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HE., AHF ENHIEN R BT RA N FE BRI RFE S (SLC) - ¥ F32(PP) KR
FI R B FARMAER | A S 1] 2006—2015 F 7K TR A A 20 F A0 A ) 34T =0 7, dad 6 ANt
A & Yl 3K B ot SLC ok ub AT e 5 A4 R 53 F AL (TLBO) H ik AR MKAL (GWO)
Fik E58L(DE) ik RA sk Ak (SFLA) 4T BEEAL (PSO) H kAo B 52 4 3% (ICA)
8 FAERBATIE , KA Tk Rk A ERAEIKERKS A G @RR 23 MEAammdRE
B R BRI AGATR £, A SLC-PP AR A JF K T F R 5914 7 BATFE £ o MBAKKF B
KRFFERFE B HAKTF A Z KR 5 ANF B AR R AR ZCE AR AR M 3 A AT, AT
W0 SFRRFTRAN AR TAL EREW. (a) LiEAFT T S3 R SLC kT HhAFE
#£.F TLBO #= GWO 7%, i T DE SFLA . PSO #= ICA 3%, LA FhM B & Ok ik B b #AE
FARAE S TR A RO SLAS TS ST S AF 45 5. (b) SLC-PP A2 s 52 48] /K 3 R ) R 2k 3R 4
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SLC-PP model and its application to evaluation of water use efficiency in
Wenshan Prefecture in last ten years

CUI Dongwen
( Wenshan Water Conservancy Bureau of Yunnan Province, Wenshan 663099, China)

Abstract ; For the scientific and objective evaluation of regional water use efficiency, a projection pursuit ( PP)
model based on the soccer league competition ( SLC) algorithm was established. The evaluation of water use
efficiency in Wenshan Prefecture during the period from 2006 to 2015 was used as an example. The SLC algorithm
was validated using six typical high-dimensional functions, and the simulation results were compared with the
optimization results of the teaching-learning-based optimization (TLBO) algorithm, gray wolf optimization (GWO)
algorithm , differential evolution ( DE) algorithm, shuffled frog-leaping algorithm ( SFLA ), particle swarm
optimization (PSO) algorithm, and imperial competitive algorithm (ICA). From five types of water use, including
comprehensive water use, industrial water use, agricultural water use, domestic water use, and ecological
environmental water use, 23 indices were selected to build an index system for the evaluation of water use
efficiency. A water use efficiency evaluation standard with five grades (low level, relatively low level, medium
level, relatively high level, and high level ) were constructed based on the mean and standard deviation values of
the projection series. Based on this standard, the SLC-PP model was used to analyze the trend of water use
efficiency in the study area over the past ten years. The results showed the following: First, whether for the

optimization of unimodal or multimodal functions, the SLC algorithm performs better than the TLBO and GWO
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algorithms , and much better than the DE, SFLA, PSO, and ICA algorithms. The SLC algorithm has the advantages
of high optimization accuracy, fast convergence, high capability in seeking extreme values, excellent stability, and
high reliability. Second, the evaluation results of water use efficiency in the study area using the SLC-PP model
show that the water use efficiency grades were at a low level in the period from 2006 to 2007, a medium level from
2008 to 2012, and a relatively high level from 2013 to 2015. The water use efficiency shows a significant increasing

trend over time.

Key words: water use efficiency; evaluation index system; projection pursuit; soccer league competition

algorithm ; Wenshan Prefecture

K BEIEA IR RS KGR HE 25 A7 BR, Tolk Aolk RIS 5 AR PR K H 45w BKRPIRES T, dndi]
i BARDK GHIRTE LR TE A2 A= APREE A5 5 T A R B AR 4 (R, A3 ) 7 9 9058 %) s 50 P R 22 )
FAM o KGR R A0 % ) R — P K W R A R AU SR 14 7 5 R A R A, R /K B VORI PR PR B 5 X6 T
FENT AT KA Sy OUARTC B K R IR | AT R AR K TR A B B A B B X, BAT, EN G TR B IR
FIRCREGATEM B R A 22 58 2 1) Tl Tl sl AR 28075 S5 1 BAIPE A E PPN ik
A H RS BRI | TR N T2 R 4 3 B A s A ik ) A BRI — a2 B9 S B
Iof HCR  (HAEAEVEN F8 45 2 2 BRITUTE bR sl H8 A s 2D, LA SCR FH 32 100 43 B 4 1ok I8 4 1 1l A 48 i 15 6L o
ERPIF AR,

5% FEE (projection pursuit, PP) S F1 45 52 5 AN &5 4E 55008 1505% 2R ZE 23 (8], IFAE AR 4k 23 (8] o 47 50
SRR GETT I TE S IR AR B AR LA K i e/ NREAS R e 4 25 [ 8 rp AT B R A, IR AE K BE IR A T &R0
WA BN FESERRR FH R PP AR f R R 1) A6 3 O PP A RS B 4R B e, H
A, 15t 1% B3k M ek 3 3807 ( genetic algorithm , GA) HBE R TR ( particle swarm optimization, PSO ) %
U 224y (differential evolution, DE) 875" TRA B E 1% (shuffled frog leaping algorithm, SFLA ) 1" %
W HIT PP RSB AE B Iy AL, RIS 1 — & i FHALCR, SR TR Tl 20 4ERY 4 AR R S
[, bR L DL AP RERE 75 6 /2 PP BB A G B SR, HARAG 1Y PP AR Y S AR 45050 5 o) ) a2 75 e 0 S
Fo g Sk = XF LS

VTAESR | BER BB AL 3872 (swarm intelligence optimization algorithm , SIOA ) H T H A WL & T ¥ 5 T2 8
T MR B e Jm) T e D Al S5 e s P PP AR e AR5 ) R B S B A5 380 732 2 I IR A1 iy
B, JEBRERFESE Fr (soccer league competition, SLC ) 545 /& Moosavian AU 57 1L SR IE PR 3R BA AR 51 A 35
i A4 A — o URE R BROU AR SR | I R R BR DL (CRIREAN AR ) 4 Ay [T 5 BR D RIS A BK B O ph I 2
JE T RN BRBAZ ) 3R O3 Z [ AH L5 4, IR BB 3-HE 44 7 20K 3k BAHE 44 B i A8 Bk 532 & A g Fp A AL I7)
R A . ZSE AR AR LM R KB W R G DT 4 ] 7 45 5 T A5 30 0

EHRED PP BRI SLC 5k R0 FEMERE , 52 T SLC-PP LAY LI ST 2006—2015 4R 7K I
RGP A ], XA AL ) AT A5 e PP A T PEA

1 SLC & BEWIE

SLC Bl Yy 4 ASHENIAN B OLSCHR [17-19 ], & PPAL SLC 33k A9 SFLRE T, eI 6 A~ S A ]
15 PR ( Sphere PR%L . Sumsquares PR%L , Schwefel 2. 22 pREY  Griewank PR%Y | Rastrigin PR, Ackley PREL) #E4T
D5 BB AIE B 05 B 45 R 5 22~ 8 1L ( teaching-learning-based optimization, TLBO ) 8.7  JK AR 1L ( gray wolf
optimization, GWO) 575 | #7 [E] 5% 4 (imperialist competitive algorithm ,ICA)%.3% , LA & DE SFLA .PSO %347 X
o, 45 R WK 1,

Sphere PREL  Sumsquares PR Schwefel 2. 22 PR%L  Griewank PR%Y  Rastrigin PR, Ackley PREH AL
AR B 9 B3 0 [ 100,100 [ -100,100] [ -10,10] .[ -600,6007 .[ -=5.12,5. 127 [ =32,32 ], 4e%584
130, FRSH AL A#EYE N min £ =0, 6 ERECH, Sphere PREL  Sumsquares PREL  Schwefel 2. 22 pRECA BN
PRIZR, FH A B8k e Ae S0 5 I F-JUKG B2 5 Griewank | Rastrigin  Ackley S Z Ui R £, BA 24 R (A
S R A 1Y sl 0 P20 RE ) A4 ey S PERE
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Table 1 Comparison results of function optimization

BREL Bk EHME brifEZE BRI Bk XA brifEZE
SLC 0 0 SLC 0 0
TLBO 2.41x107% 1.72x107% TLBO 0 0
GWO 1.20x1074 1.61x10™ GWO 2.01x1073 4.36x1073
Sphere DE 6.88x10~ 1.76x107* Griewank DE 7.41x1073 3.56x1073
SFLA 1.57x107'® 2.19x107'8 SFLA 1.11x1072 1.14x1072
PSO 7.48x107! 1.62x1071° PSO 2.28x1072 2.10x1072
ICA 1.35x1077 1.86x1077 ICA 2.94x1072 3.28x1072
SLC 0 0 SLC 0 0
TLBO 4.33x107% 3.06x107% TLBO 1.68x107° 3.71x107°
GWO 1.74x107" 3.95x107 ! GWO 8.98x107! 1.9300
Sumsquares DE 7.69x1073 1.51x1073 Rastrigin DE 83.2 7.1487
SFLA 1.07x107"7 1.41x1077 SFLA 70.3 26.3
PSO 8.17x107! 1.33x10710 PSO 20.6 5.5087
ICA 1.94x107° 2.44x107° ICA 35.5 9.1973
SLC 0 0 SLC 8.88x107!° 1.97x1073!
TLBO 1.36x107% 4.69x10~% TLBO 4.76x107"3 7.88x10716
GWO 1.56x107% 1.19x10% GWO 2.48x1071 4.30x107"
Schwefel 2.22 DE 2.77x107? 4.36x107* Ackley DE 7.09%x107 1.04x107°
SFLA 2.63x107!! 2.44x1071 ' SFLA 4.62x107! 6.58x107!
PSO 5.07x107% 1.18x1077 PSO 9.35x107¢ 1.65x107°
ICA 7.22x1077 5.59x1077 ICA 8.08x107 7.30x107°

R T PP AR R | R A TR I B R AR T BRI E M BIAHF (T =500, M =
110) , HABSEEE W . SLC FIABRFEERAEL N =5 B EBk 5 F AVEAMER L S #0011, R 0,15,
TLBO Sk T, J 1 ~10 Z[EFEHLEE %L, DE 5k 1N R B 4008 0. 8.0. 2,28 L% €, =0.2,
SLFA BLTFHEEL M, =5, FHEV T REDE0 M, =22 FREBUR T UEALIREL T, =10, PSO B3k v 154 H 7 He
0.729 , B R EH 0. 99, ihE 2T AT ¢, Fa)m2gz 2 T ¢, ¥ 2. 0, MRS EERR# [ -0.5,0.5], ICA
FE N, =10, [FHEREB =1.5, LERH £ =0.1,

7 FhEEFET Matlab 2010a F M 35 528, %t 6 AN AU & 20 R GHEITE, I MCFIME bR 229
JrHHEATIAL (R 1) o Hoh SO0 S i) 2 A AEIE AT F i Rk AR UE S Tl LATK S A0SR ARG B, b o
2% WA RSSOk e 1

a. 2 1 AL FEE AT, X T B0 pR 2L Sphere  Sumsquares . Schwefel 2. 22, SLC Bk T3 3k75 T B
WA, SO0 AL T TLBO A1 GWO 532 il T DE SFLA \PSO Fl ICA 5546 , HA A 24 18 19 00K BE A0
BB JBE 5 X T £ 18 MR 2L Griewank, SLC 5755 TLBO Bk ¥ 3R 453 B e LA, F-U0 0 B i ft
GWO ,DE ,SFLA \PSO Fl ICA 5.3 ; X TAEAE 24 Rt A a5 1Y 52 42 2 0 PR AR Rastrigin, SLC 3303 LRI FE 4R
IS U RS B e T TLBO .GWO \DE SFLA \PSO il ICA 83k | 3 P M A 47 174 b 4 FL 3 BE ) A4 )
WAEIEZBETT s X7 T Ackley BRZEL, SLC Bk SHRKG B2 [RIAE L F TLBO #1 GWO F.3% K FEHL T DE \SFLA [ PSO
FICA B3 10 MR T, A Bk R e iy B arPEae

b. SLC 549 %F T Sphere , Sumsquares , Schwefel 2. 22 | Griewank , Rastrigin PR £ -0 bR #E 22 24 0 (BR
TLBO SX} Griewank pRELFEARMEZE N 0 4b) , R IE T TLBO H1 GWO 53, iE L F DE,SFLA . PSO Al
ICA 536 0T Ackley PRECH) SOUARMERZE ] 1.97x107°" L FHABSE S 15 MEORHLL L, R B YA
SRR

c. & SLC k4, TLBO Fl GWO Bk FUUHEREZL T DE (SFLA [ PSO il ICA 5.3, 32 H] TLBO F1 GWO
X 2 FOET AR Re ARk R R B B ) A R SR R

L5 b, OISR A & 2 R AL, SLC SEVE S AT B ARG FE ISIGE B W (TP BE T Al sk e
P ST R
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FHT, P9 26 T oK B IR I RBCR B PPN SR AR A R 5T, SRR AR SO SR F2 043 43 W 45
Dkt R S B R R R S SRR MR RS — B0 R A R SR AR IR R, T X
IKGEIRAIARCR BAT &5 80w A2 RGE ARSI EG , K SHEM IRCR Y M- & Tt & B R S,
FHRE SRR AR R AR — DN E ARG, AR FZ K AR ERAR . BT, EH SR 1,2021 ], 78
7325 FESC I DX BRI A5 S 8B AL e R AR DL , SBEOR AR 2 | AT 4R A R A m] A B0, DAOK B 25 5
IKEER  TL KSR AP FHZR B A6 TR B3 B AR 28 R TR B 5 AN D7 Tl e MU o6 GDP K 4
JHIK S 280 N BIR B 25 23 N CR AR bl it DK SR A FSCRIE I R bR IR &R (R 2) .
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Table 2 Evaluation index system of water use efficiency
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Ei-R 7
Ji 7% GDP A&t €,
FKPE R AL C,

NHPKBE R C,
NHLEE HKE C,
IKFEUEIF KR Cs
PRI C,

JIIET A IME K & ¢,
Tl K e Cy

Tl FK BRI C,

Al K B €

HEWE KR 25 ¢y,

Ji el s mE K €\,
BT B KR C
BRI C,,
A48 KA €

WA AR A G RKE C ¢
PRFT NB A SRR EE €y
S RAE TR FIK B C g
HEAIEEHK B C,
IKIIRER ISHRER Cy

Wi iE KA B ¢,

A¥J COD MIEA = C,y
A NH;-N A Coy

*

fik

Bl FE b , RAL P L [RFER GDP I 7K SN | 7 B YR PS03 g
FRAR , FAE— D H X TEGE I TR S 936 R GDP 3§ ORI LU

/N AR B IRR O B g

IE TR FR , AR — 3 ARSI AR BHRIT 2R )5 BEYE
TE 38R , FAE— 4 X AEGE T P K 98 U A8 P R 2

Bl HEAR , FAE— A XA GETHI N K B BT A A1 A AT X A 2
IE AR , RAE—AHb X FEGE 37 P9 Sz T AR L Aok fig

Bl FE b, FAE T A [T ) Tl S BT P B8 K BN | K 8 5URI AR
IE 48 bR, RALAESE 1Y A Tk FH AR BT P OB, AR B IR FH AR g
IE AR , FALTEGE TP Tl K 2R F SRR, 7K 58 J5UR IR i s

Bl FE b , FALLESE T HY N A FH AR BT i LB/ | AR B IR PR g
TE [ AR , FALAEGETUT P HEE K M) FH R ORI 3 g
GUBHEAR | FAE ™ A= [RIRE A Ml 484 T (BT FH B4 7 SN | K B A P A0 e
T FRER , RAE— D X FEGEHHI A R AL FHK K

TE AR , FAE— A XAEGE T N Bl 5 7K KK

IE AR , RAE— AU X ARSI AT IE 5 2R 1 B9 KK
IEFHEAR , AL — A HL X FEGET I OB 11 AR T8 A T KOKF-
TE AR , FAE— A DA GE T N AAT AT AL 35 B9 FH KK
IE AR, RAE— MU X TFEGE I N i R AR T K RUERE

IET AR , RAE— X AEGE T N AR 2SR5 K PR IE AR BE

IE 8 bR , FAE— D3 XA K 75 Jia B sk BHE Y B bR L RE
TE AR , AR — A X AR GE T P T ¥5 K Ak BEK P
IEm$ERR , RAE— MU XTESE T COD FREE 2 REKF- R
IEmAERR , FAE— DX FESE TS NH, -N PR A /KPR

3 SLC-PP KZIEF AR IEMIEER

3.1 BRI EHEEER
PP A5 T K B TR RO (9 TR R 2
a. Kl Ak B
b. M BE IR R, PP BEALERE m BRI (x| j=1,2, m| ZRELRLKEE M a = {q, ,a,,
a, b ABCETT A — AR 2,

m
=Y an,
2

(1)

BE BGEARPRI | 20K 2, W R MU AT RER AR, TN M B AR br R BN
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Q(a)=S.D, (2)
K, S, z, WbRiEZE ; D, z, WREREEE . S, . D, Feik=UILSCHk[ 18-19]
. BRI RE AR AR sR B, B T AR B Ty ) (R R Ak A B L B A SR A () S
max Q(a)=S.D,

m

2

s. t. 2 a;
j=1

d. HHEEGEE . BB Irm a A (1) B RIHGEE 2, .
3.2 SLC-PP KFEHMARMEFITMNLASER

SLC-PP /K BE A FHZCRIEN AL IR AT A an =722 () M@K IR SR IEM SRR R | ORikA T
TEbr— LR, (b) BE BARREL, (o) PIREEESE, (d) AERUBROL (FhHE) o (e) 380 BE PRER(H
TR (f) THRERTE . SRATRCOT PRk AR A AMRAE . (o) BRUGRIERTE. (h) Rdefs (huEl], DR
LR e~ HEWELZ LN, (i) frbEPH R IR G (Se ) AMAGE N BEE S Ak zs [l & B AR
Ma, FIEEEH, () B maf AR (1) KGN AR BAEREE 2,  IF A HIZ R RYNIME 2
KehrifEiZE o MrE K GEERFHRCE TN 3 Hbr e, B KRR HBCRIOKE € (0,2 -20 ] BAKF: € (2-20,
z-0] WEKFE e (z-0,z2+0] BWEKFE e (z+0,z+20] . F/KF € (z+20,0) ., (k) FIHPIHER
IKGEIER R 53 Db HE T 25 VT A A K 58 U5 R T RCR AT VP4 43 87, 7R H] Spearman 42311t 5
Kendall 4¢3 12 X0 7 SR A (18 7K B U5 T8 A T AR A 3443 #r

4 =B E R

4.1 EAXHER

SCUH AL F 2= 1 48 25 B A8, R 4B ) 04, b4z il o, V4 55 20 30 M ik 40, R SRR gz A, A M i AR
31456 km® , 73 JEERIT L0 WK, 245 - 2B /K B1 210 mm , A2 501 mm , KRB 157.7 42 m*,
LRGP A 7. 1% |, JB AR F K HBIX . 2006—2015 4FSC LN AZ A HEE T /K A0k 2 i 5 ok 1 T {4
TR A ZR i 15 K R, S0 Tl AR AT AE 15 5 7K a5 K R R A AL U S R, 2K R TR
FARCR 2006 155 THEARIETE, (HBEE SO TEAE S Pk & e N D3 m s b st R e, /K %% 5
BETE P 6 H 25 IR, K IS5 T5 Y H ™ IR | iE— 25 B8 i3 7K 08 U5 R FH OR3P XS 28 B At 2 vl Rl R R 1Y)
TERMORMGA Y], P B 2 0 DA DX K 8 J5 R 0 R TR o K A 2 gl ik S04 T B ™ A% K
TR R B S K BRI R S A S 2 Tt sl sl e B B L, SCIl 2006—2015 47K B
FIFRCRIEA HR b5 B A IR T D7 K FE R A SCILN G 47 25 K AH SRR 45, L2 3,
4.2 KEFEFAYEEERBRIFNHER

a. BIRR AR, A4S SLC-PP K BEEA HACRIE AR B SE P B BT 3% 4, R FHIE—10J5 1% 2006—2015 4
SFRBARHIE B B AR KB, IR SLC 225K i PP BB e AR 4% 5% 07 1] ( SLC By R 2s [k B N[ -1,
1] R R E S 100, HARSECE Y F ) o ¥ SLC-PP BEAYELLIZ T 20 Y (T 5 k{72 WL IE
1) HHEE R PEM SRR 20 RS T M8 @ = (0.2524,-0.1295,0.0207,0.2580,-0.2472,0.248 4,
0.2464,0.1882,0.2529,0.0734,0.2134,0.2262,0. 1132,0.2825,0.1828,0.2156,0. 1755, -0.044 6 ,0. 1957,
0.0875,0.2917,-0.2562,-0.2561) ;20 KA fHih b fH450. 000 697313038331011, Kt a fLAF (1),
135 2006—2015 FLEGHFAA 2,  FIH 2006—2015 LG 2, THRAF BRI A HBCR &5 72511
iz, brdfEZE o 73078 1.2390.0. 7577, W z Fll o #9385 DESEG7K G R FHRCRITEAN 43 BARE 73500 R A%
KF e (—w, —0.2764] . BAKKF e (-0.2764,0.4813] &K e (0.4813,1.9967 ] . &k T
e (1.9967,2.7544] FiE/KF e (2.7544,0) ,

b. PPN EER, FIF R K B TER PRI 43 AR E X S 2006—2015 4F 7K B8 IR A F 85R 3k 15 1
W, 4R WK 4,

c. 221 2006—2015 KGR FI AR LA B AE 2, 2 H I 2 a W3 f LI 2,

(3)

1 qel-1,1]
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Table 3 Evaluation indices of water use efficiency in Wenshan Prefecture

SEfy c,/m? C, Cy/m*  Cy/m’ Cs Co/ C,;/m? Cy/ % Co/% Co/ % Cy C,p/m?
: (77 m* « km™)

2006 480.0 0.1608 4172 187 3.92 1.96 169.0 9.87 55.0 88.0 0.44 978.4
2007 326.0  0.1071 4214 198 4.31 2.16 147.0 9.27 60.0 79.0 0.45 893.4
2008 283.0 0.2119 5303 202 4.39 2.20 120.0 9.82 65.0 61.0 0.46 655.8
2009 259.0  0.1499 3222 201 4.32 2.17 102.0 9.69 68.0 68.0 0.44 641.6
2010 203.0  0.4903 3540 187 4.17 2.09 91.0  12.47 74.0 72.0 0.42 561.7
2011 183.0 0.0732 3136 207 4.66 2.34 76.1  11.70 76.0 73.0 0.44 587.8
2012 156.0 1.0880 3755 211 4.72 2.37 75.6  12.21 80.0 72.5 0.48 432.1
2013 158.0 0.3993 3413 243 5.53 2.77 74.4  11.93 87.0 72.1 0.50 471.4
2014 148.0 0.6622 4127 254 5.79 2.90 73.7  12.38 91.0 71.2 0.51 469.2
2015 147.5  0.5985 4663 265 6.18 3.09 70.6  11.56 92.5 70.3 0.52 467.8
R Ca/md Cy/% (Lc-lsd/*l) (LC:](;{/’I) (LC-]:i/") Cw/%  Co/%  Cy/%  Cy/%  Cp/ky  Cy/kg

2006 7 800 12.0 71.5 101 54 14.24 0.40 66.0 33 2.3536  0.2879

2007 7 200 16.0 73.5 104 58 13.39 0.60 72.3 35 2.3404  0.2863

2008 6 450 18.0 81.5 113 61 14.73 0.50 58.3 37 2.3138  0.2830
2009 5 700 16.0 86.5 107 56 16.00 0.30 63.6 40 2.2990  0.2812
2010 5250 12.8 68.7 97 52 13.23 0.50 63.6 39 2.2865 0.2797
2011 4197 13.4 72.9 95 51 12.66 0.60 63.6 47 2.2708  0.2777
2012 4 665 32.0 75.5 117 55 13.02 0.70 72.7 65 2.2559  0.2759
2013 5 100 38.0 88.8 119 58 13.30 0.70 76.9 80 2.2181 0.2713

2014 5415 42.0 86. 4 123 65 12.38 0.80 65.4 85 2.2138 0.2708
2015 5 475 45.0 108.6 128 66 14.67 1.00 70.0 88 2.2009  0.269 2

®4 XLMKFRFALETMER

Table 4 Evaluation results of water use efficiency in Wenshan Prefecture

Ay z; R Ay z PR
2006 0.1617 BARKT 2011 1.0538 FR 4K
2007 0.4717 AR 2012 1.5870 FR A K
2008 0.7883 R4 K 2013 2.0345 B K
2009 0.7294 rR 4K 2014 2.2472 B K
2010 0.8296 A K 2015 2.4867 BRIk
7871 — ¥z, -- 22l — &k (Bo¥fiz)
— SLCI
— SLC2 51
— SLC3
— SLC4
R — SLC5
= 4
- =
B R
= ®3
1 72
2
6.9 — . 1 . . . . .
1 10 10° 2006 2008 2010 2012 2014 2016
HEAAER AEARY
1 SLC-PP i 5 R HLiTE B2 BRYETUBHRE2aBFHTEHTRE
Fig.1 First five evolutionary processes of Fig.2 Variation trend of projected values and
simulation using SLC-PP model two-year average moving process

4.3 WNERSH
MEAERE T7 PSS RO T | 5 KA B AR NI 288 HK R Tl K BRI 2R
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JC GDP H/K & MK R 7 70 Tl $ME 7K & B 2 AR K  7E 0. 2464 ~0.2917 Z ], Hixf K
BRG] RCR I 14 5 M-t 5 K5 VR Sk J7 e AR b 38 B K o 3 BB 389 2 38 FH K i HE /K R &R 8
WEEAN 2 K e Tl FH K E ) N 38 A 36 K & R AT AN AR 08 K &, A 4 76 0. 1755 ~
0.226 22 1] ; A B PRI AT AE 0. 0207 ~ 0. 1295 2 [i], Hx /K B8 5 F FHZCR BEH 59 52 i AR X 4570, H:
H, FK L R K BRI R AR RAE T K Ee il L N34 COD B 5 s M A B AR A m e
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