. There are many
complicated characteristics of remanufacturing such
as the uncertain quality of returns and the need to
balance the returns and new components with
customer demand. Inderfurth demand found that the
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optimal inventory control policy for the hybrid
manufacturing/remanufacturing system under strictly
proportional costs and revenues is the order-up-to
policy [7]. The system is constructed in a single-period
with stochastic returns of used products and customer
demand, to substitute remanufactured products with
manufactured products when a shortage occurs. Wang
investigated the optimal production strategy for short
life cycle products with stochastic returned products
and customer demand [8]. The objective was to
minimize the total costs of this system. The optimal
total costs are incurred when applying a mixed
strategy, which is a mixture of remanufacturing,
manufacturing, and disposal simultaneously.
Assignificant decrease in the total cost can be obtained
by setting the suitable values of manufactured
products and the ratio of remanufactured products to
returned products.

With the complication of inventory control policies,
the optimal settings for the operating parameters
in an inventory policy are required to obtain the
maximum profit of the system. Optimization can be
carried out by either analytical or heuristics models.
The analytical models always give global optimal
solutions but consume a longer running time. The
heuristics optimization may provide only local optimal
solutions, which can be good enough solutions, with
a shorter running time. Proper solving method
selection is a trade-off between solution quality and
computational time. In addition, analytical models
need the simplification of assumptions and provide
static results. Without the uncertainties, solutions are
compromised in real-world problems. Hence, the
fuzzy logic is introduced to take care of uncertainties
and to provide results that, can reflect real-world
problems. As a result, fuzzy linear programming
can provide practical optimal results under realistic
circumstances [9].

In practice, input data or related parameters for
production planning and control problems are
imprecise/fuzzy, such as costs of operations, customer
demand, and number of returned products. These
imprecise/fuzzy data occur because some information
is incomplete or uncontrollable. These problems
cannot be solved and optimized by a traditional
mathematical analytical model such as linear
programming becasue it only operates under
deterministic circumstances. To incorporate the
uncertainty, introduced the fuzzy set theory into
traditional linear programming problems. His study
considered linear programming problems with fuzzy
goals and constraints [10]. presented the theory of
possibility, which is related to the theory of fuzzy sets
by applying the concept of a possibility distribution
as a fuzzy restriction, acting as an elastic constraint [11].
In addition, presented Possibilistic Linear Programming
(PLP) in standard form with no equality constraints [12].
Then, applied two-phase PLP combined with the
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fuzzy Analytical Hierarchical Process (AHP) to
optimize multi-objective linear programming [13].
Our study applies the PLP approach for solving the
production planning and inventory control policy
for hybrid manufacturing/remanufacturing with
imprecise forecast demand, related operating costs,
and number of returned components. The proposed
approach attempts to maximize the most likely value
of the imprecise total profits, minimize the risk
of obtaining a lower profit, and maximize the
possibility of obtaining higher profits for each policy
simultaneously. This approach can provide realistic
results, which are better than a typical deterministic
approach as it can handle fuzzy data and recommend
a range of possible optimal objective values. This

helps decision makers to be aware of possible
outcomes in all scenarios from the most likely,
optimistic, and pessimistic cases. Therefore, decision
makers can well prepare themselves in advance for
such scenarios

III. METHODOLOGY

Two optimization solving methods are introduced
to measure their performances on a hybrid
manufacturing/remanufacturing system in an
uncertain environment. The system is modeled with
both deterministic and stochastic conditions, using

Mixed-Integer Linear Programming (MILP) and
Possibilistic Linear Programming (PLP), respectively.
Fig. 1 shows the approach for each solving method.

Fig. 1. Method of approach.

A. Deterministic condition using MILP

The system is modeled, and the profit of the model
is optimized using MILP. There is no uncertainty in
this situation. As a result, the ideal solution from this
method is be used as a benchmark for a comparison.

B. Stochastic condition using PLP

The PLP method can handle a problem with
uncertainty. An uncertain environment in this case
contains uncertain customer demand in each week,
related operating costs, and number of arriving
returned components in each week. The PLP converts
these uncertain/fuzzy data to crisp data. There are
four main steps to solve the PLP:

Base model
Deterministic condition Stochastic condition
Fuzzy data include
Mixed Integer Linear Fuzzy linear - Customer demand
Programming (MILP) N | - Related operating costs
(Possibilistic Linear
Programming) - Number of returned
components

- Production capacity

1) Model the uncertainty data with triangular
(possibility) distribution

Figure 2 presents the triangular distribution of an
uncertain coefficient X = (XP,XM,XO ) In general,
the triangular distribution is based on the three
important data values as follows.

1.1) The most pessimistic value (x°) that has the
lowest possibilistic degree for the set of available
values (possibilistic degree = ()

1.2) The most likely value (x") that has the highest
possibilistic degree for the set of available
values (possibilistic degree = 1)

1.3) The most optimistic value (x°) that has the
lowest possibilistic degree for the set of available
values (possibilistic degree = ()
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[

Possibilistic Degree

xP xM x°

Fig. 2. Triangular possibility distribution of ¥

2) Develop three new crisp objective functions of
multi objective linear programming (MOLP)

The imprecise objective function in this model
has a triangular distribution 7 = (ZP,ZM,ZO ) This
imprecise objective function is defined by three
important points (ZP,O),(ZM,I), and (ZO,O). The
imprecise objective can be maximized by pushing
three important points to the right. Because the
vertical coordinate of important points is fixed at
either 1 or 0, only three horizontal coordinates are
considered. Solving the imprecise objective requires
simultaneously maximizing z",z™, and z°. Instead
of simultaneously maximizing z°,z", and z°,
the proposed approach maximizes the profit z",
minimizes the range of the profit of (zM-z") and,
maximizes the range of the profit of (z°- z™). This
proposed approach involves maximizing the most
likely value of the imprecise total profit z", minimizing
the risk of obtaining a lower profit (z™-z"), and
maximizing the possibility of obtaining a higher
profit (z°- z™). Fig. 3 presents the strategy for
maximizing the imprecise objective functions.

Possibilistic Degree

28 0 Bz z°

Fig. 3. Strategy for maximizing the imprecise objective function

As presented in Fig. 3, the possibility distribution
A is preferred to the possibility distribution B". The
results for three new crisp objective functions are
presented as follows:

Max z, =z (1)
Min z, = (z"-z") (2)
Max z, = (z°- z") 3)

Equation (1) to Equation (3) are equivalent to
simultaneously maximizing the most likely value of
the total profit, minimizing the risk of obtaining
a lower profit (area A of the possibility distribution
in Fig. 3), and maximizing the possibility of obtaining
a higher profit (area B of the possibility distribution
in Fig. 3).
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3) Convert uncertainty constraints into crisp
constraints using the weighted average method

We consider the situation where the number of
returned products, related operating costs, and
customer demand are uncertain and have the triangular
distribution with the most likely and least possible
values. The problem is to obtain crisp numbers for
the uncertainty of the number of returned products,
related operating costs, and customer demand by
applying the weighted average method to convert
them into crisp values, where w,, w,, and w, denote
the weight of the pessimistic, most likely, and
optimistic cases respectively. The weights w,, w,, and
w, can be determined by the experience of decision
makers and w, +w, +w;, =1.

4)Specify the linear membership functions for
three new objective functions, and then convert the
auxiliary MOLP problem into an equivalent linear
programming model using the fuzzy decision method

4.1) Find the lower bound and the upper bound of
each objective

To convert the auxiliary MOLP problem into
an equivalent single-goal linear programming
problem, the fuzzy decision method from [10], and
the [14]. fuzzy programming method are employed.
The Negative Ideal Solution (NIS) and Positive Ideal
Solution (PIS) of three objective functions from step
two are required. Three new crisp objective functions
of the multi objective linear programming can be
stated as follows:

2™ = max z", 2z = min z" 4)
23" = min (z¥-z"), z)® = max (z"-z") ®)
2% = max (2% z¥), 2} = min (z%- z") (6)

4.2) Find the corresponding linear membership
function of each objective function

The corresponding linear membership function for
each objective function is defined by

PIS
1 e b3,
P
_)AaT4a NIS PIS
fl(zl) =\>5 5 & <7<z, @)
Z T4
NIS
0 2 >z,
PIS
1 22y <Zy
LN
_J % 2 Pis NIS
fZ(ZZ) =N s % <55z, ®)
L T4
NIS
.2, > 20
PIS
1 ,zh <z,
NIS
z,—z
_ 3 3 NIS PIS
f3(Z3)— PS5 NS »Z3 SZ3 SZ3 , (9)
3 T 43
NIS
0 A A
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Each linear membership function can be obtained
by using a case study to specify an imprecise objective
value in an interval (0-1). Fig. 4. shows a graph of
the linear membership functions for Equation (7)
and Equation (9). Fig. 5. shows a graph of the linear
membership functions for Equation (8).

Possibilistic Degree

0 g5 gPIS

") (")

> Profit
zy(z3)

Fig. 4. Linear membership function of z, and z;.

Possibilistic Degree
Iy

> Profit

Z

Fig. 5. Linear membership function of z,.

4.3) Find the maximum overall satisfaction

The fuzzy decision method from [10]., and [14]. is
used to formulate a single goal linear programming
model, which is minimax of the satisfaction values
from the three above mentioned objective functions.
Max A
Subject to

dispose

S
Returned

A< fi(z),i=123
0<i<l1
i = number of linear membership functions of each
objective.

IV. CaSE STUDY

For this case study of production planning and
inventory control optimization in a hybrid
manufacturing/remanufacturing in an uncertain
environment, Fig. 6 shows a flow diagram of the
system. It requires two types of components for
production: new components and returned components.
Returned components indicate the used parts that are
returned from customers. Returned components use
the reorder cycle policy to control their inventory, as
returned components come in a batch at the beginning
of each week. A certain percentage of returned
components need to be disposed of to prevent excess
inventory. Accepted returned components are then
kept in a Returned Component Inventory (RCI),
pending for the remanufacturing processes. It is
assumed that the remanufacturing time of the
returned components is negligible. However, the
remanufacturing cost per unit can be more expensive
than the manufacturing cost per unit depending the
quality of the returned components as poor-quality
components could incur more expense to produce.

There is also a New Component Inventory (NCI),
which is also reviewed every week. The ordering lead
time for the new components is constant at one week.
Upon arrival, these new components are kept in the
NCI before they are used in the manufacturing
processes. One calendar week is considered for a
manufacturing week. Finished products are then kept
in a Finished Product Inventory (FPI), waiting for the
customer demand.

Praduction

Returned Component
components Inventory

——— | Remanufacturing

_®ey )

cw

Finished
Product

—»  (ustomers
Inventory

e Y
New :

Ordered new Component i

components Inventory

Manufacturing

\ (NCI) :

Fig. 6. General flowchart of the studied system.

Customer demand arrives every week. Lost sales
cost incurs when there are not enough finished
products. Otherwise, customers buy the finished
products from the FPI. For finished products, the
quality from manufacturing and remanufacturing is
considered to be the same. When the inventory level
of the FPI is reduced, the system requests for the

/' (FPT)

production. The purpose is to fill back the inventory
level of the FPI. The initial inventory quantity is
set to be equal to the FPI target inventory level,
which is one of the decision variables. Two inventory
control policies (Priority-To-Remanufacturing
vs Priority-To-Manufacturing) are experimented
here to decide which process (remanufacturing vs
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manufacturing) has a higher priority. As shown in
Fig. 7, the operation flow of each policy is shown as
follows:

A. Priority-To-Remanufacturing (PTR)

With priority-to-remanufacturing, returned
components are assigned with a higher priority than
new components unless they are not available.
Manufacturing production is provoked only when
there are not enough returned components in the RCI.
The interested controlled decision variables in this
policy include Disposal Rate (disR), Target Inventory
Level of NCI (TinvN), and Target Inventory Level
of FPI (TinvF). Certain returned components are
disposed of depending on disR. Then, new components
are ordered up to TinvN in every review cycle (a week).
The initial inventory level of NCI is set to be equal

to TinvN. When finished products are sent to customers,
upstream components are pulled to replenish the
taken products by filling the FPI back to TinvF where
the initial inventory level of FPI is equal to TinvF.

B. Priority-To-Manufacturing (PTM)

In contrast to PTR, new components are assigned
with a higher priority over returned components.
Returned components are used for production only
when there is a shortage of new components.
Inventories are regulated by the decision variables,
similar to PTR.

The system is investigated for one year or
(50 weeks). With 5 days a week and 8 hours a day,
there are 40 hours a week. Table 1 presents the cost
structure. Other relevant information is described
below.

Disposed according to a
disposal quantity

Risind Ca!culalc a A :
Components dispoeal ] the rest
) - quantity

Armmive every week

Production

Returned
Component
Inventory
(RCI)

Remanufacturing

Finished
Product
Inventory

Every week

Order up to |
TinvN "1 Components

No order

(FPI)

Component
Inventory
(NCI)

:. »  Manufacturing

.,
.
.
o,
b
™,

.

Fig. 7. Flow diagram of the PTR and the PTM policies.

C. Other relevant information

1) The maximum levels of the target inventory for
new component inventory and finished product
inventory depend on the maximum of production
capacity, which is subject to uncertainty.

2) The overall customer service level in this case
study is set to at least 85%.

3) The returned component ratio is set at 0.6: This
ratio presents arriving returned components per total
customer demand. Both arriving returned components
and total customer demand distribute under the
normal distribution in an uncertain environment.
The means and standard deviations for the arriving
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Pick up Pull components for **+ey)
from FPI remanufacturing/manu facturing
Every week =% =PIR
Lostsales | assaa > = PTM

returned components is 60 and 10 units per week,
consecutively and for total customer demand is 100
and 20 units per week, consecutively.

4) Asupplier has the ability to send new components,
but not more than 60 units per week.

5) The holding cost is 40% per year for a unit (i.e.,
new component cost, returned component preparation
cost, finished product cost). It is assumed that the
finished product holding costs per unit of both
manufacturing (FHm, ) and remanufacturing (FHr,)
products are the same based on the average unit cost
value from both types of products.

6) The symbol “~” refers to ambiguous data that
are determined to be fuzzy in this study



INTERNATIONAL SCIENTIFIC JOURNAL OF ENGINEERING AND TECHNOLOGY (ISJET), Vol. 3 No. I January-June 2019 47

TABLE I
COST STRUCTURE
Parameters Notation Cost .
($ per unit)
Returned component RD, 0
disposal cost
New component cost NC, (26,30,35)
Returned component RP, (4,5,7)
preparation cost
Manufacturing cost MM, (9,10,13)
Remanufacturing cost RM, ((9*(2-y),
(10%(2-y)),
(13*(2-y)) *
Returned component RH, (1.6,2,2.4)
holding cost per year
New component NH, (10,12,15)
holding cost per year
Finished product FHr, (9.5,11,14)
holding cost (from per year
returned components)
Finished product FHm, (9.5,11,14)
holding cost (from per year
new components)
Lost sales cost LS, (45,50,58)
Sales price Price, (45,50,58)

Remark: * y is the yield of returned components,
which is set equal to (0.3,0.65,1). For example, the
remanufacturing cost of the most likely case is
calculated as (10*(2-0.65)) = $ 13.5 per unit.

LP formulation (Deterministic case)

The mathematical model presented in this case
study is formulated as the linear programming model.
Notations and the formulation of the analytical model
are presented below where ¢ refers to the time in
weeks, ranging from 1 to 50.

D. Parameters

Red, = Arriving returned components in week ¢
dispose, = Returned components (disposed of) in

E. Objective Function:

Maximize Profit = Revenue—TC

subject to
inventory balance constraints:

ReA, = (disR, * ReA,)+ RO,  for all t
R2,=R1, forallt

0
M2,=
{Ml,l wheret =2 to t =50

where t =1

week ¢

RO, =Returned components accepted to inventory in
week ¢

RCI, = Ending inventory level in the Returned
Component Inventory (RCI) in week ¢

R1, = Returned components sent to remanufacturing
in week ¢

R2, = Finished products from remanufacturing in
week ¢

FPIr, =Ending inventory level in Finished Product
Inventory (FPI) from remanufacturing in week ¢
R3, = Finished products from remanufacturing sent
to customer in week ¢

order, = New components ordered in week ¢

NCI, = Ending inventory level in the New Component
Inventory (NCI) in week ¢

M1, = New components sent to manufacturing in
week ¢

M2, = Finished products from manufacturing in week
t

FPIm,= Ending inventory level in the Finished Product
Inventory (FPI) from manufacturing in week ¢

M3, = Finished products from manufacturing sent to
customer in week ¢

FPI,=Ending inventory level in the Finished Product
Inventory (FPI) in week ¢

D, = Customer demand in week ¢

LS, = Lost sales in week ¢

PC, = Production capacity to produces a product in
week ¢

Cost parameters ($)

RD = Total returned component disposal cost

LS = Total lost sales cost

RMM = Total remanufacturing and manufacturing
cost

NC = Total new component cost

RP = Total returned component cost

CH = Total component holding cost

FH = Total finished product holding cost

TC =Total costs

Revenue =Total income from selling finished products
Profit = Total income after deducting total costs

E. Decision Variables

TinvN = Target inventory level in NCI (unit)
TinvF = Target inventory level in FPI (unit)
disR, = Disposal rate in week ¢ (%)

(10)
(11)
(12)
(13)
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R3,+M3,+LS, =D, forallt
FPI, = FPIr,+ FPIm, forallt

PC, >Rl + M1, forallt
RO, —RI, where t =1
RCI=
RCI,_,+ RO, —Rl, wheret=21t0t=50
TinvN — M1, where t =1
NCI=
NCI,_, +order,_, — M1, wheret=2to0t=50
R2, —R3, where t =1
FPIr=
FPIr,_ +R2,—R3, wheret=2tot=50
TinvF — M3, where t =1
FPIm=
FPIm, ,+M2,— M3, wheret=2tot=50

where Red,, and D, are uncertainty coefficients
with the triangular distribution. The objective
function (constraint (10)) is to maximize the profit.
Constraint (11) and Constraint (12) are inventory
balance constraints. For Constraint (11), some of
the returned components are disposed of depending
on the disposal rate in every week, and the rest is
sent to the Returned Component Inventory (RCI).
Constraint (12) ensures that the quantity of returned
components sent to remanufacturing processes are
the same quality as the finished products coming out
of the remanufacturing processes within the same
week and the remanufacturing time is negligible.
Constraint (13) states that the manufacturing lead time
is one week. For Constraint (14), customer demand
is satisfied by the finished products, otherwise, lost

G. The PTR constraints:

(14)
(15)
(16)

(17)

(18)

(19)

(20)

sales occur. For Constraint (15), total units of finished
products in manufacturing and remanufacturing are
combined in the FPI. Constraint (16) describes the
constraint of production capacity for remanufacturing
and manufacturing, in which the number of
components sent to the manufacturing process must
be less than or equal to the production capacity.
Constraints (17) to (20) describe the constraints for
returned components, new components, and finished
products for remanufacturing and manufacturing. The
ending inventory is equal to the previous ending
inventory (week) plus the incoming inventory minus
the outgoing inventory. In the first week, the ending
inventory is equal to the incoming inventory minus
the outgoing inventory.

0 if D, > RO, where t =1
RCI= <0 if D,2R0,+RCI,, wheret=2tot=50 (21)
any integers otherwise for all t

if D, <Red,

D, Sforallt
RO, =
Red, if Red, <D,

forallt

if D,<R0O,+RCI,_, forallt

Rl D,
' any integers otherwise for all t
where Red,, and D, are uncertain coefficients with
the triangular distribution. Constraints (21) and (23)
describe the policies of the PTR. All returned
components in RCI are sent to remanufacturing when
the customer demand is greater than the incoming
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(22)

(23)

returned components plus the number of the previous
week’s ending inventory. Otherwise the number of
returned components sent to remanufacturing is equal
to the customer demand.
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H. The PTM constraints

0 if D, 2TinvN  wheret =1
NCI, = order,_, if D,>NCI,_, wheret=2tot=50 (24)
any integers otherwise for all t
Ml = D, if D,<NCI,_, forallt (25)
any integers otherwise for all t

where D, are uncertain coefficients with the
triangular distribution. Constraints (24) and (25)
describe the policies of the PTM, where the number
of new components in the NCI that is sent to
manufacturing is equal to the customer demand
when it is less than the number of new components.

1. Economic constraints

Otherwise, all of the returned components are sent to
manufacturing. The ending level of inventory in the
NCl s equal to the incoming orders from the previous
week when the customer demand is greater than the
previous period’s ending inventory level.

RD = z RD _u*dispose, for allt (26)
LS =Y LS_u*LS, forallt (27)
RMM =% \RM _u*Rl,+Y MM _u*M]1,+MM, *TinvF  for all t (28)
NC =Y ,NC, *(order, + initial NCI +TinvF)  for all t (29)
RP=Y" RP_u*R0, forallt (30)
CH = %*(ROI+RCI J/2+Z[ *(RO, + RCI,, + RCI, )J/2+

—Nlio—y*(initial NCI + NCI, J/2+Z( LI (order, , + NCI,_, + NCI, )J/ G
Fr = | T Y« (Ra 4 FPI) J/2+Z(FH;O 2 %(R2, + FPIr, +JEP[;;)J/2+

t=2
% (M2, +TinvF + FPIm,) J/2+Z(% (M2, + FPIm, , + FPIm, )J /2 (32)
t=2

TC=RD+LS+RMM + NC+RP+CH+FH (33)
Revenue = Z ,Price _u *(R3, + M3, ) for all t (34)
Profit = Revenue —Total costs (35)

where LS,, RM _u, MM _u, NC,, RP_u,
NH y,RH _y, FHr_y, FHm_y, and Prlce_u are
uncertain coefficients with the triangular distribution.
Constraints (26) to (32) describe the cost parameters
to calculate the total cost (TC). The TC consists of
the Returned Component Disposal Cost (RD), Lost
Sales Cost (LS), Remanufacturing and Manufacturing
Cost (RMM), New Component Cost (NC), Returned
Component Preparation Cost (RP), Component
Holding Cost (CH), and Finished Product Holding
Cost (FH). All holding costs are calculated based on

the average level of inventory. Constraint (35) states
that the profit is calculated by the revenue (Constraint
(34)) minus total costs (Constraint (33)).

Decision Variables:

order, =TinvN NCI, forallt (36)
Rl,+ M1, =TinvF —FPI, forallt 37)
disR,=100* (dispose, | ReA,) for all t (38)

For Equation (36), the order of new components
depends on TinvN . Equation (37) shows that the total
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number of new and returned components sent to
production equal the number of finished products.
Equation (38) describes the disposal rate, which is
the percentage of disposed of components over the
returned components.

Max z, = Profit" = Revenue" —TC"

Possibilistic Linear Programming (PLP)

We develop the possibilistic linear programming
method to solve this problem under uncertainty by
developing three new crisp objective functions of
the multi-objective linear programming (MOLP) to
replace Equations (1)-(3)

=Revenue"-RDY+LS"+RMM"+NC" +RP"+CH"+FH" (39)
Minz, = Profit"" = Revenue"" —TC""

= Revenue”™ — RD"™M+LS" M+ RMM "™ +NC"M+RP"M+CH" M+FH"" (40)
Max z,= Profit" “ = Revenue"° —-TC"°

= Revenue" ° — RD" O+LSY °+RMM" ° +NC" °+RP" °+CH" °+FH"° 41)

As the demand of customers, quantity of returned
components, and related operation cost are fuzzy,
a defuzzification method using the weighted average
method is applied to solve the imprecise data.

Constraint (11), (14), (16), (21), (22), (23), (24),
and (25) need to be transformed to crisp constraints
as follows:

w,Red, "+ w,ReA "+ w,ReA °= dispose, + RO,  for all t (42)

R3,+ M3, +LS, =wd, ™+ w,d"+wd’ forallt (43)

wPC"” +w,PCM +w,PC° > R1,+ M1, forallt (44)
0 if wD"+w,D" +w,D° > RO, where t =1

RCI, =10 if wD +w,D," +w,D° > R0, +RCI,_, wheret=2tot=50 (45)
any integers otherwise for all t

wD,"” +w,D" + W3D,O
RO - if wD," +w,D" +w,D° <wReA"” +w,Red" +w,Red’ for all t (46)
w,ReA" +w,Red" +w,Red’

if wReA” +w,Red™ +w,Red’&w,D,” +w,D," +w,D’  for all t

P M o
wD,"” +w,D" +w,D,

R1,={if wD,” +w,D" +w,D° < RO, +RCI, , forallt (47)
any integers otherwise for all t
0 if WD +w,D™ +w,D° >TinvN wheret=1
NCI, =3 order,_, if wD" +w,D™ +w,D° > NCI,_, wheret=2tot=50 (48)

any integers otherwise for all t

Ml = {wlD,P +w,D" +w,D°’ if wD" +w,D +w,D° < NCI,_, forallt (49)

any integers otherwise for all t

where w, . w, . w;= 1 and the weights of w, w,
and w, can be determined by the experience and
knowledge of decision makers.

The linear membership functions for three new
objective functions are specified, and we convert the
auxiliary MOLP problem into an equivalent linear
programming model by the fuzzy decision method.

PIS _ M NIS _ : M
z, " =max Profit , z, =min Profit

PIS _ : P-M NIS _ P-M
z, =min Profit , z, =max Profit

PIS _ M-0 NIS _ : M-0
zy =max Profit , zy =min Profit
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To find the Negative Ideal Solution (NIS) and the
Positive Ideal Solution (PIS) of each objective, the
fuzzy decision method as presented in Equations (4)
to (6) is introduced to solve MOLP by finding the
corresponding linear membership function of each
objective function.

(50)

C2))
(52)
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Equations (7) to (9) are applied to the corresponding linear membership functions for each objective function

in this case study as follows:

PIS

1 , 2, <z,
R
_J Aa~"4 NIS PIS
fl(zl)— s s B <z <z7,
1 1
NIS
0 , Z >z,
PIS
1 , 2,<2Zy ,
LN
_ 2 2 PIS NIS
AR\ S5 2 S2SE,
1 2
NIS
0 , Z,>1Z,,
PIS
1 , Z3<zy,
z _ZNIS
_ 3 3 NIS PIS
f3(23)_ PIS N5 %3 SZ3SZ3 ’
3 743
NIS
0 , 23>z

Find the maximum overall satisfaction:
Max A

Subject to

A< fi(z), where i = 1,2,3

i = number of linear membership function of each objective.

0<A<1

w,Red,"+ w,ReA "'+ w,Red,°= dispose, + RO,  for all t,
R2,=Rl, forallt,
R3,+M3,+LS,=wD,"+w,D"+wD°  forallt,
FPI,= FPIr, + FPIm, for all t,

wPC” +w,PC" +w,PC° >Rl + M1, forallt,

RO, —RI, where t =1,
RCI, =
RCI,_,+RO,—Rl, wheret=2tot=50,
TinvN — M, where t =1,
NCI, =
NCI, | +order, , — M1, wheret=2tot=50,
R2, - R3, where t =1,
FPIr, =
FPIr, +R2,—R3, wheret=2tot=50,
TinvF — M3, where t =1,
FPIm, =
FPIm, ,+ M2, - M3, wheret=2tot=50,

For the PTR

0 if wD,” +w,D +w,D° > RO,

where t =1,

RCI, =40 if wD/ +w,D," +w,D° > R0, +RCI,, wheret=2 tot=50,

any integers otherwise for all t,
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w,D,” +w,D," +w,D°
. P M o P M o
if wD," +w,D," +w,D,” <wRed," +w,Red” +w,Red,” for allt

RO, =
" |wReA” +w,Red" +w,Red’
if wReA" +w,Red" +w,Red’ <w,D,” +w,D" +w,D°  for all t
wD,” +w,D," +w,D°
Rl, = if wD,” +w,D" +w,D° <RO,+RCI,_, forallt
any integers otherwise for all t
For PTM
0 if wD," +w,D" +w,D° >TinvN wheret=1,
NCI, =4 order, if wD," +w,D" +w,D° > NCI_, wheret=2tot=50,
any integers otherwise for all t,

" _{WID,P +w,D" +w,D°’ if wD" +w,D" +w,D’ < NCI,_, forallt,

any integers otherwise for all t,
RD = Z RD _u*dispose, forallt,
LS = Z LS _u*LS,  forallt,
RMM =" RM _u*Rl,+Y MM _u*MI,+MM,*TinvF  for allt,
NC = z ,NC, *(order, +initial NCI +TinvF) for all t,

RP=Y" RP_u*R0, forallt,

CH = %*(RO,JFRCI J/2+Z( *(RO, +RCI,_, + RCI )]/2+,
NH _ Y s (initial NCT + NCI, J/2+Z( *(order, , + NCI, , + NCI )J/z

FH = % (R2, + FPIy J/2+Z[% (R2,+FPII;1+FPII;)J/2+
%*(M2I+TinvF+FPIm J/z Z(FHm L%(M2, + FPIm,_, + FPIm )J/z

TC=RD+LS+RMM+NC+RP+CH +FH,
Revenue :ZtPrice_u*(R3, +M3,) for all t,

Profit = Revenue —Total costs .
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V. RESULTS AND DISCUSSION

5.1) Deterministic case with linear programming
model

An LP model is built and solved by IBM ILOG
CPLEX Optimization Studio software. The
deterministic results of the PTR and the PTM policies
are shown in Table II.

Table II compares the solutions obtained from these
two policies. The result shows that the PTR policy is
better than the PTM policy under the deterministic
case, because the PTR policy shows a higher profit
than the PTM policy. From the result, the PTR
policy does not dispose of any returned components,
but the PTM policy disposes of 75 units. This is due
to the fact that the PTR policy requires that the
returned components be used first while it this not a
requirement for the PTM policy. Only the PTM pol-
icy has lost sales. This is because the PTR policy only
requires remanufacturing, which does not
require production time while the PTM policy
requires the full production time. As a result, it would
take a longer time to fill the FPI, which can cause
lost sales and the PTM policy needs to keep a higher
amount of inventory at FPI at the beginning of the
first week, to prevent lost sales during the first week.
However, it should be noted that the difference of the
profit from these two policies is close, with less than
a 4% gap.

TABLE II
PTR AND PTM RESULTS
Policy
PTR PTM

TinvN (units)
. ) . 49 40

Decision | TinvF (units)
. . 39 166
Variables | Number of units 0 75

disposed (units)

LS ($) 0.00 50.00
NC ($) 63,030.00 | 66,180.00
RP (%) 15,380.00 | 15,005.00
Cost RMM ($) 62,046.00 | 62,174.00
Parameters | CH ($) 408.16 499.66
FH ($) 782.76 592.79
TC (%) 141,646.92 | 144,501.45
Revenue ($) 256,400.00 | 256,350.00
Profit ($) 114,753.08 | 111,849.05

5.2) Stochastic case with Possibilistic Linear
Programming model (PLP)

With the lower bound and the upper bound of each
objective (Constraints (50) to (52)), Tables 3-4 show
the Negative Ideal Solution (NIS) and the Positive
Ideal Solution (PIS) of each objective of the PTR and
the PTM policies, respectively.

TABLE 111
UPPER AND LOWER BOUNDARY OF THE PTR PoLICcY
PTR

MOLP Profit ($)
2™ = max Profit" 128,793.88
2™ = min Profit" 13,974.39
z/® = min Profit”™" 54,202.454
z)® = max Profit"™" 85,202.597
2™ = max Profit"° 82,221.444
2" =min Profit"° 52,182.069

TABLE IV
UPPER AND LOWER BOUNDARY OF THE PTM PoLICY
PTM

MOLP Profit ($)
z[™ = max Profit" 125,372.9
z"® = min Profit" 0
2" = min Profit”™ 52,917.918
2" = max Profit"™ 86,251.638
z;® = max Profit" ™ 82,903.386
z;"® = min Profit"™° 51,129.002

According to Constraints (42) to (49) of the
possibilistic linear programming model, the process
of defuzzifying imprecise customer demand, number
of arriving returned components, and production rate
with the weighted average method is subject to the
pattern of weight allocation. Different patterns of
weight allocation can have an impact on the obtained
solution. As a result, a sensitivity analysis of this
weight allocation should be carried out among
pessimistic, most likely, and optimistic cases to
investigate the impact of such weight allocation on the
overall satisfaction of the linear membership functions
of each objective function. For a demonstration,
a sensitivity analysis is performed in 4 scenarios by
varying the weights of pessimistic, most likely, and
optimistic values. Tables 5-6 present the results of
the sensitivity analysis for both the PTR and the PTM
policies.
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TABLE V
RESULT OF THE SENSITIVITY ANALYSIS OF THE PTR poLICY

— = = Z

8 =]

§ .§ .% é

O b5y = =

O S O O

2 Z A @
Al O~ SO~ O || =0
I ||| ||| 2|=2
aloalo|lS|S|S|S |S535
on on on oo — — — [e%) — — — [e%)

Overall satisfaction 53.46% 38.34% 53.95% 40.08%

Z1 (%) 109,350 66,774 114,280 99,616

72 (%) 68,630 66,774 68,479 72,778

73 (%) 68,241 63,701 68,388 71,421

Maximum the most likely value of profit ($) 109,350 66,774 114,280 99,616

Minimize the risk of obtaining lower profit ($) 40,720 0 45,801 26,838

Max1m1ze of the possibility of obtaining a 177.591 130,475 182,668 171,037

higher profit ($)

For example, in Table V with Scenario I, equal satisfaction of 53.95%. Scenario III also gives the
weights (33%) are assigned to the pessimistic, most highest possible value of the most likely profit,
likely, and optimistic values. It is found that the obtaining the highest possibility of a higher profit
overall satisfaction is 53.46%, and the outcomes of and the highest profit from the risk of obtaining
the maximum most likely value of profit, minimum a lower profit.
possibility of obtaining a lower profit, and maximum However, the profit generated from Scenario 1V,
of the risk of obtaining a higher profit are $109,350, which is supposed to be the highest as it is the most
$40,720, and $177,591, respectively. optimistic case, is not the highest. This is due to the

The result of this sensitivity analysis also shows fact that the amount of optimistic demand is too high
that Scenario III, which set the weight of the most for the manufacturing process. As a result, a large
likely value at 80% and the weight of optimistic and shortage cost needs to be paid.
pessimistic values at 10%, gives the highest overall

TABLE VI
RESULT OF THE SENSITIVITY ANALYSIS OF THE PTM POLICY

e 2

) o = =

53 154 o 5}

5 A 1% A
Al E|lo|l~|=2|O0|~| 2|0 |~|=]|0O
X281 8|81
Al
o (ep) o [ele] — — — [ele] — — — [e%)

Overall satisfaction 53.00% 39.13% 53.40% 42.40%

Z1 (%) 84,866 66,610 88,882 73,055

72 (%) 68,586 66,610 68,450 72,117

Z3 (%) 67,968 63,562 68,098 69,531

Maximum the most likely value of profit ($) 84,866 66,610 88,882 73,055

Minimize the risk of obtaining lower profit ($) 16,280 0 20,432 938

Mammlze of the possibility of obtaining a 152,834 130,172 156.980 142,586

higher profit ($)
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For example, in Table VI with Scenario I, equal
weights (33%) are assigned to the pessimistic, most
possible, and optimistic values. It is found that the
overall satisfaction is 53.00%, and the outcomes of
maximum most possible value of profit, minimum
possibility of obtaining a lower profit, and maximum
of the risk of obtaining a higher profit are $84,866,
$16,280, and $152,834, respectively.

The best result of the PTM policy is from setting
the weight of the most likely value at 80% and 10%
at both pessimistic and optimistic values (Scenario
IIT). Similar to the PTR policy, the profit generated
from Scenario IV (the optimistic case) is lower than
from Scenario I11. This is because the manufacturing
process cannot fulfill the optimistic demand. As a
result, a lower revenue and a higher shortage cost
incur.

As for a comparison between the two policies,
it was found that the PTR policy can outperform the
PTM policy in terms of profit in all objective functions.
However, the profit of the PTR policy in Scenario II
when it is likely to be a pessimistic condition is not
much higher than the profit of the PTM policy. In
fact, they are equal (at 0) when we try to minimize
the risk of obtaining a lower profit. In addition, when
the returned component ratio is further reduced to be
lower than 60% (0.6), the profit of the PTM policy
is shown to be even higher than the profit of the PTR
policy. This is because the PTR policy cannot gain
an advantage from using the returned components
(which are cheaper) and needs to use more new
components. This shows the vulnerability of the PTR
policy in the case of future pessimistic and uncertain
conditions. It is more subject to uncertainty and the
instability of returned components.

TABLE VII
RESULT COMPARISON

The PTR Policy

Priority-To- Linear Possibilistic Linear
Remanufacturing Programming| Programming (PLP)
policy (PTR) (LP) model | model from Scenario I1I

Objective function A | Max z Max A

(overall degree of

. . 100% 54.08%
satisfaction)

(845,801, $114,280,
$182,668)

The PTM Policy

z (Profit) $ 114,753.08

Priority-To-Manu- | Linear Possibilistic Linear

facturing policy Programming| Programming (PLP)
(PTR) (LP) model | model from Scenario I1I
Objective function A | Max z Max A

(ov.erall Fiegree of 100% 50.71%

satisfaction)

z (Profit) $111,849.05 (820,432, $88,882,

$156,980)

Comparison between the deterministic and the
best stochastic results

Table VII compares the results between the optimal
LP result under a deterministic condition and the best
PLP result under a more realistic stochastic condition.
As seen in Table VII, the most likely profits that are
generated from the uncertain circumstance are lower
as compared to the profits under no uncertainty as
the overall degree of satisfaction is lower. This is
because the result was recommended from the
scenario that yields the lowest degree of satisfaction
among the three objectives, which are maximizing
the most likely value of profit, minimizing the
risk obtaining a lower profit, and maximizing the
possibility of obtaining a higher profit. The PTR
policy and the PTM policy under Scenario III
show the best result among experimental scenarios,
whereas The PTR policy generates a higher profit
than the PTM policy in all cases. With the range of
profit from each scenario obtained from PLP, decision
makers are well prepared for any expected outcome.
This is an important feature for decision makers to
build the production planning and inventory control
subject to an uncertain environment.

VI. CONCLUSIONS

Production planning and inventory control is
intermediate planning for finding suitable levels of
disposal units, production units, lost sales, inventory,
and stock outs to meet uncertainty in the forecast demand
and fluctuation of related operating costs, number of
returned components, and machine productivity. This
study finds the optimal inventory control policy of a
hybrid manufacturing/remanufacturing system under
two priority policies, Priority-To-Remanufacturing
(PTR) and Priority-To-Manufacturing (PTM).
Possibilistic linear programming is introduced to
optimize and find the optimal result in this uncertain
environment. It maximizes the most possible value of
the imprecise profit, minimizes the risk of obtaining
a lower profit, and maximize the possibility of
obtaining a higher profit by pushing the three
prominent points with the triangular distribution
towards the right (as profit maximization). Results
from this deterministic case show that the PTR
policy is slightly better than the PTM policy. The
results from the stochastic case also confirm that the
PTR policy is better than the PTM policy in terms of
having a higher most likely value of the profit in
every scenario. However, the profit of the PTR policy
when it is likely to be pessimistic is not much higher
than the profit of the PTM policy. In fact, they are
equal (at 0) when we try to minimize the risk of
obtaining a lower profit. In addition, when the
returned component ratio is further reduced to be
lower than 60% (0.6), the profit of the PTM becomes
higher than the profit of the PTR policy.
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As in the case study, the proposed method can be
used to solve real-world planning problems involving
imprecise datas through an interactive decision-making
process. The proposed method constitutes a systematic
framework that helps the decision-making process,
enabling a decision maker to interactively modify the
imprecise data until a satisfactory solution is found.
Notably, the optimal goal values using the LP
approach are imprecise since the forecasted demand,
related operating costs, and the number of returned
components are always imprecise in nature. This
brings the results closer to real-world problems.
Decision makers should have some knowledge in
advance to prepare and take necessary action for
future uncertainty.

This study focuses on multi-periods with a single
product from a hybrid manufacturing/remanufacturing
problem. It also provides information on different
policies in response to any designed variations.
Additionally, the approach also considers the actual
tradeoff between the PTM and the PTR policies
in each circumstance. This lets us know how each
policy would be beneficial or vulnerable depending
on uncertain conditions.

The main limitation of our case study is the
assumption of the triangular distribution that
represents imprecise data. Decision makers should
make use of and obtain appropriate distributions
based on true judgment on past resources. Future
researchers can also explore different levels of the
relative importance of individual goals and different
types of distributions, to make their models to be
better suited to their practical applications.
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Introduction, Content, and Conclusion.

5.2 Research article, should include:
introduction, literature review, Materials methods,
Results, Discussion, and conclusion.

Clearly summarize the important findings of the
paper. It should contain such as objectives, methods
and major results.

6) Introduction

The Introduction section of reference text expands
on the background of the work (some overlap with
the Abstract is acceptable). The introduction should
not include subheadings.

7) Pictures, table, etc., Must be use in numerical
order in the article, provided the source correctly,
cannot use other people’ copyright.

Chart should be colored contrastingly or in black
and white.

8) Reference

8.1 Cited in the main text. Indicate the number
in the [ ] mark at the end of the text or the name of
the referring person. Let the numbers be in the same
line of content as [1].

8.2 Cited after the article. Put all bibliographical
reference after articles, and order according to the
author’s name, please refer IEEE format. The footer
reference format is as follows.

RERERENCES

References in research articles and scholarly articles. For
academic and research journals, INTERNATIONAL SCIENTIFIC
JOURNAL OF ENGINEERING AND TECHNOLOGY (ISJET).
The technology defines referrals according to the IEEE format.

All references should be listed at the end of the paper using the
following.

Basic format for books:

[1] J. K. Author, “Title of chapter in the book,” in 7itle of His
Published Book, xth ed. City of Publisher, Country if not

[2] USA: Abbrev. of Publisher, year, ch. x, sec. X, pp. XXX-XXX.

Examples:

[3] G. O. Young, “Synthetic structure of industrial plastics,” in
Plastics, 2nd ed., vol. 3, J. Peters, Ed. New York: McGraw-
Hill, 1964, pp. 15-64.

[4] W.-K. Chen, Linear Networks and Systems. Belmont, CA:
Wadsworth, 1993, pp. 123-135.

Basic format for periodicals:
[5] J. K. Author, “Name of paper,” Abbrev. Title of Periodical,
vol. x, no. X, pp. xxx-xxX, Abbrev. Month. year.
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Examples:

[6] J.U.Duncombe, “Infrared navigation—Part I: An assessment
of feasibility,” IEEE Trans. Electron Devices, vol. ED-11,
no. 1, pp. 34-39, Jan. 1959.

[71 E.P. Wigner, “Theory of traveling-wave optical laser,” Phys.
Rev., vol. 134, pp. A635-A646, Dec. 1965.

[8] E. H. Miller, “A note on reflector arrays,” IEEE Trans.
Antennas Propagat., to be published.

Basic format for reports:
[91 1. K. Author, “Title of report,” Abbrev. Name of Co., City of
Co., Abbrev. State, Rep. xxx, year.

Examples:

[10] E.E.Reber,R.L.Michell, and C.J. Carter, “Oxygen absorption
in the earth’s atmosphere,” Aerospace Corp., Los Angeles,
CA, Tech. Rep. TR-0200 (4230-46)-3, Nov. 1988.

[11] J. H. Davis and J. R. Cogdell, “Calibration program for the
16-foot antenna,” Elect. Eng. Res. Lab., Univ. Texas, Austin,
Tech. Memo. NGL-006-69-3, Nov. 15, 1987.

Basic format for handbooks:
[12] Name of Manual/Handbook, x ed., Abbrev. Name of Co.,
City of Co., Abbrev. State, year, pp. XXX-XXX.

Examples:

[13] Transmission Systems for Communications, 3rd ed., Western
Electric Co., Winston-Salem, NC, 1985, pp. 44-60.

[14] Motorola Semiconductor Data Manual, Motorola
Semiconductor Products Inc., Phoenix, AZ, 1989.

Basic format for books (when available online):

[15] Author. (year, month day). Title. (edition) [ Type of medium].
volume (issue). Available: site/path/file

Example:

[16] J. Jones. (1991, May 10). Networks. (2nd ed.) [Online].
Available: http://www.atm.com

Basic format for journals (when available online):

[17] Author. (year, month). Title. Journal. [Type of medium].
volume (issue), pages. Available: site/path/file

Example:

[18] R.J.Vidmar. (1992, Aug.). On the use of atmospheric plasmas
as electromagnetic reflectors. /EEE Trans. Plasma Sci.
[Online]. 21(3), pp. 876-880. Available: http://www.halcyon.
com/pub/journals/2 1ps03-vidmar

Basic format for papers presented at conferences

(when available online):

[19] Author. (year, month). Title. Presented at Conference title.
[Type of Medium]. Available: site/path/file

Example:

[20] PROCESS Corp., MA. Intranets: Internet technologies
deployed behind the firewall for corporate productivity.
Presented at INET96 Annual Meeting. [Online]. Available:
http://home.process.com/Intranets/wp2.htp

Basic format for reports and handbooks (when

available online):

[21] Author. (year, month). Title. Comp an y . C ity, State or
Country. [Type of Medium]. Available: site/path/file
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Example:

[22] S. L. Talleen. (1996, Apr.). The Intranet Architecture:
Managing information in the new paradigm. Amdahl Corp.,
CA. [Online]. Available: http://www.amdahl.com/doc/
products/bsg/intra/infra/html

Basic format for computer programs and electronic
documents (when available online).: 1SO recommends
that capitalization follow the accepted practice for
the language or script in which the information is
given.

Example:

[23] A. Harriman. (1993, June). Compendium of genealogical
software. Humanist. [Online]. Available e-mail: HUMANIST
@NYVM.ORG Message: get GENEALOGY REPORT

Basic format for patents (when available online):

[24] Name of the invention, by inventor’s name. (year, month day).
Patent Number [Type of medium]. Available: site/path/file

Example:

[25] Musical toothbrush with adjustable neck and mirror, by
L.M.R. Brooks. (1992, May 19). Patent D 326 189 [Online].
Available: NEXIS Library: LEXPAT File: DESIGN

Basic format for conference proceedings (published):
[26] J. K. Author, “Title of paper,” in Abbreviated Name of Conf-,
City of Conf., Abbrev. State (if given), year, pp. XXXXXX.

Example:

[27] D.B.Payne andJ. R. Stern, “Wavelength-switched passively
coupled single-mode optical network,” in Proc. IOOC-ECOC,
1985, pp. 585-590.

Examgle lor papers Qresented at conterences

(unpublished):

[28] D. Ebehard and E. Voges, “Digital single sideband detection
for interferometric sensors,” presented at the 2nd Int. Conf.
Optical Fiber Sensors, Stuttgart, Germany, Jan. 2-5, 1984.

Basic format for patents:

[29] J.K.Author, “Title of patent,” U.S. Patent x Xxx xxx, Abbrev.
Month. day, year.

Example:

[30] G. Brandli and M. Dick, “Alternating current fed power
supply,” U.S. Patent 4 084 217, Nov. 4, 1978.

Basic format for theses (M.S.) and dissertations

(Ph.D.):

[31] J. K. Author, “Title of thesis,” M.S. thesis, Abbrev. Dept.,
Abbrev. Univ., City of Univ., Abbrev. State, year.

[32] J.K.Author, “Title of dissertation,” Ph.D. dissertation, Abbrev.
Dept., Abbrev. Univ., City of Univ., Abbrev. State, year.

Examples:

[33] J.O. Williams, “Narrow-band analyzer,” Ph.D. dissertation,
Dept. Elect. Eng., Harvard Univ., Cambridge, MA, 1993.

[34] N. Kawasaki, “Parametric study of thermal and chemical
nonequilibrium nozzle flow,” M.S. thesis, Dept. Electron.
Eng., Osaka Univ., Osaka, Japan, 1993.
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Basic format for the most common types of
unpublished references:

[35] J. K. Author, private communication, Abbrev. Month, year.
[36] J. K. Author, “Title of paper,” unpublished.

[37] J. K. Author, “Title of paper,” to be published.
Examples:

[38] A. Harrison, private communication, May 1995.

[39] B.Smith, “An approach to graphs of linear forms,” unpublished.

[40] A.Brahms, “Representation error for real numbers in binary
computer arithmetic,” IEEE Computer Group Repository,
Paper R-67-85.

Basic format for standards:

[41] Title of Standard, Standard number, date.

Examples:

[42] IEEE Ceriteria for Class IE Electric Systems, IEEE Standard
308, 1969.
[43] Letter Symbols for Quantities, ANSI Standard Y10.5-1968.

First A. Author and the other
authors may include biographies
at the end of regular papers.
Biographies are often not included
in conference-related papers.
The first paragraph may contain
a place and/or date of birth
(list place, then date). Next, the
author’s educational background is listed. The
degrees should be listed with type of degree in what
field, which institution, city, state, and country, and
year the degree was earned. The author’s major field
of study should be lower-cased.

The second paragraph uses the pronoun of the
person (he or she) and not the author’s last name. It
lists military and work experience, including summer
and fellowship jobs. Job titles are capitalized. The
current job must have a location; previous positions
may be listed without one. Information concerning
previous publications may be included. Try not to list
more than three books or published articles. The
format for listing publishers of a book within the
biography is: title of book (city, state: publisher name,
year) similar to a reference. Current and previous
research interests end the paragraph.

The third paragraph begins with the author’s title
and last name (e.g., Dr. Smith, Prof. Jones, Mr. Kajor,
Ms. Hunter). List any memberships in professional
societies. Finally, list any awards and work for
committees and publications. If a photograph is
provided, the biography will be indented around it.
The photograph is placed at the top left of the
biography, and should be of good quality, professional-
looking, and black and white (see above example).
Personal hobbies will be deleted from the biography.
Following are two examples of an author’s biography.

Second B. Author was born in
Greenwich Village, New York
City, in 1977. He received the B.S.
and M.S. degrees in acrospace
engineering from the University
of Virginia, Charlottesville, in
2001 and the Ph.D. degree in
mechanical engineering from
Drexel University, Philadelphia, PA, in 2008. From
2001 to 2004, he was a Research Assistant with the
Princeton Plasma Physics Laboratory. Since 2009,
he has been an Assistant Professor with the Mechanical
Engineering Department, Texas A&M University,
College Station. He is the author of three books, more
than 150 articles, and more than 70 inventions.
His research interests include high-pressure and
high-density nonthermal plasma discharge processes
and applications, microscale plasma discharges,
discharges in liquids, spectroscopic diagnostics,
plasma propulsion, and innovation plasma applications.
He is an Associate Editor of the journal Earth, Moon,
Planets, and holds two patents.

Mr. Author was a recipient of the International
Association of Geomagnetism and Aeronomy Young
Scientist Award for Excellence in 2008, the
IEEE Electromagnetic Compatibility Society Best
Symposium Paper Award in 2011, and the American
Geophysical Union Outstanding Student Paper Award
in Fall 2005.

Third C. Author received the
B.S. degree in mechanical
engineering from National
Chung Cheng University, Chiayi,
Taiwan, in 2004 and the M.S.
degree in mechanical engineering
from National Tsing Hua
University, Hsinchu, Taiwan,
in 2006. He is currently pursuing the Ph.D. degree in
mechanical engineering at Texas A&M University,
College Station.

From 2008 to 2009, he was a Research Assistant
with the Institute of Physics, Academia Sinica, Tapei,
Taiwan. His research interest includes the development
of surface processing and biological/medical treatment
techniques using nonthermal atmospheric pressure
plasmas, fundamental study of plasma sources, and
fabrication of micro- or nanostructured surfaces.

Mr. Author’s awards and honors include the Frew
Fellowship (Australian Academy of Science), the I.
I. Rabi Prize (APS), the European Frequency and
Time Forum Award, the Carl Zeiss Research Award,
the William F. Meggers Award and the Adolph Lomb
Medal (OSA).

Remark: More detail information, Pleases read
Preparation of Papers for INTERNATIONAL
SCIENTIFIC JOURNAL OF ENGINEERING AND
TECHNOLOGY (ISJET), htt://isjet.pim.ac.th
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