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1 E: T4 $HEFAH (twin support vector machine, TSVM) 6 2 b 32 X LR FRF LA 494638, A, L4
P S G HAE BT, TSVM 38 % AU B R s S 893948, PAAF4IHE &, RR T TSVM, R h s A 22 B4R
& ¥ H HHAU (twin support function machine, TSFM). 4& 4 /AT £ 2 69 L4 %4k, TSFM f& & & # = 17 I AF 4F
*ﬁ%ﬁ*@%?%ﬁ%ﬁ%ﬁ?%%ﬁﬁﬂﬁM“WT#%@%&&%%AT KAt R oG E. £ JEF) TSFM
ARG HE N é’]”ﬁt%l‘ﬂ B, SRR KA M 4 R LA T K, XMy AT P2 2 18] e AR AL o T A AR
FRARACARRD | F1) ) RAF R R AF AR A 441 R, — R LK (quadratic programming, QP) 948 3 5 b = R ALK 9] 22 49 4 1%
LW 7!7—H "ﬂ[‘ﬁb KSR IFOFTRET LA AT oA EMEHE, EX LT LI CEHEZRGRLTH
8938 B 5T b AT B IR AR & 8 R A AR AT 2R 69 AR & ifﬁwf 1~4i FIR B GAER T A TR

ok H. F¥eE R A, TSFM 4 ﬁﬂlix%ﬁéjﬂ({ﬁ}i;}%élj WA, S P SR
)69 5 LT BT T&%%A*
SO 058 AT, BB AR, 58

*Iiﬁ%qﬁms
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Twin Support Function Machine for Set-valued Data

LIANG Zhi-Zhen, MIN Yu-Han, DING Shi-Fei
(School of Computer Science and Technology, China University of Mining and Technology, Xuzhou 221116, China)

Abstract: Twin support vector machine (TSVM) can effectively tackle data such as cross or XOR data. However, when set-valued data
are handled, TSVM usually makes use of statistical information of set-valued objects such as the mean and the median. Unlike TSVM,
this study proposes twin support function machine (TSFM) that can directly deal with set-valued data. In terms of support functions
defined for set-valued objects, TSFM obtains nonparallel hyperplanes in a Banach space. To suppress outliers in set-valued data, TSFM
adopts the pinball loss function and introduce the weights of set-valued objects. Considering that TSFM involves optimization problems in
the infinite-dimensional space, the measure is taken in the form of a linear combination of Dirac measures. Thus the optimization model in
the finite-dimensional space is constructed. To solve the optimization model effectively, this study employs the sampling strategy to
transform the model into quadratic programming (QP) problems. The dual formulations of the QP problems are derived, which provides
theoretical foundations for determining which sampling points are support vectors. To classify set-valued data, the distance from the set-
valued object to the hyperplane in a Banach space is defined, and the decision rule is derived therefrom. This study also considers the
kernelization of support functions to capture the nonlinear features of data, which makes the proposed model available for indefinite
kernels. Experimental results demonstrate that TSFM can capture the intrinsic structure of cross-plane set-valued data and obtain good
classification performance in the case of outliers or set-valued objects containing a few high-dimensional examples.
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SCREI R (support vector machine, SVM) F& il B8 1) 2% SIA AL, e 32 B+ H0dis 73 A0 55 1 Sckbrm i
BUTE 2546 JRUIG: 35 /N S5 U] 480 2R A O P 43 IS8 T T 1 BR1 T SR 1) s LABE 2R ) ™ A PR B R R U )z APk R, &
CU B B AU AT L S8 AR I B AP R 4% 22 AN A

5 R BAUANA, 224 S HE AL S AN IR TAT (R T, € e RO A B R Y S 2R R
X TR SRR 2L, BRI AE T R — AN, I B i 5 —/NESFI. 78 SVM R TSVM 24l B, ¥
22 R 1OV A L DA 8 SR AT AR AR R A Sl AT I S v L U S SR R S RS K R HOR 4 5 FE AR 1 R
P, T L RS I8E G B0 8 . S BRI PR SVML BEIR 55 57 5 s AU SR, 17 36 -1 2P B8 9 TSVMU ) B R 410
K0 A S a5 SRERARK SR TSVM BAE BT AN ORI R % 1, 33 7558 k48 2 bR B 1 S 806 R A
RIBEA AR, AT e RrREAR R 1, B AU X 28 A4 S Re i L U R . 5 TSVM ML, B 4E
FEREA BORR B, 1 ELXH e 7 NIRRT 78 43R FH RE AR (0 TLAT 1R S, 36 T 56 ek ) 0 P AT A S R 1 B L UMl 42
. AT A A AR T ) S A, B AR ZE A SRR AL O B L B AR A SRR A AL R A A
RO T BRI S 18 B BRI 5 8 SUREAR A E. DR 1 Ab 3 A HE R R ) L, SR A BT Rl G BB S RE I
HUETL SRR AR 5o 18 5] YO8 ) Y TSV AT B 1 (5] U 20 A J2 1 397 300 14 7~ T 2 ST R

FESERR N A, AATTRT BEAEAS R b FBE T AR Z (A — X R, BIR]— %o AR @ PEAEAN [R) ks B2 T B AN [F] R 4R 41
WHENFELEE 2 IR EEZMIME. BIFA 2 MERIR R S 2 /M4 W 2 )2 Ff 55, X T
25 5 1) SR A FH 22 B SR A 0, BRI 45 A AR oo 5 A0 Sk, AT TR B i 250l U9, S 40l 2 el 4
TEXT R R, T — N ERAEN Gd o 6 B 2 AN 0 s B0, W] 1(a) H AN R R AE P B8 s B — N RAE N A
BB T e B2 PO S R G PP AR R AR R b, H AT DA 2 SR B K
R I HERI R (second-order cone programming, SOCP) 7732 PHEAEE X R M N BA LI E. &
34 832 45 A1 ML (support vector machine with Gaussian distribution, SVMG) P*HE S8 %t 5 248 5 5 BT 20 A7
WEATL 1) 5. AN 78 B B 28 A SR ) FE ML (uncertainty-aware TSVM, UTSVM) ) H] =AM P 4b 3 — 5543 2% 1)
B BA S AT N A 28 A SRR IR L (fuzzy TSVM with distribution input, FTSVMD)3&@ i g 454 A A i 7 4>
A Bt B, 17 2 i Ak PR AR AR B . ST RE ML (support measure machine, SMM) 77 56 ] T M 28 43 A A AR % 5 -
5E SCARAENT R 218 RRALLEE, F6 A FI SCHF [l L K88l 4 RRA] SOCP, SVMG, UTSVM, FTSVMD #l SMM
TPERAC BT R, T BN AR RBEAT AR A, A SRARAE N R D B A, IR AN BB R G347 L2 2
L TT B8 A2 AN AT 5 B BN YR fff ), T LA o AR AR S b S 4] DR 2R 23 A SR . A ) T R AR 11 U7 1, SRR RO
(SFM)PS2 VR Fi4E 45 10 S5 o0 HOKE SR8 06F 5 20 A e 48 R 8. Pl 26 48 R 400 TR A B B2 52 5 (Banach) 25 1) PO 75 it
il E AT BT BRI AR R B T T 2 SIS O TR R B O = AR B 2, T RE MR RE R RS
HBCH S F BR HOHL (fuzzy SFM, FSFM)PY, FSFM 5 R8T BOA S AE A1 J8 . FSEM A SEM 11 3 22 (X I 7E TR &
FFEAR AR 2 BB = ARSI RO J5 2 AR 2 e b5 BT 2. FSFM AN 75 B SR (B N Rt AT M e A,

A

>
> >

(b HEEAFA A PR i 5 bR 5
P 1 g I A A A i e A X (3 5 R K
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SR, ISt FLT BeAEAE B 1 BRI 38 SCR B ISR 2500 . 1 1 30 7 28 SR Y (1 SR AR 5048 e L AR R I i 45
BRI, T — PR R R — AR AEXT G. AN 1 ) R 0 7 AR AR A T W 2 38 R BRI, 8] 1(a) IR R ARAR
PR AU B — R R, [ 1(b) TR 5% M 2R 3R — AN A1 iR A, IXORE— N EN Gk A R A 2 )
SR 2. AN 1 a] 0 75 BN T IR A X 2R B SR AR . S22 A S R m B SR s B S R, A3
PEH T —FloBr A T T 2 ST AR, R AE SZRERR EUHL (twin support function machine, TSFM), ‘& 68 ELE AR AE(E
HHE. TSFM 7E o043 28 1) @ b o] AR A AT 8T 1. 4508 TSEM I, 75 200 SR (B0 G 4b i % 2 R 4.
5 SFM AN[F], TSFM SR T 3 Bk45 2% 08 B0 R FH AN AE-FAT BB P LA S e . AR 8% T8 55 4 == w1 Ak
)R g T AERX A 10] R, e ek 00 R 72 T PR S S E K v 5 ) 2 M L T 1 72 ) SR A BIR 4 2 T | 4L
REAY S SR SR M K B AR A Bl R il A8, R P O R PR e R SR MR e PRI, SRR AR SC I ARk
RIFEF KM SFM BIEE. 9T % SVM, SEM, TSVM Al TSFM #HT AL, 2% 1 FH T EATRIX Bl 5B W& 1 7]
B, TSFM T ZR e kR ) 38, 1 SFM ALBEZR LRI 19 8. BT TSFM SR 7 W FE 1 S 8 41 Dy 1 WAL T,
BT LLE R SRRE SRR R . M3 2, A R ETTik .

(1) $RH T — o7 0000 e~ T 2 = A TR X SR AR AT 4325, B T SRR R 5 1R T AR (E X RIALE,

(2) ¥ 2 1) PR SR ko o 0 B8 1740 28 1 2 5 g R 1 2 1), 33X A 75 TG 55 4 2 [0 (V0 A1 A i R 6 A i PR 4
D PRI ARAL T R, 1) FH SR SR W R B 2% A e — BRI 1) R, [0 A 5 — R ) R PRy o A T 2 A B i i T
TR E SRR AL

(3) TEE R AR BUHR A LS BB 4R AT 7 — s, st 2t AR T TSFM BB alcth 7 2R S5 (B £

F 1 SVM, SFM, TSVM 1 TSFM ({45

LEST FEAJE 1 SCHRF 1) B A i FHIEZEA] F bR B8 AT A4
SVM l % Haihi A R AR ) TR ] 1
SFM e Sy Haibi E i 2 ) L PR i) 1
TSVM la % R A R AA R ) TR ] 2
TSFM Ea Haibi EL 7 2 ) ORI i) 2

ASSCER 1A (AT R B ST R RO, B 2 TE S SIN TSFM RIS IF 18 TSFM 1 — 265, B # He 4k
NG KBRS RF BB R BIARZ BR B 5 3 T AEVE 2 B e LIPAG TSFM IPERE. e — g AR AR &,

1 SCHFFEREHL

X CREEEEAE, & n NMEESRETRN (ALy)i= 1,0}, HF AR R FEEEZNTCRITE y e (-1,1) 2
BRI, 2 A, RS — AN S, SRR N B AR, N T A R A B (AR, SR s S Y
e 5 A HR A ], SAEEEERRE S AR A IS SR AR 1. 3T SRR ek, 7528 T SORH i 2.

EX 1. WA RR PHIAEZS AR, SEE A MHKISCRFREL o, (x) $08 SON:

oa(x) =sup{< x,w >, w € A} 1)
H, <x,0>Fnx Mo WATIEE. CREREABBEFONSCIE AL, AT &I — 30k, A SCRA T SCRR g
B SCRFRRE o (o) I FRRIIANOIM MR B 2. R SRR TE AT 074 () = 0o (%), FoF co(A) Fom A
AL 52 1 SERR PR T A MR B R, MSCREBREUTIE U oy (x) /2R T x ISR AL, 8 4
A X IR B BV B R ], ROR O C(X). I e SOEZE R BT, C(X) TERL T — N E i (Banach) 7
Ji) PO B 2 [ — A 5 6 (R IRV 2k 2 i, gk e — AN LA VO BT o e 46 R IR R P 2 ) AR AN 25 [ o, AT
Al — AN 7 7 5 A — SRR BR, FAZAR R e IX AN 2] . 53 RAARE 2 AN H], s B = WAL S, (HAE
SR [A) T ARDE 2R 1t V2 BR R RAT B BIXHER S [A). LU g BRI T SR HUS [B] C(X) ADHE =3 (B B 26 &R

EIE 1P % x R EREZEN Z K (Hausdorff) 5[8], C(X) £ X LA LN 0 MESRHEE. T CX)
HRAT RS BB o () AR AE IE W 18R 7K (Borel) WU FE p A AR (2) BLAL:
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(o) = f odu(x), o(x) € C(X) @)
e MEIZ BB ¢ TITEEERINN || b |1= [l (X) =] g |], FoH, Jul(x) = supZUz(A;)l, A X— N, i=1,..,s.

U ER 1 AT R S LS 2 ) e T, AT b S 2 i
RS 2. A 2 A R T B ATk
M= {0’ e C(x), fO'(x)du(x) +b=0,be R} 3)
FUFH S X1 AR R A, 5GBSR R, R 0 x) = oy (). PESCR T, B A0 (0 e 2
M 5 TR R — AT BB R IOV, B (o) oyni = L) A ok I 0 FEL A, T
760 Vit sk b B (24

min,. Il +C &

i=1

{yi(fa',-(x)d,u(x)+b)>1—§,~,i=1, ..., n )
s.t. X

Fod, || || R T RDIEE p(x) BLEAE Sy, AR (4) & SRR Ak ] B PR A SR (4) ¥ K BB A 1 AR
oy, FTUAELBERARA 2 (@) RATATH. N T R AL 18 58 (4), Chen 26 A PR BEAN 25 1] R K1l 93l s MR FEIIX
B, SRS TR X P AR (Radon) 1.
2 T TEREL

AR SR S 2 ) g SR ME B 5] NPT SIS e S AN I R S e T R M T R
BT BT ORFE NS A B, B G SR R HE ) B T R B T
2.1 REAER

FIF SRR B E AR EEN R A (= 1,....n) FEWBRIEER T o(x) =0, ()i = 1,...,n), XK T EEH
), EX PG LT, T B S R B AT o 2. R, W B T R B R R T T M R R
BEAPRAE, X SE RN RTE I RS 4 R B s ], I B S A B TS R AR R A G A N T E
THER, B A AR Gk B IE, HAaok A 628 IEBE 1 B mAsEE, 4 17 2 A8 L4 R iE
SE PR IXFEFRAT ) B A B S 2 R SR AN AR AT B T, X AN ST TR RN fa(x)dul(x)+b1 =0 f0

fO'(x)d,uz(x) +by = 0. YRR T T PR R R AT B A 2 18] (79 A1 A7 (B 1 1

2
mn}%Zw( f T <x>+b1) rey wEelull s
s.t. l—f,-<y,-(f0',-(x)dp1(x)+b1)<1+‘%,i=l+1 ..... n
1o X : !
minz > w[( f O de+ bz) ros ) wiéi+ el o
st 1-¢ Syi(fxa,.(x)dm(x)wz) <1+ % i=1....0

Hob, e, e0,05,00 NARMSHEL, T AEIXTA] 0, 1] WHUE, w; FoR 58 i MEEX RIIBE. 23K (5) a3 (6) RA 175
BRAFURBRAC. 2 T 0 B, SAERTURBR BRI R BE SR B 2 T = 0BT, A3 (5) FIa s (6) IH 2 AN LA
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S0 % 5 R T B LR . AT () FIA (6) 1, g Ay 3885 BCRE AR B, iz 25 IR A — 28R R B, (B
TR AR RE . RATIINT WL py A g, 2B REBHIBR SR E. BT AR (5) AR (6) Mt
BAEIEE, B LLEATTRIC S5 425 1R LAk il .

2.2 ERFM RN

RAEAR (5) MAIN (6) & J075 475 M ARG 1) B, (1R TH 5 BLR R T B M Ak ]

EIE 2. A0 (5) MA (6) &M Libn .

BB AT (S) MEFREIIEE 1 BURRT w, b, FIZIREER, 26 2 TURMH TR E ((=1+1,...,n)
A, 58 3 ORI RS, BT ALA S (5) M E AR R EUR N1, AR (5) MARRERT 1y, by M & MRS
HEAS (5) 2 — Atk il . FAEH TR0 A 2R (6) A& — ARk i) .

5 SFM A, A3 (5) M HFFRECR A T BRI H R T HAEX GOABE. 5B E W EE wy A, 1)
FHIAS B, T4 T sRARIRAL 1 R A 20 (5) AT (6). 14, 2 753K P A B 56 - Al 55 2 e o e 4 1) 2 BRI 7R
BERE NI (5) AR (6) 15 KRR AARLY, BRIH R AT A R PR 4 2 [0 1) Ak 1) 0. AR V2 b RS (1) AH 5S40
WL, K I JEELE C(X) AR A 2 T2 55 DD 1 B2 S SR R BRA TR R KL o I B PR SR MR 2 4. TEIX B L, A 1
wy A, BT HEERRER

m={§}@wnex%eR} )
k=1

m={§ﬁﬁmnexmeR} @®)
k=1

Ho, 6, A6, 223N R x, A0y AEIAKBL ST ML . oy Ay A FROSKCAL S 0 BE R S KD NI E, SR s B
P i WRE 2 2K (7) A (8) A BE R 3, M T T BRI T R E oy M g, B850
TEIR 3. QWML oy Ay WK (7) AR (8) P, A4 T i & 2T :

2%%=2M| ©)
k=1 k=1

Biog|| = 3 1Bl (10)
DIZA DY
k=1 k=1
Eakf (x0)

k=1

/1l

lleaall =

lluall =

E B - AR I E i AR 3 IR & W AR (el =

=sup

s
> e,
k=1

= > o, Feb, | £l FORELEERS
k=1

F(x) BIERORTEE. AR v BLAS 0, 1S53
FIH AR (DA (10), A3 (5) MAR (6) #eik'5 /T E T

2
1 1 s n s
min = Zw,{Zo-,-(xk)a'k +b1] +c Z wi; +CZZ|(1'k|
s 2 i=1 =1 i1 k=1
. (11)
s.t. ]_§i<yi[zo-i(xk)ak+bl]<]+%,i=l+1 ----- n
=1
l n K 2 1 K
r_nibn 5 w; [Z o (%) Bx +b2) +C3ZW1'§; +CAZ 6]
Aeubadi 255 =1 i=1 =1
| (12)
st. 1—§,.<y,.[zm(xk)ﬁk+b2]<1+§,i=1 ..... !
T

IXHRE, T 55 2 I AL AL R A 2R (5) FIA 3R (6) s 1b e PR 4 2 [a) e Ak il /A 3R (1) A= (12). 1Bk
e 2 (1) FIA R (12) RF e S fe A o R M . X2 RN IE R Ak Se M B SN T — S 5
FHH o) &2 x ARLEREL BN xy,.. . x, Al Ry, % AR, FTRAAS (11) FA S (12) BN PAL i .
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WER xp,..x, REEE, BAAR A1) MNEERUAEE (0, b1,&). N THRRMBEARX 1D AKX 12), FER
FX PIE B UL AR TR AR SFM BB, AR SCR R RIS EUS x),.. ., x, Fl &y, %, FIRSRAE 7 2
MBI R A, (= 1,...,n) FRFE s DR AL TEJS T SEE 0 43, 38T SRIR UG UE T 1X Fh R B SR B P BG4 Al 8
MR BN o Mg RAT L1 JEHMANR, Al o Mg IR MBI, 2 s A REE g R, RSCRA T
e ) 0 A B 2 D) 4 8~ 1

1 K 2 n K
1
min = E w; oi(x)a,+b | +¢ E wiki+ ¢, E |
apbr & 2 P : ya

k=1 i=1+1

(13)
st. 1—§,.<y,.(zo—,(xk)ak+b.]< 1+%, i=l+1,....n
k=1
n K 2 1 K
1
BI;I})IZIQ} EZW;(Zo'i(fk)ﬁk‘*'bz) +C32Wi§i+C4ZL3k|
i=l+1 k=1 i=1 k=1 (]4)
s.t.l—fiéyi(Za'i(ik)ﬁk+b2]<1+%,i=l ..... i
k=1
MAZ(13) AIAR (14) TTHIEATR MR, W o, # 0, BEAH R A RAE A x, RO AR (13) ISR =.

WIHR B, # 0, FEHIRL I RAE i 5, FORA R (14) BISZ R E. 5 TSVM AN, TSFM f 32 Frm S B T RAE . T
A (13) AR (14) HHENER, FEHEZEHSAR 13) R4k . A T 4B A R (13) P IAER S, X

BEIANTAAMTE e Ma,. Wa+a =l Ma, -, =a,, B, @, 20,6, 20, k=1,...,s. ZEEAR (13) 1
LA AN
) 1 1 % 2 n s
m%}g}vfrzizlwi[;o-i(xk)(&k_&k)+bl] +01;Wi§f+02;(5'k+&k)
] - - - (15)
s.t.1—§[<y[(20';(xk)(&k—dk)+b]]<1+é,i:l+1 ..... n
T
k=1

3 (15) A2 A T UFRI T L A = O A DR S el SR A LA e B A 5 (15). T AL A T AL, T e
IEPRZO R AR E SR 1) U (R A, X 75 B T 233K (15) AT K. B e 283 (15) e me T e X

! n u
.1 2 E 0
min - E w; () + ¢ wigi+c ) (@+a)
by £t 2 — k=1

i=l+1

u; = ; oi(x) (@ —ay)+b
; 1) (@ — 1 a6)

s.t. J b
1-& <y Zo'i(xk)(@k—@k)+bl]<l+é,i=l+l ..... n
T

k=1

@ >0,0,>0
HRAEA R (16) 5 SCF T Aok B A
1 ! n s n s
L(@debr.go) = 5 ;w,(u,-)z +a) Zwi§i+c2;<@k )+ Z%[l ¢ —yi[;m(xk)@k—@k)wln

i=l+1 i=l+1

1 s n K K s
+ny(u[—2m<xk>(ak—cm+b1]+Z%[yi[z(mxk)(@k—&k)+bl)— 1 —%]—Zék@k—ze‘)m (17
i=1 k=1 k=1 k=1

Ho, y =10, 7% G=1+1,...,n), 0,0, (k=1,...,s) RPAF B HIT. B A 17) KR HEEET a, d,
Eou F by KIS EBEE N 0, B4 W] BLAS:
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L—wu +v;=0 (18)
u;
oL
——— - i i) YiUi i i 9 0 19
3G, ;(7 ¥ yioi (x) — Zo(xk)y e = (19)
L
—c2+Z(y, )i <xk>+Z«r<xk>y, B=0 (20)
i=l+1 i=1
AL ¥, .
65,-_“' )‘/,—%:0,1:1-#1 ..... n @1)

abl ZV S Gi=703=0 (22)

i=l+1

MR 172K (22) ATRIFA R (15) K E LA 8, &R

maxy, 5 — Z o) + Z Fi—=¥)yi

i=l+1

—Zyl(% Yo (x) — Zwr,(xk)>0 k=1,....s

i=l+1

(23)
CZ+Zy1(71 )’:)0' (xk)+zy10— (xk)>0 k=1,..., S

i=l+1

Z%+ Z(% Yy =

i=l+1
Twcl ™ -¥=0,i=1+1,..., n

AU AT IS A 3 (14) FISHEACAL 19 3, 8

%?35__2, M(IZ; w3 @ h

c4—Zy,(n, OLACHE Zn,m(xk)>0 k=1,...s

i=l+1

s.t.

.4 24
C4+Zyi(77i—7]i)0'i(xk)+Zﬂio'i(xk)205k=1 ----- N 24

i=1 i=l+1

Z i+ Z (@ = 1) yi =

i=l+1

TW;C3 — Tn, 7,=0,i=1,..., l

AT (23) MR (24) PRI, TAT LR BE 2 RAE AU BN T 0. 24 R EE AL B, AT (E B
AR (23) AR (24) BUEHHEME. WA (13) AIAT (14) 7] 5030 FF A B Bk T R 5, B RS m B A e
AT B AR R B G0 FER AR SAS R SCRE IR, M 7525 R SRR a5, AT AE KB SRAE S ), ok A S 1) 2 )RR 1
RE PR A AR Y () 52 2% P2 DR b DX 14 o 2 T e 1) B T SR S5 SR I . NI FRAA H T B &R

EIE 4. ek AN (23) BARMERMy (i=1,....D, 7, «y, (i =1+1,...,m), WIHRFE L x, 6 2 5% A

Zm, ), (xA)+Zy,o-,<xk> <a (25)

i=l+1

s.t.

M4 x AR—A L FrI .
B8R MRERE B H SR (17) 158 SCAT 40 6 A1 0, AE 9711, M Karush-Kuhn-Tucker Fef 464 T 0: 2012R ¢, + Zyi 7i-

i=l+l

7)o (k) = Zm(xk»o Aot Y i yl>al<xk>+Zylo-,(xk)>o 2 M AR (19) A4 (20) 51820 A

i=l+1
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0, # 0. FIFH HANRH13 8] @, = 0 Fl @, = 0, NTTTEAR @, = 0, IXK I x, ANH2 S IR =
IR 5. BERMAR Q) BBEBRMMEn (=1+1,...,0), Gif; (i =1,...,0), WHRTHEAS 7 2
1 n
Z)’i B = 1) o (%) + Z N0 (X)| < ¢y (26)
i=1

W ®, ARE—A LR E.

SEHL S BERAARLF e 3 4 (IERT. e EE 4 RE HE S SRR TR R AUREE I A S (13) FIA T (14) M9, X
5 £ B oo AR T 8 DR I R ) AL AR AR A 3 B R 0. AR (23) FIA T (24) 1 BAR R BRI T Rt i, 1X N
VA R SR A AL R s AL T — SRR B, M AE AR K B R SN, AT SRR R — N o SR A, IR
BREL 5, (<< s) NRFE A, FIHIX s, NRFES, RABA I 23) AN (24), RIGFI 2 H 4 g B S JHER AT RS
FFIA) B BRAE s FEXPPE LT, SRR SRR — SRR &, IR AR L1k 8 FISC R m s I 2 A3 (13) FIA T (14).
FIFR XA SRR AF R (@, b)) R (B, by) FHERAHEFAT BEEFTH. AT SFM, A T 4 BB EE, 52 e LEES
S A BB PE .

RN 3, I B A B S I T f A )du(x)+ b = 0 FIEE B4
fo-A(x)d,u(x)+b’

lall
AT Q27) WTRITHSEEE B DA, (u, b)) T EAR IS5, ELROR AR A 70 IS PR 2 AN AT AT (0. A2 S Bn St 75 22
i DR KR ST B 2 I A A B . 35 3 3, AR SCR AT T R AN R AR ER (B X R A HIAR %S

f aA<x)du1<x)+b1‘ f 02 (E) 0 () + bs

X
M ' Ho

D(A, (u,b)) = 2))

argmin

(28)

M2 3K (28) BT AR R D B o T R R AT Btk AR (13) 1A IR (14) A K0 o A1 B R
FAT L1 a8 R, RISRRE SR, N T FHAR TSFM, 59k 1 5 H T TSFM X SEE BdE#E1T 703
FIONARES. MEVE 1 A1, BT A (D) A1 (12) SRR R R AR i) 8, 5092 1 2558 3 R0 4 Rl 8 R TR R RE 4.

BE 1. TSFM [ ACH.

1. WESH ¢, 0,053,045

2. F SR BT ISR 0(x) = o0 ()i = 1,...,n);

3T AR (1), MEEXN R A (1=1,...,n) REE s MUEE S, BN x,..,x,;
4. 5 F AR (12), MEEX R A, (=1,...,n) KFE s MBS, BN E,..L 5
5B R A (13) FIA (14) BUR (a,b) B (8,b,);

6. FIF A (28) REMEXF A.

23 BEREERT SRR

T ERZ R A L MR, T4 B8 O 2 317 5 PR e S S A A B 2 . 4 o e
L PEMLIT, 1A R SUIRIRE IR BT () =< (x), 6 Ce) > ISELA S A B, TG 7 v R 5 e 2
oA BT 25 TS I ML R B, 6 T30 8 2 L5 . 0 P I 52 0 R O i o L7
S 25 6 4 B O B . AT, T B L, 7R e P o L, O GO T SRR 5 M %, ST
RE U 252 1 00 B VAL, 0RE 5 B FETRE 2 RIS B A IR P4, 6x) I (A). AT A e 1] 52
SR B AL, T2 A T SRR M AL

RN 4.4 (-, ) RS ¢ Fm it B AR A MT, SR s ML W
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T o (9(x)) = sup (¢ (x) ¢ (w)),w € A} = sup {k (x,w) ,w € A} (29)

FIHIE X 4 ARG SR BREIZAL. 2 ¢ 45T, 23 (29) al H T 2 WSS, AL e s pr Xt
SCRFRREUAT 1 TS TR, IXAZAANTE IR A 20 (13) Al (14) I, Xt ) RIS KR s BCR A E AL R BB AT A%
e, A3 (13) AR (14) H2 MBI, Rl TSEM ARSI B B B U R A B SRR AL 1 SN RIS L .

3 SLIZER

ARSI A G (0 AN — e B SR Bl SR EHRAT T — R PV SLIRIE TSFM B Rtk 5 TSVM
—HE, TSFM 65 2 NESH, XSRS TERE. 8 TS EL, 2 o) = s Moy = ¢, XEEH
SERBA T 22 A SR I LI SR E . IR A (1070 = =3,-2,...,2,3} FIEEUR MBS H o, M ;. O I T X
6] AT 0.1 e P et S 4. X TR AL EE w,, E R T R MR RINE B, T & 5 UG BUE, A3
e ASRAE X R ABIE, XREVF 2 O B J7 VR " T SR IR AR GRS R KVBUEE, AT F 22 (B A
BT A A SRR AR A SR ORI TR £ 77 V4 U TR A A SR (0 QUKL X TS RF e B AL 7, R
TR T BT & (x,.x)) = exp (=[x = |[ /o), Forlt, o R4S {1071 = =3,-2, ..., 2, 3) *PEARL. 76 SKBRSLHMENS, J T
7 B, BRATBEA MR SR AR XS P S P, T o P SR AT R o BRI B B S 8 o B . 8 TR A, £
T PR S8 o AR B R K SRR V. T SEIR R 4 i7 AL FEES A 16 GB RAM IATHSIHL L 52, KA
Matlab R2020b 45 = SL I 1 AH IS
3.1 fERIMR KB KA

AT A2 ST AR AE Kl R 2 W3 TSEML RS AR B e ) P 76 45 140 I 068 3oL ) 486 2 B o 00 v 1y s

FANEETREE S N . X EGEEE TS T EERYE. B2 R8T TSFM RAZMZIFEARFES
Bor FHSZIGEER, Ko, ci=c;=1 Fl ¢, = ¢, = 100. MEEEEHE R AR EE 5, FIFH TSFM B8 T 40 2(a)
PR X k. WE 2 AR W, TERAE SRS NERT, B2 - P A 2R K, ZEAFM T N TSFM

PR TR SRR R R, BT 3 T, — el AL T 50— SO R LR B AL 3 R, A e
BESH, T AR T TSFM AUTERE. 247 =0 Fl 7 = 0.8 B, FI ] TSFM HRAH 1958 2k i 25 52 B 58 2% 24
7=0.5 1, FH TSEM UG 52 LM SCPRAE XAARZEAZ , X U I FE B R AL RO, W R B 24 R E
PE K A FESE . SRUG A5 R SRR 2K R B0 10 25 A S BRSO LI R A S 4 W R SR BRI N AR S5

5 5 X%&; 5
4 4r 41
3 3r 3t
2 2r 2L
1 1r 1k
0 or ot
-1 -1 -1t
-2 -2 -2t
3 37 -3
41, —4r —Ar
pn 0 =3 0 5
(a) =0 (b) =0.5

B2 FER ORI BB HE b i TSFM IS 111
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0%

x ’5%@3”‘
)

XW»;()KX

x
XXX x

(a) =0 (b) =0.5
3 RS BRI R B M AR s b TSFM IS 8 T

3.2 UCI HIEE LA

AR AR S A0 AR ME X SOk I TSEM. 143 2K 1t fE. AN UCT $ 0 e rh it B — S i 2 kA7 17 2.
JT e A BCHE SR R 2 T, X B B 4R B 4 FH R Tl o0 2R 28 1 R . 0 IX SRR 4, R IR AL T R R A IR
77 AT A A R 75 30, X R AR B A A S R . W 25 S 5 (0 A o 72 BY, AT S it S
P REARIRI SR § AN B YE AR UE 22, Fom N oy, SR JEHIE— AN X [x, — V3o, 0+ V3], Fort, x AR x (K58 i A8
PR, X T 42 H0E, AR5 1 200 A X e X Ta) A i 10 ANZE. BRI AR S 10 AN S8 Fh oy

1L 500, JURAFE R BB E 9 500. SRR — X 22 (1 SRS R AL B 22 79 2K [ i
®2 HIEENGHER

Hdn e FEAEL FEIEEL PN
Australian 690 14 2
Breast 683 9 2
Heart 270 13 2
Ionosphere 351 34 2
PlaningRelax 182 12 2
Diabetes 768 8 2
India 583 10 2
Sonar 208 60 9
Wireless 2 000 7 4
Segmentation 2100 19 7
Drug 1885 |2 7
Statlog 2310 19 7
Cardio 2126 23 10
Satellite 4430 36 6

TR, A SR ST T LA SEAE B 1) 50 2807 v, 0 i HER RN (second-order cone programming, SOCP) 75
B R E A AR AR 3 R AL (uncertainty-aware TSVM, UTSVM) 132 53 B KL (support measure machine,
SMM)P 7 HE B BOPL (SEM)P™, BRI A A 3L &5 (sparse approximation nearest point, SANP) J7 % F21L)
KB4k B3 [F) 2743 2% (regularized collaborative representation classification, RCRC) 7732 P%. 5t F SOCP, ‘& 4 #
ZHC,y,(i=1,...,n) WRIZEBZSHo. N T RAESEMEE, B0GCHR 23] PRIER, £y=y(=1,...,n)
Hy= Va/(=5), B8« BUET44{0.1,0.2,0.3,0.4, 0.5}, S8 C BUE TEE (10,i=-3,-2,...,2,3}. % T
SANP, B 3 MESH A, A, M A, ARSTRAESTHR [35] 1075 KRR L S48 X RCRC, ERE @S
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Ay Ay, A3, y VLRSS H o, S HOEEN A, =0.001,4, = 0.001,4; = 2.5/n,, FH ny & —NMEEM R A5 KIHHE
MEH. X T SMMs, BEAEHSH C MBS o, B C BUE THEA (10,i=-3,-2,...,2,3). X T UTSVM,
BESHESH ¢\, cp 03,0, € URZHSE o, BSEREN ¢, = ¢3,0, = ¢4, = 0.5, S H ¢, Bl o, BUETHEE (107,i =
-3,-2,...,2,3}. TR BRI R0 S % R S B AL S5 o BUE T4 (10,0 = -3,-2,...,2,3).

A SCAE FH FATAE XL RV AL & AP SRR RE. 9 T e & PR B IS 2 S, IR AT T A R
XA, LIRAS &R 77 R R S 8. 38 3 R8T &M ERUE & B SEInsi R, Seie st RO TR A
FbRE 22, B fhah B LABAR BoR. N T IE TSFM AR (g, F I SR8 10— AR L — 2 1 LU 5 & 4 e oAt %
HIbRZE, BB LLBN 5%, XA T ARS8 HAERR e e R e A B a. R 4 R8T P O IE L S AR e
R NI o

2R3 AFETTEAE UCHEE4E _E R R FFR IR 2 (%)

% SANP RCRC SOCP SFM SMM UTSVM TSEM
Australian 16.7243.55 15.3943.71 14.51+3.85 14.13£3.46 14.01+2.98 14.6243.19 13.6+2.32
Breast 421£1.22 3.41£1.09 2.89+1.52 2.61£1.29 3.02+1.37 3.57£1.26 2.61£0.73
Heart 30.31+4.78 20.12+4.12 16.70+4.03 16.8143.41 18.12+3.34 24.2543.50 16.2+3.46
Tonosphere 4.3842.03 4.1243.04 3.79+1.28 3.69+1.32 3.31+1.64 3.95+1.09 3.17£1.26
PlanningRelax 30.12+1.75 29.35+1.85 28.79+1.73 28.3+1.89 28.6242.11 29.5441.58 28.56+1.21
Diabetes 27.3243.51 25.35+3.02 24.3242.61 23.50+2.71 22.342.49 25.684+2.29 22.4642.35
India 29.45+4.02 28.09+3.42 27.63+3.24 26.71+3.89 26.89+4.02 27.32+3.62 26.1+3.47
Sonar 22.13+4.05 20.78+4.76 20.1245.15 19.05+5.23 19.78+4.23 20.05+4.24 18.2+4.40
Wireless 3.26+1.21 3.15+1.21 2.92+1.24 2.73+0.89 2.5242.26 3.03+1.31 2.02+1.32
Segmentation 18.22+4.21 16.7243.92 15.27+4.16 13.8+3.91 15.66+3.92 16.48+3.49 13.86+3.45
Drug 20.2243.25 18.2143.51 16.28+3.41 15.08+3.42 15.2242.90 18.08+3.53 14.3+3.46
Statlog 10.50+3.80 11.4243.25 9.78+2.91 9.22+4.01 8.67+3.52 10.51+2.84 8.08+2.45
Cardio 30.27+£2.26 27.80+2.45 25.34+4.05 18.23+4.53 18.30+2.81 26.1242.29 17.5+2.47
Satellite 9.56+1.27 8.47+1.05 7.25+1.89 6.27+1.63 6.34+1.62 7.89+1.86 5.24+2.47

R4 AFETTEEARZEMR N 5% IIEE L L REHR AR 2 (%)

EAEITE S SANP RCRC SOCP SFM SMM UTSVM TSEM
Australian 18.94+3.23 17.82+3.45 17.32+43.46 17.46+3.35 17.4942.27 17.45+3.60 16.77+2.47
Breast 7.05+1.46 6.89+1.21 5.6242.35 5.69+1.47 6.34+1.75 6.80+1.46 4.89+1.27
Heart 34424426  25.39+4.74 19.52+4.20 18.4443.72  20.26£3.47  26.73+3.50 18.2123.63
Tonosphere 6.52+2.42 6.59+3.56 6.89+1.65 6.74+1.59 6.83+1.99 7.06+1.82 6.45+2.42
PlanningRelax ~ 32.25+1.95 31.98+1.42 30.42+1.90  30.56+1.96 30.89+2.42 34244177  29.92+1.63
Diabetes 28.45£3.64  27.67+3.41 26.83+2.88 26484289  24.84+297 26451246  24.32+2.86
India 31.55+4.23 30.1443.67  29.92+3.68 28.3443.90  28.68+4.34  29.54+4.04  27.42+3.80
Sonar 24.36+4.21 23.05+4.91 22.3045.62  21.87£546  21.62+3.89  23.92+4.92  20.85+4.34
Wireless 5.42+1.33 5.74+1.46 5.08+1.41 5.13+1.24 4.9342.42 5.23+2.45 4.02+1.64
Segmentation 20.56+4.46 19.26+4.55 17.83+4.42 16.52+3.72 17.39+4.41 18.56+3.97 16.39+3.95
Drug 23.53+3.70  20.54+3.69 19.46+3.55 18.34+3.69 18.59+3.49  20.30+3.46 16.05+3.41
Statlog 13.3943.93 14.23+3.68 12.25+3.04 12.02+4.24 11.79+3.77 12.56+2.63 10.53+2.96
Cardio 33.46£2.56  31.674234  28.56x4.24  2045+446  22.65+£3.08  28.9442.56  20.36+2.89
Satellite 12.49+1.45 11.43+2.41 10.50+1.88 9.46+1.98 8.60+1.92 9.57+1.95 8.45+2.15

MF 3 AT E tH, SMM 7 Diabetes 454 FHUS T s EPERE, T SFM 7E Breast, PlanningRelax fll Segmentation
Hifatk EIVHHR R R AL TSFM fE K 2 X4 EIUS 1 B 70 2R RE. SANP Al RCRC B RMG Nil R 4h
R, X RPFIATAIRE T BEVLAE R SEEN R AR RIFARRN B 7040, BBl UTSVM JE8A 7EiX Lo 44 4
RS RE. TSFM TE 2 25108 E— Rt T HABAR Y, 1X &y TSFM SR FH T HUERAR 2% bR HOFI % 18 T FEA
(KA. T F5 KRR (17732401 SEML AT SMML 2 32 B A2 F A Hudfs sl B5200, Tf0 TSEML I S 5 BB 1 T A e A
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MLNGR 4 ATEH, UAFTERRAE M R, S RO VE YRR AEE — SRR R . BT TSFM SR 7 REAR AL EE AN Bk
TR BREL, TSFM. HGH At VB T 1) 43 2R e IX 1B TSFM. REFI BRSNS

T 3 R 4 EBIE 2 AN EERE LR T 20288 s B ERE EA1E 2 N R E L EET e
HHAT MARTEMY. B 45 R0, 9 B S K38 (Friedman test) 53 54050 B7LE SR £ M43 SRR A 20T B % T
s E S, TR A 2 BB A SN EXMRRE T, TR SR ES S8, Z9ENk-1HH
FERI AT 3, Forp, kR B3 A B 35 AR SR I0 R T 4 B8Pk, IR 2 B3R &2 D fAAE
CD = g, Vk(k+ 1)/6N fE 1250 O, W ATHE e B SR, Ho, N2 BRSE AN, g, A2 S0 B USR5 .
Bl 4(a) R THE 14 MEIRLE b 7 Fiogxd i €D B, B 4(b) 3R T FEAREE M 75 AHR 48 T & Fh o7 vExt Lk i)
CD Bl fEEAE % o = 0.05 WIEHL T, CD {H Y9 2.407. & 4 W&, BT TSFM [ P47k /), ik TSFM L
fth 75 2B B L 1 R

CD=2.407 CD=2.407
—_— o |
16 s o4 3 o2 76 5 43 2
SANP — — TSFM SANP — TSFM
RCRC SFM RCRC SFM
UTSVM SMM UTSVM —8 — L SMM
L———socp L socp
(a) H T4 3 UGS IRA R IERIN H (b) FT3% 4 FE AR T7iERx E

K4 Rl CD EILLEUAN R T3 P AE

33 FEHEFE LT

AFITE USPS H#isE B T TSFM BRRfiEE. v T AR AR ME R, FRAT15 BT Wik JLA A8 4 et AR 40 ANl
YIAR e, SR 16 x 16 BT BARE07 -, Mo 4i N(40, 180) B HEH: M B 6, I M mii aAi N(1, 1) BB 45 1)
FF s, X PP LA AR 3 AR B — R AR X 28 BUGAR X TR EE AP AE L AR . 9 T I = e 2811 5%, &
T — L3 I B T 5, BIST 2 Fsy 3, oy 4 Fly o Moy s, s pif i, A2 R BERLIER 100
e AR, 48 5 1 LA AR 46 S 3 BER A B 10, 20, 30 TR EME, AR EEE 5. B 5 RoR 7 ULk 5 (1) —ik
FEE. A T A B TR R E AR, R EG R EELER: 100 18 EME, 1R 5l SRR AR S0 A iR (E 5L
%E Ulléﬁﬁﬁwmﬁkqﬂm%{aﬁ%@ ILH}W&E@%@J *mﬁ%ﬁém?fﬂ%ﬁ%ﬂm&zﬂ «altl:hjc N\ffﬁT

@6%m.

N of [§F o oA P 2 222 )2 a2
mwlﬂs}s.n 512 NRRI[E 3R
4 -E N4 4 Y Y
AP DD AT D PR N Y e

(@ﬁ%%?%%ﬁ%@@ (b) HOII TS5 v B &
K5 PRl LTS i 35 ey R

ME 6 FIFE H, B SEXN ROE K EGRL, SRITERTERAE R ZHUEIL N2 S0k S5 )28 e b e e A2
B RIHHR R, XL G B, SMM PEREF AL+ SEM ITERE, X2 SMM R T BTy J L 22
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ety Bl 5. M 6 T4, SANP FEARL T HiAth 5 1%, XA AZE G B G &M i %, BT TSFM KA 73
BRAG1 5% BR BRI FE (1) A AR 4), T LL'E BE IS I I S Bt 446 T sz 28 R WI7E AL T LA AT e v Ll AN AR I ) (14
{E%HR b TSFM =24 &

10 [ SANP [ SFM 18 + [ SANP [ SFM
9t [ RCRC [ UTSVM [ RCRC [ UTSVM
[1SOCP I TSFM 16 F [—1SOCP I TSFM
8 I SMM I SMM
14
7
g 6 ng 3
Eg, 5 tﬁ_ 10
3 61
2 4+
1 2L
0 0
10 20 30 10 20 30
BAANEEN R EEIEHE (2 vs. 3) AN R EEIIEHE (2 vs. 3)
(a) TEREREHUT 2 BT 3 BIOSE R (b) FEREDIELT 2 A8 3 Bmas
16 22
[ SANP [ SFM N SANP [ SFM
[ RCRC R UTSVM 20+ [ RCRC [ UTSVM
14 + [=1SOCP [ TSFM [=1SOCP [ TSFM
I sMM 18+ I sMM
12 16 +
gloy g 147
! s 121
K 2 10+
#= oot # gl
4t 6
4 L
2t 2l
0 0
10 20 30 10 20 30
BAEEN R EERIEHE (4 vs. 9) BAEEN R EERIEHE (4 vs. 9)
(c) FENEHEH T 4 Ay 9 Lia iR (d) TEEEVIECE 4 Ay 9 Lmgh i

K6 ANRJNEEFE BT EE EHHRE

34 EFEGELHIR

KRATE 4 DEEEBEDY ERd T SEEBE TR T TSEM FESEE AR08 /b B 4 5 0 T 14 2k
fg. BT RO SR A 780 1R FR A FLIR {5 45 (Breast), 4708 1% P15 il ¢ {5 4 (Pneumonia), 1633 1§ E{Z 045
F ¥ 4E (Nodule) LA 1759 1R B4 1) Synapse B 4E. 75 EUG B £ - FH I B 2 S0 R 700 B A5 P 3ok S R0 7 AS
TR R R AE I R A D R Y A M R Dtk FRATTARI R T2k 00 A5 AR il 25 D 45 1 R PR G0 e RRRAE, BT
ResNet18 % [¥) RESSB-RELU JZAE Jyfin th 45 5. X AE IR BB IRAE R R 9 7 x Tx 512 k& IE . 9 T b it
HE, WRERR WL | NPT S, IBE S 3 AN HXREAT 7R, XA 2 5 R E IR A
1x7x512/4, Al a4 A 7x 128 BIAERE T 2. IXFEAEAEIR MR E1E 7 A 128 LR34 AT S (5 Eidhs. FRATTRENL
IEHE 70% BIREASFI BRI ZRAR, Hotth EHEAE MR AR X it 28 B0a 48, FRATTBEHLIEF 300 18 Bk IIZR A 2L (23) 1
A (24) FIREEL, HRLF B 4 FE B S SRR S RF &, B 5 R TSFM SRR 1A 250 R RR A s R IR A
3 (13) AT (14) IR £ 5 FR THLE 4 NMEFEUGE FRISRIG AR, sSeie s RIE 10 KIZITHF(E.

M 5 TTEH SFM AL T TSFM, iX /K SFM JE %t TSFM #2446 /i S & e 5 AT 40
TSFM 7EIX Se 34 b raA T st e, 721X 885974, SFM A1 TSFM A& 25 K EEAI J772:. SANP. RCRC. SMM
A UTSVM FE T BB FTE R, iR B IR R A TURRHE, XU TURFHIEN 2 fonh 73 228 1 M RE.
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SFM Al TSFM £ B 32 1 B BORE F A R IE R . SEIR 45 SRR T 0 B B TR FE RS AR AT SR B0 B A LA
LRI AEAT B 1t 20 2K P B2 A B
®5 ERFEEEIRE LSRR (%)

H g SANP RCRC SOCP SFM SMM UTSVM TSFM
Breast 22.59+5.42 21.76+7.32 21.33+4.09 20.25+6.03 21.2+6.42 21.50+6.49 19.6+5.46
Pneumonia 8.52+3.88 7.32+£3.25 7.15+3.02 6.37+£2.89 6.65+3.21 7.28+3.02 6.03£2.05
Nodule 25.33+£2.67 26.22+3.25 24.22+3.13 24.52+3.26 23.5+4.05 24.62+3.29 22.4+3.12
Synapse 20.45+4.82 19.55+5.02 17.52+4.85 17.26+4.92 16.8+4.92 19.28+4.56 16.1£5.35

3.5 BREBSHNERE S

TSFM 8.5 2 M5 E MR S 4. 5 TSVM W8 S B0 25 8L, TSFM B SHOR 2 i 8 1) M e, 24 TSFM 2R
F s i 5O, MR S8 o SR R B (N 25 (8. AR E svmguide BB Lt 4T T S, @ i S0 7T
TSFM KIS EO HAE BRI R M. ZBE 2 B 3089 MFEARM A, H AP 4 MEMEM 1 MR N T
T TSFM (158 500 FEPERE IS0, BEALIE B — 2 IFEASRYIZR TSEM, KR IR ARENIRSE. 5 UCK S5
4 A BLAEAE BAE AR A0, 3850 4 A AR B 209 B RN B 10 N EIZH AR, DN T 7E =478 i) T 4R
SIS EE R, HAEEEE o= 1 flr=0.5 REFFRESE ¢, M e, BRI, S0i 4 R 7 s, siings R’
9 TSFM FIESRZ, o 13E 0 JLE AR TSFM IZ4THF ). Al 7(a) FTE H, TSFM 15> KRR E S8 ¢,
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