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ABSTRACT

Inthispaper, weinvestigate the data pattern construction and model analy-
sismethod for eval uating the regional ecological economic efficiency with
uncertain linguistic variables. We utilize the uncertain linguistic choquet
integral (ULCI) operator to aggregate the uncertain linguistic variables
corresponding to each alternative and get the overall value of the alterna-
tives, then rank the alternatives and select the most desirable one (s).

Finally, anillustrativeexampleisgiven.
© 2014 Trade Sciencelnc. - INDIA

INTRODUCTION

Becausethe scale of human beings’ economic ac-
tivitiesbecomeslarger and larger, people need more
and morenatura resources. Furthermore, wea so make
negativeinfluence on earth environment. According to
that populationisoneof important motivationsof eco-
nomic development; Chinahasto envisagemore pres-
surefrom ecological system becauseof itsbiggest popu-
lation of theworld. Onthe onehand, Chinesegovern-
ment must find waysto satisfy people’sexistenceand
higher materia needs. On the other hand, thegovern-
ment hasto take policesto keep the balance of ecol-
ogy with limit resources and devel oping space. Inre-
cent years, Chinese central government has been con-
centrate on harmoni zing devel opment between economy
and ecology system, and also made aseriesof polices
to resolve the conflicts between two systems which
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appeared in many areas all over the country. When
talked about regiona problemson the base of regional
economics, we always consider that areas belong to
medium economicsin the nationa economic system.
Astheresult, region takes animportant rolein estab-
lishing and executing policies and resolving different
economic problems. But when regiond government and
private make choice on the views of short-term eco-
nomic benefits, they may only carry out some parts of
national eco-policiesthat leadsto policies’ efficiency
lost. Theefficiency lost iscaused by short-term eco-
nomic view of regional governmentson the one hand
and onthe other hand, it may a so be caused by differ-
ent regiona conditionswhich do not apply to nationa
policies. Therefore, regiona governmentsshould choose
suitable methodsto carry out eco-policiesthat cater
for digtrict’scharacteristics, namely regiona ecologica
economic policy. Furthermore, theregionwill increase
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the possibility that taking the bal ance of ecology and
deve oping economy at sametime, aswe called “eco-
logical economy’ 614,

Theproblem of datapattern construction and model
analysismethod for eval uating theregional ecological
economicefficency withuncertainlinguisticvarigblesis
the multiple attribute decision making problems. The
am of thispaper istoinvestigate the data pattern con-
structionand model anaysismethod for eva uatingthe
regiona ecol ogical economic efficiency with uncertain
linguistic variables. Then, we utilizetheuncertainlin-
guistic choquet integral (ULCI) operator to aggregate
theuncertain linguistic variables corresponding to each
dternativeand get theoverall valueof the alternatives,
thenrank theaternativesand select themost desirable
one(s). Theremainder of thispaper isset out asfol-
lows. Inthe next section, weintroduce somebasic con-
ceptsrelated to uncertain linguistic variables. In Sec-
tion 3weintroducethe datapattern construction and
modd analysismethod for evaluating theregiona eco-
logica economicefficiency withuncertainlinguistic vari-
ables. Then, we utilizethe uncertain linguistic choquet
integral (ULCI) operator to aggregatetheuncertainlin-
guistic corresponding to each alternative and get the
overdl vaueof theaternatives, thenrank theaterna-
tivesand sel ect the most desirable one (s) by usingthe
formulaof thedegree of possibility for the comparison
between two uncertain linguistic variables. In Section
4, anillugtrativeexamplefor eva uating theregiond eco-
logical economicefficiency withuncertainlinguistic vari-
ablesispointed out. In Section 5 we concludethe pa-
per and give someremarks.

PRELIMINARIES

Let S={si =1---,t} bealinguisiicterm setwith

odd cardindity. Any labdl, s representsapossiblevaue

foralinguigticvariable, and it should satisfy thefollow-
ing characteristicg 213

1) Thesetisordered: § >s;,if i > j;

2 Thereisthereciprocal operator: neg(s ) = S,
suchthat i+ j=t+1;

Max operator: max(s,sj):s ifs>s;

———, FyurL PAPER

Minoperator: min(s.s;)=sif § <s,.

For example, Scan bedefined as
S={s =extremely poor, s, = very poor, s, = poor, s, = medium,

s, = good, s, = very good, s, = extremely good}

However, the above aggregation operatorswith tri-
angular fuzzy linguidtic variableisbased on theassump-
tion that the attribute of decision makersareindepen-
dent, which is characterized by an independence
axiom**+31 that is, these operators are based on the
implicit assumption that attributes of decision makers
areindependent of oneanother; their effectsareviewed
asadditive. For rea decision making problems, thereis
aways some degreeof inter-dependent characteristics
between attributes. Usudly, thereisinteraction among
attributes of decision makers. However, thisassump-
tion istoo strong to match decision behaviorsinthered
world. Theindependenceaxiom generdly can’t be sat-
isfied. Thus, it isnecessary to consider thisissue.

Let (% )(i=12,--,n) betheweight of theele-

mentsx € X (i =1,2,---,n), where 1 isafuzzy mea

aure, defined asfollows:
Definition 119, A fuzzy measure ¢ ontheset X is

aset function £: 6(x) —[0,1] satisfyingthefollowing
aioms

©  wu(9)=0, u(X)=1;
(2) Ac Bimplies( A) < u(B), foral
ABc X;
@ u(AUB)=u(A)+u(B)+pu(A)u(B),

foradl AABc Xand AnB=¢,where

Jo, e(—l,oo).
Especidly, if p = 0, then thecondition (3) reduces
totheaxiom of additive measure:
#(AUB)=u(A)+u(B),
ABc XandAnB=¢.
If all theelementsin areindependent, and wehave

ﬂ(A):é\“({x}),fordl Ac X.
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Definition27, Let f beapostivered-vauedfunc-
tionon x ,and u beafuzzy measureon x . Thedis-

crete Choquet integral of f withrespectiveto u is
defined by

C.(f) :le fo ) [”(Aao))‘”(Aa(i—l)ﬂ &

where(o(l),o(Z),---,o(n)) is apermutation

of (12---,n), such that f ;. ,>f for all
j=2n, Ay ={xli<kl, for k1,

md AU(O) = ¢ .

It isseenthat the discrete Choquet integral isalin-
ear expression up to areordering of theelements.

Definition3Let LOWA: S" _ S ,if

LOWA, (s,.8,. S, ) =(W ®s, | ®(w ®s, | - &(w, ®s, ) =5, (2)

wherefS =X WS w= (W, W, -, w, ) istheassodi-
i=1

ated weighting vector with w [0,1], dow=1,
i=1

Based on Definition 2, In what follows, we shal
devel op the ordered weighted continuous linguistic
choquet ordered averaging (OWCLCOA) operator
based on thewe I-known Choquet integral™®.

Definition 4. Let [s%,sq](i =12,--,n) bethe

uncertainlinguistictermssetson x , and 1 beafuzzy
measureon x , thenwecall

OWCLCOAﬂ([S%,Sq],[sazas%]""*[saﬂ’%n])

) é((”(Adn)'”(Aa(il)))@ fp([s%) %y })) X

the ordered weighted continuous linguistic choquet or-
dered averaging (OWCLCOA) operator, where

(0(1),0(2),--,0(n)) is a permutation of

(:LZ,---,n),

T, ([Saaul)’sl’a(il)})z fp([sacr(i)’s"ou)}) for all

such that

j = 2,"',n fp(|:saa(i)7sog“):|)(j =1!2"”7n) iscdcu-
lated by Eq. (3) or (4), A ={xg(j)|j < k}, for

k>1,and A =9.
Especially, if

'u({X"(i)}):'u(AU(J'))_'u(AG(j—l)) =120,
then OWCLCOA operator reduce to WCLWA op-

erator. If “(A):Xz;\“({xi}),forallAg X ,where
| A|isthe number of the elementsinthe set A, then
wjzy(Ag(j))—y(Ag(jfl)), i=12,---,n, where

w=(W, W, W), W, =0, j=12--,n, and

YW, =1 then, OWCLCOA operator reduce to

j=1
OWCLOWA operétor.

It’s easy to prove that the OWCLCOA operator
hasthefollowing properties.

Theorem 1 (Commutetivity).

OWCLCOA, ([s,.5, |:[5..8, |58, ])

= OWCLCOA, ([s,.5, ][, 8, |+ [s.5. )
where [,.5, ][ S,.8, ]+ [ ,,.§, ]) isany per-
mutationof ([ s, 8, |.[s,.8, | [, ])-

Theorem 2. (Idempotency) If [saj S, ] =[s.S]
fordl j,then

OWCLCOA, ([s,,8, ][, 8 | [5% ])=[s08]
Theorem 3. (Monotonicity) If

|s,s, |<|s,., [foral j,then
OWCLCOA, ([s,.5, |.[s.8, |- 5.8, ])
<OWCLCOA, ([s,.5, ][, 8, ][5, ])
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RESEARCH ONTHE DATAPATTERN
CONSTRUCTIONAND MODEL ANALYSIS
METHOD FOREVALUATINGTHE
REGIONAL ECOLOGICAL ECONOMIC
EFFICIENCY

Thefollowing assumptionsor notationsareused to
represent the multi pleattribute decis on making prob-
lemsfor evaluating theregional ecologica economic
efficiency with uncertain linguistic variables. Let

A={A,A, -, A,} beadiscreteset of alternatives.

Let G={G,,G,,---,G,} beaset of attributes. The
information about atributewe ghtsiscompletdy known.

Let w=(w,,,, -, ®,)be the weight vector of at-
tributes, wherew; 20, j =1,2,---,n. SSuppose that

RZ(ﬁj) isdecision matrix, where 7, € S isanun-
mxn

certainlinguistic variable, given by thedecision maker
for the alternative A € A with respect to the at-

tributeG; € G.

Inthefollowing, weapply the OWCLCOA opera-
tor to multipleattribute decison making for eva uating
theregiona ecol ogical economic efficiency with uncer-
tainlinguigticvariables.

Step 1. Determinethefuzzy measureof attribute of
G,(j=12---,n)andatributesetsof G . Therearea

few methodsfor the determination of thefuzzy mea-
sure. For exampl e, linear methods, quadratic methods,
heuri stic-based methods and genetic algorithmsand so
onareavailableintheliterature.
Step 2.Utilizethe OWCLCOA operator

2 (W) = OWCLCOA,, (7 Fv.f,)

" - \)i=L42---,m. 4
= %((y(Ga(i))—y(Gg(ifl)))@) f/,(ra(ii))) =1 m. (4
to derive the overall preference values

z (w)(i =1,2,---,m)of theaternative A .

Step4. Rank dl thealternatives A (i =1,2,---,m)
and select the best one (s) in accordance with the col -
lectiveoverdl preferencevauesz (w) (i =1,2,---,m).

Step 5. End.
NUMERICAL EXAMPLE

A regionisahuge complex system of ecological
economics. Accordingto thetheoriesof ecologica eco-
nomics, socia economic systemisone of subsystems
of natural system, that islarger than socia economics
system, and human society and natural systemwholly
integrated. With the point of ecologica, economicand
social integrated, learned about ecological criseshu-
man arefaced could lead usto deal with therelation-
ship between human and nature. Sustainabledevel op-
ment build on thetheoriesof ecologica economicshave
become the main theme of society to develop. Coun-
ties, asweknow, areecol ogica economic systemwith
complexity likeother socid systems. County systemis
amain basic unit to reconstruct demonstration eco-re-
gioninChina Thegoa of reconstructing demonstra-
tion eco-region according to principles of ecologica
economicsistoimplement asusta nable devel opment
of regional system. What needed to be concernedis
theharmonization of therd ationshipsamongthesocid,
economic and natural subsystems. Oncetherequire-
ment meetstheecol ogicd environment will be protected
andimproved. Asaresult, lifequality of peoplesinthe
regionwill beimproved and problem of therdationship
between economic devel opment and environmental
protectionwill besolved. How to study therdationship
between human society and nature, built indicator sys-
tem and find method to assessment regions objectively
havesignificant for improving ecologica recongtruction
and lifequality of peoples, protectingenvironment. There
arenot enough freshwater for living and production and
cropping index (ClI) ishigher in China. Considering
cropping index and freshwater in cal cul ation of eco-
logica footprint, it could reflect theregionsmorerea-
sonable. Thissection presentsanumerica exampleto
evduatetheregiond ecologica economicefficdencywith
uncertanlinguigticvariablestoillustratethemethod pro-
posed in this paper. Therearefive prospect ecol ogical

industrial parksA (i=1234,5)for four at-
tributesG; ( j =1,2,3,4) . Thefour attributesinclude

circular economy development level (G, ) , ecological
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benefits(G, ) , management level (G, ) and prospects
for development (G, ) respectively. Thefive possible

ecological industrial parks A(i =1,2---,5) aretobe

eva uated using thelinguistic term set by the decision
maker under theabovefour attributes, aslisted inthe
following matrix.

Gl GZ G3 G4
Allsys]l [shs]  [s.s]  [s8]
Allsss] [s,s]  [sys] [s,s]

R=A|[s:s] [s:8] [5s5,] [s,8]
Al [s.sl [s2.s4] [s2:%] [sis)]
Al\ls, sl [sss]  [shs]  [sss)]

Inthefollowing, weapply the OWCLCOA opera
tor to multipleattribute decision making for evauating
theregiona ecol ogical economic efficiency with uncer-
tainlinguistic variables. Then, weutilizethe uncertain
linguistic approach developed to get themost desirable
ecologicd indudtria parks.

Step 1. Supposethefuzzy measureof attribute of

G,(j=12--,n)andattributesetsof G asfollows:

1(G,) =0.25,1(G,) = 0.30, u4(G,) = 0.35, u(G, ) = 0.25, u(G,,G, ) = 0.75,
(G,,G,) = 0.65,4(G,,G,) = 060,4(G,,G,) = 0.55,14(G,,G, ) = 055,
(G3 ,)=0.45,4(G,,G,,G,) =0.70,4(G,, G,,G, ) = 0.80,
(G,,G,,G,) = 0.85,u4(G,,G,,G,) =0.75, u4(G,,G,,G,,G, ) = 1.00

Step 2. Utilizethedecisoninformation giveninma
trix R , and the OWCL COA operator, we obtain the

overall preferencevalues z (w) of theecological in-
dustria parks A (i=1,2,---,5).

Z1(W):SL34122( ) S, 659 ZS( ) S210 (W):SO.SBIZS(W)ZSLW
Step 4. Rank all the high-tech enterprises

A(i=1,2,---,5)in accordance with the preference
d e g r e e
z(w)(i=12--5:A>A>A>A>A, and

thusthemost desirableecological industrid parkis A,.
ﬂogecétzo/og C—

CONCLUSION

Sincethereforming and opening, our country has
made tremendous strides on the economic devel op-
ment andwholesocid progress. But, the problemssuch
asenvironment pollution, ecological damageand re-
source shortageare becoming the bottleneck of further
economic development. At thismoment, our country is
experiencing the historictrangtion period about ingtitu-
tiontrangition, stylechangesand structural adjustment,
different regionsarefacing the unprecedented chalenges
and opportunities. The development of Circulation
Economy isthe need of sustainabledevel opment, and
the Eco-Industria Chain (EIC) istheeffectiveway to
deve op Circulation Economy. Both centra government
and Qingdao municipal government point out inthe
twelfth “five-year plan” of that weshould devel op Cir-
culation Economy and Construct EIC with greet effort.
Under such kind of situation, theresearch on the con-
structing of Regional EIC istheimportant content to
devel op Circulation Economy and readlizethe sustain-
able development. Furthermore, the stability of EICis
the key to the success of Circulation Economy. Inthis
paper, weinvestigate the datapattern construction and
modd analysismethod for eva uating theregiona eco-
logica economicefficiency withuncertainlinguidtic vari-
ables. Weutilizetheuncertain linguistic choquet integra
(ULCI) operator to aggregatethe uncertain linguistic
variables corresponding to each alternative and get the
overall vaueof thealternatives, thenrank theaterna
tivesand select themost desirableone(s). Finally, an
illugrativeexampleisgiven.
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