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Abstract

This paper proposes a group decision-making process by usingotyjelttive programming to address three-dimensional
concurrent engineering (3D-CE) problems involving product, processugply chain design. This paper uses opinion of decision
makers to evaluate of the candidate suppliers and to determingamgof criteria by considering lack knowledge/information in

the early design stages. For identifying impact of the lack ledyd/information on selecting the best configuration of product
design, assembly/manufacturing process and suppliers of contpoaenumerical example is represented for two states of
intuitionistic fuzzy and fuzzy. The evaluation showed thatth&iguration selected for two states are completely different.
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Dimensional Concurrent Engineering (3D-CE)" that
1. Introduction consider, simultaneously, different aspects of the design,

process and supply chain in the early stages of the

NPD process is a series of necessary activities foproduct development.
developing a new product that it is including of the Selecting of design alternatives is a multi-criteria
growth of its idea, production and introduction into the decision-making process which involves many factors of
market. The product design is one of the most importanboth customer needs and business constraints. In the
activities in developing new product. A good designearly design stages, evaluation of design alternatives is
process should guarantee both the fulfilment of customedifficult to precisely express by crisp data because the
needs and business goals. So, evaluatibrproduct information available is usually imprecise, incomplete or
design plays a critical role in the early phase of productubjective. So, an effective method to evaluate design
development. It can save both cost and time in productlternatives in the early stage of design process is
development by decreasing the risk of re-design of nevinevitable.
product. It is widely accepted that more than 70% of the In real life, however, the information of an object
total product development costs are committed bycorresponding to a fuzzy concept may be incomplete; a
decisions taken at the early stages of design [1]. Thdecision maker (DM) may have a hesitation or
subject is more important when to know that muchuncertainty about the membership degree. Atanasgov [3
information about criteria in the early stages of design isntroduced the concept of intuitionistic fuzzy set (IFS) to
not available or is uncertain. deal with this challenge. Expression of hesitation is
Today, considering of simultaneous different criteriaparticularly helpful for decision makers (DMs) when

from diverse areas in the early stages of design ithey need to select suppliers in a highly uncertain supply
inevitable. Fine [2] introduced the term "Three- network such as a design product [4]. An IFS-based
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method can be applied to derive the most appropriatproblem to select processes and suppliers in an uncertain
suppliers that its output can be further utilized by aenvironment. Shidpour et al. [16] developed a multi-
multi-objective optimization model to determine the objective linear programming (MOLP) model integrated
most appropriate design alternatives. to TOPSIS method to determine the best configuration
The paper is organized as follows: section 2 reviewproduct design, assembly process and suppliers by
literature related to 3D-CE. Section 3 describes the basiconsidering qualitative and quantitative criteria in early
concepts used in the paper. Section 4 represents tlsgages of new product development (NPD) process.
proposed method to choice the best configuration of This paper proposes a group decision-making process
product design, assembly/manufacturing process anby using multi-objective programming model to select
suppliers of componentsSection 5 expreses a the best configuration of product design,
numerical example to show efficiency of the method assembly/manufacturing (A/M) process and suppliers of
Section 4 represents conclusion and future research. components. Since in the early design stages much
information about criteria is uncertain, we develop a new
2. Literature method based on group decision-making process and
intuitionistic fuzzy set. We use opinion of decision
In the recent years, some papers have argued impagtakers to construct intuitionistic fuzzy decision matrices
of product design, process and supply chain design oby considering lack knowledge/information. These
NPD process. Ellram et al. [5] surveyed literature relatedntuitionistic-based decision matrices are used to early
to mutual fields of 3D-CE (product/process, evaluate of the candidate supplier and to provide the
product/supply chain, and process/supply chain) andinal set of suppliers as well as to determine importance
done a good review of the 3D-CE. Huang et a]. [6 of criteria. For identifying impact of the lack knowledge
integrated platform product decisions, manufacturing/ information on selecting the best configuratiom,
process decisions, and supply sourcing decisions bgumerical example is represented for two states of
developing a mathematical model to quantify theintuitionistic fuzzy set and fuzzy set. Results of the
relationships among various design decisions. Petersesvaluation showed that the best configuration for two
et al. [7] explained how to integrate suppliers into thestates is completely different.
new product development process and showed their
impacts on process design and supply chain decision8. Background
Fine et al. [8] proposed a goal-programming model to
address three-dimensional concurrent engineering (3D- In this section, we present the basic concepts used in
CE) and surveyed relationship between product andur method.
supply chain structure. Wang et al. [9] described relation
of product characteristics to supply chain strategy an®.1. Intuitionistic fuzzy sets
developed an integrated analytic hierarchy process
(AHP) and preemptive goal programming (PGP) Intuitionistic fuzzy sets (IFSs) that are recognized as
methodology. Fixon [10] developed a multi-dimensionala generalization of fuzzy set theory is characterized by a
framework as a coordination mechanism that builds ormembership function and a non-membership function.
existing product characteristic such as componentet X be a universe of discourse, then a intuitionistic
commonality, product platforms, and product fuzzy set B is defined as:
modularity. Nepal et al. [11] proposed a method based
on fuzzy logic to model both product structure and B = (% g ()vg (0 )[x € X3 (1M
supply chain based on experts’ information. Gehin et al.
[12] presenéd a method to support designers in the 0= #s X)+ve (x) <1 VX eX 2)
definition of '_the product Iifeg:ycle scenario, .inclluding where 4 :x -0 and v.:x >[04 are
component lifecycle scenarios, when designing the B B , ,
elements of the structure of the product. Blackhurst et afnembership. _and  non  membership functllons,
[13] used a short network approach to develop théespectlvely. The hesitation degree is calculated as:
Product Chain Decision Model (PCDM) for considering Ty =1— g (X)—vg (X) (3)
decisions related to product design and manufacturing
process and the impact of such decisions on the supply If u andv be two intuitionistic fuzzy numbers
chain. Ellram and Stanley [14] used the 3D-CE to(IFN), then [3]
integrate environmentally responsible manufacturing
(ERM) and NPD and surveyed its benefit. Shahrokhi et
al. [15] proposed hybrid method by integrating multi-
objective programming and fuzzy AHP to address CE

+ Vo ={a, (X)) + g, (X) — £, (X). e, (X),
v, (X))o, (X)|x e X} (4)
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, . hesitation degreex(; ).
YU ={@-Q@ - p,(x))" ,0,(x)"}, »>0
©) Suppose that k DMs express that ;Cwould be

preferred to ¢ k., DMs answer that Cwouldn't be
preferred to €and k DMs don’t answer due to their
lack of knowledge/ indeterminacy about the criteria. So:

3.2. Multi-objective linear programming

Zimmermann[17] proposed one method based on
fuzzy set theory to solve multi-objective linear ks ks ks
programming (MOLP). This method develops i = 2 W« "Vi = 2 Wi "7 = D W (8)
membership functions for each objective with g ¢ K
considering its upper ("*,u "**) and lower bound and k,+k,+k,=n

(L™ u ™") [13]. They are determined by solving the ~ Step2. Construct an intuitionistic preference relation
of criteria

The DMs provides his/her intuitionistic preference for
each pair of criteria and constructs an intuitionistic

preference  relation x = x, .., = (u, vy .7y)

multi-objective problem, when only one objective is
used at each time. Membership function for minimizing
objective is obtained as:

1 :
[ _ z, <L Oy +vyy 1,y =vy , vV =My, py =vy; =0.5
(x) Urmm_zr(x) min< <Umin
Hy X)=y— 0 r - zr - r 1 I—
r | Urmln_Llr'nm . (6) fOI‘ a” 1, =1,2,...n tha.t/.lij y Vij andﬂij .
| 0 ze 2y Step3. Use the intuitionistic fuzzy arithmetic
P -1 n averaging operator:
After constructing membership functions, the multi- , _ ii % i j=1,2,...n @)
objective problem converts into a weighted single ' n 47, "

objective problem as follows:
wherex, = (u, v, .z,)

max Zm: v Step4. Calculate weight of criteria by using following
re1 equation:
AU -LM™y<u "Mz (x) ,r=1,..n .
(,Ui + 7T ( I ))
g(x)<b (7) w - Hi + Y, (10)
v, -1 Z(Ali*’”i(#!ﬁv))
r=1 i=1 i i
x 20,4, €[01] 4.2. Pre-evaluate of all candidate suppliers for different
components

whereV | is weight of objectives.
Assume that appropriateness okuppliers have to
4. The proposed method been evaluated on criteria for different components.
There, we use a group decision-making method based on

In this section, we present the method to evaluatgFS to compute weight of objectives, as follows:

design alternatives in the 3D-CE. Stepl. Develop intuitionistic fuzzy decision matrix
Let A= {A4, ..., Ag be set of supplier alternatives, for each component.

C={Cy, G, ... C;} be set of criteria, P={pp,....,p,}be

set of components, DM={d..,d,} be set of decision

makers (DMs) and w = (WWs,..., w,) be weight vector

of criteria.

r r
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4.1. To determine weight of criteria
wherer; = (u; v, 7)) andi=1,2, ..., s j=1,2, ..., n.

The weight values of criteria can be determined by For constructing intuitionistic fuzzy decision matrix,
asking all k decision makers to express their opinion ofrom all k decision makers are asked to express their
each intuitionistic preference for each pair of criteria asopinion whether each supplier is appropriate or not with
following: respect to each criterion. . Number of answers "Yes",

Stepl. Calculate degree of membership functiomumber of answers "No" and number of answers "l do

(u; ), the degree of non-membership functien)(and  not know, | am not sure, etc.” determine values: pf
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v, andz, , respectively in the way was described inj=12...s  Index of suppliers

the stage 3.1. Parameters:

Step2. Determine the intuitionistic fuzzy positive- D Anticipated demand for new product
ideal (IFP) and negative-ideal solutions (IFN). Let L1 cap;  Capacity of supplier j for componeint
and L2 be benefit criteria (Larger the better) and cost

o , P Cost of componeritpurchased from suppli¢r
criteria (smaller the better), respectively. A" be -
o L . B b2 Assembly cost of componenti in
intuitionistic fuzzy posn!ve-l_deal solut_lon and~ be i configurationk
intuitionistic fuzz_y negative-ideal solutions, then values L Lead time of component purchased from
of them are obtained as follows: i supplier j
Ifas = (uyvyy @ada- - ;v then: (2 Assembly time of componenti in

" “ configurationk

# = macu 11 e L) (mingg 11 e L2} (12) a; Defect rate of th¢" supplier for component i
vi={(minv/|jeL,). (maxv/ |j eL,)} (13) 0, Ordering cost to suppligr

' ' M A large number
wy ={(min uf |j e L)), (maxu |j eL,)} (14) Decision variables:

' ' X Amount of componenti Purchased from
v, ={(maxwv/ |j e L), (minv/ [j € L,)} (15) Su_pp|ierj _ _ _

' ' u, 1 if suppliersis selected, 0 otherwise

Step3. Calculate differences between alternatives , 1 if configurationk is selected, 0 otherwise
with A" and A . In order to measure difference  The objectives and constraints ofetimodel are

between alternatives on intuitionistic fuzzy set, distanceepresented as follow:
measure proposed by Szmidt and KaghriAd§], is used

. K y s K y
as follows: Miny, =3 S S 2, x; 05 + 3 S 2,0/ +
l’—” 7 k=1i=1j=1 k=1i=1 (19)
d(AAT ) = SIS w L - )P+ v v e (e -2 )7 (16) °
2|7 ] 2. 05U,
j=1
1( . _I " - K y s 1 .
d(AAT) = SIS w [ =)+ v =v ) P+ (xf = 7)) (17) LRERDIDIDD mxp <t
2 T J k=1i=1j=1 (20)
) ) ) . . K y
wherew , is weight of criterion j. > z, t2
Step4. Calculating the relative distance of each k-1i-1
supplier alternative using the following equation: _ LS 1
Min y3=zzz Z e X5 955 (21)
d- k:li:lj:OmXD
d, = ——— i =1,2,..,s (18) s
d, +d, Sz (x; —D)=0 v ki (22)
Step5. To select the proper set of suppliers for final’ ™
evaluation The suppliers are selected that their values ofz  X;; < cap;; Vi, g,k (23)
d, be equal or more than 0.50. K
These stages are repeated for all components thad_ z, =1 (24)
have to provide from suppliers. k=1
. . . . WX < Mu; ik 25
4.3. Developing a multi-objective linear programming iZ::l “r ) v (25)
(MOLP) model u;,z, {0, 1} v,k (26)
Our proposed approach employs a MOLP model toXi = © Vi (27)

calculate the best design alternative (version), the First objective {9) shows the cost of components
appropriate assembly/manufacturing process and thgyrchased from supplier, assembly cost and order cost.
optimum order allocated to the selected suppliersThe next objective (20) identifies the lead time and
Notations of the model are defined as follows: assembly time. The third objective (21) represents the
k=1,2,...K Index of configurations average of defect rate. Constraints (22) and (23) show

i=1,2,..y  Index of components demand and supplier capacity for each component,
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Table 3. The results of steps of 1, 2, 3, 4 and 5dorponent 6
Table 1. The information about design alternatives aftll Arocess P

Design The The AGM  A&M ASM Po G C Cs d  dy
alternative  components proposed  cost time(Min.) A 04504) (0.7,0.0) 05,02 03 037 055
1 . ) - .9,U. . . .
Ay 1234560  hyh U[30,50]  U[2.8] A,  (0603) (0.550.25) (0.350.45) 0.2 043 0.68
Az 1234568 hyhhs U[36,60] U[1,6] As  (0.55,035) (0.50.3) (0.750.1) 033 031 048
As 123458 hhy U[27,45] U[2,7] A, (0.750.15) (0.6,0.25) (0.7,0.2) 047 0.19 0.29

respectively. Constraint (24) shows that just ong/s  (06502) (0.35045) (0802) 033 036 052
configuration is selected. Constraint (25) combines thé\s  (0.85,0.15) (0.45,0.25) (0.6,0.25) 0.44 021 0.32
order cost of several components into one single order . 4504) (0.35045) (0.35,0.8)

for each supplier. Constraints (26) a2d)(show binary

and continue variables. By solving this MILP model, the o~  (0.85,0.15) (0.7,0.1)  (0.80.1)

order quantity allocated to each supplier is determined. on IFS to compute weight of objectives, as follows:
Stepl. Develop intuitionistic fuzzy decision matrix
5. Numerical example for each component
Step2. Determine the IFP and IFN by using
A manufacturer wants to produce a new product toequations(12) to (15). In this example all criteria are
compete with other firms. Experts of production cost type.
department propose three version of new product. Table Step3. Calculate differences between alternatives
1 shows the alternatives with their possible A/IM processyitn o+ anda - by using equation&l6) and L7).
and candidate suppliers. Because components 1, 2, 3, 4 stepa. Calculate the relative distance of each supplier
and 5 are same in all design alternatives and thregjiernative using the equatiohs).
components 6, 7, 8 make differences between gieps Select the proper set of suppliers for final

alternatives, so we evaluate alternatives based Ongyayation. The suppliers are selected that their values of
different components. Three criteria casd,(lead t|me_ be equal or more than 0.50. Table 3 shows the final
(c,) and defect ratecf) are selected to evaluate design

alternatives. The proposed method is applied et of suppli_er:ﬁor component 6 [4 Az Ag]. The fin_al
determine the best configuration of design product, the€t Of suppliers for components 7 and 8 are obtained as

A/M process and suppliers as following: ollows: Component: [A;, As, As] and Component 8:

. . . . . . [Ala A21 A5]
1. To determine weight of criteria described in stage

3.1. In this stage, from 5 DMs is wanted to express their 3.3. Using the muIFi—objective linear programming

opinion about preference of criteria with asking (MOLP) model of section 4.3 for evaluation of design

following question: Do you prefer,@ G? alternatives. By solving MOLP model, the configuration
: i .

Dependence to answer of DMs, membership functiont incluced design alternative 1, A/M process and
uppliers is determined (Table 4).

non-membership function and hesitation degree aré . g . o :
determined. Number of answers "Yes", number of  FOr identifying impact of the hesitation -that is
answers "No" and number of answers "l do not know, jobtained frqm lack of knowledgw indeterminacy about
am not sure, etc.” determine values,of . andx, , the alternatlves_— on the results_ of the proposed method,
LA ' we evaluate this example again. We assume that DMs
respectively in the way was described in the stage 3.Jhave sufficient knowledge or information about accept
The preference matrix of criteria is shown in Table 2. or reject a decision. So, from all k decision makers are
2. Pre-evaluate of all candidate suppliers for differentasked to express their opinion about preference of
components to construct final set of suppliers. This stegriteria to each other and appropriateness suppdiers
selects the final set of suppliers among of the siriteria. So, Number of answers "Yes" and "No"
candidate suppliers. determine values of andv‘l , respectively. Thus, The

There, we use a group decision-making method basedalues of -, -0, because DMs have not hesitation

Table 2. The preference matrix of criteria about decision. So, the IFS convert to fuzzy set (FS). By

Table 4. The final result for IF evaluation

C C, Cs IF weight
C. (0.50.5) (0.650.2) (0.8,0.2) (0.67,0.27) 0.46 Component Supplier order
C, (0.2,0.65) (0.50.5) (0.4,0.3) (0.37,0.46) 0.29 6 135 450, 0,550

C; (0.2,0.8) (0.3,04) (0.5,05) (0.34,055) 0.25 7 1,25 0,650, 350
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Table 5. The final result for fuzzy evaluation Order
A
Component Supplier order 1000
7 135 0,650,350 800
8 125 700,300, 0 600 w IFS
constructing preference matrix to evaluate criteria, “%° = FS
weight of criteria is obtained as:,%0.44, w=0.27, 200
w3=0.29. By solving MOLP model for this state, the 0
configuration 7 including design alternative ,3 1 2 3 5 Supplier
assembly/manufacturing process and suppliers is - _ ¢ orders allocated t iorEBand £S
determined (Tablé) 19.1. € comparison of oraers allocated to supplier an

The Figure 1 compares the orders allocated t
suppliers for two states IFS and FS.
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