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RIKKRIZHEIN 19 A Galton BFFENFKE S @it inl il — B B2 0Q0E 1, BEAERHA BRI
RS S IUAS R B 5 5K 16,9101 fgil A= A 1 2 AsK, ST 5 0 EE AT SO R ) 2 5 AR AE ORI, b
RVE BRI RIS R IE A, BRI BT vt B0 IR B2 8 22 AR BT ARG L Ak [ SR R edl i AX, A
o AR e e R e U 1) AR 32 ST AR B UK (R SR I AR B AR ORI R RS 1Bl — 1491, 3 R R
Tt EOHIR RN B AR BT . 2011 4F, Reshef %5 101 7£ Science b8 H, REFHI AN KIBIE R
BN R A H & IEYE (generality) FIMETPE (equitability), JEAHMNHI$E H 1 [R5 2 LB P 5
(18 KAE & 220 (maximal information coefficient, MIC). Kinney %% ['2] B} 7535 # Hi MIC 7E KM 1
DL RN R, IR S BUR 2 R R 22 MIC 7EF H AR 73 N T 50 A 2 i AL 7%
A7 B 2T S R A AR YRS B O A AN S U A (data processing inequality, DPT),
AbATTE BT s ST vk, SR HH A Self- M (Self-equitability) 1% Reshef S5 H 1 R2- 451 (W
FISCHR [12] Hidi%), FFER] 73T kNN Gt B EE S (Mikse) BB IR 3. RAERT T
BT 2 55l AR R R 19 5 T ORIROR R P B I A Pk, (EARSRAFAEVE 2 AT F5 F .

(1) DA BRI B T B — e AR B A) R B O R #8455 Fe JT, %) 22 J0 A8 &8 (A AHALMT: 5573
b SRAE SRS B BB SRR R R P FIME S5, B AR R i 2 AR R A L R R IE 45 2R,
A3 BT BN BE R e 91 5 50 B 5K 28 S (I 98 3 oV A0 L LR A R AR . FE 42408 — e B ORI R AR IS
RIS 1) MIC ALY R B 2 oA R .

(2) ZBHUEFEFABCR IR &, AREEZH LK RIEILAA ) 5T B RBREE HUER,
N—FSHBE KMEAREN LN RIKKR. B Mikse RESH k=1 WEAFRRER R LR
LY Self- Hyfri: 131,

(3) BAE D AAENE . REKK R L HNVERRS /L, BV E IO Bt S8 s a) /s B of
BRI RHRR R . MIC FE T RS K170 (0 LA S A TR S T, IO AR5 2 243 ) S TR P2 b 82 S i)
R Rényi 52 HA 155 RAH 5C F8 B0E Si2 B Hh M Al o A8 45 o e ] 1141,

KL SRR I BN T e US4 T EVE . B E R 5 R Wi ov %+
14 ) . AT RS0 T AFH M AOR Y 05191, Liang 1 Qian 25 17 S S0
JIVE T REAE MR DR T 5N B 298 ARG, 45 H RSB b R A BIURT 22 0 15 2 i
P TR —, X5 KRB SRIOC R R TR IR K 7 RS 54k, Hu 45 D81 27
H 6- ARISCKL (6 FomREAHISRII-AT) R SRR AN QT s A5 B IS8R B B R U3 B 2 IR AR 5%
i, HAERFAEIEFEAT 55 T R ED L. A S A [ 78 R AR A 0 &0 o> B0 2 <R 4RE K/, 51N B-NN K
REFEAR A NIEARIZ AL, € T AR EIT E-NN BT E N NHR BT E (ko) ky)
IR A T RIS EAZ B, M 7 ORI R MBI IE R M. FERE h A 0 R N — L5 A AR B A5
B, B =i KA N HRARE R 2 (maximal neighborhood coefficient, MNC).

AR TR R :

(1) B0 KB SRR RIZHATE 5, SI0 L B AT Ul ANk 22 i 72 DR BB o< AR 0 SRR A8
AR5 SR, ks T RHOE SR IR 2 S e i A2 (PR

(2) HIHT 7 P RAL G2 T B A K SR RIL R TTE, JFR ARSI E AR £ . R 511k
Rt S8 E ST A ER A AL,

(3) BINKLTFEERIG HET k-NN RIS A2 6 FE il JE AR, 4R 1 1 2 TR IKsh B RIS R T &
LIS SRR, 2 ] o 2 2 T AR B (A SRHA SR R, GRil T ik vh S U BN R RS
b} A
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2 RBEXRBKXZEEWETHEHER

FIE 1959 4F, Rényi 4y KO R E R TS 7 FAFEZAR M) IR5E H i 2 24 1B KA G
FHMC(X,Y) = sup; , p(f(X),9(Y)). 1%FREOE I FTA W BEAFAER) Borel WKL £, g X UG o
HATAR MR, TH RS AR FE ) p (Pearson AHIK REL), MG KB ARy RERSR AR, SERp A @b, S
6P b 2 7 B 3 1078 4 oR B, T8 (IO LA R0 A 0L i L MC BT (Gauss) S AifERE
AR 20 bR KO i B AR VEAR DG, SRTT, Bl Hidl b 2 2 ORI oG AR I HH B, Eﬁﬁﬁ%ﬁﬁzﬁﬁ”ﬁﬁki.
Schweizer F1 Wolff 191 5t} Rényi 305> A ZAAEIESLUE BIE 0T LB, IR BB st T
ANPFAFHATBIE. (HRBIEE M ABF T, SSEEEDUE Y 1 24 BACHEAR E A FE R R ECR
RO X5 REE I JERIR RO R RS RO R AR A S, RS ST
PRI 8 5B OGO R IATE 5%, SR QIR B RE AR 1R 22 OGO 2 SO0 R X T 1m). R, é%é.\
I 75 SR A DRI B2 B 1 A B 2 A, 4 R ORI DR TGO 2% i 28 T e 75 i 2 R PR

AL X = (Xy,...,Xp), Y = (Y1,...,Y,) ABEHIARR, p M ¢ R BEYERE. §(X,Y) LKk
KAEE. Mp=q=1H,6X,Y) #i78E o8 A KB X RIBT.

(1) Tzt 6(X,Y) HT#EFm R R HCIOC R, BRI E X, Y NEA N E £

(2) XFRME: §(X,Y) =6(Y,X). & X 5 Y ZIEMFEREMCEOCR, LR B SUE A 0 55k
HRIE RN,

(3) AIEETE: 0 < 6(X,Y) < 1. AFSCHICRIE], JRBEIRAL AT LUK/, ¢ iR 1 RS R
R, 6 = 0 RANREETEMI; 6 = 1 FRBEEFAAEBRKIKLR, SRALATLK.

(4) I BeIRA Z BRI OR RIE I, AN IR fa] B0 2t 5% 2 AT B pR H5OK R

(5) ¥t 6(f(X),Y) =0(9(X),Y), WR Y = C(f(X),n), Y = C(g9(X),n), I+ f,9 NAH
(¥ Borel M EREL, n WA IR, C FomELKX /MR ETHSRE. & C NIAES, W C(f(X),
n) = f(X)+n. W1 & REEICHREE, 28 RTEAGEME/N. M5B AT AR ok 1.

6) M () FEE X 75 Y MHXREEREN, X 5 Y FCBGRER A, B §(X,Y) >
S(X\X,;,Y), X\ X; £rn X ke X, Hob X, X AHERGT, X, 5 Y MK () BiE X 5 X, &
TURAZRRIEM, X 5 Y EREGREAZ, Bl 6(X1, X;,...,X,),Y) =0((X1, X5, f(X5),..., Xp),Y),
f(X0) #on X BREL (i) fEE X 7S Y SR AZENEN, X 5 Y [ESCEGRE N, B
S(( X1y, X0, Xig1, -0, Xp),Y) <0((Xy,..., X)), Y), b (Xp44,...,X,) 5 Y guitshior, HS (X,
L X)) RARE AR BT

(7) WM REXEREE R EYEENIEINE ST E.

IR, S TR R % 2 AR B RS AE OCIROC &R, DU HL B 1 L R STAERT 5
gD RYA B2 i o

SR

P

3 ETMEMANBEXEE

MIC B AFAE — it W Rl 7 BE K B0 PO SR I 0% 28 20 1R R, S8 e TS5 AN [R] WA il 7 8 e K A —
WEAF BT FIBT R OC R 9RE . (HA2 MIC £ T RIS i PRl 7 2RI 5 s 0 4% rh k> 0 i A 4k
& 3. Kinney ST FUEIER, 26T k-NN Giit &R LA AT Mlkse A8 7S R HE 45 H) 5]
EIWE. B Mikse MHBERISZZHEEMBOR. S PR R s A fl v M B L=, IF
TR ENTFAERIA AL, ASSTAAEAS A1 R I3HA Fh 45 K A I SRR R
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T SE I PIREE T AT A B SRR A KB R R R TR, SRR AT kNN R
)R KR B AR50 MINC, 50 A 75 A2 R B IR O 28 P58 B 7 i A (0 2 o B AT B

3.1 HTF r-NN SGitEH5E

Mlksc /28T kNN Giit Sk i A 8 8L 205 eilflid max- 08 E G i kA
&1 JE KSR IAEAT oy, R AR 8 L B 20 A B BTN nx AT ny, SRIGHE k-NN HE XA 4%
HERS E XUl EAS B Mlkse I BEEAT pp @ALEERE A0 5L PR A0 Z B 5 &R, H2R A max-
ORI RIA PRl T 22 . B9 max- YO8 53 KA B B ARITE X AE = 4E 15 100 T G
WL, AR EAR ST IVE S MH B-NN Gt g0l 6 12 o %5 BR ORGP R B T (F -
O EH AT TR AN, SRS A TR e N B AN ELAS R SO 5E RRCELAS B T 201 e N At R
SIMRAHIAE 5 fhTHE 8] 8 e 22

Mlksc FIANR BAG B THEONAEAR AT TR S0t oE: i€ k-NN SR IX K (max- 8
H0) FE-NN K (Io- 62 TR & A A 5% B X PMBORAE SR OIS R IG UL N A KAL, B k-NN
Gt EAE kA A BRI T, kA RAER RGO AR AR EERL A REFEE I principal
component analysis (PCA) ffiiH/m&EBAEII S, BIAH & AN 0 S SR B B IR 4R & SRR (id
E MIne) (60,

BT k-NN GEit & 1) SRR PR A S B BRIV, kB RUTE R X 28 & A mUE,
ARG BN B R R, R R 2 S BUZRINVEZ R NS HE R EBCK.

3.2 HT k-NN BB FE

BT B-NN BB EAS Bl v 7 A AR SO E BT, B S R S BRI E. Mlgan
FFETF T SGE AR (generalized nearest neighbor, GNN) fli i1 HAZ & PU. Z 77k MiE GNN it
5 Ly = e momavy o oll7, i V FRERTUEIES, § JE (040 (A ERAE ),
NNg(V) FoRm V AR R S G e R ¢ B s A 0 SGEABRISE S, E(NNg (V) N X
AR L. SRR GNN Gt AT Renyi 18 Ha(X1n) = t25log2282) Hodtp = d(1- o),
p RRNEE BRI, d RoORBARRIYERE, v KT d,p, S KIHE. 2 o = 0.99 I, Reényi 5T
T Shanon f. FAZEALTHRTE, S6H copula BRIEOMREANAE B FEAT M ()3 pR B 4, AR 4 5 AR BT
B AE TG T AR R

SRIAHLE (neighborhood similarity, NS) A& 7 —FdE T k-NN B IE 1 LB &= (221 =i
W WANEBEZ B AFERR R, AR AL —MEE T IAE SRR R AE 7 — M X

ESubigiibiiulEasEscsubpiibE Sl il R s ARIIPS LS

T kNN BRI TH7575 B8 T REAS (L 704D, e T oAl 22 /038 KA 28 Sl oy
AARAE T, ZETVER MBI EFE HE B €, SINEZ S BRI ZE, T 2R oCH%
AR = FHHT A RA TSR

3.3 ET k-NN R XxBEEEHZE

AT ARA AR RIROR R, WAL B A REAAEAEAR LTS 1) I R B R R GE N
SRIFTE L, T AT 4% 23K [F) 4RI 45 4.
MEMALE S = {(X1,V1),..., (X, Vo)) RABEIM (X,Y), UERE X, Y KA
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N Sx = {X1,...,Xn}, Sy = (V1,..., V). RERFEAASE (ke ky) (ke k) NIEBEEO), K
N (X)={Xj,. ..., Xj } N X FEARM kp-NN KL AR FARTA ) < jo < -+ < g, WTH d(X,X;,) =
1X — X, llax FEF3RAR, dx J9 X 2300 LI 1, 640 (Mhk p = 2). Sx HETEFEAM k,-NN RIEAR Sx
[, B U, N (Xi) = Sx. FPEFEASE Sy hipre@s U, Ny! (Vi) = Sy. SRS (k. ky)
TRAEALE S KB RICH Cr,. % Slo,,,, WA S EEE Ok, LRI, RRABIRASTE K
AR Slo, -

3.3.1 fMBEEER

AIFIREAH) B-NN RACEAEARNE N RAE T AAL, 5 SRR IR & (kay ky) BT S|y, B
SRR AN &I LA
EX1 45 X WIREARSE Sx, Ny (X)) N X, [ k.-NN KL, X, (48380085 4

Nk (X;
NHg, (X;) = —log‘ X ( 1)|7 (1)
n

e X RSB A
ke
NHy, ( z—le |N :——Zlo = (2)

Hob |- | FREAIREL.

R (1) PRELBI AT B EREA X, R, R (2) &1, VX R 1< [N (X)) <n—1, FIk
J%OL log " < NHy, (X) < log(n). NHy, (X) = log(n) 24 HACS A FEA# RAG—AMIE4R; NH, (X) =
log - éuﬂﬁéﬁﬁﬁ*ﬂi%ﬁhaﬁzﬁbﬂﬁ SRR AR R AR NG AR FE L K, AR 1L, X R
f%% B S T LA FR R A R AN

EN2 HENNARE X, Y HIREA Sx, Sy, LA AR S (ke ky). Nk (X5) N X, 10 kp-NN
i, NEY (V) N Y B kNN KL BEAAMTREAR (X,,Y;) EB 3 Cror, FRIABERIEN N5 (X0, Vi),
Hep X «Y #7 (X,Y) BB, A1 A

Ck k
vy (X, Y
NHe,, (X;,Y:) = 7logw 5

(X,Y) HIARIRIEA N

NHe, . :—7210 INHow, v, ( A (4)

BEALRE X N (X, Y3) = N (X3) 0 N& (), ) (X, Y) (AR &0 vl 2

NHC'k . :_721 |Nk )mN (Y)‘ (5)

RERIML, N (X)) NNy (Y;) = O BWRE S 0 MEARSIE (ky, ky) ADIRALE T B SEFIARE, HEm
AT AR BB R B TTRRON 0, 405E log 2 = 0.
EH1 NHc, , (X,Y)>NH, (X),NHg,,, (X,Y) > NHy, (V).
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W V(X V) €8, X € Sx, i € Sy, I N (X3, Ya) © N (X0, Nty (X, Y5)
Ny (Y), BB [Ny (X3, Ya)| < IN% (X)), [N (X0, Vi)l < [INy2 (Y0)| JRL, Bt NHe, |, (X,Y)
NHy, (X), NHe,, (X,Y) > NHy, (Y).

EH 1 RPN BRAR I [F e m A A0 . R, 7E230(E BRAE U, #E i ANid
B AR , T06-5 AR I8 e 2 T o .

EX3 YEMALE Sx, Sy, UIFFEAE (ky, ky) BENER Cror,. X, Y M (X,,Y5) B
ABORAY B N (X), NE2 (Vi) R Ny (X, Vi), MIBRGREA (X, Y;) AR (5 B0

VN

oo VR (X Ny
& Chgky
|NX*Y
[N (X)) Ny (V7))
n| Nk (X;) N Ny (Y;)]

n|Nk (X;) N N (Y5)] ©)
koky ’

Ol x, vy

NMIc, . (X;,Y;) = —1

—log

= log
BET (X,Y) WA EE RN

NMlg,,,, (X, Y) = _izlognljj\\]rz E 1§HN ((;l)l

1 — NE= X; Y;
n “— ky
i=1

x

2 (6) AT LAFRIZ SATS E A5 B, BeA AR A5 BoNIZ AR EE B2 A 5 NE (X)) NN (Y;) =
0, W NMlg, , (X;,Y:) = 0. NMlg, , (X,Y) =0 HHMHPH NMIe, (X, Vi) =0, =1,...,n.
IS T A REALER E AR (Ko, by) NERBCAIEFRADE . B RAFIHA S, NMIe, , (X,Y) =
0 HBRAL, W] i)\?’jfﬁi/\@é%l‘lﬂﬂfﬁ KKK A,

B2 4E (X,Y) FERPEISAS (ke ky) FRAKIGEE NMIe, , (X,Y), @ FPEFRAE

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

(2) NMlg,, (X,Y)=NHy, (X)+NHy, (Y) - NHg, , (X,Y).

I Shannon WA HAS B e X, FiRMH B 2 0.

A SN BREE & PR A I AR I OGO 2.

ENA HEFEAS (X)Y) € S FEREAIRAS (ko ky), N (X) A X I k,-NN KL Ny (Y)
HY B kNN R 5 N (X) C Ngr(Y), WIFR (X,Y) A by x ky ABERCHER; #57 Nov (V) C N (X),
TFR (X, V) 52 Ky x k, SRIICHEH).

B X 4 A1, BEANFEAR SRR 8 SRR & N AR TE B R [R] B SRR ).

SIEEL HHEARS (X,Y) 2 ke x ky SBERECH), W NMlIe, , (X,Y) = NHg, (Y); # (X,Y)
FE ky X ky AR, W NMIe, , (X, Y) = NHg, (X).

EIB3 AR S, Sx, Sy FIRFEARRAE (ko, ky), & Sx FHTEREREGH L ky x kb, ABIHE
B, W NMIe, , (X,Y) = NHy, (Y); # Sy AR AL ky x k, SBEEREE, W NMIg, , (X,Y) =
NHy, (X).

829



BRAL LA BT 4RI BRI RAZITTE

HEEE 3 WA, NMIg, , (X,Y) < min{NHg, (X),NHy, (Y)}. %5800 Fra szl
Wi —FPALIOCHL. I BB R A S (ke ky) T, — M ERMAEGE B el R — MR

SIH 1 e 3 gEA R, AR EAE S AT T AR A A SRR B, mT I W E O R I SR I,
AT TR AN B A K B A S5 P 1) DT AR, R P R T HE A e B AR R A R AR . SR, R AR B ) SC
PR RE L, LB R E T — A 4IRS (ky, ky) IRAIH Z K R, ARFRSBIERA A
FEAEA RIS, RilG AS [F) AR ORI AL T DG B B A2 — T AT SRS,
3.3.2 mALPBARYE

T AEE LS ABIARHEAEFE (NM), A5 25T NM & X MNC.

ENS HERAES S MABAE (ko ky), S ABBEFAEARE NM H LR N

NMI(Slc, .,
NM(S)s_s, = lgm((|kk:)) ®)
NMI(Sley. ., ) FRAM Sloy,,. EMABRILE B MR 3 51, 28 (8) oo B R ALRALA T
AT (2 R L, BRI AT BT o o2 BB [0, 1), 11— P B B A S
S ECRERER LS, 0 B DB (7 S BB L
RGN S, LURAUSIIZ I NB(n), Bk AHR R MNC

MNC(S) = ) <kzﬁi§3(n>{NM(S)’Wy}’ 9)

HA 1< kyky <On®),0<a<1.
B NB(n) BB HOR B SR B R s i 2 56 R, 1 /NS R REFZ 4 17 BRI &R
SCH N SEES: b5 A R AR ] 007 ~ 08, TEHRFERTRE, SR NB(n) = n08 BT S50 5047

3.3.3 MNC BHxMRS

A/NTFHAE MNC 7E R HHE SRR 2R B2 75 i 2 14 o o () 32 B

(1) J7z M MNC T FEA A B B 2 4RI, 75 A8 8 7 (A7 AR R B &, AT 3R15 MINC. 3T
MR (23] 2 B R T A R I Y B B AR I B 2 AR B R,

(2) XfFRME: MNC(X,Y) = MNC(Y, X). HEH 2(1) &1, NMI HAX M. MNC 2IH—1
(1) NMI, S FRPEALR.

(3) ATEEME: 0 K MNC(X,Y) < 1. I X 5 Al 6 SAnpor. e X 3 FER 3 &1, MNC = 0 &
AN R AN, MNC = 1 KA R AR KCIC R,

(4) E&EPE: MNC ARk, & —FIESHUbi 5%k, S8R A & 1 itk As
EIPRIS L A EC A

(5) Bt SHBTVEMES T K Reshelf 5548 HHJZ %A BLIRIKIE, Kinney 45 AR AL BEASE
R A FESE Y Self- ¥, M A B RSV 5| AR 22 4l 1224250 A F2 35 DA SRk T M A B T R
[FI A7 AE (261, 6] 3 1 4 SRER 25 SRR B MINC [ B 2 PR M 1. AR SCHEN 5 b 2 i 1 e LR 4t
— B, B R IR AT B 5 ELAS BN T 7 U 0%, S5 S AR

(6) FAURVE: MNC MEE R FAR SN A5 A ke 3k, 7% B 1) R IEC 2R 1R AR 52 SRR OG R 2% B) 5 A A
AR, 38 ORI FE A AR A IR A R B AE R RIE . Z 0B B, SRR R e, SRR
i 72 e o A A [ 4 TR O 3 B L I A 12k
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x 1 HERGEERBEXR LRI

Table 1 Performance of all methods on noiseless functional relationships

Relationship type Spearman Pearson MIC Mlksc Ml nc MIanN NS MNC
Random 0.03 0.03 0.17 0.13 0.13 0.26 0.00 0.21

Linear 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Exponential 1.00 0.87 1.00 1.00 1.00 1.00 0.99 1.00

Cubic 0.78 0.66 1.00 1.00 1.00 0.99 1.00 1.00

Linear Periodic 0.31 0.33 1.00 0.74 0.74 0.93 1.00 1.00

Sin (Fourier frequency) 0.14 —0.09 1.00 0.05 0.05 0.93 0.99 1.00
Sin (Varying frequency) —0.11 —0.11 1.00 0.04 0.04 0.98 0.99 1.00
Parabolic —0.00 0.00 1.00 1.00 1.00 1.00 1.00 1.00

Sin (nonFourier frequency) 0.00 0.00 1.00 0.38 0.38 0.97 0.80 1.00

(7) AR RN A R AR R R A AR B R R, MNC Al 5

4 SRR

NYSIE MNC A R, PP in e (B EUR 4R . L8R4, 6 MR IER LR
NI S EOS G T ST T AR AL A B T 1R e 2 S UL R UK Pearson AHICREL (p) 17 AT U528
S REA R ARZANE IR R ; Spearman 181 1 5 Z H0aT 1R ] S 50 5 RAHANRB R A IS &%, S0
R 6 2 10 SRR ;. MIC 101 r U] 22 it SRBEOR % AELAS e 22 1 A8 B 4L ) S I 5K 2% 5 dCorr 27281
] AR 2 U AR R (R SRR O AR AEL RN R 2 R IR AR SS. I MUR LA BB, MANTR A JEE 254
Bl MNC #9457 mi. 2560 PR A min-max H— R E, (B BUEALT [0,1]. R SHHILEL
TREITCR R, #R BRI BCE. 7B AL, Miksa, MIone M Mlgny 840 NI = v1—e 2T
A, A HEUALL T [0,1], Horh T FoREAEE.

4.1 BSHBYMSH

B, A MNC HSEOARYEE . ARFEARR SN m. B 1(a)~(h) F, = §
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Figure 1 (Color online) Empirical performance of different parameters on independent data. (a) dX
a=0.5;(b)dX =5,dY =3, a=0.5; (¢) dX =5,dY =5, a =0.5; (d) dX =5,dY =10, a = 0.5; (e) d
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Figure 2 Functions f used to analyze the equitability of MNC and colored with descending monotonicity
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Figure 3 Performance of all comparison measures on RZ-equitability. (a)-(d) MIksg performance; (e)—(h) MILnc per-
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Figure 5 (Color online) 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; (c¢) nonlinear
relationship
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Figure 6 (Color online) Five redundant relationship types in X and empirical performance of MMC and dCor in
each case (a) X = (X1,X2); (b) X = (X1,X2,X7); () X = (X1,X2,X7,X3); (d) X = (X1,X2,X{,X3); (e)
X = (X1, X2, X1, X2); (f) experimental result
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Figure 7 (Color online) Empirical performance of MNC and dCor with respect to three relationship types as the dimension
of independent variables with Y in X increases. (a) Linear relationship; (b) mixed relationship; (c) nonlinear relationship
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%2 FRSHEE 8 MIEERHBZANXHER

Table 2 Different measures to compute the associations strength of pairwise variables

Xvar Yvar MNC Spearman dCor MIC MNC-p? MIC-p? p
X1 X 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
Xo X4 1 0.87 0.89 1 0.22 0.22 0.88
X2 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 X6 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 X6 0.66 0 0 0 0.66 0 0
X1 X6 0.58 0 0 0 0.58 0 0
X2 Xe 0.58 0 0 0 0.58 0 0
X3 X6 0.56 0 0 0 0.56 0 0
X5 X3g 0.5 0 0 0 0.5 0 0
X3 X3 0.42 0 0 0 0.42 0 0
Xe X3g 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 X3 0.25 0 0 0 0.25 0 0
X4 X7 0.25 0 0 0 0.25 0 0
X1 X3g 0.25 0 0 0 0.25 0 0
Xo X3 0.25 0 0 0 0.25 0 0
Xe X7 0.25 0 0 0 0.25 0 0
X1 X7 0.23 0 0 0 0.23 0 0
Xo X7 0.23 0 0 0 0.23 0 0

Bk [29] T HAZE AW X1, Xo 5 Yy BRI 18 —E; MIC, dCor 1 Spearman 25 (X4, Y7), (X5, Y1)
BRI ORERRR A, 1 Xy, X5 5 Y1 BRI R T HAL AR &, SR STk [29) R Xy, Xs 51
BELMEAIE, X T dCor, Spearman FFRL IR AIZEME SR RIUEF S, MNC ¥ (X3,V7) B TR
340, 455 MIC-p? Fll MNC-p? 25 B {E AN dCor, Spearman U SCELTE 2 A M ] H 4 rs, FRATTHE
Wr X5 5 Vi ZIAAFEIEZMERIR &,

53 BT MNC R AR 22 5028 &8 CIOC R INAE 71, SCH UL T B vl RERrIE R 205 (256 —
8 =248 F) 5 vy ML, I RN A SN MNC, dCor AL THT 5 AL BAE (% 4). %3
1 MNC ¥ X, FIWER Y BIRRBAR R 2 —; R 2 1, Xy M Xy [ MNC {EAL T 53R Ko (7R
PG G OT); 24 Xo 5 X7 &2 )5, MNC EHH0: MNC(X,,Y;) = 0.81, MNC(X,Y:) = 0.65,
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*3 8 MHILESAHTENXRIKXR

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 Yy 0.72 0.67 0.47 0.43 0.46 0.51
X4 Y1 0.66 1 —0.80 0.91 0.26 —0.09
X7 Y1 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
Xs Y1 0.45 0.26 0.07 0.09 0.25 0.44
X6 Y1 0.39 0.14 0 0.01 0.14 0.39
45 45
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Figure 8 (Color online) Demonstration some representative associations of ENB. (a) (X2,Y1), (b) (X7,Y1), (¢) (X =
(X27X7)7Y1) by MNGC; (d) (X57Y1)7 (e) (X47Y1)7 (f) (X = (X57X4)7Y1) by dCor

MNC(Xs, X7) = 0.81, MNC((X2, X7),Y1) = 0.94. GEit B or R iE A8 B2 5 5 DA AR 5 0 0 Bk o i 44
K, XFRY] MNC fef2ii 5 MR HEIE R EZ R, £ 3 P dCor RBIEFE X5, X4 N Y KRR
BeAr e, fER 4 P (X5, Xy) AN TFHIRZE. 2/, & 2 TER X5 5 Xy FEHRMEMEX
% (p=—0.97), XU dCor fmIAZEMHERBICR. B 8 7 7E/R T MNC, dCor HEF AL RBER R,
MNC #i% H 5B & (B 8(c)) ML EL dCor 3k IR R (I 8(F)) H 4.

MELL 4 Pyl B G, RIMEFAEE T X, #RAT# MNC @&, Ui X, 5HABREH G 51
T Y, FISRBARERE . XS5 AUECHR [29] IEE: X, 5 Y, 595, (X Yy TR B A
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Table 4 Top 5 associations ranked by MNC and dCor on different combined variables

X Y MNC X Y dCor

(Xa, X7) vy 0.94 (X4, X5) Vi 0.92

(X1, X7) Y 0.94 (X1, X5) Y1 0.91

(X4, X7) v 0.86 (X2, Xs5) Vi 0.91

(X5, X7) vi 0.84 (X3, X5) Vi 0.91

(X3, X4) vi 0.84 (X2, X4) vi 0.89

(X2, X5, X7) Yi 0.94 (X3, X4, X5) Yi 0.92

(X1, X5, X7) Yi 0.94 (X1, X4, X5) v 0.91

(X2, X4, X7) Yi 0.94 (X2, X4, X5) Yi 0.91

(X1, X4, X7) Yy 0.94 (X4, X5, X7) Vi 0.91

(X3, X4, X7) Yi 0.94 (X4, X5, Xs) Yi 0.90

(X2, X4, X5, X7) Y 0.94 (X3, X4, X5, X7) Vi 0.91
(X3, X4, X5, X7) Yy 0.94 (X2, X4, X5, X7) Yi 0.91
(X1, X4, X5, X7) Y 0.94 (X1, X4, X5, X7) Yi 0.91
(X2, X3, X5, X7) Y1 0.94 (X2, X3,X4, X5) Y1 0.91
(X1, X3, X5, X7) Y1 0.94 (X1, X3, X4, X5) Y1 0.91
(X2, X3, X4, X5, X7) Y1 0.94 (X2, X3, X4, X5, X7) Y1 0.91
(X1, X3, X4, X5, X7) Y1 0.94 (X1, X3, X4, X5, X7) Y1 0.91
(X1, X2, X4, X5, X7) Y1 0.94 (X3, X4, X5, X7, X3) Y1 0.90
(X1, X2, X3, X5, X7) Y1 0.94 (X1, X2, X4, X5, X7) Y1 0.90
(X1, X2, X3, X4, X7) Y1 0.94 (X2, X3, X4, X5, X3) Y1 0.90
(X1, X2,X3, X4, X5, X7) Y1 0.94 (X1, X2, X3, X4, X5, X7) Y1 0.90
(X2, X3, X4, X5, X7, X3) Y1 0.88 (X2, X3, X4, X5, X7, X3) Y1 0.90
(X1, X3, X4, X5, X7, X3) Y1 0.88 (X1, X3, X4, X5, X7, Xg) Y; 0.90
(X1, X2, X4, X5, X7, X3) Y1 0.88 (X1, X2, X4, X5, X7, X3) Y1 0.89
(X1, X2, X3, X5, X7, X3) Yy 0.88 (X1, X2, X3, X5, X7, Xg) Yi 0.89
(X1, X2, X3, X4, X5, X7, X3) Y1 0.88 (X1, X2, X3, X4, X5, X7, X3) Y1 0.89
(X1, X2, X3, X4, X5, X6, X7) Y1 0.84 (X1, X2, X3, X4, X5, X6, X7) Y1 0.88
(X1, X3, X4, X5, X6, X7, X3) Y1 0.74 (X2, X3, X4, X5, X6, X7, X8) Y1 0.88
(X1, X2, X3, X4, X6, X7, X3) Y1 0.74 (X1, X3, X4, X5, X6, X7, X3) Y1 0.88
(X2, X3, X4, X5, X6, X7, X3) Y1 0.73 (X1, X2, X4, X5, X6, X7, X8) Y1 0.88
(X1, X2, X3, X4, X5, X6, X7, X3) Y1 0.74 (X1, X2, X3, X4, X5, X6, X7, X3) Y1 0.88

HHAEN) S

B G, BRI, BEESFIEA BN, MNC e R EEAR T G b, DAEMAS e TR R
A, FE IR LA BRI X5, Xy, X3, X1, Xg M X, Kot Xg 7& MNC A2 HIP3 L. 45
GFR2 M3 ATHL X5, Xq, X1 5 Xo RELMEAR (p HEK), X3 5 Xo FEIELMERBK R (MNC,
MIC, MIC-p? F1 MNC-p* fEH EAR3 505, X5, Xq, X3 H Xy /B X, KTURAR, M & IX L
AR, MNC EAE; Xg Ml X 5FTA R R CBGRE RN (B35 W NTTEER B
5y, WORBGRES T 3 Bk Xs Ml Xe ATEE Yy MG MO A &, fEE XA &
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RIRRAR, ZRAMAGMEUN, AT T 2 70 A B A R 2% RO RIZHRAE S5

5 Rgk

B RIRR R IR R 5 IR KBRS 57N B2 48 (0 S 2y SR, BAT 5 2 AR R S
JHZ IR A, A SO Xt il AR B A) 22 b AR 2 QIR R T A PRI 5K, 5lgn 7 KA
N RIBOR AR R L IV, IFBETT 1 — PP RENS I AL 12V (1 B KRB R B MNC. i R E0 ik
T PIREE T AT A BRI L R R R S HCE M BRIk AL, 974 T MIC R AER A — e R A% KB
A dCor i ) T FLIRIRR R AUAS L.

B S R I, MNC [FI 2L R2- ST IEA Self- PIHTIE IRy &, HEN_ER P Rm 545 14 2 L
HA G — AR AL, IR W 210 %R AT BT R AR R OC R A RS M R R A . e b, 4Tk
FLIIGETHPEIT L &TE PR A R0 248 P S5 B AR AR 52 2% SR BRI AR 42 UGS A BE Rt P O RE i 1 T, X8
FEAR R I RIRIK R IZH W) T Z W T2 —.
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Association mining method based on neighborhood perspective
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Abstract Important tasks in big data association mining are identification of potentially complex associations
among massive variables and determination of the strength of different forms of associations. However, uncertain
data distributions and diverse associations make it difficult to ensure the applicability and accuracy of measures
based on distribution assumptions and data-driven non-parametric measurement methods. Therefore, an effective
association measure that is unbiased relative to relationship types is urgently needed. 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 association measures in big data should satistfy,
discuss some limitations of two types of association methods based on neighborhood perspective, and propose
a new association measure based on k-NN granule, which we refer to as maximum neighborhood coefficient.
Experiments using artificial and real datasets verify the effectiveness and superiority of the proposed method
from different perspectives. Finally, we identify interesting phenomena in the experiment and theoretical issues
to be solved that we hope will motivate deeper thinking and research in this field.

Keywords big data, complex associations mining, association measure, data-driven, granular computing, k-NN

granule
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