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IF] Pk I8 85475 4 R SR DI AR 7 10, B 1T ) S8 2R G0IR A B TH SRS, 6 1 0o, A SO AT RT3 S BB pR 8010 O 3, SR
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1 T in

1.1 =%Zr%
SRS BB Hh R D SRR RS S Y TE | B 30 O T A T SUAR R, 3 )X I A2 A 445 R A SR
T LA N PR A,
DUt 07 BRI 2 U AL e 3 vE 2 — , HURVAUE DU B 41k Y
ANR P AR A TS MU T 2 S SRR R T DL Table 1 Loss cost function
PR HEAT R U B AR

. N 25 D, D,

POREZEN 0 = (D, D}, R %« REETES D, 17 - ] .
A= a,,a,,0,] TR XG0 BT 2P IR I TT N | .
o aya, ay SHHIFRA G E IR T A —E R TR —E AR T N o .

N NP

A AT B, AR TR XA R A7 3l A9 FC A R B 2 1 foi

Ao App Ay PR 2 RJBTF D, MERWATSN 0 ayay BB s ALy Ay Ay 28BS » AR T
D, MRBATSN ap ayay BEEGIE , P(D, | [x]) RARFBEAR, X THEE «, RI—D PR AT S i 1 22 AQ
#h

T(ar’ ‘ [xj)_/\PPP(Di ‘ [x]) + APNP(_‘ Di ‘ [x])
T(a, | [x])=A,P(D, |[x]) + A, P(~ D, | [«]
T(ay | [x])=A,P(D,| [x]) + A, P(= D, | [«]

K FER P(D, | [x]) = MM FR A DT 0 307 UG D 5 0 B2 e /AR A DR SR R ) Sy
P) QR T(a, [ [x]) < T(ay | [x]) H T(a,|[x]) < T(ay|[x]) ML, x € POS(X),
B) W4 T(a, | [x]) < T(a,|[x]) H T(a, | [x]) < T(a, | [x]) B, W x € BND(X),
N) WH T(a, | [x]) < T(ap\ 1) HT(ay | [x]) < T(a,|[x]) BOL, M x e NEG(X),
EE?P(D ‘ ) + ( ‘ )_ 1 EAPP <A $ A:\’Pa)‘m\f = )‘B.ev = PN’ )ﬂ'JHEﬁEﬂWJJTfEﬁ{t?ﬂ
P) MR P(D, | [x]) = aﬁJZ_L M x e POS(X),

B) W B < P(D, | [«x]) < a 5L, x € BND(X),
N) W P(D, | [x]) < B WL, M x € NEG(X),
(Apy = Apy) (Agy = Ayy)
Hi. o = .8 =
/\EF‘. “ ()‘Pw - )‘BN) + (ABP - /\PP) # (Azm - )‘M') + ()‘.ew - )‘BP)O

i x € POS(X), WERI/RIER « ;#5 x € BND(X) , WRIRX] « SEIRIRIE ;45 v € NEG(X) , WIFRIRIEL x,
1.2 FHRESFAHRXEERE
EX P (WhES) B UNBE, u UPE—TCK, k& UL R B — M, 7(7,,7,,T,) 2
s s i
Z'(T)={(uyy')‘ueTUy=k(u)eRy'=Tk(Tu)eR} (1)

R U FR— RS Kby =k(w) EATHAE E(T) 816 B %L, y' =T k(T,u) N4 ECT) #y7]
PR
EX 2" (IEB A RIX R LB k%) #FIE X, = [a,b] HARKE, T X(X = R) JS¥ug -
EATIXE H X, € X, dE0iA x, € X, 10X, Al X B9 S0 500 o, (35T 2 i, ok 52) |, WX AT 2 S 4
x # x,, Wa T X, X BHAE X, B3R a5 v, B B K A — A G BK pR B
p(x,%,,X))/D(x,X,,X) = 1,p(x,X) =p(x,X,), x¢&X,,

k(x) = 2
(=) p(x,x,,X,)/D(x,X,,X), HoAh (2)
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Horb D(x, Xy, X) N a 2T X, MX B — A7 BAH
TEX 3V IO JEBR X ] A B BB BRICRRIX ] X, M IR, 3R X (X #~ R) S SSE0s AT A X (A
H X, C X, 56 x, € X,, WIXFSEHOR TR S « XTI XEE X, X HAE S «, B KA 0 CEK R
E(x) = p(x,x,,X,)/D(x,X,,X) = 1,p(x,X) =p(x,X,), x¢&X,, (3)
p(x,%,,X)/D(x,X,,X), oA,

H, D(x,X,,X) ~x XFXEE X, R B—BA7EEH,
2 ETAHXEEILLN=XRREEHHE

2.1 EMERFHEIE

=S PR R TR SRR RS AR 1 A AR R A RDRE B ) = A SR A B SRR, — R PN iR A

() 18 B 52 e e SR 4 51 R PP RSO S R DG 2L, AT 4R OCER B2 Al P SR 2 T R H K

INKRE PR LR UL, QR AR —Fh L Z A R PR BRI, R T OGR4 i, T LA
XHEJG KT 1, PR R & S 52 M Do, At 45 5 AR 46 b SiE g ek B30 JEUVARL ) 8 SCRT #1 SQBR B2 LN T
EX 4 B K(V,) NIFBr IR j K TG 0 B9 SCHRE MO 845 j 56 T8 9 ¢ 19 SCIR B2 LE oy

| K(X) [+ [K(X,,) |

, Kj(Xm) <0,
| K(X,,0 |+ [K(X,,) |
P(K,) = (4)

K(X,)
> K'(Xmin) > 0’
Ki( X, '

K(X,.,)
o, K’(X | < P(K) < 1;K/(X,,) =max | K,(X,) | ;K,(X,,) =min {K(X) |,
. K 1<i<n I1<is<n
(X

H T ORI BE LAY HUELSE LA (0,2) , BT LA B0 QIR BE e it 47 0 — R AL 3]l SCIBRE HE Y E AT, 4
PR O T 25 G SC I HE L ARSI E FE Y M 1, S0 — A A8 R IR BB LU 3 & AR D = ST SR IE A ek BOR R 47
g,
2.2 REEHMW

B 1 RYACHT pR B D A0 2% R SCHR B FUAE D D bk Bk i = S R SRR A |

X THFEXS G, RI— AR SEAT Bl ) S B A

T(a, ‘]) = App X Pi(Kj) + Ay XPi(Kj)’
T(a, ‘]) = A XP,'(K]') + Apy XP,‘(K]-), (5)

T(ay ‘J) = Ayp X Pi(Kj) + Ay XPi(Kj)O

HT P(K) +P(K) =1, H Ay S Ay S Ay, Ay S Ay < Ay, ME(S) WS
T(ap[j) = (Xpp = Apy) X P(K) + Ay,
T(ay [J) = (Agp = Apy) X P(K) + Ay, (6)
T(ay [J) = (Ay = Ay) X P(K) + A0
M (6) T, AR BAR SR T(a, | ) T Cay | ) TCay | j) BILTE R P(K,) J97shk A AR A R B
B ek AR RV A 28 Pk R B, DR MG = S A0 K A B o B FT LATE A b3 =AM I b P o = il 52 SR 1Y
WAy P(K) BYHE ., WIR « BATLLEAESE T(a, [j) 5 T(ay |j) TCay [j) 5 T(ay | j) ZEMHE P(K) AR
i, T(a, |j) 5 TCay |j) BWZEIEH v, WE 1 FixR, BRE 1,.7,.7T, 534 EL(6) FH T(a, |j).
T(a, |j)TCay |j),T. % T, T, T, THEEE,

AR AR DL 307 DU e 3 ik L /PR e SRR A R

P) MR T(a, [j) < T(ay|j) H T(a,|j) < TCay|j) WL, M j e POS(X);
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B) Wk T(a, |j) < T(a, |j) HT(ay|j) < T(ay|j) ML, 0 A
j € BND(X); T,

N) Wk T(ay |j) < T(ap |j) B TCay |j) < TCay|j) B2
j e NEG(X), B 5

HTFO0<B <y <as1, Wy @y g

P) QR P(K) = o 5L, j e POS(X); h

B) W B < P(K) < a L, M j e BND(X); 0 P(K)

N) W2k P(K,) < BINSL, N j e NEG(X), E 1

T,.T,.T, XWX Z+~&EH

He.a= (Apy = Apy) . Figure 1 Schematic diagram of the
( Apy = Apy )+ ( App = App ) relationship among 7', ,T,, T,
(/\BN - )‘m)
B

- (Am‘ - A/\w) + ()‘,\e‘p - /\BP)O

2.3 HWESR
FBR HEFITEY T MR IR R 45 B 4R A SR AR AR U8 LUTE T TS AT 20 9, O D A )
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WY IC RN T ZATH A4 TC , AR IS 23 G0 R 20 S ORI B
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R € R ¢ ,ep, e, X n MEVRINEES  V, BB (a,,b,) ,j= 1,2, ,n IWES T (a,,b,) WE b
FEASE T4 j A RAR I BUE L

Cl (apl ’bpl )
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c, x (1,2
ey ool Lo 2 R E IS B0tk D, = (C,,V,) = ,2 (.’) ’
e, x (i,n)
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2 MK A AT A A TR AR B KB

-p(x"(i,)),V,) .
x (i,)) eV,
v, | '

Ki(x,) = . , (7)
p(x(ij),V,) G gV
x L, of

p(x" (i), V,) —p(x"(ij),V,)’
K. K (x,) FRHE § AREAS 5 AHERR G SC IR 4% 15 B (0 5 45 S 0 460 20 ok T P B 0
(a, +b,) o (b, ~a,)
2 2 ’

p(x*(L’])9VU/> = ‘x*(La]) -
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<am' + bw'> ‘ _ (bw' - a/)/)

p(x"(i,j),V,) = [x"(i,j) - 5 5

W3 WA LA (4) THE AR O T A SR OCH B L, If i —fh b B8

B4 AT T T R AR

1) TR AALIF AN G — T HLIE [ 46 A5 A5 48 R 2R 78 59 & SO AL 1 [ 5 B 850 (8 ey
SN B = 7t = i 8 S T A s o 1 RN [ = v 2 2 O N i M B =5 Y i ot o D [ = B K s el ]
THE B AR (A B X, RIFRHEAL S5 B8 AR (ELAS R O, SObR MEAL B I T 22 hm 1, BBV E A [ 1,2]

. x*(Lx]) _xmin<i’j> . xmax(i’j) _x*(Lz])
WERFERR x' (i) = 1, fm 4845 «' (i,5) = — —
PR «' (i,)) o Gg) = i) + 1, Tm$8bs 2 (i,)) e GJ) 2 (i) +

e o™ (i) FRE DREARE jAPPNEARE S x,,, (1,)) = max{x(1,)) ,x(2,)) ,,x(n,j) |, BUITAEEAR
T2 N IEB AR AR Y R A 5 x,, (i4)) = min{a (1)) ,2(2,7) -, (n,j) |, BEETAREA PSR jASIE 4 48 A5 19 B
JINMEL

2) MR IR PR AU R R A AR bR e T P, = )

2 %' (if)
" 1 —e. d.
m%ﬁ%%ﬁq:j%JZPmum;ﬁ%ﬁﬁ%ﬁ%§@= L RUERRRE R 0, = n
li m — ;ej ;dj
LR, m FR IR
3) TR . IR T A bR 045 4 I T A R (8) 5
K.(dy) = X wK(x,) (8)
b
K, (d,) =max K,(x,), (9)

MFEIFREAR B E DN io, K K, (d,) FRFFIPAEAN CHEEE ; max K, («,) RARFFIFFEA C T T A S5 9 ¢
EENIUE TN

FB]|S SiaBIRER A, S 2, I AREAS R B E R 43 )5 B 0 T AR B, AT A5 1R R
Ha=0288=022HLEE0E, HER =028 8=0 22 B, T CHEE M= 0K ik
FIIN X5 B3 A~ S5 G F8 bn AT 8 B 40 L 15 B T RS SRR AN R4

FTB6 MR a5 R x kK R IR E ) R GG AR AL T 5
2.4 HiESW

BB R FRITE Y TR BRI for TR, — 22 KNI E n, — 2L K NHERE m, B30
— R PPREAR SC T A 1R AR O IBUE , e I S22 B2 O (mn) 5 2P 9R 2 3 T4 48 AR A QIR 15 SG I B8 L,
W B 5300 m Al n B2 for 36 LB ] B2 % BEL Y R O (mn) 5 2058 4 s ik DAl m Fl o PR
J2 for MEERTHR M IE | 7 048 A5 A @ M A, LB E] 52 4% BE B O (mn) 5 DRt B 245 30 1 B ) &2 2% 3 R
O(mn)

3 OIS

Ve CR e T A 13 K B8 IR SR B, 45 K BT IR AR 800 WA 8 AR IR & 3 19 A8 A5, AT AR SC
PRSI XF Uy IR T K BE PR B EAT A OF 2 IR AR R I

TR ORAERIEILA 13 T AR BURE B, 455 DR L KA 5 38 br R 8001 55 3 E
4G BT () I8 IO ) IV (IR ) o 25 45 8 0 28 LRI 3l
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, [0,0.1] [0.1,0.15] [0.15,0.6] [0.6,1.5]
¢ [0,0.02] [0.02,0.05] [0.05,0.09] [0.09,0.19]
e [40,70] [70,100] [100,130] [130,180]
c, [0.1,0.3] [0.3,0.5] [0.5,0.7] [0.7,0.9]
e, [-0.4,-0.019] [-0.019, -0.008] [-0.008, —0.006] [-0.006,0]
e [0,0.2] [0.2,0.3] [0.3,0.4] [0.4,0.5]
c [38,52] [52,57] [57,64] [64,68]
cs [0.05,0.09] [0.09,0.11] [0.11,0.13] [0.13,0.15]
¢ [66,110] [110,130] [130,150] [150,170]
D, =|c, [100,500] [500,1 500] [1500,5 000] [5000,6 500]
e, (210,257 [2.577,3.5J7] [3.577,5.5 77 ] [5.577,10 J7 ]
Chr [0.02,0.04] [0.04,0.05] [0.05,0.06] [0.06,0.08]
chs [0.8,1] [0.6,0.8] [0.4,0.6] [0.2,0.4]
c1s [21,28] [18,21] [14,18] [6,14]
cs  [0.67,1.3 7] [0.377,0.6 /] [0.177,0.37]  [0.0577,0.1J7]
Cre [700,800] [600,700] [500,600] [200,500]
chr [0.59,0.62] [0.54,0.59] [0.48,0.54] [0.3,0.48]
Cis [0.7,0.9] [0.6,0.7] [0.4,0.6] [0.1,0.4]
e [0.9,0.92] [0.88,0.9] [0.86,0.88] [0.83,0.86]
[e, [0,1.5] ]
¢ [0,0.19]
e [40,180]
c, [0.1,0.9]
e [-0.04,0]
cq [0,0.5]
c [38,68]
cq [0.05,0.15]
¢ [66,170]

D =|cg, [100,6 500]
e, [2.177,10 7]
¢,  [0.02,0.08]

e [0.2,1]

¢ [6,28]

cs [0.057,1.3 9]
C o [200,800 ]

¢, [0.3,0.62]
e [0.1,0.9]

e [0.83,0.92]
Horb: D, RN MR D, R P 1 BOE

FE2  HOCHE AR (7) MOCHR B T 2 2 (4) THR M IR T 2% 38 AR & T B> S5 900 DB B M2 QIR
e, L3k 2,
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R2 SRETFTEEFETENSFRGXBEERXBEIL

Table 2 Correlation degree and correlation degree ratio of each index in Harbin

PEN FR AR PEA bR £ I II i} I\
PEARBEEL/ (10* - m® - km ™) KER -0.484 6 -0.465 5 -0.198 3 0.198 3
RHREE I 0.295 0 0.289 2 0.207 9 0.207 9
K BRI R A2/ % KR -0.305 5 0.476 3 -0.285 8 -0.603 2
RHREE I 0.222'5 0.264 3 0.217 7 0.295 4
NHBEE/(N km™?) KB -0.999 4 -0.999 1 -0.998 6 0.001 4
RHREE I 0.285 7 0.285 7 0.285 6 0.143 1
WAL % KB -0.3270 0.0550 -0.027 5 -0.3517
RERE L 0.313 1 0.187 6 0.174 9 0.324 4
JNEREE/S: i VL) KRB -0.611 6 -0.077 5 0.310 2 -0.157 5
IR EE L 0.339 5 0.191 3 0.255 8 0.213 5
F—rel b E /% P35 0.4150 -0.415 0 -0.610 0 -0.707 5
KR EE I 0.2255 0.225 5 0.264 7 0.284 3
Remanenko ¥ 1E7% & & EQir g5 -0.542 3 -0.334 2 0.474 8 -0.312 2
RHEEE I 0.283 0 0.228 7 0.265 4 0.2229
T4 BE KR -0.907 2 -0. 860 8 -0.721 6 0.278 4
RHREE I 0.283 6 0.276 4 0.254 6 0.1853
AR KR/ (m* - A7) PR3 -0.460 0 -0.190 0 0.380 0 -0.276 8
KRERBE L 0.292 4 0.206 6 0.266 9 0.234 1
GDP B/t KR BE -0.959 5 -0.951 4 -0.838 1 0.161 9
IR EE 0.284 3 0.283 1 0.266 4 0. 166 2
A¥Gpp/(FIE- A7) KHRBE -0.540 3 -0.469 5 -0.233 8 0.233 8
KRB 0.297 0 0.277 5 0.212 7 0.2127
GDP K Z /9 K MK B -0.6750 -0.566 7 -0.3500 0.350 0
RHEEE I 0.290 8 0.267 5 0.220 8 0.220 8
b K BRI LA/ % KR 0.338 8 -0.338 8 -0. 669 4 -0.779 6
RHREE I 0.2132 0.213 2 0.276 3 0.297 3
KR/ (10 m® ~km ™) Kk 0.114 1 -0.114 1 -0.379 9 -0.557 1
KRERBE L 0.197 8 0.197 8 0.276 1 0.328 3
A REFER/(10° m* - A7) KR E -0.870 6 -0.715 4 0.105 8 -0.229 2
RHREE 0.3222 0.293 5 0.180 7 0.203 5
[} 7 & /mm K HK -0.438 4 -0.298 0 -0. 064 0 0. 064 0
RHREE I 0.3349 0.281 3 0.1919 0.191 9
= e E /% SEHK 0.196 4 -0.803 6 -0.926 4 -0.957 9
RHEEE I 0.171 9 0.262 3 0.280 6 0.285 3
AR 5 2/ % Pk -0.402 0 -0.282 4 0.294 0 -0.140 8
KRR EE I 0.294 8 0.251 0 0.2552 0.199 0
15K AL BERE F1/ % KK B 0.500 0 -0.500 0 -0.750 0 -0.8333
KRERBE L 0.225 4 0.225 4 0.267 6 0.281 7

FE]3 B (8) ~ () IR, H AT R EE T K BT IRR S b T 11 4%,
FERA R HHINAT A SFE PR AR =R 3 2

POS =1{1,3,4,5,7,8,9,10,11,12,15,16,18} POS = {1,3,10,15,16}

I %.{BND = {2,6,19} s 1 9%.BND = {2,6,7,8,11,12,17,18,19} ;
NEG = {13,14,17} NEG = {4,5,9,13,14}
POS = {3,17} POS = {2,4,6,13,14,17,19}

Il % .{BND = |5,6,7,8,9,10,12,13,14,18,19}; IV % .{BND = {7,9,12} .
NEG = {1,2,4,11,15,16} NEG = {1,3,5,8,10,11,15,16,18|
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E S E RN Y ey = R T K e S Nt N A S 1) AW A B el | 7 8
-, MRl AN S AR AR A SRR 43 DL R K g R A AR BUCR AT A e R T T EAR AL S R A AL R A0
F AR 1K % Remanenko W 7EZK & it T A4 16 K & . GDP St A GDP GDP K% FRME i
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Three-way Decision Model Based on Extension Correlation Ratio
and Its Application

LI Min"*? | YANG Yafeng"*’, LEI Yu*, LI Lihong'*"’
(1. College of Science, North China University of Science and Technology, Tangshan, Hebei 063210, China;
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4. College of Electrical Engineering, North China University of Science and Technology, Tangshan 063210, China)

Abstract: The construction and interpretation of the three domains had always been the research focuses
of the three-way decision. The basic method of extension evaluation was integrated with the decision-mak-
ing thought of “three parts and rule” , and the three decision-making model based on the extension corre-
lation ratio were constructed. The construction principle and numerical characteristics of the correlation
function were analyzed ; the extension correlation ratio with more decision-making guiding significance was
defined ; and its possibility and rationality as an evaluation function in three decision-making were dis-
cussed. The normalized correlation ratio was taken as an evaluation function; and the indexes of each
grade were divided into three domains; and three decision rules were constructed ; the purpose of dynamic
decision and mining optimized indexes were achieved. The model was applied to the decision-making
process of water resources carrying capacity in Harbin. The results showed that Harbin’s water resources
carrying capacity was in Grade II. The indexes of urbanization rate, natural population growth rate, Rem-
anenko potential evaporation, dryness, per capital domestic water consumption, GDP total, per capital
GDP, GDP growth rate and forest coverage rate were urgent to optimize to realize the sustainable develop-
ment of water resources system.

Key words: extension set; correlation ratio; three-way decision; extension evaluation; water resources
carrying capacity
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