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Rank-Sum Tests for Two-Sample Location Parameter with High
Dimensional Data
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Abstract It is simple to sort the sample for univariate data. In this paper, we
define the “minimum vector” and rank the high-dimensional data by comparing the
Fuclidean distance between each sample and the “minimum vector”. For checking the
adequacy whether the two-sample location parameter with high dimension is equal,
the one-dimensional Wilcoxon Mann Whitney rank sum test is extended to the high-
dimensional case according to the proposed data sorting method. Compared with
other existing methods, the proposed test is distribution free and can be applied to
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high-dimension, low-sample-size situations. What’s more, the new approach has the
property of translation and scale invariance. In theory, we prove that the proposed
statistic is normal distribution asymptotically under null hypothesis. The behavior
of the test under alternative hypothesis is also investigated under some weakly condi-
tions. The numerical analysis show that the proposed test is superior to the compared
statistics in almost all scenarios.

Keywords High dimensional two-sample, location parameter, Wilcoxon-Mann-Whitney

rank-sum test.
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HA u = (ui,us, - up)t, Opr 2 p RHE. WEKAESHE RN RBES 2T &
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A IFD 26 00 I B B 0 3, DA LSRR B B LR 2 I R 5
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1,2, o} AR B = My B p gEMSLAEAR. BB X« /DR 20,
zo = (Zov, Zoz, -+, Zop) " (2.1)

HA Zor = min{Xur, Xop -+ Xnyr, Yir, Yor oo Your b = 1,2, . “B/DAR HEF R ER
TEEEL SN EAEL SRR 20 Z HH KBRS/ DEORR HEF, dEm R T &
AHEAN R B EX B BADFE 20 EAZSRARET “RAOME HFHTELH
— R REBERDETHF AN AR, ERKE AR AR K L AT
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2.2 RRFITE
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3 RERSTENIEMR
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cov(R;,R;) = —(n1 +na+1)/12, 1<i#j<ni+no. (3.2)
i (3.1)-(3.2) K, FET Mann Fl Whitney 5 4 375 B AR 1 40 7 124k 43 A7 Wi 95080 s o
ERSHAHIEN, TUAEEHE 1| i, X ERMNEESH 1| WFEHAIEY EREENE,
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p AR E R, TR XEAFENORAHR] T ERALERY ZHEE
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Bom, RIEEW O <i,j<p, R i —j|>m W X; 5 X; HEM
FH2 1<i<ph, X, MY HUKE—BFR.
FHS3 o4y Ry g m HIKENLME.
F&fF 4 tr(Xa)/p o on, tr(Zy)/p — oy, llue —uyl?/p — vy, FA or() RRE G R
FHS {|lull’ +2(uy —uz)Tulp oo, B u F1LIREXL c FAET 0 WHE
At 2-4 BT Biswas 5 2 S BREARR T HAME K2R ENE 5y
BT EESRUBERR KO3 UWENANE 2 5y &£ B0 B2 HE5HMHEH; K4
ERGYEENHR 2 5y h T ENDE p FB, HA4 23 WE, TUGIERM 4 8oL )
G, %At 2-3 ML BB RIEFS (X, Y2), i=1,2,-- ,p} BAFHRSHER 2 p — co B,

pI‘
lw — Yl /o~ 0% + 0y + vy + Pay, (34)
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& BB ) BOL B we — uy = u £ 0 H o2 = 02, U posy = pys B8 (35)(3.6) R4
lle — zol*/p —Ily — zoll/p 25 w2, — v, (3.7)
B—FH, BT ve =uy +u, BEHETH

VaZ:zo B VZzo - plinolo(Hum - uzo| 2/]) - ||uy - Uz0||2/p)

B plinolo{(um —y) " (e + uy — 2uz,)/p}
= pliggo[{llull2 +2(uy —uz,)Tul/pl. (3.8)
&M S WA vs,, —vo, AET 0, HITEMENE TRIER B B « WAL 20 KX
RS RE Bk y WREARE 20 WERABER AR, #EMARIE T > B AN F 4 47 9 W & 0 -7
MBREAE ZR EXERGBRB vZ., > vy.,, WKEEBWK « WAL 20 ®RKIER Kk
HEWK y WAL 20 HIKXEHHEX BETH, 2 p — oo B, KB B = WREA X
LR BB BETE B K ne + 1 < Ry <ni+na. FFRL % p— oo B,
T/{ni(n1 + 2ns + 1)/2) 25 1. (3.9)

H Vany < Vs WEH B x BIREAY 20 WIRREE 5K E B v WEEERY 20 BIBRXEE
BB/, KL (3.9) RAYIEH, 4 p > o B, H

T/{ni(n1 +1)/2} 25 1. (3.10)
i (3.9)-3.10) K, TR p — oo B, H
T/ {3n1n2/(n1 + 1o + 1)} P51, (3.11)

F)fuaﬁnlﬁooaTLQ;)OOapﬁooaﬁ
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W, dy (3.11) K AT R B D BOH,
lim P(|T| > Zl,a/Q) = lim P<{3n1n2/(n1 et 1)) > Zl,a/g). (3.13)

BF LA, Ty oo P(IT] > 21 ay2) = 1, B B2 B 55 R A o B 1 6 97 B S 9
AT 1 WEBIEEHE 2 BoL BITR, #F {Bning/(n +no + 1D} > Zy g0, N4
FEB B BB F AT o = 0.05, NABE min{ny,ne} > 3 RRIEESHEE T
{3mna/(ny +na + DY > Zoors ML B— AT, EH | 4124 BA R BRI, RBS
PR IR E S AT, BB R, B E min{n,na) > 5, BEWR T R RALE —%
SR B EEE 0.05, I XARIE T & HBB T {3nana/(n1 +na+ 1)} > Zogrs BOL H
T 0 56 M 9 6 9 TSR, R BEG, B G 0 .

4 HiEHM

E—HEBEHNTREAHE T WWEER 2K EEEITE T WEREAERH
EEREEABE THEZATESHMEFAITENRS, EF KT BEH Puri M Senl!?,
Métténen F Ojal'tl| Chakraborty il Chaudhuri™, Rosenbaum[®"! #1 Biswas % 24, KT ¥
EHE, RN RE T %R QWX, LR H Al 5 FR e ka Alid R PS, MO, CC, R &
BMG. ZBMT 4 FEE: B KBER, BRE, FHRR AR FR5 A #LAL

Bl1 & {e,i=1,2- m} M {y,i=12- n} RFBREp LEEBHER 3Bt 5774
t5(0px1, Ip) M t3(61px1, Ip). Opxa Rl 1pr A3 HIR B c My WAEME, I, & pxp BAHE
MRS My WRESHHERE

Bl2 #{w,i=1,2 nm}M{y;,i=1,2, no} FHIEE p FIED A N(0pxy, 1)
M NOLpx1, Ip). Opx1 F 1psr SFHIRRA « My WALEME, I, 2 pxp BAEBERR « M
y RESHERE.

B3 @ {w,i=1,2- m} M {y;,i=1,2 no} A HEE p FIEETZFH N(0px1, X)
F N(51p><1; 2); y\:qj Y= (O-5|i7j|)p><p ZEll:p Xp R

Bl 4 % X, Yie, k= 1,2, ,p 43S BUE Laplacey(0,0.5) F Laplace, (3, 0.5) 434,
H Laplace,(pn, b) RARPLE R kS, p Z2AUESH 0 BERESH

X 4 ALY, ZERFHAKRMESE 6 =0,0150.2 BERSHIH n1 =ne =
5,10,30,90; 4E & p = 10, 30, 90, 300, 900, 2000. £ X B B BF MK T o = 0.05, ZREF K
¥k 1000. T PSHI MO BB AEH TitAEAR/DTFRARLEFENFELR, B R4S A
BRTHALEZHEL THER BABDTHALEEFL THERILH .

Bl 1 Ff 2 HFBHEREABERDERSAEARESMEIE. R1BRT CCRETE
ny =5 B ARREMRFHEHIE —RER AR I MR 2ERBRT PSH MO BRI p=mn
B A 36 K - 30T 0, b B 7 B A 30 /K P-4 L B3 0.05. X EERZE N CC KB EERH
BEREPSHMORKRBAEERSRZREBENHARERMAMERN R 1NR2EBRFTARE
4 RS 580 ) 2K R B o e A I e A A ) 3 I T B K, R B O LR R 0 A A 8 T A FE B A
PEKERESMURBERSMBEAEL BAEKNR R1BRT 4 0 =510 CC K
BRIAZFERE QWX, R, BMG &%, PS5 MO JLEREIR Y ny = 30,90 Bf, QWX
RABHFHKE CC, R, BMG lE. R2BRT QWX RS 2 FAFRETHREIIK
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R LG A AR o B A, AR MR A B 4R TE, HL A 4 PR B 948 e D O X QWX i e
REMZ BEEREBEREIR

£1 1 KKK ESRBNHE (%)
(Table 1 Test level and power of simulation for Example 1 (%))

5 » ny=ng =25 ny =ng = 10
PS MO R BMG QWX CC PS MO R BMG QWX CC
10 - - 3.1 3.0 5.1 72 02 00 43 5.9 4.7 4.4
30 - - 4.2 4.9 5.9 12.0 - - 4.1 5.5 5.5 6.2
90 - - 3.2 4.0 5.8 9.4 - - 4.3 6.2 5.2 6.4
0 300 - - 3.4 3.9 5.0 10.8 - - 4.8 5.2 4.5 7.6
900 - - 3.5 4.4 5.6 9.1 - - 5.0 4.7 4.5 6.8
2000 - - 3.6 3.5 5.4 9.8 - - 3.9 4.2 5.5 7.7
10 - - 3.7 4.7 101 106 05 02 6.7 5.3 10.4 7.4
30 - - 2.6 4.2 141 114 - - 5.4 6.7 20.6 9.3
015 90 - - 6.0 5.2 221 120 - - 9.5 8.2 34.8 11.8
300 - - 6.2 3.9 23.9 143 - - 104 95 45.9 20.6
900 - - 7.8 5.4 25.0 19.0 - - 17.1 115 54.2 37.2
2000 - - 134 54 27.8 279 - - 26.2  10.1 55.8 64.2
10 - - 4.2 4.8 9.6 90 01 01 6.9 7.3 15.0 10.0
30 - - 5.9 5.7 17.8  10.7 - - 9.2 6.8 31.5 11.8
0.2 90 - - 6.0 4.6 28.0 14.8 - - 9.1 8.6 52.2 17.3
300 - - 8.5 6.5 38.0 189 - - 15.7 10.8 64.8 42.1
900 - - 15.2 8.1 37.0 36.0 - - 352 14.2 69.4 77.4
2000 - - 30.1 7.6 37.3  58.0 - - 53.7 209 69.5 94.0
5 » n1 =mnz = 30 n1 = n2 = 90

PS MO R BMG QWX CC PS MO R BMG QWX CC
10 29 38 54 3.7 4.8 39 59 6.8 56 4.2 6.1 4.6
30 02 09 5.2 5.0 5.9 43 38 37 51 5.2 5.6 3.0

0 90 - - 4.4 4.9 4.9 62 10 06 428 3.9 4.6 5.8
300 - - 4.2 4.4 5.5 6.0 - - 5.3 3.9 4.8 4.0
900 - - 4.7 3.8 5.4 4.8 - - 4.4 5.6 5.5 4.8
2000 - - 4.9 5.0 4.6 5.8 - - 5.7 3.6 6.3 6.0
0 77 65 86 8.2 23.1 109 322 240 128 109 58.6 31.2
30 28 20 8.0 10.0 547 186 51.6 328 16.5 165 95.6 64.0
015 90 - - 10.8  10.9 85.3 346 46.5 19.0 195 26.7 100.0 96.5
300 - - 19.1 17.1 97.0 744 - - 359 515 100.0 100.0
900 - - 34.4 240 98.2 994 - - 71.4 84.0 100.0 100.0

2000 - - 58.0 37.2 99.1 999 - - 95.6 96.2 100.0 100.0




2452 2 4 B ¥ 5 ¥ ¥ 4045

gkl 1 RERRKFSREHH (%)
(Table 1 Test level and power of simulation for Example 1 (%)(Continued))

n1 =ny =30 ny =n2 =90

3 P
PS MO R BMG QWX CC PS MO R BMG QWX CC

10 138 13.3 9.7 7.6 41.9 17.6 573 423 192 16.3 86.4 57.7
30 4.0 24 133 151 77T 365 86.3 624 279 309 1000 93.0

0.2 90 - - 18.9 21.4 96.6 685 904 528 392 579 100.0 99.9
300 - - 34.7  34.1 99.7  98.9 - - 707 919 100.0 100.0
900 - - 69.7 54.1 99.9  100.0 - - 99.2 999 100.0 100.0
2000 - - 95.6 73.4 99.9  100.0 - - 100.0 100.0 100.0 100.0

Bl 3 F B R AR B SR T EA R ALK, BIREALA BAE 2 WA R A K 4k
BT BT &R 1M 2 Jr BRI EER, % 3 MEUH PS Ml MO R TE p = ni B KK
FHIE 0. R3IBART QWX WRTER 3 A RETRBIZER T Rk, A 2 ERE
ARDNTFHET 0MHBLTRENE HtmRBEREANT, CC=R>BMG, PSHMO
TERA AN EE /D ILFREZDR B—J7 0, 8RR 2 MK 3 4R, RANE QWX ik
TEREE p BERWILE A ZEEN AR R Z FFMREHEE, QWX Rk7ed 2 Ml 3 &
2B AR R X G, T At I ey e o B L AR 2t 4 JE 2 W) A A S 4 LE B RBURR, B ATAEA 3
i R BB R 2 T AR 2 PR

£2 fl2BUKRKRKEFSREHNH (%)
(Table 2 Test level and power of simulation for Example 2 (%))

5 » ny=ny =25 n1 =n2 =10
PS MO R BMG QWX CC PS MO R BMG QWX CC
10 - - 3.4 4.9 6.1 53 0.1 02 4.0 4.3 5.8 4.3
30 - - 3.2 4.3 6.6 6.2 - - 3.7 4.3 5.8 5.1
0 90 - - 2.7 3.4 4.8 7.2 - - 5.5 5.3 5.2 5.1
300 - - 2.9 4.4 5.7 7.5 - - 4.6 4.1 4.5 5.1
900 - - 2.1 3.0 6.5 7.7 - - 4.4 3.7 5.1 5.3
2000 - - 2.8 4.0 4.9 6.5 - - 3.6 4.7 6.7 5.6
10 - - 4.1 4.3 9.1 71 01 02 74 6.7 13.5 7.6
30 - - 4.4 6.4 17.7 7.2 - - 7.8 7.1 37.1 7.8
015 90 - - 5.6 7.4 50.2 8.7 - - 11.9 10.1 81.3 14.2
300 - - 8.6 8.1 89.7 131 - - 174 14.7 99.6 29.5
900 - - 129 124 99.9 230 - - 38.5 29.2 1000 634
2000 - - 26.0 196 100.0 43.8 - - 65.3 46.5 1000 90.4
10 - - 4.5 5.2 12.5 70 0.1 03 8.1 7.5 23.2 10.0
30 - - 6.3 5.6 304 101 - - 10.9 8.9 55.1 17.5
0.2 90 - - 8.8 6.8 66.7 126 - - 19.7 14.8 95.0 27.2
300 - - 16.3 14.8 99.3 256 - - 39.5 28.8 1000 616
900 - - 388 21.7 100.0 51.5 - - 775  59.2  100.0 96.2

2000 - - 615 43.1 100.0 82.1 - - 97.8 86.5 100.0 100.0
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gk 2 RUBRRKFSRENK (%)

(Table 2 Test level and power of simulation for Example 2 (%) (Continued))

4 p
PS MO R BMG QWX CC PS MO R BMG QWX CC
10 4.1 4.4 4.5 4.4 6.0 3.7 4.5 4.5 4.3 3.1 5.2 3.4
30 06 0.3 5.5 4.3 5.5 5.6 3.8 34 4.1 4.7 4.9 3.1
0 90 - - 4.8 5.1 6.2 5.7 05 0.7 5.4 4.3 4.6 6.9
300 - - 4.4 3.7 4.7 4.6 - - 4.6 3.6 4.7 5.7
900 - - 5.5 3.4 6.1 5.6 - - 6.7 4.4 4.2 4.62
2000 - - 5.4 4.3 6.0 4.3 - - 6.0 5.0 5.1 5.3
10 114 11.7 10.1 7.7 36.9 157 483 509 228 11.5 85.1 49.5
30 42 3.7 168 9.3 81.7 279 76.8 79.0 342 20.8 99.9 89.4
015 90 - - 25.6 16.1 99.9 55.4 814 857 580 443 1000 99.9
300 - - 51.0 377 100.0 95.5 - - 943 83.6 1000 100.0
900 - - 90.8 71.3  100.0 100.0 - - 100.0 99.8 100.0 100.0
2000 - - 99.9 96.1 100.0 100.0 - - 100.0 100.0 100.0 100.0
10 223 230 166 9.1 59.6 289 796 816 410 18.6 97.0 82.5
30 89 102 307 17.6 95.7 56.0 98.2 98.8 629 414 1000 99.6
0.2 90 - - 494 344 1000 924 997 99.9 928 825 1000 99.9
300 - - 89.8 74.8  100.0 100.0 - - 100.0  99.9 100.0 100.0
900 - - 100.0 99.0 100.0 100.0 - - 100.0 100.0 100.0 100.0
2000 - - 100.0 100.0 100.0 100.0 - - 100.0 100.0 100.0 100.0
#3 3 EBRBKFESRETK (%)
(Table 3 Test level and power of simulation for Example 3 (%))
5 » ny=mnz =5 n1 =mng =10
PS MO R BMG QWX CC PS MO R BMG QWX CC
10 - - 3.7 2.9 6.6 59 02 02 31 4.4 4.8 4.7
30 - - 3.0 3.8 5.0 6.4 - - 4.4 5.3 4.8 2.5
0 90 - - 1.8 3.9 5.5 6.1 - - 4.3 5.1 5.3 4.6
300 - - 3.3 4.0 5.1 6.2 - - 2.7 4.4 3.5 5.0
900 - - 2.9 4.6 5.4 4.2 - - 5.2 4.5 5.5 4.5
2000 - - 2.5 2.6 4.8 6.4 - - 4.6 6.1 5.8 5.8
10 - - 4.8 2.8 5.4 54 0.1 03 7.9 4.3 9.0 7.8
30 - - 4.8 5.8 10.6 7.2 - - 10.2 5.7 16.2 7.8
015 90 - - 4.8 5.7 18.6 7.7 - - 9.4 8.1 37.0 11.2
300 - - 9.4 7.5 54.6 10.8 - - 16.2 12.0 85.4 225
900 - - 129 100 914 206 - - 29.8 210 99.9 429
2000 - - 179 141 99.5 270 - - 51.8 329 1000 74.6
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g3 f 3 RURRKFSREHH (%)
(Table 3 Test level and power of simulation for Example 3 (%) (Continued))
5 » ny=mn2=>5 n1 =n2 = 10
PS MO R BMG QWX CC PS MO R BMG QWX CC
10 - - 4.9 5.7 10.3 7.2 0.2 0.3 9.4 5.5 13.5 7.4
30 - - 6.6 6.8 14.7 9.9 - - 11.2 6.7 27.5 14.3
0 90 - - 7.8 6.8 34.5 11.2 - - 21.0 13.6 61.3 20.7
300 - - 12.8 8.6 74.5 19.6 - - 32.6 22.1 97.8 44.2
900 - - 26.9 16.1 99.1 36.5 - - 60.1 39.5 100.0 842
2000 - - 43.2 28.8 100.0 61.0 - - 90.5 66.1 100.0 984
5 » ny =ny =30 np = ny = 90
PS MO R BMG QWX CC PS MO R BMG QWX CC
10 4.0 43 3.1 4.1 4.6 2.6 4.6 4.5 4.8 3.9 4.3 3.2
30 1.2 03 5.2 4.0 5.1 4.5 3.3 3.5 4.8 3.9 5.1 3.7
90 - - 5.2 3.4 5.3 3.3 04 0.7 5.0 3.1 5.0 3.3
0 300 - - 4.4 5.0 4.4 3.9 - - 5.5 3.9 4.7 4.6
900 - - 3.9 2.7 4.2 5.6 - - 4.4 4.9 5.2 5.2
2000 - - 5.7 4.9 4.0 4.7 - - 4.2 4.5 4.3 3.7
10 6.6 6.9 15.5 8.1 19.0 126 19.1 20.1 420 7.5 47.6 31.5
30 1.3 1.5 228 8.4 39.0 22.3 233 227 58.7 11.6 85.5 62.9
015 90 - - 29.6 11.8 86.2 38.2 14.2 140 70.0 26.4 1000 953
300 - - 51.3 252  100.0 77.8 - - 91.5 61.1 100.0 100.0
900 - - 80.3 54.9 100.0 98.9 - - 100.0 95.7 100.0 100.0
2000 - - 97.5 83.6 1000 100.0 - - 100.0 100.0 100.0 100.0
10 97 93 253 6.3 29.5 17.8 33.8 33.7 664 8.9 70.0 57.1
30 279 24 379 12.3 66.2 41.6 50.3 52.8 8l.5 21.8 98.2 90.2
0.2 90 - - 52.2 23.3 98.2 70.8 422 446 90.7 50.2 1000 999
300 - - 83.0 50.1  100.0 98.6 - - 99.8 94.1 100.0 100.0
900 - - 99.3 89.1 100.0 100.0 - - 100.0 100.0 100.0 100.0
2000 - - 100.0  99.3 100.0 100.0 - - 100.0 100.0 100.0 100.0

Bl 4 B IR HRFEARZWR B AX A, FAUTR 3WER, K427 QWX REHK
BKFEE 0.05 HER 4 FARET, RRIBCHER TFHAKE, ¥ 2 ERA M X H
ALEREPMIHIET.

BT E, B B 4 AR METHALERRINTE QWX RRHBEH
TR, EAWRRETERE AR T4, T8, SRAZREE ANERENAT
T 4 /NRE A B oL R A e ) R
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£4 fl4BURBKFSREBINB (%)
(Table 4 Test level and power of simulation for Example 4 (%))

5 » | ny=ny=2>5 n1 =n2 =10
PS MO R BMG QWX CC PS MO R BMG QWX CC
10 - - 3.2 3.7 4.8 5.9 0.1 0.0 6.0 4.5 6.1 4.0
30 - - 3.8 4.8 7.0 6.9 - - 4.8 4.4 5.1 5.2
0 90 - - 3.4 4.0 5.5 5.4 - - 4.7 4.3 5.4 5.9
300 - - 4.3 3.9 6.4 5.8 - - 4.3 5.8 5.4 5.2
900 - - 2.8 3.8 5.6 6.0 - - 4.8 3.3 4.9 4.6
2000 - - 2.2 4.4 5.2 7.7 - - 4.7 4.7 5.1 6.4
10 - - 4.3 4.2 11.1 6.5 0.1 0.1 6.8 5.4 15.5 8.9
30 - - 5.0 4.6 15.9 8.2 - - 8.1 7.1 31.9 9.1
015 90 - - 6.9 6.0 33.5 8.9 - - 11.5 9.7 71.2 13.2
300 - - 10.1 7.9 78.2 11.1 - - 22.6 13.1 99.6 28.8
900 - - 20.6 11.3 99.6 24.1 - - 47.5 24.8 100.0 60.7
2000 - - 41.1 16.8 100.0 38.7 - - 75.8 41.0 100.0 91.8
10 - - 5.4 7.3 12.7 7.0 0.4 0.0 8.8 7.1 21.6 10.8
30 - - 6.0 5.5 24.9 10.2 - - 13.7  10.0 49.7 17.8
0.2 90 - - 9.9 6.6 55.6 14.2 - - 24.3 13.4 90.2 29.5
300 - - 22.8 11.3 95.3 24.1 - - 44.8 23.7 100.0 63.5
900 - - 47.8 21.3  100.0 51.2 - - 85.8 52.2 100.0 96.7
2000 - - 82.7 359 1000 817 - - 99.5 795 100.0 100.0
5 » ny =ng = 30 nyp = ng = 90

PS MO R BMG QWX CC PS MO R BMG QWX CC

10 4.0 4.2 5.8 4.7 5.1 4.2 4.4 4.2 5.2 4.2 4.5 3.3
30 0.7 09 4.8 4.3 4.1 4.0 3.6 3.2 5.7 5.7 4.1 3.3

90 - - 4.5 4.6 6.0 4.5 0.8 1.0 4.2 3.4 4.7 4.8
0 300 - - 4.4 4.0 5.1 5.0 - - 5.0 4.5 4.8 5.9
900 - - 5.2 5.0 5.3 4.9 - - 4.6 4.2 4.6 5.2
2000 - - 4.3 3.9 6.0 3.9 - - 6.2 3.6 5.8 4.4
10 | 183 13.0 136 7.6 37.3 16.5 715 54.0 27.1 13.3 85.8 54.9
30 71 48 169 10.5 77.9 247  96.8 833 36.2 207 1000 874
015 90 - - 287 178 99.7 58.3 98.6 853 59.8 39.5 1000 99.8
300 - - 53.4 358 1000 955 - - 945 80.0 100.0 100.0
900 - - 93.1 70.6  100.0 100.0 - - 100.0  99.9 100.0 100.0
2000 - - 100.0 928 100.0 100.0 - - 100.0 100.0 100.0 100.0
10 (335 246 184 121 58.2 305 954 88.1 431 227 97.9 85.9
30 | 20.0 10.2 30.0 18.2 97.7 55.0 100.0 99.6 64.7 40.2 1000 999
0.2 90 - - 53.9 34.8 1000 928 100.0 99.7 916 809 100.0 100.0
300 - - 93.2 712 100.0 100.0 - - 100.0  99.7 100.0 100.0
900 - - 100.0  98.2 100.0 100.0 - - 100.0 100.0 100.0 100.0

2000 - - 100.0 100.0 100.0 100.0 - - 100.0 100.0 100.0 100.0
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5 EfISH

A SR EUE B IR AR B oK 2 AL A % 3 B 4 & (the UC Irvine machine learning
repository) H 1B B R 47 BB E £ (grammatical facial expression)!. REEE LS
WH [A] 8 (WH-question), &, % & F &M (ves/no question), £ 4 & (doubt question), 3¢
B (topic), &N (negation), B F (assertion), 2&f4] (conditional clause), #RIH (focus), =& M
] (velative clause) UM FHIEE. BT EHIEE PHIFELEEH K 300 48, B 100 N =24E 55
BB KRRRER AR, ZEE HES 81 W RE LK GILE 2R £F
EHAL A LR R R BB R = 4R, BRI 1 BTR.
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(Figure 1 Attribute points locations on user face)

HARESHNBLEAREENEEEETREERR. A XHBBEETHE. SEH
BETREEHTER. AT HEARRE T RORE DM EA R, R EEEEL
B ny = na = 5,10,15,20,25,30,35,40,45,50 P REA. FEX B E BEHAKTF o =0.05, 3£
B EE WH R 500. BT A SCHEF BB G A 56 1) B AL K AL 8 ) R R g, B i3 43 A R A
F, F M BRI REM T mHEL. BSPSH MO BRBARERTFHAR/NFHALZEY
HHL, B X B R AEX T4 A Titie.

K RImE 2 frR, HITKRE T BN, EREAE/NT 20 e, R BB FENELT,
HR AR BE QWX 5. YA 20 7 30 2 MEgBHE QWX BREXRASHE H
WA CC H BMG K, YEEARAERKH, QWX, CCHM BMG R IIHHHEE 1, A
B, REEHIRN—HELE 0% LT i)

1.https://archive.ics.uci.edu/ml/datasets.
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(Figure 2 The powers performance in the analysis of grammatical facial expression dataset)
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ASCFU BN BB R O S — 4 Wilcoon-Mann-Whitney BRIFTREARRLE |
SERRIE B RN QWX BREA T Wiloxon Mann-Whitney BAR B AR T | — A7%3510 % 6.
BEA MR, 5. QWX B AH T, HHABH, HERER FRR 5 TR
WHIE A AR ELE S, 76— BB A M TIEWT T QWX RIR7ER 4 M A I 2L BT

B B ER B R QWX BB T ARA A AL E S BR BRI N T —Bhe, BB | — ¥4 ahen, 22
| 6T R T B e/ RE AR B
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