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Fuzzy Comprehensive Judgment on the Mechanical
Equipment Bid Sheet

LIN Xiao-tong"*, WANG Ning-sheng', BAO Zheng-qiang*
!Department of Mechanical and Electrical Engineering, Nanjing University
of Aeronautics and Astronautics, Nanjing 210016, P. R. China

?Department of Mechanical Engineering, Southeast University,
Nanjing 210096, P. R. China

Abstract: The reasonable model of fuzzy comprehensive judgment is found by means of the
theory and method of multi-level fuzzy judgment on the basis of the judging index system
of mechanical equipment bid sheets. The scientific méthod is supplied for the judging
bids, the key chain of the judging process of the mechanical equipment bid sheet. All fac-
tors are considered , especially quantitative factors or qualitative factors in the process of
judgment.

Key words: mechanical equipment, judging bid, fuzzy cémprehensive judgment

1 Introduction

The competing rules are standardizing along with economical globalization. The way of invit-
ing public bidding is used for buying a large amount of mechanical equipment. In this way a
just competing circumstance can be provided for manufacturers. On the other hand, the price
to the consumer can be reduced and some leak of the buying process of mechanical equipment
is stopped to a certain extent. But the most pivotal chain of the bidding process, the judging
bid is mostly carried out by means of expert discussion. It is a more complicated process of
decision-making to select the best bidding sheet. Some indexes of many different bid sheets
are not good or bad and all kinds of judging indexes affect each other, and they make the de-
cision-maker too hard in selection. At that time, the decision-maker generally makes a deci-
sion according to the main indexes and other indexes are merely referenced. The qualitative
factors cannot be compared. It is short of scientific quality. Then the model of fuzzy compre-
hensive judgment is suitable for the comprehensive judging problem of projects relative to
different judging indexes. The excellent degree is decided by the judging value and the evi-

dence of decision-making is provided for the judging bid.

L. A. Zadeh first founded the fuzzy mathematic method in 1960s. The fuzzy phenomena are
described by accurate mathematical methods in fuzzy mathematics. At present, fuzzy set the-
ory is widely applied in every field, such as the fuzzy comprehensive judgment of the design
of a project, the fuzzy comprehensive judgment of enterprise economical benefit and so on.

But it is seldom found in research and application of fuzzy comprehensive judging of mechani-



100 International Journal of Plant Engineering and Management Vol.7 No.2 June 2002

cal equipment bids. Some beneficial research and application are done on this aspect.

2 Comprehensive judging index systems and definition of membership degree

The judging bid process of mechanical equipment is a decision-making process to deal with
many factors and targets. It has to satisfy all comprehensive judging criteria as well as the
substantial demand that is required in a bidding sheet and the bidding price is lowest, except
that the price is under the cost. The judging bidding, the consequence, the judgment and the
final decision-making are fuzzy due to the indetermination of some indexes, the qualitative
factors and uncertain economical factors. The process above is operated on the basis of a

comprehensive judging index system.

The index system of mechanical equipment is

a complicated tree frame system. The indexes -z":j
The comprehensive jud fmechanical equipment |
of the bottom layer are probably different ac- S i bt e ;4‘]4'/
. . i . reliability | PrOGuctin | - Proct L e service | 14
cording to different equipment, but the inde- _§= = § % = iq;aﬂgyg - gl A
2|38 g 3
xes of the upper layer are the same basically. |& .% e % &IE g g %g E E ElE g (g rl’i,’:-jl
. . . g "|&|6|818|g|3 2 g
Hereinafter, the index system (Figure 1) is * E § s é‘ HE g gé g A §§ 4
. o §5§g§?g HHENE
constituted by a delaminating method accord- L 5 2 g’
ing to current mechanical products. g‘ z 8
&
. . &
Calculation of membership degree: i

(1) The membership degrees of the judging Figure 1 The system model of multi-level and
index (quantitative factors) are calculated by multi-index comprehensive judgment

the formula of relative membership degree.

The membership degrees are calculated from higher indexes (such as price, productivity

etc. ) by the following formula:

1 - Y, >Y,
D b 43
Ty = Y,_Y! Yf_<__YjSY,
0 Y, <Y,

where: r; denotes the membership degree of judging index j in subset X;

Y; denotes the judging index j value.

Y,, Y, means the characteristic values of judging index j in subset X;, the fluctuating values
stated in the relevant design criterion or document are taken, the maximum and the minimum

index of all bidding sheets are adopted if they are not stated.

The membership degrees are calculated from lower-indexes (such as mechanical noise, ener-

gy consumption, etc. ) by the following formula.

0 Y, >Y,
Y. =Y,
r; Y, —Y, Y, <Y, <Y,

1 Y, <Y,
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(2) The membership degrees of a qualitative judging index are calculated by duality con-
trast axis. The number marking values of fuzzy language are designed about the qualitative

judging indexes according to the relation knowledge of fuzzy priority.

Table 1 The number marking values of fuzzy language

The fuzzy language of duality contrast axis | Very good | Preferred | Good | Same | Bad Poor |Very bad

The number marking values 1 0.9 0.7 | 0.5 | 0.8 0.1 0

The matrix R of index membership degree about the subset X; is constituted according to all

membership degrees of the index above.

3 Multi-target and multi-level fuzzy comprehensive judgment('’

The index system of judging a project is a tree-like frame. So it is a process of multi-target
and multi-level fuzzy comprehensive judgment to jﬁdge the bidding project of mechanical e-
quipment. It is judged from the lowest level gradually to the highest level until the total jud-

ging target. (In this paper we take a two-level frame for example).

(1) The partition of multi-factor judging index

It is supposed that there are N enterprises to take part in bidding in a public bidding meeting
and the judging bidding committee consists of 2 evaluating committeemen. The mechanical
product has a set X of M judging indexes. X can be divided into s subsets X* of subtargets by
the type of character (It may be further divided if there are more factors in the next subset.
The third or fourth level of the model will be obtained).

There Xi={zi, xb, =, I;w‘_}, i=1, 2, s s
i}\/l,-=M
i=1
And ER
n .¥1X1=X

XNX =9y i¥Fj

First of all, the single level fuzzy judgment of sub-target subset X; is discussed.
(2) Single level fuzzy judgment
Assume the index subset of some sub-target is:

X' = {xi, xiy **» ziy, } i=1,2,5
Comment set is:

Vi= {vi, v5, **5 U} i=1, 2, ==y s
Comment set is general described with rule language of very bad, bad, ordinary, good, and

very good; the right value of corresponding index is

A" = {ai, a}, - aly,} i=1,2 0,5
Mn'
And satisfied: Zla;'= i=1, 2, *o, s
i=

hereinto the right value, a}(j=1, 2, *-, M;; i=1, 2, *»-, 5) denotes the index X impor-
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tance degree in its index set. The right value set is generally given by £ committeemen in a
committee of judging bidding. It is also decided by the learning method !* of a neural net-

work if there are enough samples.

The membership degree of each judging index to each judging level is confirmed and consti-

tutes the fuzzy judging matrix of a single object.

Rj m Nz Y Tia
R | | v o ha|
R‘.—_- = 1=1’2,co-,$
i i i oo i
RM,- ™M, ™, ™,

Hereinto r}; denotes the membership degree of index u}, judge to v, (i=1, 2, -+, s; p=1, 2,
ey, M;, j=1, 2, *+, m), r, may be decided by the method that the fuzzy score is remarked
on judging rule by £ committeemen in a committee of judging bidding and is processed prop-
erly. Ri={rb1» rips ==y 1o} (i=1, 2, =+, 55 p=1, 2, ++, M,), denotes the judging set of
index u,. The comprehensive judging vector of sub-target is obtained.

Ao T

T2 T2 o T2m

Bi=Ai°Ri=(a;9a;9"’)a:.._)" ) ) . R =(b;7b§9"'9bi,.)
Ml
Hereinto bj= Vl(a; r;j) l=19 29 o0y 583 ]=19 2’ %y M
=

(3) The fuzzy comprehensive judgment of multi-target and multi-level
The judging set B’ of the same level sub-target may constitute the total target matrix R of
membership degree after the comprehensive judging vector of a single level sub-target is ob-
tained.

B! by b vt bia

B? ) by by by

H : H H H

; ba bo ot b

Then the right value set A of each level sub-target is given

A = (a, a; *** a,), hereinto: Ea; =1

i=1

therefore the comprehensive judging vector of the total target is obtained:
by bzt bim

b b eee bm
B=A-R=(aja,*a)e | & = = (by by - b)

by by vt b
The frame plot of the whole two-level judging model of comprehensive judgment is shown in

Figure 2.
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The maximal membership degree is: b, =max{4;} 1<{p XY r~—1 m
im1 1 R X
<m, it denotes that the bidding sheet is farther subjec-
X2 | | B
ted to v, ~| B §
i . s g . R
The fuzzy operation is carried through for the bidding
indexes of N bidding sheets, The comprehensive jud-
ging vector of the corresponding total target is then ob- X' R B
j St B

tained. The most excellent and maximal membership
degree is found after each comprehensive judging vector Figure 2  The frame chart of a two-level

is compared. judging model

4 A case o

An enterprise invites public bidding to buy 20 lift bridges of single beam electro motion cala-
bash, their span is 19. 5 meter, lift capacity: 5 ton, lift height:9 meter, lift velocity 20 meter
/minute, dolly move velocity 30 meter /minute, cart move velocity 20 meter /minute; con-

trolled on ground, working class: A5, use indoor.

There are 3 manufacturers to be invited to the public bidding. The judging bidding commit-
tee consists of 5 evaluating committeemen who grade 18 factors and ascertain their member-
ship degrees and right values. (The limited data are only given because of the space).

The third sub-target of bidding sheet X* . - N

Factor set X* = {whole performance, technique repertory, application of new technology,
Environment protection safety}

The judging set V*®={very good, preferred, good, same, bad, poor, very bad}

The corresponding right degree set;: A*={0.5 0.1 0.2 0.2}

The membership degrees of qualitative judging index are decided by judging bidding commit-
tee with duality contrast taxis. The fuzzy judging matrix is obtained after rearrangement:
<3 0.5 0.1 9.1 0 0 0
0 0.2 0.4 0.3 0.1 0 0
0.1 0.3 0.2 0.2 0.1 0.1 O
0 0.2 0.6 0.1 0.1 0o o
the comprehensive judging vector of X;: B*=A’-R*={0.15 0.25 0.12 0.05 0.02 0. 02 0}

R =

In the same way we can get B', B?, B*. the fuzzy comprehensive judging matrix of the total

target R is composed of B', B*, B*, B*.

B .01 0.02 0.26 0.02 0.02 0.01 0.01
5 B 0.35 0.13 0.12 0.01 0.01 0 0
T IB*| 0.15 0.25 0.12 0.05 0.02 0.02 O

Bt 0.06 0.28 0.14 0.03 0.02 0.01 0
The corresponding right degree set: A={0.2 0.4 0.3 0.1}

The comprehensive judging vector of the first bidding sheet is obtained:
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B = A <R = {0.14 0.052 0.052 0. 015 0. 006 0.006 0.002}
The comprehensive judging vectors of the second and third bidding sheets are obtained in the
same way: ‘

B® = A<R={0.210.12 0.048 0.032 0.008 0. 002 0. 001}

B® = A <R ={0.18 0.08 0.075 0. 034 0. 005 0. 002 0. 003}
The membership degree that the second bidding sheet belongs to is very good and is the max-

imum by comparing with B’ B> B The second bidding sheet wins the bid.

5 Conclusions

The effect of the experts may adequately be brought into play; the harm of individual deci-
sions is reduced as much as possible and the scientific evidence is supplied for a reasonable
judging bid if the fuzzy comprehensive judging method is used for judging bid and decision-
making. The reasonable model of multi-level comprehensive judgment is founded in the
process of judging bid and decision-making. All factors are completely considered, especially
quantitative factors or qualitative factors in the process of judgment. The more scientific and
more reasonable judgment is made when some indexes affecting decision-making appear ad-

vantageous..
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