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Application overview of set pair analysis in intelligent prediction system

ZHAO Keqin
(Institution of Zhuji Connection Mathematics, Zhuji 311800, China)

Abstract: Preparedness ensures success, whereas unpreparedness spells failure. However, predictions are subject to un-
certainty. Accordingly, this paper summarizes the application of set pair analysis theory (SPAT) in weather and precipit-
ation forecast, sandstorm forecast, hydrology, water resources; water supply; and demand forecast, electric power and
energy forecast, geological disaster forecast, civil aviation risk and accident forecast, crop yield forecast, cerebral fore-
cast, and social economy forecast. The basic steps of intelligent prediction system modeling based on SPAT are sum-
marized into three steps: First, a set pair is constructed; all the relationships between two sets in the set pair, including
relationships that are defined and not defined, are analyzed; and proper connection numbers are selected as the charac-
teristic function according to the relationships. Second, a prediction model based on connection numbers is established,
including improving and perfecting the existing prediction models using the connection numbers. Third, a prediction or
forecast is made using the calculation of the model and uncertainty analysis around the model (being the key part), in-
cluding retrospective and real-time predictions under current scenarios. By doing so, the prediction accuracy is guaran-
teed and enhanced; thus, an effective new way toward intelligent prediction of uncertain systems is opened.

Keywords: set pair analysis; system intelligent prediction; prediction model; data structure; cluster; dynamic optimiza-
tion; connection number; uncertainty analysis; information ability
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B, R £ AS TR A 1 ZURE GO AT 70 . 2545 [
PN S — L8 SR PRI R BR T T AR S AT e A it
BAL, 38 3 S R AR A3 A 6 Ee 2 B, AR X G B AR A
fa1 18 2 47, V0 45 R HEA , 78 Bk 18 A 2R 200
P B T 1 S AL

5139 TEWIRAE™ B SPAT #7142
AT AR BOASOR 22 5 AR B kR T A A, 52
191) B [ Al 7 125 | 6T B vy 2R < 2 R 9 0
WA AT, SR

Bl 40 JEBIERAE dN TR EE B R
B — Uk A TR R, 2R R T I R BUE RER A
PO SR bR, 8 KR B =N R, T D-S ik
i BRI 5 B BEAME ARG, B T FE 25 ek B4 5 AL
5 RS B ETESE PN AEAS A E B AR 2, Sk
B RA RO AT

B 41 Wang %" XS0 5 RIS G
T — A R SR G A ) T A Y

Bl 42 BV S ST 415 IR AL SPA, HEaT
R ) P AR L S IR L N B
3 AN T3 TR Sz TR A B, R 25 B0 R
FLF #4381 MK AL 3 ( combination weighting aver-
aging, C-OWA ) | K 1 U 5 2 P KAV (criteria
importance though intercrieria correlation, CRITIC) .
TR 2 A WAL | BOAL R | 25 A
o5 S5 Ji T AR XS 23 B B v %) O ST HE AR R T
ERRAE DL BB N T PR T H R 2 Jm AT
S5 TR Y S R A PR O, A5 T Y 2R R
R HE u=-0.302 9, 5 A, SR

5.1

52 &EXoHERE TR AR B

543 A S AE X BT BRE (SPAT) 5
PR 55 /R W] R (fuzzy-Markov) BRI 256, X i 3%
SPA A5 A v [ AN o R ARG T R, 25 SRR
B &2 A BRI RR S E — 20 4 i S IR TRLINDORS B, A
A W A3 A s b 2L R A S A A

B 44 AEEE AU S o Mk 5| B0
25 [a] Wi, L MAPGIS A #:A/EF &, 784 B A H
ST IR DXV e K R RS L AR R RN &
HRRE AT ST M i SRRl b, MR G 4 SR
S THUIN A 165 M S5 A b v, R AR e A5 T
T Y J8 A B S 45 TUI B TR AR S L, B A
FHAEST 4347 L X 4% 00 5 0 R4 T e B P S5 0 T
Do K I 45223 () 00 (61 5 8 20 3 30 4 A J AT L
B, G5 PTEE 5 IR OIAT, 45 R R X A
WA REAE IR = TORS E  45 38 .

Bl 45 SR IRZECY B T XM LS Y
TR 25 FH T 00 I JEL it 3 X A ¥ 0k e ) e 1
DU, 5 X6 7000 25 JE AT 0BT, 5 o & X R T AR
1 15.89%, H1 5 & X i 12.96%, Ik 5 & X FIA 5
X355 45.15% F126%. W5 KRNEHEGE
TR E AP GEM R =8 R U ARY) My E
(10°~30°), 5% X [ SE PRIl LT A o
5.3 &N SIS BRIBE R A R & R A

Bl a6 BRI, et AR A ERE
P M M TR R RE R MR K
A BE LA I 5 L Hb T K AR IR | R /K AR R B
KA L T AR SR A A S TR G 50 12
AT IR A R R B I R R I B S R
PES 53R 5 ASSE R, FHE B 0E P I 7 R AR
PEATIRAE, PR Gbr e . 32 AR X400 7 ik,
W52 ] R 28 SEEIEL 23 30 5 5 AN fa B 1 S AN b
WEZH AR X, T R, IS AR PR B R H0m
Hep 45 51, He B n R ba e S 9. FIHZ T
TR M R I\ ML DXV B B B 1 AT T, 45
R, AT RPN 55 5 SEBR I BUARAT

Bl 47 A EMSES LA BT 21 SR
Ve A i V8 R ISR 4, 8 AR X 3 B i A5 R
Ma R R A R Y RIE RS, SEEH
2 M SR A B S A5 G D A 45 SRR AT L
XF, M E A 2 A B A T AR R e A I T
Bl

6 X AT A2 G HON By R

ExomaEREHERREEHN G H AR
5l 48 A=A 2001 4F I T4 X 4 BT

6.1
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D7 L HGE 20 47k 1 Ja BRH B s, i ar T IR E
AL R A B g O Y S e R R
PAH LR, BB T AR XT3 T O R AR A T R 2
Bt ) A AR A ) U T AR
6.2 S XI5 AT 7EHR R Al 55 = ol AR B9 Bz B

549 gL T 2002 4E R — P AL T AR
XM B R TON % o Z RS T X AT
{18 i) S5 S A TR S 198 << 48 3w U AR 2R 24 43 B ) ik
A SBAREAT 43 2S00 o K% 07 vk I 3R g e
b 55 s B 0 A Y, A T Ok LA, 4
T2 U Z 0 Ty A R
6.3 HEXIHERXELEE &S ST eI R B

550  FUEE LU XA BEE Ry SR, AR
73 (] 45 G R RE 25 BG4l X dal R 2% ) 4 % i
M FLAY (SPA-RCC), /T 1996—2013 4F [X I
R EE 7B 58 O 53 Ay S 0 B RORS: 30 5 H , S 5
BCHE FH T 000 AR T A A 56 M AR R () RS
BRE A3 AT o 25 F A, 3L T 45 X 4 1) IX R 25
07 T AT (1) i3 25 R AL T -8.63%~—7.19%, H5 1
T AR v T A R, nT e N X 3 R 2 )
AR o

B 51 Wei &5 B ) FH A X 43 A A5 0 X6 5 [
oy A B R A AT T, ST [ F Y B
AT, ZAAILE KT 8 ANV 0 T 1 22 4]
HE AT IR, B P 41 25 AR 0.38%, B
iR 2258 0.01%.
6.4 NAFIETN

52 FNE AREEEY g ST T O R AT R B
BEXT A3 AT Sh A A JF0e LN AN 1 B R Bh
BERL AN S, BAFRLRCR . IME A
22009 AF I8 4 Y —Fh T RO S G T B S X
T 7
6.5 Ft& XU T

5153 IS BT B M Markov 55 5
W AR B RV 43 BT 7 i, A R R R O A
2 S IO AR AR 1 SR R USSR AT S A 2 X
B F8 AR A R AU AR X s FEA AR AR AR SO T AR
Ivi] Fsf Z21) 1) 4 %o B 2R DR SR B MR A B, DA
TR A% 5t AN TG ¥ Wl s {8 UK ) B 1 19 ]
oS, R FH B 22300 28 S B 119 15 [ Markov &% 50
LN IE R BT, AT AR S XS A B M, DL T
PX 351 H PL 3R Ry B3R AT 7 v B0 uE A L, S5 SRR
JITHA AR Y 5 A G AR AR AH B, AT LA A AL, B
ity b X o RS SR A s AU i A 7 )

5 54 JUK SN S5 AR S TEAN A0 43
BT — A 1% 3k 17 2 b MR SR G ) 2 fE B M TR AN Tl

W7o %IRRT SPA 1 2 TUHE REN R 5
4 96 I8 55 G R A7 3 0, 32 1 B 2K AT K 1Y O T
P, IR 45 R 5 X SR A5 G, T ST 4L R
SEERGIRA W ER KT

7 B X AT AR ISE T by A

7.1 WHEKRITEBR

B 55 i A AT R — s Y TS e TR Y
g3 A FHECR ¢, 5 R s sh w2 S is e
Fi B VE BR RN RAE R B G, mrE T A
2 b P WA N Sl 1 S 2 A R e SR ok S B, I
AR V5 G 5 7 B PN A R AR P, s T G
ik £ EN KA R 515 W 0 e R W & 3T F
T eI A A X AT T T IR A RS e
R 5E, TR EE B E . AT “FEI
725 75 Y PR B AU v, RO Pk Y PR LA A
I Pt BE, HO2 N F IR R M REIF AR R A
AR A B A S R AN R 3R BAE 11 7] e 5 B
AR, ARPELEXT 7B (SPA) FEASHH & 14 A
FENEVE I — 1 sh MR 5 I R G AL B AR, 3
2 Hiy 43 A Ak B AR R TR R AR A AR 4R, R
BEUR B AT, S Xt P R A7 28 ) 1) AR S5 5 A
Br, kAT R P T 1 55 - 1 VR H A2 204 8%
i, Lk Bl R Y e A R - 4 A4S 3 72 45
A, T S0 PR 4 R /NFE 25 Wk Fii 4 v (1) 2
DAk, R RE AT B 5 M R . B
HREAIC WHE 1 PR, X AT
W — R UL T R 50 18 22 70 81 5 T A5 78 v 34
Jin 22 T 5 0 B ) TR PR A i P 1 Bl A Ak B
A BT TR AR
72 BEIKERFE R IKRTFHR

Bl 56 TR UREF AR H AL TR T HEN S
R 7K R B B /K AR TN A 8 (SFM-SPA), Jf-iz
FHAZBE RIS AT T B K I B S K 5 1 3 g i 451) 55
ko 5 R, FERE AT, R BT 35
BEO wT A7, B RN T35
73 WHAESRGETN

557  ARAEBIREZW T ST E R A
JEE 1) R B o A, A AR A A S IR R E
RS EE AP bR, Z B2 20 A HEZ RN
£ = S A PN o 2 N DR i e B T
WA 25 72 % 1988—2004 4F Gk LT 25 75 J2 385 St
oAt 2 2 3% 52 i R - Bsf 8] )3 8 0 B 1) Sk L=,
HEX s B 1) @ TR RS S
TR R 48 1) S X S LR &R B 5 2) ) FH Dy sl e e A
Rz B0 156 22 B 5 3) THARA UL R S 0 T 04 5 93Kl
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G, X EIUT 2005—2020 45 AR 25 R 8 K R
PAEAT T W A5 R R, 2005—2020 4F AR
SRR 1810.925 J7 hm’ #4K 3 2873.857 7 hm',
EI LT GDP LSRRI AR S, 4

EORZ N ] s A LM 101 W WA RSB S El)
K AR X SRS L

Bl 58 AR &Y LB AR 4, ¥
T R AR S R 5 R OG5 ) P R R R R B
JE, Rl AR X 43 b v R R] S B B TR Y <R D
T TR 2 A B VAR 38 S X 0 T s S AR A, )
R N BT T 2005—2020 4F S A R T & R
AT T M, R 2ZEE /N T 0.3%.

59 RIFAAES d ST T R AE X M R
T i AT DX A5 R 3 Bl A T Y (SPA-
CP) HAKSIH 7% . N HZE R B, XEEBTT
Y PR S M, TR, R R e, I
B, TN [ X3 AR 2 R 0 S 2 T A A R
IRIERS

8 Tt oM AE R ATtk B izt
T o By R A

8.1 EEXF 447 7E R A XURE Tl A B Rz
B 60 X HTAET LUSE X 43 Hr v i ) S R
AR TR S 8 << 0 D ) R 3R 2 o A B Dy R
A AR A3 B At 55 R 3 il S A e 72 Ak
e BE AR SG A PRER, I A 3 O fe 55 R iy [
YD S R, S T RS i RO AR X
PRI TR, 38 18 % F 1 2011 4F R Atz iy 5
SO A B B TN, 45 2R 3 W IR A dcs g = WSO Ak 1)
AR A 5 26 TN AS 50 )0 R 2 gy 1 A T AL
(3 2), I HIrw A A s A, BA R
S AN E
F2 SHMBNAENTMERILE
Table2 Comparison of prediction results of five forecast-
ing methods

e TOE AXR2E/%
IR 194.12 6.07
JRAB, T IR ] i i 199.28 3.73
IROHTRACE SR AT R 224.49 8.45
Y RERUEA TSR 203.77 1.56
BEXT S M R 2L TN v 206.20 0.385
Bl 61 47 R QAR BUHE 1k ¥,

2B XA AN B R AT e S T AT R AR
TEARBLRY A7 1L QAR 8 FR =5 14 PEAL $8 %,
K FH A 0 W P A R 2R R R il o 2 4 XU A

iz SR A 5 BOR ff a8 &E eR A I G B R A
R, DA ®AT 2 e sh SR p i, DAL A320
HLBA 6 A~ H A= A00 % f iai 19 7 2 PR = 4 X AsE 7y
HEATEE . S5RFM A F 2 A6 A A
13 B 2 A RS Ry — e RURS:, HE At T 0y A AR XU 5
SRR RS — XS, JF A Bk .

il 62 ik—FELE AL X0 (SPA) BRIE AN
LR AT K4 (MC) 256, Tz 4B L 2 &
A, DIEES LSS KA BIFE T 5k,
82 EXHoMEHKELFZETN PN A

5l 63 B EEAEVY B T —Fh L T4 X R
I TR0 o 25 DX 25 A TR 21 5 AR % A B A i et T
W T7 3, 27 1 5 X SR I o A 75 7 T 0 (LA
St A, FH N %) S s A B A U i AR N,
ST PR M AR BERLZE AL, IR HR TR Y Bk
e J5 DASE B 1A R () ml A AR 2 e
8.3 Xt/ #fr 7E % B iU B Tl fh 89 Bz B

5l 64 Li %V R T —FhIE T Mot £ X))
B2 BUMI S Y 2R R By SE A 1 4R X Rk /R
AR 5 S E Z BB R o SR ST DLk
I PRI X AR X O 2R BRI 0 RS 2E 17 R, R H
H i N R B B EXT R R AL G . ARG
A3 B TN AR A 5 SISO 2 (R O R S AT
TR WAL R B2 A A 2] A A A A
TR R, B AIE T AL 8 R R b

B 65 HE LT R4S A 2008 4F T 0 B i R
BE 1Y 43 B, $E AR X 5 2 0 - 3% 1 M e
SEAG I IE 13X T 7 A AT R RN R AR

9 B OMES LT AT R

Bl 66  FYATAET MR A 22 A A LAY e O
it R, Xk R AT PR A R IR AT A, ST
TR AV SO AE AR AR R, AR T
22 5 MV XN AR AT 22 4 0 i AT o
I o

Bl 67 AT M TS O X
S, ) EB AR TN 5k o d sk R S A TR, 5
GRS PR DUAR W&, AR 92 B U R
X B B AT —E R R

Bl 68 (3N P A Xt HE A AL I IS A HL
(tunnel boring machine, TBM) Jiti T ) XU PRl 25 £ 47
TR, AR A Y X A 2 KUK B Y
T Ty o F AR AL G A% T XK R
IF (14, 245250 9F)TBM Jit T XU 47 714 5 &
P

51 69 1ELIH AT HUAE X 43 M1 T U X
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WY, 207 T A, PR SR T

10 5 3t A7 75 H b T o By S A

51 70 i Sy U HE A kA A FH R
Al T IR T

Bl 71 B AT RN b TR A
R L=k TS R

172 Lin Bu 25" $2 T —Fl 3% FHE X 4
Bt (SPA) 1% 18 Hh 5= 7L (TSP) AHZS A 1Y [l 5 43
FRTI Ty v o

Bl 73 3= 2R R X ) OR —OsEE R
B AR 5 b 06 2R X Ja) B4 A 0 ) R
B TR R AL A T ) 8T, TEIDE R EUN T R 1Y
e A HE DI, A ST L T AR BN A R A X JR) A4
A PR Y I ok B4 2 A B A - 3 B X ] (i
PEAT TN, 45 5 R B 7 ST BB AR RE A SRCHE S T
W ARG B

Bl 74 b v B 2 K AR Ak B0 1A A 4N
B T S R AT RS A, TR EZ
TRIT WS PRI B0 IR 507 A R 0

575 VEH S ARG IRTT T 8 AR 0 B
AE 3R A 28 G T v i oz

11 T8
1) i AR SCHEBI Y 75 AR F SO 1, T4

43T 6 3 55 B U 1 T K

SNt ARSI A R S S . BN AR
TR B o W, ST RN, R bR SRR A 2 7
A SR GE T ) AT 5 Hh SR i AR X 23
AR (HEXT D R s EtEBR R COCR, [FE) 5
AR R, FEMEN— DX LG — 1k
WFFE I REAED) | BE (B T X0 A B AN B 5 1 &
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GRCA T e Xk S HLHR A B, FE o R T B &R
BT 5 — AN T 2 25 AT UAE AN B 1 0 B HE Ak
E SR T REREAT R SR R AL Bh A T
12, h U2 R R AN 58 35 22 T [l I RE AR | R AL F5T 00 A
B By R AT IS BRAE | 28 0 2 ik A5 AL G ) TN
RN T B e, AT (45 2 T R X I3 M Y R4
B RE TN AN DUE TP, 100 HA B A TR B

2) 1 75 AR SE B B 5 R T AR
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TEIR X Ml F R A K iR £ 5t [l A 55
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i 23w 25 b A S X oA A Ak L G 22 e nl I T
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