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Abstract  Traditional causality analyzing methods are based on probability models with prede-
fined distributions. However, as dynamic systems are usually non-liner systems with feedback
loops, the probability methods are not suitable for analyzing dynamic systems. In order to deal
with this problem, this study proposes a new method to analyze the causal relationship between
elements in sub-complex dynamic system. Main contributions include: (1) this study uses Gene
Expression Programming to regress dynamic systems’ differential equations, and thus, avoid
predefining the probability distribution function of the data; (2) based on the differential function,
calculates the fluctuate value of the response variable by perturbing the independent variables.
This study judges the causal relationships between the independent variables and the response

variable by analyzing the numerical relationship between the response variables’ fluctuate value
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and the independent variables’ perturbation value. Based on the judging criterion, this study

proposes causality mining algorithm and causality trustiness evaluation algorithm; (3) conducts

experiments on synthesized and real datasets. These results show that the algorithm can find

reliable causal relationships which accord with social and natural principles. The algorithm can

get the same results with different data scales. This study conducts comparative experiments with

two causality analyzing methods which are based on probability analysis. These results show that

when the system contains more than two elements, our method can still obtain the correct causal

results, while the two comparative methods cannot find the correct causal results.
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(3) D) fu (2.0, )<<CX T X | Max(f(x)) —
Min(f(x))|?;

(1) D) g (3:0,,0)>CX T X [ Max(g(y)) —

o

—— Gas(1)

2 3 4 5 6 7 8 9 10 11
(b) ¥ Gas() AR FHETHhah o 10 4 0

P4 R[] I ) 5 b R AT 0 2l 4 45 SR Rt e A A 8 % AV/IN IS Sy SRLA7 ) F BI04
FRTER B L B AR B CO, (0 BUH & R SIRE Gas(0)
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Min(g(y)) |2,

IE. DLR SR L

FETRBE 1 FE R 1 A LT R A W B 2.

EIHE 2. ﬁﬁs&#hkaEW>ﬁE§
PN ER 2 y€m, Bt MBS 1525 KR y=
A D) (200, . >CX TX | Max(f(2)) —
Min(f () |7 B A = A&y BRI

. ORIE. W o JE y B, HE 1A
D fu (228, . D<CXTX [ Max(f(2)) —Min( f () |?
7 JE i R ARHIE. UFEEE.

B2 > f (208,00 >CX T X [ Max(f(2)) —
Min(f () [P0 AT 13 = A y 1Y JE A B IJCTETE R 24
D fy @8, . H<C XT X [Max(f () —Min(f (@)|* .
xR v B JEUIRL SR 4 T A B R R T HERR
oHe 4 7 R AR G FR .

4 TERDHWEREZEARXREZEEE
Bo i

AR IR BAR B 2 R A IR ES 2
5 X A B IR R RO 1 R A . AN R B
12 FUd 3 — YR P03l o ) W7 PR 2R G &R L T 470 1R BR00 m
i 3 22 U nl I A 3 ok 2 A0 HE BR RE Al R2R G &R
4.1 EFHHIWNMRERZEEE

BRI 1.0 6 45 1 T Ui,

"k

B A SCS=(m.k,T\E, >3 71 R G} A 5

4 8 0 0 0 T £ R A Causality_Set
1. Causality_Set=null; //¥]th M=

Naive_Causality_Mining( )

. For each x; in m

target=x; (1) ;

variables=E, ., —x: (1) ;
fr vy =Generate_Function (target. variables) ;
~x;(t—Fk) in variables

2

3

4

5

6. For each x; ()
7 Calculate 3»/'1}“) (x;,0);

8 If af},m (x;,0) don’t satisfy Lemma 2
9

Causality_Set= Causality_Set— (x;—>x;);
End If
End For
. End For
. Return Causality_Set( );

(D
Fon LA target AR B, UL variables iy B 7% £ ik
AT GEP W8 & 19 2 R %L £ 0 5

(2) 57 6 17 FTRMKRS £, AL R variables

5 47 ,Generate_Function (target , variables)

R ER AT, b T RGN N k. O
BAER o FrA WA F S ERE (0O ~x (c— k)
AT BN 5

)5 T~10 17 FE T AT Besh 61, (s

) (5 7 47) » SR 5 AR 8 I 2 R /N i 47 PR SR ) e (8 ~
10 7).
Bl 6. ZEH 1 a3l RS, /2 Wind

MR, &R 5 K3 3,3l kb 3R R R A2 4 5 1 ok
P HT R Wind B9 2% R — ek Bl & i A 22

O AN E R, R 3 AR, AR K E).
Beah i I E X 2.3 3 4 2 474804 Temp+

(—3) . KX [ A Temp I (6] 7 51 52t 199 0 3 o
Temp="Temp+(—3). ZH (LRt ARG H
(19 5 T P A2 B 11 o BICTE 48 A I 18] 2 9B i o R (S
F/MEZEE R J7. R AR 2 B 2 DR HEBR HE A AT 2R
KA ATUEE RSB C=10. 843 3 5 11T PR
KA LA E A OE B 2 HEBR . OB > C X TX
S M 2.3 A7 PR SC R REROE BE 2 HERR . Bir A
B BB RA{ Temp—Wind, NO,—>Wind}.

Fy3:1 5 Wind = f(Car, Temp,NO,) #7488 /0
%1 HEBRCar—Wind
FEE R 45 R { Temp—Wind, NO,—»Wind}

Fei G248 B Car )i, 53222 % Wind = f( Temp,NO,) #4710 H7
HF2HEFRNO,—»Wind

&%
6
@ st

4 HAZRNO, 5, 55256 Wind = f( Temp #4783 4) H7
HiL2 129 45 B Temp—Wind

K5 HRZHERRE
*3 EARBEEEHIER
A8 i [R5 i Hah s %M
1 Car,Temp,NO, Wind Car+(—6) Infinity 37974
2  Car,Temp,NO, Wind Temp+(—3) 79099 37974
3 Car.,Temp,NO; Wind NO; +(—3) 15909 37974
4 Temp,NO, Wind  Temp-+(—3) 6574 37974
5 Temp,NO, Wind NO;+(—3) 939678 37974
6 Temp Wind  Temp-+(—3) 3332 37974

4.2 ETHIHNRBEAREZEEE
ol 6 s AEAN R BE BAZ R R 3R 3
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H TSR A3 1 R G R S R AZ 2555

81 ATE 4 Car A2 Wind 19504 L HAER 3
1 2.3 A7 HABSRR T & A B2 & Car 34 BRECK
A3 B Temp F1 NO, X Wind B0 . 3% BREA S
PRI B & b Car, 18 A9 PT M B AR 42 4
FE B TR R R)
&% 2. Noise_Robust_Causality_Mining( ).
BN SCS=<m,k, T ,E, > 8 Jy i} [a] J§ 51 545
s A2 AT AR BURSC RS Causality_Set
1. Causality_Set=null;/ /%) ik Hy 75
2. Completeness=Talse;// R H & REF W E /L
/ESS R 6 Rk
. For each x; in m
target=1a; (1) ;

variables=E, ., —x: (1) ;

3
4
5
6. wariables=Clear_Noise(target,variables) ;
7. 1 (wvariables7#null)

8 For each xz; (1) ~x; (t—Fk) in variables

9 Causality_Set= Causality_Set~+{x;—>x;);
10.  End For

11. End If

12. End For

13. If (variables~null)

14. Completeness= Judge_Trustiness (target ,variables) ;

15. End If

16. Return Causality_Set( ) ;
Tz 1.
i : NS target, B 25 84 variables
i BEMR S Y B R RS

1. f. « =Generate_Function(target ,variables) ;

Clear_Noise(target ,variables).

2. While (variables7null) Do
3. For each x; () ~x; (t—F) in variables
4. Calculate 3fil.l(,> (x;,0);
5. If !(ﬁf,’_m (x;,0) satisfy causality scenario)
6. variables=variables— {x; (t) ~x; (t—Fk) } ;
7. End I
8. End For
9. If (variables is changed) and (variables7null)
10. vl‘i(” =Generate_Function(target ,variables) ;
11. End If
12. Else break;
13. End While

14. Return wvariables;
H38 2. Judge_Trustiness(target,variables).
HiA: &3t Clear_Noise #ATREWR G I B AR 5
Bt . R ERE A WS & TR TE 25 R
1. f‘,‘” = Generate_Function(target ,variables) ;
2. Calculate 6‘/'”(,) (variables,?) ;
// % B AR S A variables WY BT A A i [ A R AT
[/ I AR LG R R U Bl

3. I (8]‘"_([(,) (wvariables, 0) satisfy causality scenario)
//ANE BT A A [ RS A S 485 R EORE 1
/ /WS REATS SR A D) 53 40 W o DU O AL 09 LAY
/ /W5 B B 0 T A 4 i A SR TR Y

4. Return true;

5. Else

6.  Return false;

7. End If

(1) B ¥ Noise_Robust_Causality_Mining O R
P25 6 FTFEME R %L Clear_Noise UL 56 14 47
B4 25 5 58 55 VR ) Wr B8 20 Judge _Trustiness, BR %X
Clear_Noise F B ZIEH 4 variables £ 5 G
AR AR 5 R 2R L sR L Judge _ Trustiness
F2 B P FNR E A A A RS R RS R AT
{51 a0 2R R Ay IR B IR A TEAR R AR 15
Az PR R E SR ATER.

(2) R Clear_Noise(target,variables). & 1
1T Generate _ Function (target, variables) 3 7~ LA
target (B x) R A1, UL variables i B 2% i #E 47
BT GEP MR & B K%L /0. B S ATHRET
DRSRE WT E WURE variables B8 WA & ) IR B 22
R oo, B A I B AT H B variables G
hy S AN R

(3) R Judge_Trustines(target ,variables)
Bl 2 2,3 47 o SCRN B AR A variables Hh
18 Jir A 72 [ IS R AT 40 3l I 1A I 400 5 e KR 5
B ARAEXS AR RS variables ) T A 72 & [F]
I HEAT IR B B4 00 T 480G ek 500 AR I I Sl e B AT
SR DR 2R ) R o 00 BT 0 % 91 LAY ) 58 B B 0 B
FEHE Y 2 SR T A5 Y S WS AT . PR B
P 2R G A R e A 3 2 0 Bl I 2 RE R
R — & MR E PR 0 2R U5 o6 80P HE B 72 i [R] Inf
AP 5 B A B 0 R E M ] DL — 25
U5 ok B RE 08 B0 07 3 75 5 B SE P 8 ) R Gt
Joi s i — 2R S A5 SR ] {5

T HE ) 7 R 8 k2 BB 2 fis T
W FE Ho iR B Clear _Noise 1847 33 #2 4 4] 7
VLOH B3 Judge _Trustiness ) ia 47 of F2 8 13 ] 8
Y.

Bl 7. F KIS 3k 3, B RFIAE S5 6 M.

(D MRIEFEHE 2 19 3~5 17, AT I8 5 iy 1~3
HF N FE 3 B 1~317), Wi variables= {Car,
Temp,NO, };(2) 24 &I Car A& Wind 19 J& K B}
(F3HE 1478 Car M wvariables T £, B 1 o
variables={Temp,NO, } ,8R )5 T F d: 4T K E L5,



2556 it "

Bl

e 2014 4E

L
&

FHE BB Temp, NO,, Q& 5 55 4,5 (£ 3 54
4,5 41) 5 (3) it & B NO, A J& Wind 19 Ji5 F (£
3 51T Ak NO, I variables Hil 4, B i
B} variables={ Temp}, X HH TR E I &H
B Temp, WNE 5 55 6 26 (3% 3 53 6 17) P,
 3332<C10X 37974, fift NO, & Wind 1) J5 .

Bl 8. FIEE ARG SH 6 A, % 4
(1 B bR TS 2 M2 R 4 SRR TR, a4
AUER, Y LLE R Car, Temp H H A H, UER
NO, P A8 5 3547 o6 B0 A S5 o 40 ) B %t [ A% it
Car($REBNZERINFE 455 1 /7)) M H A& Temp (I3
ZERANFE 4 5 2 A HAT S P S 1 e A
AL SR 4] T v ) 4 05 BB CED 6459<C10 X 1439, 64<C10 X
1439) . #H: 2 Ah Car, Temp #42& NO, (1 5 .
T T Judge_Trustines [F] B %} Car, Temp #4740
Bl A5 BHLA oR B0 B0 Y i B A3 8K 50 LA B R AR A
VBT 9 D00 £ S TR L RS 118 5 10X 11 =110 () £ {E AH
ZEAR /N, M R B Judge _Trustines 1\ 5 { Car—=NO, ,
Temp—NO, } & 1] {5 Y BHR CE &.

®4 EREBEEZHIER

gEw  HEHE ez s SEME
1 Car,Temp NO; Car+(—6) 6459 1439
2 Car,Temp NO; Temp+(—3) 64 1439
3 Car,Temp NO; Car+(—3), Temp+(—3) 118 11

4.3 HESW
4.3.1  GEP A UG & %0 — 2k

S 1.2 FRESER AT GEP Az i 7] 2 51 9 480 &
BRI KR T () — AL KR TR 2 iRt TR 1,2
P EE T Hh — AU R BCHEAT 0 8h L AR
B3 IR B H UG R Bk B L 08 R S L IR 4T
TG IO — > eR RO A T 0 Bl - 3k B2 Ji 45 R 2 AN )
(. TIEW] € B 3. 75 2 R S B IRX 2.

Ri% 2. YGRS S, U8 R E
SRR B A 2R | o (o) — f1 (o) | e

EE3. WAWEREN I RG SCS=(m,k,
T.E,.co AEBWDER 2.y €m,x ZFEHLR
Feol.y J& % x SR y= /o (o) & x.y
HIEfF G MR y= /1 () J2 R H GEP 4 U 1T
AU SR W A RS B R

DI fr 2] 1 | foCa) s £ 4
fol) s f1 () 5.

) WIED £, (228, .H<C XT X | Max(f, (1)) —

Min(f, (2 |75 B84 D) f1 (2,0, ) <<C X T X

| Max(f, () —Min(fi (2)) |70, & = B a] )5 51 1)
T E{H.

IEA. ULBE SR 1.
4.3.2 BRI EEENE

B 1.2 #IE R HEBRIE B AR PR R
PR O R0 AZ i 45 2R T X HE RV 1 58 45 1
VETRT B8

HEBR 48 R XY B ]y 50 B OC R A
BEM 2. XY ANRABRKER HARRE H6E
HERR B e 202 v B s P B A AR R OC &R R BEHE
Ik L G Al 28 B 00 M B Y 3R BRR O &R BCHRBR %
JEANGERT I BIGE K i B 2 AR R E &R HIFA
Je T AT B AR IR 2R G R L AR REHEBR .

HAR TR B 2 19 Judge_Trustiness FR%X
X4 R R B AT E L AT Tt — 22
FIE o PR32 ek KA Y — AR 5 A9 8 Sl A0 sl AL
B2 B A7 | 728 A ) I & A2 Sl i 40 2R 4005 eR Y
e 3y Y R A73 SR 70 R A Y B I B0 A E BT A 4
R RESTE, T RS Judge _Trustiness
O I e 1 R Y 8 A 1k

TEAL 22 G5 LA K B AR BE o rhoxh PR G R AR
IRV RS N RGP ER XY A HRKF
RARCR B AERREE B XY FriR B i B
KA RATAEH 2 1. tean, SCERL 24 Tk 48 b w4
IR ] P 51 1 SR 2 B AR ALY S R 4 3 P A I ] Y 31
HEATRE & A ROC R, WAR A SCI i 0 A AL 4 22
SRR L A SCIN R BR T P I 8] e 51 A B 52 3
HEREARLE B RT [l T A L O ELAE SR TR A i
(] 7 2] £ 228 A B A A 5 B o AR AR 3 A B T
B2 o i HE BRI BE 08 HEBR O AE R S AR lUE
B2 g2 B — 2 135 38 1 A 5 A PR ).

4.3.3 BRI

B 1,2 m] 0, Bk B I e 3 20 A A
GEP #EA7 e 8400 5 10 i B b 2R DL GEP e 45410
B — YA S BRI T DU AT T A B3 3 I 1) AR

VA 3 1 R GE I 8] 5 5 Bl SCS= (m sk,
T.E,..> N

(DANR P SRAZ IS B 1] 52 24 B Ry OC m | s
P m g A B8R B R AT — Ik GEP U4

(2) PUMg PRERAZ IR TE B I ) 2 25 B2l OC m[*)
T TR I T B I DL BTl B R R O B O R m
PR o, FORTER I BUF 5 X m R
a SN [n | — 1 A B ZAR U W L 0 AT
L | =13 GEP f15, WXS on v (Y i A 2838 L5 F



12 4 RIS - TR AL IR 3 ) RG R ARG RAZ 4l 2557

1 lm| X [m—1[ GEP #l& B e b 15 00 T B R
MEYRECR 0, BIHEAT GEP HL4 1 I 05 b 28 5375 A1
) A Fom [ 00 FRATTIN g fG B | m | IR 75 % [ m | X
L= 11 A 0t B A AL 38 A0 [, DU 470 W8 B 12 - 18
FR GEP IEWE N (Im| X1+ |m| X24 -+
lm [ X [m—1)/Clm| =1 =m|*/2 . BPTR HY
PRI ) B2 2% BEATS O OC m ).

5 SRIGANPERES T

FR R A 1 AL R A 3 4 SR, R
43502 100,200,100 Hl 5000, #5244 8 1) &
G B A S I [R) 50 3 331 2R RS 2R 0470
DR A2 4 5 A2 - B nT A5 2 40 BT o K50k 96 E fie 2%
LR T E . BT SE e B SE B R AN AT 6 .

—

RMGEPX 50 Mt M5 ) R B HAT
PRAIU A

2 RIS HERAT £ P SR W U g
REBURR R

R FRET T HERR B R B SR R R
2 AR AT PR AL W

v

4 W2 SR 2 PR R R RO R AR
M2 BT A R AT

w

Bl6 PERCHR ML

AR R 6,10, 14 19F RAARE 5] 6 A,
C=10. I H e- &5 s $ b e 19 ME/N T 0. 1.

[ B FRATTERE T WA LA M R T B R L
g ZARE R f 2k TRB R BE Rk S
AR S PRS0 M 65 SR R AT 0 e 33k T b O 12k AT RE 8
HEAT A 5 (] 40 19 BRLSR D [ 43 T s > 55 50 B8 4R
FIER DR T WA, LIRS R TR
A P LE A B PR oy B R
5.1 ZEESHHELHTHIE

g T GO M —3 N RGAFTE 3
R ox.ysus % &R G 50 B 18 XA R
SCS={m,k, T E,..),m={zx,y,u},bk=1,T=
100,E, ., ={ (), x2t—1D, vy, y—1Dult),
wCt—1) B F AN T 7 XA (1) 4 2(0)=0. 5,
y(0)=0.5,u(t) & 0 F 0.5 Z [a] B Kl AL 8] 77 51 5
OB x—1) . y—1)  ul) BEARAR G LA
AT 100 Y1330 E A 100 S H 1 15 8] J3 471).

) =f=u)X(xG—D+1/(zG—1)+
1 =1 +u)) )
vy =g=xG—1D/(xG—D+yG&—D4ul®))

(%)
ARG 6 MEE KR KR (u>a u—>y, x>
Vex—u,y—>x,y—>u). 3¢ 5 HH T @A G E R 1,
2 DA R AT AF B 5o i eR SOk ) BT R 3 TIE 12 AR G Y PR 2R
KR F O PR 12 15 458 Y 52 50 B
W6 1) 1~647. & 5t a] {5 B 50 iF & £ 75 1 A
Z5IC IS EUE WA 6 19 7.8 17, Hovh, 3R 5 IR 6
IR Rl 7R 6 Ry MR JLAT AR . i 1
Tl a—u i, — 27 RN R LR x—u il

B 1 A R Z S R R 6 5 2 1745 3.

Ju(t)—Random(O,l) X 0.5

x5 ZHRER

REERCR  HE1 B2 WEERIE KE
1 T—>u 1R — — 2
2 y>u R — — 1
3 =y B H H 3.,4.,7
4 u—>y H H H 3,4,7
5 y > H H H 5,6,8
6 u—>x H H H 5.6.8

xo6 MHREFIER

AAs R AR el i) !
1 T,y u y+0.5 Infinity 16
2 x u x+0.5 Infinity 16
3 Tau y u+0.5 53 15
4 xau v x+0.5 62 15
5 yeu x u+0.5 25 15
6 yau x y+0.5 59 15
7 xau v x+0.5, u+0.5 57 66
8 yeu x y+0.5, u+0.5 19 1.7

fER S By L2 15 AL 1 28 HW i a—u,
yu S AR RO R HOR T B gk Sl A 2 F
A A B0 E bR BOR HE— 2P FI K. M 3& 5 1Y 3~6 47
B 1.2 KT Y A5 R Y o B RS A AT A R
B F R BOR 0E — A W, A LB R KRR N
{x—=>ysy=>xu—>y u—>x}, 0] WA IE 8 1) R G
FEBREBLAZ I 1ok

RTHERAKEZRTEN 2oy ou ZPNER
P HEAT R A B 25 2R IR R SRR R 1 AR
THE 2 MIEE Y p EH/NTF 0. 05 BFHE 4 R 5. 4%
22N R SR 43 B 5 B A 5[] 2 R A 1A )
P AR Z AR ERAMER LR U 2>y, vy,
>y} HKEERT IR E R LR u>a).
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FT BERBERAMER

JE A 15 p1E
y AR R 3.E—07
x ANy WER 5.E—35
u ANz (R 0. 2366
2 A w R 0.1116
u Ry R A 6. E—32
v AN w 1A 0.0527

CO,—Gas J&: HE B 2R O R SO 5 224k 22 1
S 2 RAT {5 R 6 Uk ok RO 1 — 28 H W AR L 5
51 EIE R IERI . N Gas B e 4 CO, 1

% 8 g th TR #4845 (Transfer Entropy,
TEYX s ysu =AZRK PP BEAT IR 50 BT 19 25
W TE (x, y) = 1. 1185, 7 A~ I [8] J5° 51 iy I 5 Sy
TSI ] B A2, XA WA R a, 0, FATINH Y
TECa.b)>0.5 8 TE(a,b)/TE(b,a) >5 B, £~
a0, Bl a & b (0 J5L D H A 35 1 e RS 00 1) S 56 4T3 4R
DL Ry R e AR . e RS AR 48 b i B R PR AR G &
WA x>y y=> e u—y R AR R K B A
RXROUFE (u—a) . FE A L ARG LR

®8 EBHEARIHER

B (TE) R x ARy AR u
B x 1.1185 0.0367
Ay 0. 5395 0.3928
AF R u 0. 0083 1. 1572

5.2 HEHEIHELHTHIE
5.2.1 box-jenkins §{

X Ak A SCHRL28 1. & 1 box-jenkins 7
IS 6] Fp 51 1) 23 A 6 42 1 A B S R L B — A
KRR SRS Gas 1R B R] 510 R K SR
#ABE 5 153 2 19 CO, W BZ /Y I 8] 77 51 . 3k 200 41 %K
i BRI ARG I HABFIRKER Gas—
CO, , B fb @ X SCS=<m,k, T,E, 1)
m={Gas,CO,}, k=5,T=200,F, ., ={Gas(t),
Gas(t—1),Gas(t—2),Gas(t—3),Gas(t —4),
Gas(t—5),C0O, (1) ,CO, (t—1),CO, (t—2) ,CO, (r—
3),CO,t—4),CO. t—5) ). AL ZRGE A 2 4
ek B 3R 22 & {Gas—CO, ,CO,—>Gas} , £ IAZHT
Qe iE L B 1.2 LUK AT {5 B S0 Ik bR 0K A W7 A 5
IEZR G BER KGR 3R 9 B2R 6 F1 R I "R d it
TR0 R IEIL TR . 5 14771, Gas—>CO,,
B, L2"FRERE LR Gas—>CO, i 7 % 1
FLHHA B Lz 45 1Rl i 3R 10 1,2 4775 3.

ERIHIITP . HRZRUE DI ZER
F—AG5 R B A AE W 75 B A i B 5
5 2 MR AT T AT A5 B ) 1B R 5k ) 7 4
AETE. AR 9 5 2 47, i TR 1 2 E KW

F9 ZRER
BEER A Wkl Ak2 Rl R
1 Gas—>CO, H — — 1.2
2 CO,;—>Gas e — — 3,4

R10 MHIREHER

g sE  FAE H#3h W3 x4
1 Gas COq Gas—+0. 2 1942 556545
2 Gas COq Gas+(—0.2) 373 556545
3 CO» Gas CO, +50 796 2199
4 CO, Gas COz +(—50) Infinity 2199

11 AW TR LR TR B 45 2% A B ()
¥ B (A SR 5 AN R B L XY p {E/NT 0. 05 B4R
o R, v LAE B A8 22 RO IR RE e R IR R OC R
Gas—CO,.

F11 BERERHAHER

SRR P 1E
Gas A& CO: 1 5L 5.E—39
CO2 A& Gas 119 )5t A 0.8192

12 Bl T IR BRI AT 45 AL L A s [R]
JF 50 B R 5 AN B[R] L. o] DLUE B, 5 RS A 48 b
REfs R B X R Gas—>CO,.

® 12 HBHERAMER

M (TE) A5 i Gas T CO,
4 Gas 0. 1854
A7 CO; 0.0101

5.2.2 =I5 4

Bk B T http://lib. stat. cmu. edu/datasets/
NO2.dat, ] 1 xf H 47 1 3 B, 5t i $ode 2 £
8 MNERXM B ) RGN P o) HH R 4 DR
LA R G R R/ 0 EE AL B R 2
TR T ARE B A — B R — R R — B
i, 3L 100 A i B s, 2 A i8S SCS= (m &
T.E,..) m=/{Car, Temp,NO,,Wind},.k=1,T=
100,E,,«,={Car(¢),Car(t—1), Temp (¢) , Temp (z—
1).NO, (), NO, (1—1),Wind() . Wind (¢ —1) }. AJ
Mz R G A 12 Ak R & R {Car—>NO, .
Temp — NO,, Car - NO,, Car - Temp, NO, —
Temp, Wind — Temp, Car > Wind, NO, — Wind,
Temp — Wind, NO, — Car, Temp — Car, Wind —
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Car}. & 13 4 ii 7 nffid@ ok 3500k 1.2 LR (5 5
TIE PR BOR W G TE 2 R SR R C R R 18 5
21 A2 15 A W A e R S I AR DL 14 /g 1~
14 A7, 32 13 v a] 5 B2 50 31F o6 B0 0 087 245 38 11 52
R WAk 14 /9 15 47, Horp, 3R 13 156 6 51 4K
7 Fmiiat TR 14 iR LAT R R R 13 i
5. M5 14771, C>N =, B, 5, 4,5, 157 R A
RKFR CN I I 1,2 Kn] {5 B2 50 1k # w8 1
HEIRY L HIW R R 14 PRy 4.5,15 4745 3.
%5 3,6, 12 17 RARTEHEAT GEP s ¥4 & i, ik A2
W) A AR RO AR LG R i DLk B 3
(A T A R A R R DG R T 8 R K 6 13,3k 14
1 Car, Temp,NO, ., Wind /39455 5 C, T.N,W.

K13 IRER

B 7 B SE T {5 B 56 E pR B0 UE. 58 E a3 B2
F 141 15 472w, AT LA 2, 24 [ B % Car #1
Temp 724 —3 BB NO. 1 5 3l g 2 AT 9% 35 o)
P4 T B, B R AR 118>10X11=110,{H )& 118
5110 SE By B AR #5208, A 4R 36 W Car — NO,,
Temp—NO, ¥ [ ¢ & 20 {5 1.

e A5 2 1 R 6 R by {Car—>NO, , Temp—>
NO, , Temp—>Wind}, tf + K H NO, i) — 4~ F %
RV HE L e 2 I 55 1) 7 AR A NO, 1S
5L 1A RERE R BTG LB B0 X5 2
AR R, SCBR[29 JUE 52 T BE R A W Bt
NO. WA FTH . X5 3 AR KR BN RE
(A8 b 25 5 300 SR IR Bl DT 7 A KL 3 BRR O &R
W IE AT A L BRI DL Y.
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Social community large scale cooperation cognition rules
mining targets at mining social community’s large scale coop-
eration rules by integrating the existing achievements in
cognitive science with intelligent computing. This project
tries to deal with NP-Hard problems by utilizing the complex
system’s emergence phenomenon.

The theoretical results of this paper can provide solid

foundation for the projects’ further research.



