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0. INTRODUCTION
mmmymﬁﬁmmobjecﬁvemmmm&hmmcmmﬁwmm
meﬁodofﬁmymdhcmaﬁamnﬂbe&omiﬁoﬂwemespondingwﬂuaﬁmmﬂpoﬁcy-maﬁng
work so that the policy-making effect is more close to reality and more accurate. In each management
work, the theory and method of fuzzy integrated evaluation and fuzzy information decision in [1-3]
had been had a more wide use and the better policy-making effect had been obtained. But these
methods are all short of ability to study independently. In the process of decision, it is very difficult to
extricated from the random, subjective indeterminacy and understanding firzziness of policy—maker.
For example, a different subjective decision had slways been obtain from the same object in the
different time and environment, even if it is done by the same expert. '

hﬂxepapa,weusethethemyofArﬁﬁsialNcmalNetworkintoﬂleﬁxzzyintegtatedevahlaﬁonand
smdyamulﬁusequmﬁmﬁonevaluaﬁonmoddbasedonﬂmhyanemaloellme experience,
knowledge, subjective decision of expert and the proportion coordination ability of objective
hnponmmueobmhwdbymesmdyofh\ommph,wlﬁchissdmmdmﬁmﬂwahmﬁmmd
decisionthroughoutgeaﬁngtoacnmlcircmnstaxm.Whenweneedtodothesameﬁxzyintegmted
evaluation, the experience, knowledge and intuitive thinking of expert would be reappear by using the
mork,mﬂm&\emﬁﬁdﬂhnpmedﬁcmremﬂdbemndommdﬂ\eobjwﬁvhyofmmmuh
could be assured better.
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1. THE CONCEPTION OF ARTIFICIAL NEURAL NETWORK

Attificial neural network (simple neural network) is a structure of simulated biological neurel system,
and a unlinear self-adapted dynamic system composed by huge treatment umit. It has the ability of
study, memory, calculation, wisdom management and information management imitated human brains
in varying degrees and levels. It is noted for its unlineamness, unlocal property, the property of non-
constant, and unconvex etc. The neural network system, which integrate construction with algorithm,
can be regarded as a unity of hardware and software.This would make a great influenu in computer
development. Research of neural network has formed a great mass fervor at home and abroad and its
result has obtained use in pattern recognition, sutomatic control, image processing, linguistic
recognition and so on. ’

Neural network solves a problem by expressing problem as unit proportion. An artificial neural cell
(simple neural cell) is an unlinear unit construction formed by n difference inputs and m identical
outputs (see Fig.1) '

Fig.1 Aneural cell's construction.

Hege, algz,---ﬁnwnmepmeedhig output (or input signal of the 1th layer), respectively, Wjithc
related coefficient (also proportion coefficient) of node between i and j.Multiply comesponding
proportion coefficient yubyeach 31(i=l,2,...,n),mdsmnnpﬂmandmimxs bj.Dmotebjthevalve
vahxe(alsooﬁetm)innenmlcell,netjﬂnnetinpntvahemd O; the output message of nod;. Then

net,=§a,wv-bj @
1
mdorﬁnetj),Wherefisqchmgeﬁmcﬁmbetwemhpﬂmdm@ut,hgma&isanon—haeasing
&ﬁumﬁabhﬁnwﬁmhmbémofﬁefoﬂmh\gﬁnwﬁmﬁlmﬁm,hypaboﬁcmm
vahw,imshghﬂfmwidmdﬁmddwpe.AmmmmSignddtypeﬁmcﬁm(sh\pk&wpe
ehmgeﬁnwﬁm)hshxgemsﬁmimuhptweﬂbo&hwmdnmlﬁwmﬂem,ﬁkeqmssed
as .

S (net)=1/[1+ exp(—net)] @
In actual use, we can choose distinct change function according to particular problem.By compounding
these simple functions, neural network finish change between input information and output message.
To get the utmost complex function, it just need several times compound, Then the complex physical
world is expressed. —

2. THE PRINCIPLE OF MULTIUSE QUANTIZED EVALUATION BASED ON THREE-LAYER
NEURAL NETWORK

The principle of evaluating some problem by using the method of multiuse quantization evaluation
based on three-layer neural network is that use information of descripting evaluated object feature as
input vector of neural network and the value of cormresponding integrated evaluation as output of neural
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network, takes enough examples to train the network such that different input vector obtains different
output value. Then the value of proportional coefficient and valve holding by neural network are the
correct inner expression by the self-adapted study of network. Well-trained neural network can be
looked as an effective tool of fuzzy integrated evaluation to do comresponding integrated evaluation
about different evaluated objects.

Since the information-compounded way of different fuzzy evaluation (policy) studying in the paper can
use the quantization handled means which had beenproved in [1] and [2], we may take a neural
network which has the same construction to handle our varied fuzzy evaluation (policy) problem Here
the neural network is designed in the light of the biggest dimension of input vector (information) of
different evaluation in designed object. In specific training and use, the each layer neural cell's number
of joining operation needs to determine at any time according to reality.

The principle of multiuse quantization evaluation based on three-layer is that, use an open type data
processing to record data of different evaluated problem's proportional coefficient value, valve value
and so on, respectively, store the proportional coefficient value and corresponding valve value et al.
which are obtained by using the ith G=1,2,....,n)fuzzy evaluation sample to train neural network (until
convergence) into the ith data processing; let neural network initialize and then store the proportional
coefficient, valve value and so on, which are obtained by using the G+1)th fuzzy evaluated sample to
train neural network, into the (i+1)th data processing; repeat the process before until all the different
proportional coefficient, valve value et al. of N kinds fuzzy evalation (policy) into open type data
processing. When we use neural network to evaluate some problem, we just need to input evaluated
type code according to related prompting, then the system let neural network initialize, determine each-
layer neural celf's number of joining operation according to evaluated problem's code, autoassign the
comresponding proportional coefficient, valve value et al. to neural network, last prompt user to input
relevant information and the integrated evaluation's result will be given according to inputting
mformation.

2.1 The Base Construction of Three-layer B-P Neural Network

Back-Propagation (abbr. B-P) leaming theory of ahead multilayer neural network is posed by Werbos in
1974 in [4]. In 1985, leaming algorithm of the B-P network is developed by Rumelhart et al. and
imagine of Minsky multilayer network is accomplished. The B-P neural network has not only input and
output cell, also one layer or multilayer implied cell [5]. When signal is inputted, it transmits to implied
cell first and then output signal of implied cell is transmitted to input cell after through action finction.
The output result is given after process. In the paper, we use a three-layer B-P neural network having
multiinput cell and single output cell. Its structure and theory of B-P leaming procedure is showed in
Fig.2. Input signal is successive processed from input layer to implied cell and is transmitted to output
layer. Note that state of each layer neural cell just effect next one. If output layer can not obtain
expectation output then tumn to backward propagation and let error of output signal return along original
connected path. The emor signal would become a minimum (convergence) throught amending
proportional value of each layer neural cell.
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Fig.2 Theory of B-P learning procedure of a three-layer neural network

In Fig.2, n, m denote the neural cell number of input layer and implied one, respectively; Xpls Xp2s =
Xpn the pth sample's evaluated index feature value of domain U=(u, uy,---,u,} in some kind policy.

Let } %xpl,xpz,---,xpn), then the feature value matrix constructed by k samples is

se=[x1.x9, )T ={Xpilioen )

Denote rp=(rp1, Ip2s - ,rpn) the evaluation vector after ;p is quantized by comresponding slave
function, Wih G=1, 2,---n. h=1, 2, ---, m) the connected proportional coefficient of the jth cell of input
layer to the hth cell of implied one, Yph (=1, 2, ---, m) the output of the hth cell of implied layer of
sample P, wy, (h=1, 2,---, m) the connected proportional coefficient of the hth cell of implied layer to

output one; S; the output of sample P. Value change function can tnmS” to qualitative remark or
D
quantization evaluation result of hundred-mark system according to the need of policy.

2.2 Quantization process of evaluation index

In fuzzy integrated evaluation (policy), there is no a common quantity standard in each feature index of
evaluated object and the feature index obtained in many occasion is a qualitative description and not a
value, so it is difficult to compare directly. If the feature value in (3) is used immediately, it is
unfivorable to analysis and handle. So before doingintegmmdevahmﬁon,anxpjmc)mustbenmed
to range of {0, 1] first, that is, evaluated index feature value must be quantizated. Of course, since the
type of evaluation index is always different, the method of its feature value quantization is also different.

For n evaluation indexes of U, suppose each range is dj=[m i Mj], where m;, Mj represent the minimum
and maximum of evaluation index u G=1, 2,---, n) respectively. Denote fprdj(xpj) G=1,2,---n) is
quantization representation of evaluation index uj's feature value Xpj of sample P with Ipj € [0,1] and
Udj("pj) is called quantization process function of index u which is defined on dJ

Multiuse neural network introduced in this paper is designed and trained according to the theory and
method of the following 6 kinds fuzzy integrated evaluation (policy):
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(1) Integrated evaluation of university benefit of running a school.

(2) Integrated evaluation of science teaching quality (Physics, Chemistry
and Mathematics) in teachers training school.

(3) Integrated evaluation of liberal arts teaching quality (Chinese,
Political, History and Arts) in teachers training school.

[C)] Annual job's quantization evaluation of engineers and technicians.

(5) Quantization method of assessing personal work.

(6) Integrated evaluation of economic benefit in middle-and-small enterprise.
The quantization slave functions ”dj(,]’pj) are different according to distinct kinds of evaluation
(policy) problem. Here, they are defined in the light of conversion demand of evaluation index in [1],
2], {3] and [6), respectively.

Index feature matrix (3) can form the following slave matrix (fuzzy evaluation matrix) through
comesponding quantization of slave function Udj(xpj):

R=fry,ra ridT =lrpilien

2.3 Learning algorithm of B-P neural network

Characteristic of each nodes of B-P neural network showed in Fig2 is Sigmoid type, that is,
finety={1+exp(-net)]}. Let O be the output of any node i Suppose there are k samples (x;5)),
j==l,2,--~,kForsomeinputxj,ktsjbetheoutpmofnetwodz,oijmeinpmdnodeimdmemnpmof
node r is

in which _ is inner value "‘tu:z:wtroij"br valve of node 1. Defined error function between
r

2
sotual output 5;1 and execpation output ;s EF(SJ“SZ) /9, then sum error of k samples is

k
E=YE,

J=1

Ejmdmuputmot‘therﬂwellis

5, =2
7 chet,

thhoq=ﬂth)So

&, & onet, X,
= . = .0, @
M,  ohet, W, ihet; '

Whmrisaoutputnode,letolfs"jandthm
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ﬁ- 5" n ]
5, = asf.a—el;;z-(sj—sj)f (net,) &)

ifr is not a output node, then

j 55;‘ = f'(m?trj)zt 5;;‘","

©
]EL:J

W 7Oy
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Computer algorithmic stzp of three-layer B-P neural network learning procedure is show as follow.

Step 1. determinate texture parameter of evaluated learning neural network(the neural cell's number of
input layer and implied layer et al.).

Step 2. assign initial value to connected proportional coefficient and neural cell's valve value of network.
Step 3. input feature value matrix X and expectation output vector S=(Sy, Sp,-+-, ST of sample.

Step 4. true X to evaluation matrix R using corresponding slave function according to evaluation type.
Step 5. calculate each cell's actual output value of implied and output layer of each sample.
Stepé.evahlateEjandE. ‘
Step 7. iff Es ¢ (¢ is the given convergence value) then stop leaming, else go to step 8.

Step 8. calculate 3 of each node of implied and output layer by (5) and (6), respectively (the formula is
different to implied and output layer).

Step 9. amend proportional value

S,

k
with E:de

E
W =W Sbui
i W, =W

ir ir

and , >0 s leamning step length.
Step 10. tum to Step 5.

S

Fig.3 Asimple B-P network

WeuseFig.3asanexampletoshowhowﬂ1elean'dngcomputeralgoriﬂnm of B-P single sample is used.

k
LetEibethcarorﬁmcﬁonofﬂlciﬂxsamplc(xi,si),ﬂlmﬁmcﬁonexrorisE’=ZE'..Calculahe%

i=l

of the ith sample by

L
L

= z L and delete subscript i, we have that

¥

k .
=1
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net, =W x, + W, x, o, = f(net,)
net:l = chah Oa = S!"f(netsl)

1 "
El- = E(Sl - Sl )2

then the B-P propagated procedure is show as follow:

(1)ca1mnate§
wW
%, = 2! ‘X = 60 x,
W, ihet,
&E, &E, s
W, Ter, 2O
E &
1= . =6 .
W, e, 0%
(2) propagated error signal

8, =—(S-S/)f (net,)
8,=6,0.F (net,)

% can be calculated by given W,, Wy, W and

then amend W by using steepest descent method:

&E '
WeW-uy— €[0,1
‘IléW #<[0,1]

3. EXAMPLE

3.1. Integrated evaluation of university benefit of running a school.

Calling well-trained neural network--assigning corresponding proportional coefficient and cell's valve
value to network and according to feature index offered in 1988-1993, we re-evaluated 12 schools of 22
specialized schools in Guangdong, Henan, Hubei, Hebei, Sichuan and Shanxi et al. The comparison of
evaluation result between using neural network and fuzzy integrated evaluation at that time is given in
Table 1. Obviously, they are almost the same
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Evaluation comparative table
sC l NE [ FE SC T__NE FE
GO01 91.7 | 91.5 B02 87.2 873
GO2 80.3 80.4 BO3 83.2 83.1
G03 88.4 88.4 HO1 90.3 90.3
NO1 89.1 889 HO02 79.1 79.2
NO2 80.3 80.1 Co1 80.8 81.2
BO1 85.6 85.6 C02 923 923
Pk SC—Scheslcods  NE—Netwerk evalontion FE-—Fusy evatuation

G——~Guangdong N-——UHenan B—FHebal H-—Hubsl C—Siclussn

3.2 Other evaluation problems

According to quantization process method given in [1}, [2], [3] and [6], contrast evaluation of different
subject in 25 school is given by using neural network and feature index of teaching quality integrated
evaluation of science and liberal arts of teachers training school in Guangdong, Henan, Hebei, Hubei
and Sichuan et al. from 1988 to 1993. Its exror is less than 0.5 by using hundred-mark system.

mmwofm&mmmmmmwy,mmmm
network evaluation about policy problems of "annual job's quantization evaluation of engineers and
mduﬁdmm",'huegmtedwammonofecmmﬁcbamﬁthamidm:-and-manmmm'md
"quantization method of assessing personal work” et al The results are almost the same as

The above-mentioned results have showed that it was feasible by using neural network to leam
corresponding knewledge of fuzzy integrated evaluation and then using it to do fuzzy evaluation about
ﬂxcsamek:indpolicyproblem.ﬂmmoreclosebetwemawaiﬁngevahxaﬁmobjectmdmodelofsample,
the more accuracy of evaluation result.

4. CONCLUSION
The whole procedure of multiuse quantization evaluation of neural network based on three-layer is

written by Microsoft C* 7.0 under the environment of Windows 3.1 and hardware configuration of
system is over 486 compatible computer. The whole software is implemented by using structured
programming method and object-oriented programming method. It has modularity,
ﬂe:dbﬂity.gemraﬁty,andpmtabﬂityetalmdhasbeenloadedintosystcm of "general quantization
evaluation” to run. In the latter half of 1994, we used neural network module of the system to do
quantization evaluation about integrated evaluation of economic benefit in the parts of middle-and-
small enterprise and about engineers and technicians of some production unit(in grading the title of a
technical) in Annoying. Good evaluation results had been obtained in these evaluations.



Comparing with fuzzy integrated evaluation, the method had quick operation, strong ability of tolerable
error , and strong study independently.

The actual use showed that the method can simulate the whole procedure of expert evaluation fairly
good and combine organically obtainment of knowledge, expert systemn and fuzzy inference function.
Hence it has broad used prospects. But training samples of integrated evaluation method based on
neural network come from the result obtained from used fuzzy integrated evaluation method. When a
new evaluation problem is came across (such as index system is changed), fuzzy integrated evaliation
method must be used.
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