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Summary: Product concept selection at the preliminary design stage is a multi criteria decision making
(MCDM) problem. Decisions made during this stage are characterized by imprecise and uncertain
requirements. Selecting the right product concept is a critical task since it determines whether or not the
product is worth developing. This paper presents the framework of product concept selection that
integrates the fuzzy set theory and the analytic hierarchy process (AHP). In the proposed approach, the
fuzzy set theory is employed in performing “ pairwise comparison” between competing alternatives and a
“reference” on each of the criteria. The comparisons are also used to obtain the relative importance of
criteria with respect to the overall objective. The use of a reference is due to the difficulty in consistently
comparing concepts to one another. Once pairwise comparisons are completed, vector aggregates are
computed through use of a original AHP method and fuzzy arithmetic operations. A numerical exampleis
presented to illustrate the approach.

1. Introduction

In today’s fast-paced competitive market, each manufacturing company strives to launch a new product
better and quicker. Launching a new product that will be successful in the market requires a series of right
decisions early at the design stage. One of decisions that need to be correctly made during the design stage
is selecting the best product concept that is worth developing. Product concept selection belongs to multi
criteria decision-making (MCDM) problems. In MCDM problems, a decision maker has to pick the best
concept among a set of alternatives or product concepts based on a set of criteria or attributes. Comparing
aternatives or product concepts to one another and ranking them are the pivotal roles in making the
decision in such cases.

Product concept selection during product development process is an iterative process that narrows the
number of concepts quickly and selects the best concept. Several concept selection methods have been
proposed (Pahl, 1996; Pugh, 1990). In ranking the product concepts, it is commonly assumed that decision
makers can assign the relative weight of decision criteria and evaluate each alternative with respect to each
selection criterion. However, in case of conflicting aternatives, the task of picking the best concept
becomes extremely difficult due to the imprecise or ambiguous data, which is norm in this type of decision
problems (Aouam, 2003). Therefore, a new approach is required to perform product concept selection in
product development process. The new approach should be robust enough for handling impreciseness of
the product concept at the preliminary design stage.

During product development process, decision makers often deal with objects that are difficult to describe.
In the absence of complete and precise information, the fuzzy set theory becomes an effective tool for
modeling complex systems. On the other hand, the analytic hierarchy process (AHP) becomes extensively
used in dealing with MCDM problems. An important advantage of using AHP isits ability to help decision
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makers detect inadvertent migudgments in pairwise comparisons. The objective of this paper isto present a
Fuzzy Analytic Hierarchy Process with a Reference (FUZAR), a new approach that integrates the fuzzy set
theory and the analytic hierarchy process using a reference in selecting the best product concept.

2. An Overview of Concept Selection in Product Development

After identifying a set of customer needs and target specifications, a product development team will
generate a number of product concepts from which the team will select the best one. As previously
mentioned, product concept selection is an iterative process that includes concept screening and concept
scoring. Figure 1 shows the successive and narrowing and temporary widening of a set of concept during
concept devel opment phase (Ulrich and Eppinger, 2000).

Scope of concept selection
in the proposed approach

| Concept generation

v

I
| Concept screening
| >
| Concept scoring

Figure 1. Concept development phase

The purpose of concept screening is to narrow the number of product concept quickly and to improve the
concept (Pugh, 1990). There are three possible outcomes resulted from the concept screening: (1) superior
concept (2) inferior concept and (3) revised and/or new concept. A superior concept is a concept that is
worth considering to be further assessed, while an inferior concept needs to be thrown out since it is not
worth considering. In some cases, one concept is actually worth considering with aminor revision or there
can be certain concepts that can be combined into a new concept. The new concept here incorporates all
good qualities coming from each concept. After having a set of concept candidates consisting of superior
concepts and revised or new concepts, the concept scoring then takes place. At this stage, the product
development team weighs the relative weight of the selection criteria and evaluates each product concept
with respect to each selection criterion. The concept scores are determined by the weighted sum of the
rating. The concept with the highest score is then selected. As seen in Figure 1, the scope of concept
selection in this research only coversthe last stage of concept scoring.

Given the imprecision of the concept description at the preliminary design stage, it is very difficult to
consistently compare concept to one another. In the proposed approach, it is of interest to use a reference
concept against which al other concepts are compared. The reference can be an industry standard or a
commercialy available product, a best-in-class benchmark product, an earlier generation of the product,
any one of the concepts under consideration, or a combination of subsystem assembled to represent the best
features of different products (Ullrich and Eppinger, 2000).
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When available, it is aways recommended to use objective metrics as the basis for evaluating a product
concept with respect to a criterion. For example, a good approximation of product cost is the number of
partsin adesign. Similarly, a good approximation of manufacturing leadtime is the number of operations or
processes required to produce a product. The use of the objective metrics will help us minimize the
judgmental nature of the evaluating process.

3. The Framework of Fuzzy AHP with a Reference (FUZAR)

In general, AHP consists of five steps: (1) breaking down the decision into a hierarchy of decision
elements, (2) performing pairwise comparison of decision elements, (3) checking the consistency of the
input data, (4) computing the relative weights of the decision elements, (5) aggregating the relative weights
of the decision elementsin order to obtain a numerical outcome. We assume the reader is familiar with the
details of AHP; otherwise the reader is referred to the comprehensive text by (Saaty, 1980).

Figure 2 isathree level hierarchy that will be used for illustrative purposesin this paper.

Overall Obiecti Best overall
verall Dbjective product concept
Criteria Cost Lead Time Reject Rate
Reduction Reduction Reduction
) Product Product Product
Alternatives Concept 1 Concept 2 Concept 3

Figure 2. The structure of AHP

The first level is the overall objective of the decision problem. The second level is alist of criteria to be
considered in achieving the overal objective. The third level isthe set of alternatives to be evaluated using
the AHP methodology. For simplicity, there are only three product concepts, A, As, Az and three criteria,
Cost Reduction, Lead Time Reduction, Reject Rate Reduction to be considered.

The Mechanic of AHP with a Reference

In FUZAR, areference is used in performing pairwise comparison in an effort to achieve consistency. The
pairwise comparison matrix between a product concept and a reference with respect to criteria (CR = Cost
Reduction, LTR=Lead Time Reduction, and RRR = Reject Rate Reduction) is shown in the following table:

Concept 1 | Concept 2 |Concept 3
CR aic azc asc
LTR aj L as az|
RRD ar azr azR
Matrix 1
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The corresponding original AHP' s pairwise comparison matrices are:

Concept 1 | Concept 2 |Concept 3
Concept 1 alvc/alyc alvc/azyc alyc/agvc
Concept 2 azvc/alyc azvc/azyc azyc/agvc
Concept 3 agvc/alyc agvc/azyc agyc/agvc
Matrix la
Concept 1 | Concept 2 | Concept 3
Concept 1 alyL/alyL alyL/azyL a1'|_/a3'|_
Concept 2 azyL/alyL azyL/azyL ava/ang
Concept 3 a31|_/a11|_ a31|_/a21|_ a3'|_/a3'|_
Matrix 1b
Concept 1 | Concept 2 | Concept 3
Concept 1 alvR/alyR alvR/azyR alyR/ang
Concept 2 azvR/alyR azvR/azyR azyR/ang
Concept 3 ag,R/al,R ang/azyR agyR/ang
Matrix 1c

The relative weight of criteria with respect to the overall objectiveis CR LTR. RRR = wil: w2: w3. The
corresponding original AHP’ s pairwise comparison matrix is.

CR LTR RRR

CR W1/w W1/Wo W1/W3

LTR Wo/W Wo/Wo Wo/W3

RRR W3/W1 W3/W2 W3/W3
Matrix 2

Once the pairwise comparison matrices such as Matrix 1 and Matrix 2 are built, the relative weight of each
aternative with respect to criteria and the relative weight of each criterion on the overall objective can be
calculated through use of a technique suggested by (Saaty, 1977, 1980, 1982). A method of computing
vectors of relative weight isin Appendix A. The aggregation process for obtaining the concept priority can
be done through use of the following matrix operation:

Normalized Cost | Normalized Lead |Normalized Reject Vector relative Normalized
Reduction Relative[ Time Reduction Rate Reduction weight of criteria Priorities
to Reference's Relative to Relative to
Reference's Reference's
Concept 1 |aid(aictazctasc)| ai/(atazitasy) |ar/(airtazgtasr) Wa/(W1+Wat+Ws) X1
Concept 2 |azd(aictazctasc)| ax/(artaz tasy) |azr/(@yrtazrtasg) Wa/ (W1 +Wot+Ws3) Xz
Concept 3 |asd(aictazctasc)| asi/(ataztasy) |asr/(@yrtazgtasg) Wa/(W1+Wot+Ws3) X3

The Mechanic of Fuzzy AHP with a Reference

Fuzzy AHP accommodates impreciseness of the product concept at the preliminary design stage. The
assigned values in previous matrix 1 and matrix 2 are represented in terms of fuzzy numbers, in this case
triangular fuzzy numbers.
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For example: Concept 1's Cost Reduction relative to the Reference in matrix 1 that is a; ¢ isrepresented by
Aic

X-C c,-C
o2 L for ¢, ExX£ 22
C,-C
X-C c,-¢C
Aic © maX)= < 2 2 for —2£x£c,
c,-C, 2
S0 otherwise

by substituting c1, c2 with values of 4 and 5, respectively, we will get the following fuzzy membership
function :

Cost Reduction Relative to Reference's

7o /\
05 // \\
0.2(;"3 / \

4 425 45 475 5 525 55 575 6 6.25 6.5

Million Rupiahs

Membership Degree

Figure 3. Fuzzy Member ship Function

To calculate the concept priority through matrix operation as described in AHP with a reference, an interval
arithmetic is used. A fuzzy number can be represented as a series of intervals for every | cut. | cut of a
fuzzy set is defined as a crisp interval for a particular degree of membership, a. a can take values between
Oand 1.

10

Degree of Membership

v

& p

Universe of Discourse

Figure4. Interval Arithmetic for Fuzzy Operations
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For any two intervals[a,b] and [d,€], the arithmetic operations are performed in the following way:

Addition : [ab] +[d,g] =[atd, bt+€]
Multiplication [ab] . [d,e] = [min(ad,ae,bd,be), max(ad,ae,bd,be)]
Division : [a,b]/[d,e] = [min(a/d,ale,b/d,b/€), max(a/d,a/e,b/d,b/e)]

4. A Numerical Example
Analytic Hierarchy Process with a Reference

To describe the procedure, we give a typical example of product development problem. Suppose we are
having three product concepts. We want to come up with priorities among the concepts with respect to
three factors: cot, lead time and reject rate. Those factors are compared with a reference, so we can get a
relative values describing three criteria: cost reduction (relative to reference’s cost), lead time reduction
(relative to reference’ s lead time) and reject rate reduction (relative to reference’ s reject rate reduction). The
table below shows a numerical example produced by an expert:

Criteria (metric) Concept 1 |Concept 2 |Concept 3
Cost Reduction (M. Rupiah) 4.5 6 5
Lead Time Reduction (days) 18 4 10
Reject Rate Reduction (%) 5 4 7

If we use the original AHP, the corresponding consistent pairwise comparison matrices based on the above
information are:

Cost Reduction |Concept 1 |Concept 2 |Concept 3
Concept 1 1.00 0.75 0.90
Concept 2 1.33 1.00 1.20
Concept 3 1.11 0.83 1.00

Lead Time Reduction JConcept 1|Concept 2 [Concept 3

Concept 1 1.00 4.50 1.80
Concept 2 0.22 1.00 0.40
Concept 3 0.56 2.50 1.00

Reject Rate Reduction JConcept 1|Concept 2 [Concept 3

Concept 1 1.00 1.25 0.71
Concept 2 0.80 1.00 0.57
Concept 3 1.40 1.75 1.00

Based on an expert knowledge we can describe the relative weight of criteria on the overall objective. The
overall objective is maximizing shareholder’s value proxied by present worth. Suppose the relative weight
of Cost Reduction, Lead Time Reduction, and Reject Rate Reduction on Present Worth are 4, 2, and 1
respectively, then a 1% change in Cost Reduction results in 4% change in Present Worth, a 1% change in
Lead Time Reduction will result in 2% change in Present Worth and so on.

The consistent pai rwise comparison matrix is shown below.

CR LTR RRR
Cost Reduction 1 2 4
Lead Time Reduction 0.5 1 2
Reject Rate Reduction 0.25 0.5 1
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Consistency Testing

Before we go further, we need to check the consistency of pairwise comparisons using the consistency
index (Cl) and the consistency ratio (CR) asfollows:

CI:(Imax-n) CI:(Imax_n)
(n-1 (n-1)
where | . isthe largest eigenvalue of the pairwise comparison matrix and n is the number of rows of the

pairwise comparison matrix. For all pairwise comparison matricesin this numerical example, it is shown
that

(1-1)-31-1)+2=00 1%(3-1)=0;1 _ =3

max
Therefore, all pairwise comparison matrices are fully consistent.
Aggregation process

Using the above information we can calculate the priorities summarized in the table below:

Normalized Normalized | Normalized

Cost Lead Time | Reject Rate Vector

Reduction Reduction Reduction relative

Relative to Relative to | Relative to weight of Normalized

Reference's | Reference's | Reference's criteria Priorities
Concept 1 0.290 0.563 0.313 0.571 0.371
Concept 2 0.387 0.125 0.250 0.286 0.293
Concept 3 0.323 0.313 0.438 0.143 0.336

From the table above, it is obtained that Concept 1 has the highest priority followed by Concept 3 and
Concept 2.

Fuzzy Analytic Hierarchy Process with a Reference

We have already discussed an expert knowledge in determining the numbers that compare alternatives and
criteria. By nature, that knowledge is imprecise. So we develop a fuzzy AHP with a reference that
accommodates the impreciseness. In this approach, fuzzy numbers are used to describe the assigned values
instead of crisp numbers.

Suppose the fuzzy membership functions of an expert knowledge are al triangles and are shown in the
following figures:

Cost Reduction Relative to Reference's

1 o N
/\ ,’/ AN
0 07 2 / \ 7 \\ \
o | S N/ .
o / -

Concept 1
---- Concept 2
—— Concept 3

Membership Function

4 425 45 475 5 525 55 575 6 6.25 65
Million Rupiahs
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Time Reduction Relative to Reference's
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To calculate priorities between concepts, we use the fuzzy arithmetic of addition, multiplication and
division. The result is consistent with Analyticd Hierarchy Process with a reference that we have already
discussed in the previous section. The fuzzy numbers describing the priorities are shown the following

figure and table:

Priorities

S ' A

g 075 | 4N\

"E 05 J \ —— Concept 1

2 i \\ -------- Concept 2

g 0251 2 ‘ SN -——- Concept 3

5§ o ’ ‘ \

= 0.000 0.500 1.000 1.500 2.000

Scale
a 0 0.25 0.5 0.75 1 0.75 0.5 0.25 0
Concept 3 0.102 0.143 0.197 0.270 0.371 0.513 0.717 1.022 1.502
Concept 24 0.097 0.127 0.167 0.220 0.293 0.393 0.536 0.747 1.073
Concept 3 0.093 0.130 0.179 0.246 0.336 0.462 0.642 0.909 1.324
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Again, the table above assigns Concept 1 the highest priority, followed by Concept 3 and Concept 2. These
results are consistent with those obtained from the original AHP. Interestingly, the values of priorities for
each concept obtained from the origina AHP are the same with those obtained from fuzzy AHP with a=1.

5. Conclusion

A fuzzy AHP with areference for product concept selection has been proposed and discussed. A numerical
example is also presented and the results show that the fuzzy AHP gives the same ranking order as the
original AHP does. Advantages of using this fuzzy AHP with a reference are the following: (1) it can
accommodate the impreciseness of product concept at the preliminary design stage, (2) it can maintain
consistency in pairwise comparison, (3) the result is aso a fuzzy number which resembles natural human
thinking when comparing alternatives. Despite those advantages, some difficulties might be encountered
and need to be further investigated. One of difficulties is perhaps in absorbing an expert knowledge and
representsit in terms of fuzzy numbers. Also, afurther investigation needs to be done to see whether or not
using different fuzzy numberswill give the same result as the original AHP does.
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Appendix A. Methods of Computing Vectorsof Relative Weights

Method of Computing Vector of Relative Weights

One of methods described by [Saaty 1980] is now illustrated. Consider the following matrix of pairwise

comparison in ratio form:

aw, fwy w/w,

nglw1 Wy /W, ..

ﬂg) D> D> D>

n

Step 1: Sum the columns of the P matrix

ew, /w, w/w,
nglwl w, /W,

W ow, fw,

ﬂg) D D D

w w, fw, ..

W W

W lwg

o Wy /W,

o W, W,

W, /W,

oN.ononoo oo

(g xiY ey ex¥ eny eny exly end

Im aw/w aw/w, &aw/w,
i i i

Step 2: Divide each element in the P matrix by the column sum

éw faw,  w/aw,

é i i

ew, /& w, Ww,/aw,

é i i

é

¢

é

an/éW. w, /& w,
i i

€

Cw/aw
i p

Cow,/

=

u
awu
i

— Qo
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Step 3: Obtain the vector of relative weights by summing the rows and dividing by the number of elements

in the row
Row Sums Vector of Relative Weights
nw,/aw,; w, /& w;
i i
nw,/ aw, w, /& w;
i i
nws/a w; w,/a w,
: .

Proceedings— 7" ISAHP 2003 Bali,

Indonesia

228



