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RIRR R IZ I8 1920 Galton B 7t N2 B i 8 45 ] B — B2 32 0T, BB R RR K
J& SLIUAS [F) 1 551 75 5KIG. - 101 5 AR A = 2 ek, LSRRI 58 10 LI R R ) A AR AE ORI, b ok
ARSI SC R IR, TR BT e v R DG I & 22 A S b s 5 s L SR R s AR, A
745 g v A At A1) R 328 39 DX TG 5 FEE K ) DR IR B A R ORI O R AZ I A Pk 2 — 1481 3 3 R
& EHIR Z AP B BB, 201147, ReshefS5 0 5T # 7E (Science) F¥aH, RERE B AR CHC &R
5 B A ke T L A% 3 1 (generality ) FIIA 714 (equitability), JFAH R HEE T [R] B33 2 o PR 5 1
XAE B RE(MIC). Kinney S5 718 it HMICTE KM I O~ 2l [ 2 100 &, FE4E S 8 2
[R5 Rl 2 — & MICTE 4R 50K 73 B Tk - D IR s 2 11 A4 o7 5 17 2% T XA a1 23 Al 2] AR 4l
3 B A BN S5 AU R (DPY), A AT E 37 ST 394, B2 S Self- 2441 1 (Self-equitability) £&
F Reshef<5 N\ H B R2-$4 01 (W5 FH [12] Hidi), R 72 T E-NNGF 251 EE B (M Ikse) e
TR S R AU AT i 2 55 D R OB T 5 R ORIBOC R R I PR, IRSRAFALE
VFZ 0] A R T 9T

(1) A B SRTRE & 3 A0 = o8 B B SGHR O 2R [R5 e A1 55 R T, o 22 70738 & (Rl AR UM 55 #r
Bb . SRTTAE SR 5 0500 B 3% ORI £ R SR 55, 5 IR AR =2 v 2 B R e 91 3 [m] SRk 1 45 2R,
A 53 B BN J TR P 1) 5 9000 [0 26 B 2 0t 9 38 VAR S R B R AR . 7E4298 — o R B RO R I
FIELFIMIC HELAY 32 oA B L.

(2) ZZHIEFLWMEB KT KRKE R, PNRKIEES 52 MR R/ I 5 I RB R B UL,
BN —Fh S50 BN ARG N 2 KRR R, BIINM I s R BESHE = INEARRECR
TP H Self-24) i 131

(3) BRI AATC T REOC R ZREVERRE i, 18 )75 20 50 5 Bk S 80k 23 (Al L g
R RER G R EE R, MICH: T WIS Ll 43 16 FLAS S Ak THRb G T 1, A% P48 28 72 R DR IBG B2 B 52 )
BOK; Reényifie H 55 R AR O 22 B07E ST i Ao fff e 748 i o 452 [)1201.

RLTHRABN g2 DU BN A R U i B v SRy 2. el 0 5 Ak I R 1 L Rl o3 TR A6
A TR A 1) AR A BT 50 IR A A A e 1) 04 18] Liang Ml Qian S8 0 kLTS 3R A1 7
TR AT BE AR MR B 1 5 N EEAZ IR A R, Fig R B RL_ b S XA BN 25 0 it 5 2 A
7] R ) R L Bz — 118 3k 5 KB DRI OG R P A T R KB I R SR AH B . 4k, HuSS i 2
M FH S-S0 SORE (02 7 REAS R AT I~ A2 ) Ky a2 &0 330 A 412 B A5 5 i B AR B b B 3 B 2 ) PR R 5%
P, FELERFAEIEFEAT 55 rh st ST A S i ] 7 A i 1R 408 /N 080 5 AR A0RE /N, 51 N k-NNFiL
REFEAR RE N EEARIZ AL, € LT B3R BB T k- NNRL R AN & PN 20 A AR E (K, Koy ) 200
AT AR EAR E, MR T ORI R I AR IR AR B . R AN e B NI — R AR B
Fir A o3 T IR ORI AR O B K AR I R £ (MNC).

A EZE TR T

(1) Et0F R EHRE B OC RAZHRAT 55, ST RE B mT TR Ak 30k 22 h i 78 R OC R 0 REOE Ak
PR, kg 1 ORBE SR G 28 5 75 i 2 R R o

(2) HIBT 7P SAL G 1) B T AR A A R ORISR RIE R JTV, JHR AR IRk 38 . Rk S
s Z8OCE DT AL AR

(3) BIAKLTH S BEAR H (1) k- NNRLAE & A 22 REFE il JEARL $R M 1 B T 0 IR B R ORI OG R
SEH A SRR, % B ] o 2 I 22 0 AR B A ORI R &R, AT FE B T VR SO R
FE g2
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2 KRUBEXBEXREEFERHEHMER

HAE19594F, Reényizh H 3600 2 B 5 75 I 740 A JPE Z6 H200 ) 4 HA G 2 2% 1 I e KA R &
HMC(X,Y) = sup;, p(f(X),g(Y)). 1ZFREOE T AR BEAFLE I Borel AT I B KL £, g% IR AR 208 EAT
A, TR AR 5 AR B 1) p(Pearsontl 5K F A, M Ak Fd RAB ARy R R FEAR. SEPRn) @i rr, SEie 14
Y5 TE B I 1R 4 R Ul R AL DA R SR T EMCHEE T s i AR R, DO 20 bR L
A BARMEAR DG, AT, BEAE HORE 2 A OO R I I, i A A L. Schweizer FIWolffi
HRényilf1358 70 A BV KR AE S BUS G DL T LB AS, R B A st 1) A B A PR T2 H2Y . (3
B IEE I ABERAE T, QRS B HUE 9124 HAY S 75728 5 8] A7 7 B U8 2R 800 RO, X5 K
R AR RO R E R H G RO R I I G ARG, KBTS 5T, IR R0 1% 51 SO
RIATSS, BRI R BERE 1R A 22 Bl ORI OE R SO SR A . DRk, 456 e 7 SR A O SR 0
HABERAT, 45 HORBE GG AR B B 0] B R 9 A2 M.

LR, 8 X = (X1, -+, Xp), Y = (Y, Y ) NN &, pFlgRR T REYEE. §(X,Y)RR
FRER AR, Mp = ¢ = 1, (X, Y) B uAS B A B C R R

(1) 728 6(X,Y) AT EFERERMI SR, BREILEX, YA AT

(2) WFRIE: 6(X,Y) = 6(Y,X). HXGYZIMAFAERERN G R, A28 A7 B 3 AT M SR I i
K.

(3) AIEETE: 0 < 8(X,Y) < 1. AFSCEOCRIE], RBESREE AT ELECTR /. ol 158 B GO0 SR bk
5. 6 = 0 RN B EE ML § = IFRRNERAMFEERIRR, SRABATLK.

(4) MG eI V2 ORI RIE U, AR ] 5 1 2 M OC 2 AT FL A BR EOC R

(5) B 0(f(X),Y) = 6(9(X),Y), WHRY = C(f(X),n), Y = C(9(X),n), Hhf, g WA
(F)Borel P M BRI HL, m M FE I, CFR7R FLEE 0 R AR 7S T 4G B3 5 COINANEFS | O (f(X),n) =
F(X) +n. BRI RS OCHRE, 2K RILAGEMEN. M AR T H T

(6) HiME: 1) FEXT S YMHIEERIEN, X5YRDCHERERE K, fIs(X,Y) > 6(X\ Xi,Y),
X\ X,RARXHERRX,, X, XMEHN, X, 5YH5% 2) EXH 55X, 0 BIUAZ RN,
X 5YRICBRE AL, BIS(X1, Xy -+, X,),Y) = 8((Xy, Xi, £(X4), -+, X,),Y), F(X)RARX, WK
. 3) BEE XS Yo AR = N, X5 Y CHEREE RN, BIS((Xq, -, X1, X, -+, Xp), Y) <
(X1, , X)), Y), B (X, -, X,) 5Y Gitdor, H5 (X, -, X)) RS AR B kT

(7) WY Rt REXEEME R ELEENINAE ST RE.

RPEF A, AT IR R I I 2 o0 AR B RV AR ORBROG AR, U B P B T A L AR TS AR MR
D AYAINE S o

3 ETMEMBOEXGE

MICAERAFAE — Tt W i) G BEAS A8 (¥ QIR A e i th oK, 8 I T SEAN R A &l 7 (1 B KA — 4K
HAF B3 FIWT IR R R PE. (HRMICTE T $R IS ) fie LK) 732 I 5 220 e o 9% mhr k- e i P 08
17041 Kinney S5 AT 705 W], & T E-NNGETHE # IAF BAL T M Ik o B 70 IR 2N J=) 5 45 44 5162 F4 i
%, BR-M Ik se FIBVERIZ SHOMER. (W 5B SR A T L, HF ke
AHELERIAN R, A SCHFEAS 1 1 RTS8 Th 45 ) H R R 3 R IO R
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G DI T AT A ) SR IR B AR KB T R TR R AR L, AR 1R AT E- NN
18R AR B AR BU(MINC), FF3E R 7590 2 KB SR I 5% 28 B B 7 ot A2 O R B g AT B8

3.1 EFiL-NNZGItEWSEE

Mg sk T k-NNGETHE A TH I AR B8 120731 S 18 i man- Y0 0 i€ B 2347 TP k4T
IR AR o, FITBE AR RE 3L B 240 &8 J A Blon x My, SR 5 FER-NNFEE X 480 A #2 RS 72 S
AR R M Ik s BITBIEAE pp EALEEIR G 0 A PR A Z TR AR, (BR ] max- R0 38K
PSR 2E. DUOmax-YE K g S IR B AR ], XA R 4R DL T T . Ab
B LA B TR S R k- NNGE T8 73 55 08 32 2 R BT BB 5 %85 52 BR Ui v (P - Y 250 22 4R
H0), SRR AL T H N B AN ELAS R b e RS B TH2L SN T A iR B SE S
i T 2 18] ) i 2.

M I s AN R AR S A THE FEAR AT T R SIVEBE : I B k- NN X35 (max- i
H0) A E-NNEK (1o- Y550 T 10 kAS B A Y 515 B X AMBBAE 5B OR IR ARG DUANAL, BINA-NNGE i &
BEEAD RS RS, kA SRR UL R T RE AR RIRRR. A HE 70 51 APCAfL R R
SIPE, RIVRTRAS S350 B B S AR ARAE I8 RE S8R (L M T v e )6

BT k-NNGUTHR I RIS BARBEA ml 0 BARUE, 48R s R X S e e, K%
& AR N BT RIS S, XS R & S BUS ST IR A2 G R A S RO UK.

3.2 HEFL-NNEBSE

F T E-NNE A B A THNEREEA S E TR, AR s (BB B VRO E. MIgyy e
FT T SGEABE(GNN) Al EBAS B2 207 R e IEGNNS R L, = > lz = yl|P, 3

z,y)EE(NNg(V

VRN BTSSR, SR E IS (F N ERELESR), NNs(V) (%%/%V(Elﬂﬁz)ljﬁ,@m%é}
T TE A AR R AT 1)) SUGEAR RS, E(NNg(V)) ) SGEAREI % 4. ARG R FIGNN it
At Rényi $H, (X1, = ﬁlogi‘:ﬁf;’ﬁ), Hrp = d(1 — o), pRRFEE PIRIR, dRmEHE YR,
Y AR Td, p, SHIHEEL Ha = 0.998), Rényifiit LT Shanon/f. H.A5 BAN T B, 5 H copula & £0%)
FEAAZ B AT PR B3 R B e, AR 5 AR S A 0 FUE N T T HAS

AR IBAR AN (NS) A o) — Pl 5 T k- NN B R OQIC B 7 72324 e AR 2 (R AP AE R
PR R, IAFEAR SIE— N E TR E AR KSR TE 7 — MR & N AT E . 3T bRk,
e T SR AR L A AN A EAT I, ARG A e A B B A AT, T bR
12053 A B A R R ) A [ 1) S B i

BT e-NNE WG 7757 FE BT A FEA I 0 A, 8 1 o A i 22 /D8 A S8 Bd o A
RAMEDL T, 1ZE LRI EOE PVE BB €, 5IANEZSHSW AR ZE, AT 2R
W2 S 8T 4 AT 5
3.3 ETE-NNHNMXEKEERZE

AR BREMAAERBOCR, WAL EMFEAAAEA IS R &R A 1G4
SE L, D07 4R 3 3 [ AR I ).

EEFEARES = {(X1,Y1), (X, Vo) PREBCE 21 (X,Y), WhHREEX, YRIFEAZ I NS =
(X1, Xo}s Sy = (Y1, Yo} S EH e AR A (ke ky ) (e, by ) N IEBEE), FRNE (X) =
{Xj, o, X YAXFERNk,-NNKL, HH TARFF I < jo < -+ < e, THIA(X, X;,) = | X — X}, [lax T
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JFARTR, dx XA B, T (A = 2). Sx BT FEA Mk, -NN RLE S x [ i, B LWJ Nz (Xi) =

. [FIFEHbFEARSE Sy AP /E T 75 U Ny (V) = Sy. ARG (ky, ky) T BBEARSESHOTE 3510 N C) i,
/\S\Ck o WS EEE O, tE’J"Z‘ﬁ AFIAHA A AR 245 S o, -
3.3.1 fMHERER

AIFIFEA ) -NNALACE FEAA AR A TS AL, 58 SURFE WAL & (ka, ky) T 34T S, HIATE
RIS MR =Y

EX1 HEXMFEARESx, N (X)X Hk,-NNFL X, 1488005 R

ke (xr.
NHy, (X)) = ~log "X Xl 1)
RX A .
NH,( :_f§:wJN =—f§21y— 2)

| RS IR

AT ) SO E LB AR AR X R . A R(2) %, VXL < |NE (X)) <n— 1, Bk
W log ;s < NHie,(X) < log(n). NHy, (X) = log(n) 5 AT SFFH FEAH U —NEA; NH, (X) =
log ="z 24 FLAS A AT REAS #0419 B 2 A1 R0 55 10 9 A0 . A5 83 ) 41530 /N A0 ke, A5 1k, X BEWRAE
S B KU T DL R Al

EN2 BN EX, YIOFEAR S, Sy, LARRREAIRA A (ke ky). Noww (Xi) N X, [k, -NNFL,
NE (Vi) Y Bk, -NNKE, A 53 A HREAR (X, Vi) PE T 7, T BIABSRREAC g N5 (X3, Vi), FEABIR
BEAT R

Ckzk,y ] -
NHCkxky (X5,Y;) = —ZOQM, )
(X, Y) ARSI & A
L, INHoy,,, (X0, Vi)l
NHe,,,, (X, Y) = - ; log . | .
BEALTE SUNSHR (X, Yi) = N (X) 1 N (V). (K, ) ROABSRIBE £ 0 23
_ Iy, VR () Ny ()

FEHIHL, NE=(X5) N NG (Y;) = OBWRE 5 MEA BAE (b, by ) ABIRZL A T VA SERIAR R, LR %A
AR AR B IEE I TTHR N0, £5Elog? = 0.
E¥1 NHe,,, (X,Y)> NH,, (X), NHe, , (X, Y) > NH, (Y).

NE (Y3, B4 \Nﬁigﬁi (X0, Yi)l < INE (X0l [ Ny (X0, Y0)| < [Ng2 (Ya)| Sz, BRUEN H, , (X,Y) >

NH;,_ (X), NHg,,,, (X,Y) > NH, (Y).
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SEFL 2 W AN R AT AR 7] e IR AR SRR DRI, 7E 263015 AR AL T, Bl s 1 AN b
AR, B AR E 2

EN3 4 %ﬁm%sx, Sy, DL RS FEARIRAL A (o, by HE I R o, X, YiRI(X,, Vi) HRIAIIR
KL BINE (X,), No (V) RING 2l (X, V), WA REAR (X, V) FOARIS T A% M-

| Ng (X3) || Ny
09 ‘ Ck:pk

|Ng ( z>||NY (Y3)]

NMIe,., (XiY) = Wl . vy

a k k, (6)
n|Ny" (Xi) N Ny' (i)
_ 1og "IV <X;>;Nf;’ ()|
zhy
A 701 (X, Y) AR HLAE B
IRS [Ny ( Z)HN ( 0l
NMIC,W(X’W:_ﬁzlognw’“( X;) N Ny (V)]
1 . n| Ny (X )lﬂ v (Y))| "
:g;log " .

AR (6)TT LA FRIZ AR (5 ., A AR B A5 BOIZ AR EAS B2 L B NEe (X)) NNy (V) =
0, MINMIc, , (X;,Y:) =0. NMIc, , (X,Y) =0 HHMLHFENMIc,,, (X, Vi) =0,i=1,--- ,n.
B1S AT A FEALERS IR G (kg k) N HRBCA IS R ARG S, NM e, (X,Y) =0
HORAL, AT A A P AR B ) AT AT R OR &R

EH2 45 (X, Y) R E AR A (ko k) IR AR BN M I, , (X, Y), U0 P 5T

(1) NMIg,,, (X, Y) = NMIg, , (Y,X);

(2) NMIc,,,, (X,Y) = NH,(X) + NHy, (Y) = NHc,_,, (X, Y);

I Shannon /@ A B AS B A€ X, b5 S 2 ..

B S NG BREE G AR A AR IG5

EXA BERERS(X,Y) € SHUEEEAIRA S (ko ky), Niw (X)X HIk,-NNKL, N (Y)Y Hik,-
NNHE £ NE (X) C Ngr (V), WFR(X, Y) ek, x by ARSI, 5 NS (V) C NE= (X)), WFR(X, Y) Rk, x
ke SBIR IR

B E AR, BRSSP 8 SRS R AFAE PR FIAS [ R DR B 5 1)

SIERL EFEA (X, Y) Rk, x ky ABHORERHT, WINM o, (X,Y) = NHy, (Y); #(X,Y) Rk, x
ke BISRERI, WINM I, (X,Y) = NHy, (X).

T3 HEMALES, Sx, Sy MR ARA 5 (k, k), £ Sx FATAREARESH Bk, x &y SBIHCTK,
WNMIc,,, (X,Y) = NHy, (Y); 45 Sy AT Lk, x kAMKEL, WNMIe, , (X,Y) =
NHy, (X).

HEHBF AL, NM e, , (X, Y) < min{NHy, (X), NHy, (Y)}. 55500 %A Frabazb
W 2 — R AR IORIR. B BURAS LA 8 SRR & (K, ky) B, — DRI B et i — MR R
5E.
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FIFRIMIE 345 5 A B, QAR HA B AT i B AR B A OGRS, WIS I FE G AR (R ORI 1), AT R
O] BN FE A O B SR SR R TR, (7] IRt P 2 s 0 R A B RO RE A . SR, i B AR R ) SR RO
REIRZHE, S Bl — 215 S AT E (K Ky ) RN 2 B0 OC RIE . AR SBIERA &7 AR
Rl AT IORIE, Al AN (R AR IO IR B T OGS e — P Pl A7 SRS,
3.3.2 mALPEZREIK(MNC)

S8 LS HYRBIBARFAE R (NM), SR )5 2 T NMIE L KRB R (MNC).

EX5  HEMNAREG SHMBIRAE (ko k), SEERFAEREFE(NM) H HI TR A

NMI(S|c,
NM(S), & _ NMHBlo..,)

xRy

: 8
109 szt o) )

NMI(S|c,, ., ) RMIS| o, ERVBEAG . BB E3A, 22 30(8) 7 B S AR & TH 46
AT B SRR, DRI AR B R TG 2R M BUELAL 1[0, 1), 3 — b B B T [ — AN 4 A R 78 55
ORI FE IR UL, A BT AN [F) B8 4R 2 T SR IR B 11 LR A

ENX6 HEAMREARES, RIS RIGHENB(n), i KB RE(MNC) H:

MNC(S) = 1<kmyg%B(n){NM(S)kz,ky}- (9)

H1 < kyky <On®),0<a< 1.

HIGEMINB(n) BB L E 2 QG B R m i o6 &R, /e R Bed2 4 fal oG &R
SCHNSERS E25 A UM ABIBEE RO T ~ nO8. TERFIRIE E, RN B(n) = nO-8 47 SLEG 40 #7.

3.3.3 MNCHMHEXMERDH

AATIUEMNCAE R SR 5 5 B 75 9 2 V5 1R R 3

(1) J7z M MNCE:TREA f A BE B A e S0, R R R AR B &, i3 MNC. 3T
IR (28] -t 2 B A T QIR 3 1) LA B R L 2 AR R

(2) XFRPE: MNC(X,Y) = MNC(Y,X). H@EE2(1) %, NMLEAXFRME. MNC/ZIH—LHINMI,
SRR

(3) ATEEME: 0 < MNCO(X,Y) < 1. HIE X5ME X6 5 ML, HE X3ME 3K, MNC = 0%
NS EREBSL, MNC = 1378 & [BAATE R ORI G &,

(4) Edth: MNCE TR BTE, & —FIESHUb 7%, S8Rk, R1h A
(RO OC RIS UE T 11 5.

(5) AP SHETPERE & UK tHReshelf55 A4 HFJZ A FIRIKHE, Kinney S5 M A HE b #EA S
TR A BE B HH Self- ¥y . P A BE (1 35 P 5 | AR 22 4112 25261 it L3 U I B R A FE PT RE T
I AETERT) [ 3 AN 45 50 45 SR BHMINC[R] g 2 BRI A 1. AR SCHENI B M i it 8 LR B G — 1
B, W T e S BAS BAS T T 3, 5 S SRR .

(6) FAURME: MNCMEE = FHR Fh G546 HY AR, A 5 1) SRIBC i 52 11 A8 10 32 R IR Ok 28 25 ) 2 1) A%
RS, 38 ORI FE A AR A IR AR B B AE R R IE . ZI0R R, SRR R €, SRR
JE Tt A% 4 P AR A I 45 2R 3 W L TR 1k

(7) AT R tE: R EEAN[R] 2 AR i (R A E B 2 P i, MNCE T A
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Figure 1 Empirical performance of different parameters on independent data

4 SRR

B UEMN A RO AR A, e 13 0 8 B8 A8 (BB 4R . FUSEBdR 4R ), AP M
NATHT XL G, P SREE T AR IR A 1K 7 VM RS 2 S H K Pearsontf 6 R 2L (o) AT IR A1 26
K AERNRAAELEN: L R, Spearman® FH 2 R E AT R & 581 5¢ R A RM B LR R, bt
FH SR A T 5% 22 0 B R R B MICOTR] R 351 22 O B O S (A A 20 1 A 4 () G R OR R dCont8: 191]
i i %2 U R IR ORI OC RAB U S A RIS R AL e 59, JB I FX e 77 VL L, AN TR A 5 254k
PAMNCIRIRE . 5256 0 A F min-max JH — 0 7 A EE, AR B HUE AL T[0,1]. W A SEUN LT
R R UL, #R BN E. NTE LR, MIksas MIpne MM IgynFeEidNT = 1 — e 2147
e, HBUEAT[0,1], HhrRpREER.

4.1 BSEERMHESH

B, M AEMNCH S ECH A RIYEEE « A RIREAS & I GE T o B sz m. B gASF R, ofhRos
Geit ST EIE REAE, 100 250003E8FME ;v I RMNCAZ 73, HIXT SR AR 100K B 5 SE5 A 26
BIFR, brdiic sk AT AR S 4R S A LI W B I S 8L LR g R EUR, I T EIHPMNCIE B A &
(AR A 3 — . B e A S 4 AN S0, MINCAR G FE A B 3 Iz iis /N R 10, IR R B2 AR
EFMNCEE KRGO NmZRN. 7B (a)-(d) R 4EEEZHE N, SRS ER E Na = 0.5. 4
HTHR [FRIRE A AN [F) 4R FEMINCAEL A8 4k, R I 100G 1T MNCF354E (FE 2R B Hh I 4T 8 2% ) L ezl
UIREA TR 20000, 4FHAS [ 45 R FIMNCEIE M0.11, 1007IRE8 (9% 270 29[0.09,0.12]. IXFE ST
MAZIEBL T, AR B4 B AT MNCE (2. 2Bl 7B (e)- (h) AR B4R FE AR AL 5 (a)- (d) R 4E
FEAAEARTR], R ARIRSH I e = 0.8, fEMIRE T, MNCTEAFIFEA B A RYERE FRR A0S 7Bl (a)-
() IR I —EL, 1007 P4 ZE FE th N, 1K 3R B i K /N 8 1T A8 2 O MINCARL RS M /.
S5 RO AR B R 2 A TE RO R I R, 5 4RSI A0 a Bl B B I N B (n) = n0S.
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Table 1 Performance of all methods on noiseless functional relationships

Relationship Figures SpearmanPearson MIC MlIkse MIrne MIgnn NS MNC
Type

Random 0.03 0.03 0.17 0.13 0.13 0.26 0.00 0.21

Linear AN

Exponential ‘l

Cubic L\——/—

Linear Periodic W

Sin

(Fourier frequency)

Sin

(Varying frequency)

Parabolic

Sin

(nonFourier frequency)

4.2 EIBEESE S
AE B E R R £ E R KRB EYE LI IEMNCH] RA & I R R,
4.2.1 ZnTENH

TR R RIR R R B T B, AR TR ORI R BRI MNCH I IEE, AR . I EA
[7] ) BR U SRR &R AR I MINC R A 1

(1) EEE: KHMNCN T 2 MA R KR RBOCR (RIP IR R4, 25 509
LR R FRon . Fgok 2ok B SCHR(10], IF4% Spearman®BE4T BRI TERE P HES), JF ARG X 43
S5 B N ORI BAE R R MR L. 2 T AR AL KPR R S R0 R, kR +
TGN ZAN AR SEHE T RIUE. WERIP IR E, MNC(& )5 151) MIMIC (35551 £ FT A
SRR R LRI, Praa RBRR A N1, KR T MNCH AR A FE KRB &R, 53
EINEMLEL, MNCHITERE M B AL, JUHAE R PEss . IR A RIS R L, HE RS K
RERRRFERAR. Fi4b, HT k-NNEFI WA 775 M Iy v~ NSTESER b BAR T T k-NNGL i 2 11w Fh 7
BEMIgsa~ MIpne, FOSEATERIEYESS  FIIESR ARSI Bom . (EARE 2, MNCTE
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al [2%] Exponcmial 10Xy LP, Low Freq LP, High Freq L-shaped LP, High Freq 2
1.00 1.00 1.00 0.98
Sigmoid Lopsided L-shaped s;, k Cubic, Y- LP, Med Freq Sin, Low Freq
0.97 0.48 0.10 0.09 0 07 0.04
VF [Med] Cos VF [Med] Sin Sin, High Freq NFF [Low] Cos Cos, High Freq Parabola NFF [Low] Sin
0.02 0.02 0.01 0.00 0.00 0.00 0.00

1111 AL o 111 N7 1

B 2 ZBEEMHFRREER

Figure 2 Functions f used to analyze the equitability of MNC and colored with descending monotonicity

BENLAZ & b BAS o0y, IX 32 S HER R A /NG DG (B 1RTA).

(2) Pt REMNCRH T2 MR L S A [F] ) R AR SCIOR REE AR, MBI A X &R
EMNCIEHBEM: A SRS, e RS A o7 NESCER(12): Y = f(X) +n, FAERFTFR
(10 P8 1 8 R R BB OG R, o IR BB 50 4 A R IIRA M 7 I, s Hh R B 24N AN [ M FE K. B2
7~Reshelf55 N2 H 1 R2-391 P, FH1-R2(Y, f(X)) i &4 75 &, RoVPearsonfl X R4 FE3/E/RKinney %
N BISelt- 34, I M (X, Y) = M(f(X),Y) BOL5 5, FI IR 5 M EAH [R5 /KPR A
[F SR R IR A EE /. WA, ATAT B 25 T R-NNGLtHE 7 M Re, R AT 7 2k T k-
NN B Ty PERE, X PRI 755 3% [EAE S50k =2 3. 5+ 100UFMEH M - rEsE. &5 —17 B ndCor,
MICHIA S i B EMNCHIPERE. BT BIH, oiER R/ &, o fli R sxf B EE = A5 0 E. WS
T B 1 B A T 1 P B AR ) R LA [R] R B OC RMINCAE AR Ak it 26— SO T e o7k, BiZE
FHIFN R 75 KPR, ANE BREOR & ERIMNCE R 72 RME S GO0, AR H B ) S A SCTOC 2R i I
R IZX L ERIIMNCHH L P A EE E L, R SRS R IE AT 7). ZRTTT, MICAE KM 5 i B S
foi ) T 1R B pR B R (B 5L B2k 0 2); M Ik soTEANFIRER R _E IS 0 B B B Fh i
7t 5 SO R A H, (R AE RAB /NI B 73 BIORE FE /D, U BT VAV E R 2 S HOE B2 RO, B0t
M I N EEARIR R EHI1F5) B A B ) BB M T s 55, (AN RS HORE T RIMWAE;
BT E-NNEI 17785 AE I A 3 1 b, &g BT KM 75 B 1 ORI Ok SR R 20 B (R g e i
X R P W €8 1), DR B A /N S () DR IDEOC R I W 0 (N S B LA A R, XSRS VA%
M 75 SR, AN A TR B A ROE R dCorFEFIATE R R BB EAHES B TR R, &
B Cor X} KRB RIE A i r). T E-NNALB T FIMNCEE S 78 A7 v i vERe#f i T He ik

AR IBAN A SCTRE B, A5 MNCAE A I& 7 b 28 FEARE A k> 20 S (R R 6 Bk e 1 S B AR BB A K.
F14k, MNCTE PRI € BRI — S, A A5 v B — Bt Ee RAEE A

4.2.2 ZRTENH

EATSER A R CR Y], MNCRERA 2R R A2 KRR R, HX R ARG L MWE. A48 2 o8
BRI EIRAEMNCH IR YE. T AR AL A PSR T5 A 2 SR B A Zu B RIOC R I
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Figure 3 Performance of all comparison measures on R2-equitability
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Figure 4 Performance of all comparison measures on Self-equitability
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(a) MR R (b) IRERFR (c) IFLMHXKFR

Bl 5 MEEXHS5YHXTEHENEM, MNCHdCorEZMARE X AR R LHRN
Figure 5 Empirical performance of MMC and dCor with respect to three different relationship types as the dimension of
variables associated with Y in X increases. (a) Linear relationship; (b) Mixed relationship; (¢) Nonlinear relationship

(a) X = (X1,X2)

(d) X = (X1, X2, X2, X2) (e) X = (X1, X2,X1,X2) (f) Experimental result

6 TEXFREMAERXRZLEEMNCHMICorE & BN ERIFRIN

Figure 6 Five redundant relationship types in X and empirical performance of MMC and dCor in each case
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N7 VB EMN C I B 1.

B e MEA R LR 2 oA 8RR R (El5- BT A T B AR R R KRB ), RIS R
H500M 4 51 RAE U R, Herh XA R 120 BE IRV BLRST, S50 45 F 1000 A7 5256 ) FE 22 R .
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(a)F(b) T Elrh, BEEX T 5 5YHH O/ BE4E L HI 8GN, dCorMIMNC ) FE 1288 14 oK (i € i e 21 1
i 42 73 ) Fe s P A B2 B 100K SES P I E AR S ). (o) TP REBRR RIYARZMAR iR, dCor Y SAME
B A DR HEFE IO G 0 S M98/ X R BB X b 5 Y AR OGS S48 B2 (R 39 I, v 5 XCFR) S TE 54t B2 149 .

(2) Ay SARX 2 WX R, H6(a) R T =B RIFEI% R, Hhy 55X, A
TR 5 0 ET TR P 3. (b)-(e) X TP T A8 1 5 0, X 52 2 P o e 2 1 T A
FE, FE RN BEBUS AR, (F) s TORP ORI R EMNCIRPERE. SEI0 g RE/R, MNCTE LR E R
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Figure 7 Empirical performance of MMC and dCor with respect to three relationship types as the dimension of indepen-
dent variables with Y in X increases. (a) Linear relationship; (b) Mixed relationship; (¢) Nonlinear relationship
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Table 2 Different measures to compute the associations strength of pairwise variables

Xvar Yvar MNC Spearman dCor MIC MNC-p? MIC-p? rho
X1 X5 1 -1 1 1 0.02 0.02 -0.99
X1 X3 1 -0.26 0.45 1 0.96 0.95 -0.20
X1 X4 1 -0.87 0.88 1 0.25 0.25 -0.87
X1 X5 1 0.87 0.86 1 0.31 0.31 0.83
X2 X3 1 0.26 0.45 0.99 0.96 0.95 0.20
X2 X4 1 0.87 0.89 1 0.22 0.22 0.88
Xo X5 1 -0.87 0.89 1 0.26 0.26 -0.86
X4 X5 1 -0.94 0.99 1 0.05 0.05 -0.97
X5 Xe 0.79 0 0 0 0.79 0 0
X3 X5 0.78 0.22 0.31 0.37 0.71 0.30 0.28
X3 X4 0.72 -0.19 0.34 0.39 0.63 0.30 -0.29
X4 Xe 0.66 0 0 0 0.66 0 0
X1 X6 0.58 0 0 0 0.58 0 0
X5 X6 0.58 0 0 0 0.58 0 0
X3 X6 0.56 0 0 0 0.56 0 0
X5 Xs 0.5 0 0 0 0.5 0 0
X3 X3 0.42 0 0 0 0.42 0 0
Xs X3 0.40 0 0 0 0.40 0 0
X7 X3 0.38 0.19 0.21 0.34 0.33 0.29 0.21
X3 X7 0.36 0 0 0 0.36 0 0
X5 X7 0.34 0 0 0 0.34 0 0
X4 Xg 0.25 0 0 0 0.25 0 0
X4 X7 0.25 0 0 0 0.25 0 0
X1 Xg 0.25 0 0 0 0.25 0 0
Xo X3 0.25 0 0 0 0.25 0 0
X6 X7 0.25 0 0 0 0.25 0 0
X1 X7 0.23 0 0 0 0.23 0 0
X X7 0.23 0 0 0 0.23 0 0
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* 3 SMHITESHAHBTEMXKXR
Table 3 Associations of 8 variables against heating load
Xvar Yvar MNC MIC Spearman dCor MIC-p? MNC-p?
X1 Y1 0.81 1 0.62 0.76 0.61 0.43
X Y1 0.81 1 -0.62 0.78 0.57 0.38
X3 Y 0.72 0.67 0.47 0.43 0.46 0.51
X4 Yi 0.66 1 -0.80 0.91 0.26 -0.09
X7 Yi 0.65 0.68 0.32 0.25 0.60 0.57
X5 Y1 0.51 1 0.86 0.92 0.21 -0.28
X3 Y: 0.45 0.26 0.07 0.09 0.25 0.44
X6 Y 0.39 0.14 0 0.01 0.14 0.39
Iy :
L ! g L ]
* [} 1] L] |
[ » L. ¥ ¥
ML N I i i i
L 1 - g p
" ¥ w o ¥ N E -
I A i !
w " N
(a) (X2,Y1) (b) (X7,Y1)
v
= 1
- u ]
- E3 i
#
(d) (Xs5,Y1) (e) (X4,Y1) () (X =(X5,X4), Y1)

8 ENBHIBEHREMXERT: (a)-(c) EMNCX%IH; (d)-(f) HHdCork I
Figure 8 Demonstration some representative associations of ENB: (a)-(c) by MNC, (d)-(f) by dCor
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THAZBHAWX, . Xo 5V HRAFKIEZE R —F; MIC. dCorflSpearman® (X,,Y1)« (Xs5,Y1 )5 = i Bk
SREEAE, KXy XsH5VIRRBOCRMME T HERE, SRR X, X5y BELMHEMK, X
WY dCor. Spearmanig hn it Ao iR A 261 O RINRE . MNCH (X3,Y1) B THIRE =41, 4546 MIC-
P FIMNC-p? 45 B i {E AldCory Spearman i Al KR SE R i k] H4F 1, FRATTHEWT X5 5 V) 2 A7 TESE
LRMERIOC R, IX B I L KRR

R HTMNCIR ) AR % 22 7048 & 8] CBOC RN BE 77, SCHEE T B vl Be R iR A8 2 20 A (256-
8=248F1) 5Y, IR BER I, I RGMA S MMNC. dCorfH AL T RISHIA B & (F4). %3t M-
NCH XL HIW Y i RERER B2 —; K1, XoMIX, IMNCE AL T2 R i i (PTG Ahar);
M4UX, 5X; HEZ G, MNCEBEIN: MNC(X,,Y1) = 0.81, MNC(X7,Y1) = 0.65, MNC(Xo, X7) =
0.81, MNC((X2, X7),Y1) = 0.94. Guit MO FEAR A 55 FAR 81F SCHCR I K, X R IMNCRE
F2H05 AR B IR ORERI B AR . SR3HdCorflRIBIESE X5« Xy WY IR KRR &) R4 (X5, X )
AN FHIRZ . AR, K2 BIR X5 5 X A E R EL R (p = —0.97), X BB d Cor fi 71 £ 14 56
PG R, EI8 70l 7R TMNC. dCorHEF H AL REOE R, MNC 3 3%E H 1 G OE R (c) B & b d Corih
I I SRIE R () R 2, BARJERI A L MRt

MELRAFTH AL BHE, KIS B XA EMNCIEF, B X 5 e R EHE G
SRR L . X 55 AT SR [20] (I 4548 X, 5 Y 39 AHDE, (B B i vy TS B f S8, AW
TR, BEAE RS BN IN, MNCAeRFEANEZ M Gk, DR & 17 R B H & A0, &
W IN R IE A AR RN X 5+ Xy X3v X1 Xe M1 X, Hh X MNCAL )45 . 45382, R3nl 4,
X5 Xav Xn 5Xom BEARYEA R (pfERN), X35 XofFEARG % R OE R (MNC, MIC, MIC-p? FIMNC-
PP EH FRAERE). Xsv Xav Xa X AT EAFE XK TUARL &, PRI Bl A X 638 5 (1) 34 1, MNCAE AL
XM X6 5 BT A RS & 1 CR RIS 5 B AR B EEEUN) 5y OCEGR 51 T
T3k, XM XAl FAEY G TH I AR &, FEE X LR S N, MNCE /). X IR PIMNCH
AT ROT.

25 b RSB AN B S S 6 45 SRR W, MNCIE T R 2R ORI R A B ¥ Fh 5 A6 PR B e
KR, ZRAGAFWEN, THT 208805 0 RIZIRT 5.

5 RE

KR IR R A MR R -5 OB R B 19 55 T B P2 900 Y S B R, R S AR R SO
I MR OME. AR SCET X B AR B ) 22 A A2 I SRR SR AT AT UM R, ks T KRB
SN RIR R LR T IE MR, It 17— BRI 2 2 BT SR R R BMNC. R R
T PSRBT AR I ) QIR BE B E 32 S U I BOR B BR L, 9 1 MICH RE U 0 B RIPRG
A dCorfh i & FLIGIER R AU A L

I IE SR R I, MNCIRII 2 30 R2- 350166 1 RIS elf- A A (KRS R, R0 3k o ity 7 1 5 SR
AGE— I ERAL, JELTS DI IR R R AT W 0 SR RIS R A R 5 A AR B RRA. e 4, <R3k
FOGEH R TIOR8 5 R AR S22 SRIBOR AR A2 40 USRS A SR Al P (R B ), T0KE 2
AR I FRIR R IZ IR E BT )2 —

&2k

1 Young A I, Benonisdottir S, Przeworski M, et al. Deconstructing the sources of genotype-phenotype associations in
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Table 4 Top 5 associations ranked by MNC and dCor on different combined variables

X Y MNC X Y dCor

(X2, X7) Yi 0.94 (X4,X5) Yi 0.92
(X1,X7) Yi 0.94 (X1,X5) i 0.91
(X1,X7) Yi 0.86 (X2,X5) Yi 0.91
(X5,X7) Yi 0.84 (X3,X5) Yi 0.91
(X3,X4) Yi 0.84 (X2,X4) Yi 0.89
(X2,X5,X7) Yi 0.94 (X3,X4,X5) Yi 0.92
(X1,X5,X7) Yi 0.94 (X1,X4,X5) Yi 0.91
(X2,X4,X7) Yi 0.94 (X2,X4,X5) Yi 0.91
(X1,X4,X7) Y1 0.94 (X4,X5,X7) Y1 0.91
(X3,X4,X7) Yi 0.94 (X4,X5,Xs) Yi 0.90
(X2,X4,X5,X7) Yi 0.94 (X3,X4,X5,X7) Yi 0.91
(X5,X1,X5,X7) Yi 0.94 (X2,X4,X5,X7) vi 0.91
(X1,X4,X5,X7) Yi 0.94 (X1,X1,X5,X7) Yi 0.91
(X2,X5,X5,X7) Yi 0.94 (X2,X3,X4,X5) Yi 0.91
(X1,X5,X5,X7) Yi 0.94 (X1,X3,X4,X5) Yi 0.91
(X2,X5,X4,X5,X7) Yi 0.94 (X2,X3,X4,X5,X7) Yi 0.91
(X1,X3,X4,X5,X7) Yi 0.94 (X1,X5,X4,X5,X7) Yi 0.91
(X1,X2,X4,X5,X7) Y1 0.94 (X3,X4,X5,X7,X3) Y 0.90
(X1,X2,X3,X5,X7) Yi 0.94 (X1,X2,X4,X5,X7) vi 0.90
(X1,X2,X3,X1,X7) Yi 0.94 (X2,X5,X4,X5,Xs) Yi 0.90
(X1,X2,X3,X4,X5,X7) Yi 0.94 (X1,X2,X3,X4,Xs5,X7) Yi 0.90
(X2,X3,X4,X5,X7,Xs) Yi 0.88 (X2,X3,X4,X5,X7,Xs) Yi 0.90
(X1,X3,X1,X5,X7,Xs) Yi 0.88 (X1,X5,X4,X5,X7,Xs) Yi 0.90
(X1,X2,X41,Xs5,X7,Xs) Yi 0.88 (X1,X2,X1,X5,X7,Xs) i 0.89
(X1,X2,X3,X5,X7,Xs) Y1 0.88 (X1,X2,X3,X5,X7,Xs) Y1 0.89
(X1,X2,X3,X4,X5,X7,X3) Y1 0.88 (X1,X2,X3,X4,X5,X7,X5) Y1 0.89
(X1,X2,X3,X0,X5,X6,X7) Vi 0.84  (X1,X2,X3,X0,X5,X6,X7) Vi 0.88
(X1,X3,X1,X5,X6,X7,Xs) Vi 0.74  (X2,X3,X4,X5,X6,Xr,Xs) Vi 0.88
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(X1,X2,X3,X4,X5,X6,X7,Xs) Vi 0.74  (X1,X2,X3,X0,X5,X6,X7,Xs) Vi 0.88
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Abstract One of an important tasks in big data association mining is to identify potentially complex associations
among massive variables and to determine the strength of different forms of associations. However, the uncertainty
of data distribution. the diversity of associations make the measures based on distribution assumptions and data-
driven non-parametric measurement methods are difficult to ensure their applicability and accuracy. Therefore,
it is urgent to design an effective association measure that is unbiased to the relationship types. In this article,
starting from the fair ordering requirement of potential relationships in big data, we review the current axiomatic
conditions of association metrics, provide some possible properties that associations measures in big data should
to satisfy; discuss some shortages of two kinds association methods based on neighborhood; and propose a new
associations measure based on k-NN granule, called maximum neighborhood coefficient. The experiments on
artificial datasets and real datasets verify the effectiveness and superiority of the proposed method from different
perspectives. Finally, some interesting phenomena in the experiment and theoretical issues to be solved are
pointed out, we hope they will arouse deeper thinking and research in this field.
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granule

Honghong Cheng was born in 1986. Yuhua Qian was born in 1976. He re-
She received a B.S. degree at school ceived the M.S. degree and the Ph.D.
Mathematical Sciences from Shanxi U- degree in Computers with Applications
niversity, China, in 2012. She is a PhD at Shanxi University in 2005 and 2011,
candidate at Institute of Big Data Sci- respectively. He is a professor at the
ence and Industry, Shanxi University. Key Laboratory of Computational In-
Her research interests includes associa- telligence and Chinese Information Pro-
tions mining in big data and machine cessing of Ministry of Education, Chi-
learning. na. He is actively pursuing research in
artificial intelligence, granular comput-
ing, machine learning, and deep learn-
| / ing. He is winner of Excellent Youth
Fund of China National Natural Science Foundation in 2013.

Jiye Liang was born in 1962. He
received the M.S. and Ph.D. degrees
from Xi.an Jiaotong University, Xi.an,
China, in 1990 and 2001, respective-
ly. He is a professor at the School of

Zhiguo Hu was born in 1977. He re-

ceived Ph.D. degree in computer sci-

ence from Tongji University, China in
— 2012. He is now working in the school of
computer and information technology.
His research interests include network Computer and Information Technology
and Key Laboratory of Computation-
al Intelligence and Chinese Information
Processing of Ministry of Education at
Shanxi University. His current research

measurement, data mining and machine
leaning.

interests include computational intelli-
gence, granular computing, data mining, and knowledge dis-

covery.

19



	ÒýÑÔ
	´óÊý¾Ý¹ØÁª¹ØÏµ¶ÈÁ¿¿ÉÄÜÐèÂú×ãµÄÐÔÖÊ
	»ùÓÚÁÚÓòÊÓ½ÇµÄÏà¹Ø·½·¨
	»ùÓÚk-NNÍ³¼ÆÁ¿µÄ·½·¨
	»ùÓÚk-NNÍ¼µÄ·½·¨
	»ùÓÚk-NNÁ£µÄ¹ØÁª¶ÈÁ¿·½·¨
	ÁÚÓò»¥ÐÅÏ¢
	×î´óÁÚÓòÏµÊý(MNC)
	MNCµÄÏà¹ØÐÔÖÊ·ÖÎö


	ÊµÑé·ÖÎö
	²ÎÊýÓÐÐ§ÐÔ·ÖÎö
	Ä£ÄâÊý¾ÝÊµÑé·ÖÎö
	¶þÔª±äÁ¿·ÖÎö
	¶àÔª±äÁ¿·ÖÎö

	ÕæÊµÊý¾ÝÊµÑé·ÖÎö

	×Ü½á

