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ABSTRACT

Evaluation on the valley health was donewith set pair anaysis (SPA)
making arelative membership function on variable fuzzy sets(VFS) inthe
paper. And eval uation indexes and connection number of evaluation grade
were made with the SPA. And the valley health was eval uated with grade

KEYWORDS

Set pair analysis (SPA);
Variablefuzzy sets(VFS);
Valley health;
TheLuanriver.

characteristics values of relative membership degree, which attached to
‘classifying evaluation grade n’ of Fuzzy set by calculating indicators’
samples. And the eval uation results showed that the current health grade
on the Zhang river was healthy, while ones on the Tangshan region in the

Luan river sub-healthy.

INTRODUCTION

There were much more researches only consid-
ering set pair analysis (SPA) or variable fuzzy sets
(VFS) now. While study werevery limited, inwhich
included both of them. Such as, the safety evaluation
of earthrock dam, evaluation of stability of surround-
ing rock, Watershed Water Resources Security, the
water environment quality of surface and river ecol-
ogy health etc. were studied by some scholar*®l. And
these researcheswere better combined with the SPA
and the VFS, and they contributed to other relative
researches. Based on the current researches and the
actual situation of study sites, evaluation model on
valley health based with the SPA and the VFSwas
doneinthe paper.
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ASSESSMENT METHOD OFTHEVALLEY
HEALTH COUPLEDWITH SPAAND VES

Connection number

Connection number 1’ could be madedirectly and
indirectly. Uncertain coefficientsi and j could befirstly
donewith reasonable method, then both of them were
put into theformulaof contact degree so asto get the
connection number w’, when thedirection method was
adopted. On the basis of the theory of the SPA and
existing research results, thevalue of thej wasusually
taken -1, so the u’ mainly depended on the val ue of
thei.

Thei could bedirectly gottenwith empirica judge-
ment method and average value method. And themain
ideaof the empirical judgement method wasthat the
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vaueof thei could betaken, which should bebased on
variable characters of property from research object
and researchers’ purpose and experience, and made
thescientificandrationd vaueof thei. Andvauerange
of uncertain component coefficient wasfrom-1to 1.
And empirical valuesusually taken were-1, -0.75, -
0.5,-0.25,0,0.25,0.5,0.75, 1. Whilethemajor idea
ontheaveragevaue method wasfollowed. Namely, it
was assumed that difference degree of set pair wasdi-
vided evenly by theuncertain component coefficient with
referencing the definition of the connectiondegree. And
the coefficient, thesmilar degreeaintheformulacf the
connection degreekept at 1, and the coefficient j of the
contrary degreewerekeeping at -1. Assumed that there
werengrades, thereweren-1 equal divisionsbetween
-1 and 1 by the uncertain component coefficient of dif-
ferences, and points of theequal dividing valuewere
thevaueof the uncertain component coefficient.

Theindirect method ensuringp’wasthat making the
indictorsof theresearch object asoneset A1 and some
grade standard Sk asanother set Bk, and both of them
congtituted the set pairsH={ Al, Bk} . Thentheir con-
nection numberp’ wasindirectly gotten with somefor-
mulas. In which xI was set theindex value of there-
searchobject, and it wascd culated with following equa
tions.

Inwhich theretwo cases. Thefirst casewaswhen
the eval uation grade standard s1<s2<. . .<sk, and the
relativeformulaswerefollowing.
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Whilethe second casewaswhenthe eval uation grade
standard s1>s2>. . .>sk, and therdativeformulaswere

BioTechnology —

following.
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Evaluation procedure

Furthermore, the valey healthwould be evauated
with the assessment model of the SPA and the VFS
(SPA-VFS). Anditseva uation procedurewasasfol-
low.

Thefirg step wasto condtitutethe eva uation index
system. Thevalley hedthfactorsvereandyzed system-
atically based onthe existing research resultsand con-
sulting experts, and the eval uation system of thevalley
hedl th was constituted combined with influencing the
valley health and safety factors, such asdriving force,
pressure, state and response. Then theevaluation in-
dex system of thevalley health was madewith the sci-
entific, systematical, representativeand feasibleprin-
ciples, anditwasx1,x2,...xm, inwhichthemwasthe
number of theeva uation indexes.

The second onewasto maketheevaluation grade
standard. In which there were several aspectsconsid-
ered comprehensively, such asthe charactersof valley
system, the physica meaning of theevauationindexes,
and thesugtainability in nature, socia and economy etc.
Furthermore, the eval uation grade standard of theval-
ley hedlth sk was set, inwhichk wasequal to 1,2,...¥n
or n-1 and n represent the number of the evaluation
grade.

Thethird wasto cal cul ate the connection number
' 5 -g_betweentheevaluationindex x| and theevalua-
tion grade standard sk with the method making the con-
nection number inthe set pairsanalysis, based onthe
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evaluationindex system and the eva uation grade stan-
dard. In which two setsAl and Bk were set respec-
tively, and | was equal to 1,2,..., m, while k was
1,2,...k.

Theforthwasto cal culate the comprehensive con-
nection number £, between thesamplesand theevau-
ation standard gradek, inwhich

m =:ZIW.uL,NBk (k=12,--n) @

Inwhichwl wasweight of theeva uation|, andthevaue
of thecomprehensive connection number i, [-1, 1].
Thefifthwasto cal culate the membership vk, in
which theeva uationindexessubordinated totheeva u-
ation standard gradek of thefuzzy set. If thereexisted
much more opposition between the eval uation and the
evaluation grade k, i, would be closeto 1. And the
eva uation index would not tend to the eval uation stan-
dard gradek. If theidentity betweentheevauationin-
dex and the evaluation grade k was much more, 1,
would bealso closeto 1. Whilethe eval uation index
wasto tend to the eval uation standard grade k. conse-
quently, the comprehens ve connection number 1, was
arelativedifference degree of the evaluation gradek
fromthefuzzy sets. And itsrdative membership degree
could bedone, asfollowing.
v, =05+05u, (k=12,---,n) (8)
Thesxthtojudgethevaley hedth gradeh. If thegrade
character was set asjudging samples’ health gradeh,
so asto avoid distortion caused by fuzzy pattern rec-
ognitionwiththeprincipleof themaximum membership
degree, and improvegradejudging precison

h= Yk
k=1 Z

j=1

v | = kv’
“ k;k ©)

normalized membership degree, h wastheweighted
mean of grades. Considering the constitution of the
membership degree had arandomnessin thefield of
thefuzzy mathematics. If itsvauewasnot suitable, in-
formation onintermediatevauewould had agreet |oss.
Hence, the eval uation grade of the samples could be
judged with confidencecriterion on recognition onthe
ordered eval uation set with the membership degree.

—————— FyLL PAPER

h =, +r,+..+r)>Ak=123...,n (10)
Inwhich A was confidence coefficient. Generdly, its
taking valueinterval wasbetween 0.5and 0.7 instead
of other variablerange. If A wasover thetaking value
interval, the eval uation resultswould be much more
conservative. If A waslessthan thetakingvaueinter-
val, the dependability of the evaluation resultswould
decrease. It wastaken as 0.5 in the paper.

ACASE STUDYWITH THE SPA-VFSMODEL
ONTHEVALLEY HEALTH

Comprehensveconnection number between evalu-
ation indexesand gradestandard

Theconnection number could be ensured with for-
mulasfrom thefirst oneto the sixth oneabove men-
tioned, onthe cd culaion method of the connection num-
ber, and the connection number between evaluationin-
dexesand grade standard could be cd cul ated, and the
resultswasshownin TABLE 1.

TABLE 1: Connection number between indexesand grade
standard intheevaluation system on thevalley health

Connection Tangshan region in the Luan river
number B1 B2 B3 B4 B5
D -1.00 -043 039 -097 -1.00
P -1.00 -034 -047 -059 -043
S -056 -067 -025 -052 -1.00
R -0.74 -057 -0.08 -0.62 -1.00
Connection The Zhang river
number B1 B2 B3 B4 B5
D -100 029 -094 -035 -1.00
P -052 -062 0.01 -088 -1.00
S -0.32 -053 -076 -044 -0.96
R -1.00 -0.63 -069 -0.33 -0.35

Comprehensveconnection number between evalu-
ation sampleand assessment standards

Thecomprehens ve connection number among stan-
dard sub-system, the general evaluation purpose and
the evaluation standards, were cal cul ated based on the
above comprehensive weight. And the results were
shown, asfollowing.

System gradeon thevalley health evaluation and
calculation of member ship degree

Theva ue of the comprehens ve connection num-
ber was put into the eighth formula, and therelative
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membership degree of the evaluation grade standard to
the eval uation sampleswas calculated. To further en-
suretheir grade characteristics, therelative member-
ship degreecalculated wasnormalized. And theresults
wereshowninTABLE 3.

TABLE 2: Comprehensive connection number of rulehi-
erar chy and object onesin the assessment system on the
river basin

Comprehensive evaluation on the valley health
system

Therelative membership degree cal culated was
put into the ninth formula, and the grade characteris-
ticsof sub-systems and the eva uation am was made.
Andthevalley hedth system was evaluated with the
access bility between them and theva uesof theevalu-
ation gradek. Meanwhile, the grade of the evaluation

Connection Tangshan region in the L uan river alm wasjudged with the confidence criterionin the
number BL B2 B3 B4 B5 tenthformula Andtheevauationresultswereshown
C1 -100 -032 030 -097 -1.00 inTABLE 4.
C2 -0.34 006 004 -027 -034
c3 019 -029 -014 -005 -033 TABLI_E 4 : Comprehensive evaluation results on valley
ca 030 -048 -021 -010 -055 healthinsubsystems
A -080 -055 -0.17 -0.60 -0.84 Study sites Tangshan region in Luan river
Connection The Zhang river grading grade evaluation confidence
number B1 B2 B3 B4 B5 method characteristics grade criterion
C1 -1.00 032 -094 -038 -1.00  drivingforce 2.68 3 3
C2 -0.06 -0.06 -022 -034 -034 pressure 2.92 3 3
C3 -0.38 -0.09 -029 0.06 -0.29 state 2.99 3 3
C4 -055 -036 -041 -007 -025  Regonse 297 3 3
A -0.55 -045 -058 -054 -0.88 system 203 3 3
TABLE 3: Grademember ship of rulehierarchy and object ~ comprehensive
onesin thehealthy evaluation system on theriver basin evaluation
Evaluation Tangshan region in the Luan river study sites The Zhang river
grade Bl B2 B3 B4 BS grading Grade Evaluation Confidence
C1 0 034 065 0.01 0 method characteristics  grade criterion
Relative C2 05 067 082 051 05 driving force 2.65 3 2
membership C3 075 083 091 0.75 0.75 pressure 2.79 3 3
degree C4 088 092 09 088 0.88 state 3.08 3 3
A 094 09 098 094 094 response 3.26 3 3
CL 0 034 065 001 0  ggem 263 3 5
Normalized C2 016 026 025 018 016  oirenendve
membership C3 02 018 021 0.24 0.17 evaluation
degree C4 0212 015 023 0.27 013
A 01 022 041 019 0.8 Theresultsindicated that theeva uation resultskept
Evaluation The Zhang river basi cally with the different methods, but there existed
grade Bl B2 B3 B4 B5 somecertaindifference, whenthevalley healthwas
ClL 0 066 003 031 O evaluated comprehensively with SPA-VFSmodd .
Relative C2 047 047 039 033 033 It wasin Tangshanregioninthe Luanriver that its
membership C3 031 045 036 053 036 hegth grade had asameresult. Namely, the system and
degree C4 023 032 029 046 037  gyh system evaluation resultswere both sub-healthy.
A 023 027 021 023 006 g milarly, the eval uation results on the sub-systems of
_ ¢l 0 066 003 031l 0 pressure, state, responsein the Zhangriver wasalso
Normdized C2 024 024 02 017 0.17 . ..
membership C3 015 023 018 026 018 subhedthy. Whlletheassesgrnqwt result of driving sub-
degree C4 013 019 018 028 o022 Sysemwiththeconfidencecriterionwashedth, thesame
A 023 027 021 023 006 totheobjectivecomprehensveevauaion. However, it
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was sub-health when the average value method was
adopted. Thehedth grade of the Zhang rivewashedthy
when the eval uation results based on the confidence
criterion was adopted. And the comprehensiveeva ua
tion result on the subsystem of thedriving force was
hedth, whiletheone on thesubsystem of pressure, sate
and responsewereall sub-hedlthy.

Generdly, the comprehensiveevauationresultin
the study sitewas sub-healthy. It showed that the state
of thevalley heath was between healthy and unheathy
incurrent year. If thepressureonthevalley hedthinthe
future would increase or no positive measureswere
made, its state would be worse than ever
underconsidering the subsystemsand theactua valley
gtuation,

The above evaluation resultsindicated the actual
Stuation of the subsystemsin current year. Though the
evaluation result of the pressure subsystemwas health,
itstrend was closeto subsystem. Andit wassimilar to
theoneof the state subsystem. Especialy, therewasno
active response to the current state. If there was no
change, thevaley hedthin thefuturewould beworse.

CONCLUSIONS

Thevduation onthevaley hedthwasdoneby SPA
making arelative membership function on VFSinthe
paper. And the evaluation indicators and the connec-
tion number of the eval uation gradewerebuilt withthe
SPA. Andthevalley health waseva uated with grade
characteristicsvalues of therelative membership de-
gree, which subordinated to the classifying evaluation
gradenof fuzzy set by calculating indicators’ samples.
Andtheeva uation resultsindicated that the current hedth
gradeontheZhangriver was hedlthy, whileonesonthe
Tangshan regioninthe Luanriver sub-hedthy.
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