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JEAE B AR BT AR (IR RSB R i 1) #EAT 038, ARRIEREE T BB B )
KI5 iEAHE: Causs L% 5 ML (Gaussian random fields and harmonic functions, GRF) [17]
A4 R — 8 (local and global consistency, LGC) 18, £&¥EUT 4844 4% (local neighborhood prop-
agation, LNP) (191 Laplace IFEN{b /N5 (Laplacian regularized least square classification,
LapRLSC) [0 £

ST IR M B 7327505 COR i S S AR AR 22 4dsl b 191 SR FE b A7 SR A — 12 i A g A A3
PR EErmfk. EEFEWT 3 NI

(1) HlEir AP, V12 56T I M B 73 SEBE TR A% e i AT R G 3E 5 0%, 0 k- I ATk
B - MEARIESE, T AT ons i RRURE RS, i — 4 E S R R A G AR AR X SR AR IR
RIS BB ] HL R AR IR ST TG A 3 B G B AT, PR AN T A AN 2 ST B
B, X759 Kie S AR 5 1R 22 LUK,

(2) BRI BE. M SRR T REBE B BB RRBBAR AL R — R A
BOK AT REHIAA A RO AR R, SO BB i S e BT AR A, AR NAHIT. 2R
S BB A R 2 L AR, Ay R AR AR AR E, S g st SRR o (KR 5 S AT M R

(3) AERI LRI KR 2R T B KRR RIEN 2 R0 KR EL, TRAREL
MRS HAEA AT 7398, 3K — )R] 1 X S BRI AA &  BH

N T R 3 T, AR SO A T D A 27 50 PR 2T A A M i 2o v 2 ek 0 H 945 J2 EAT
PR BB R B ORAR T s B — N AR A A R EA SR L, R
ARG HIAIE. Wright 5 22 F IR (MR RN IE 70 688, 7531 7 —Fions IG5 1]
HABIF R R NN T7 1%, Cheng 55 B3] 2RI BE M FOR M 1h- B, 12 EIRE H G Rk
PR AR HR LR I 1R BOR . FESCHR [24] T, Yan ZR0CH 1h- BT RORLE R BEE R, Hk
BIBRRE W RAZARL, B HEAT S B 2R, XS5V R AE 2 2 (BB L Al 2 b A3 i i R 7 ) A
(¥, BRAAN[RISREE o T 7 — ek 72 8], (B2 BOF A B AL, BhAh, XI5k, T4
MNINGEAE, 9 7 AT HRER R R 5, FRANL lo- WEER/ME RS0 13- B/ ME R AT
KA. AHRRXA N RA s I EABEGRAE TS (B 72 (8] B R AR ) RO e Y, 1y DAk ) i m] e A5
BB R RS R A, BT T ) A R A R R 1 R AR

AT LR TR 723 18 BB B, AR SCHRH — P T 0 S 72 (R e ik A R MO A 3R 1)
PR 3E Ty ik, FFRE i A L U A = ST BV AE 2R R i i 3 1) PRI AT~ B 00 2R PRy 3 1) A 7 2 15 )
FRRAE B /M N EEARZE N 518 T 3 DN S N B B4 (o 1 BE e 1) BB i 7 1 2 1)
H; MRS R B AR AL R, RVER R R T lo- TEEURRREVELI . BATET XS L 1o fUAL i
FOUR Y — R AR AR S, SR 05 A 005 55 1 22 18] (O W B s R BHiE Lo- 18, JFAEUR I IE I AL B IR AR
BT ROV BT PR A B A . PR M B ST AR BRI 2 280 e L, Ak
PRIBEXTFRFEAS s BEAT 202K, T IR 4R K 1 R o (I RENS B & B AT QR sk 3% DL K R B P
Pt — R FN T B S8 8 i S 2 RRAIE 1 A $ 7 ik BT B K 70 2R RE .

ARSI AER ZHAR : 58 2 SRR TAR; 58 3 S A SR R A2 T 07 5 7 2 18l R Lo-
BIRIGE T7 ik, 5 AR B 7y 2R07 1% 28 4 14 TR T VAAE — RS B SEIGRCR, s)a
FESR 5 XA ST B4
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2 MxXIfE

T R GIRE, TELZS AR SO A B0 o R B FEBE RS A REROR, B s A A 1)
RN FRERIR, FRATE B RN GBI R RN {(2,2:), 145,00 = 1,...,1,) =
L....N =1}, o1 5 (N -1 2l EnE8ES TSN, 2 e RP REUEA, 2 €
{1,...,CY N z; WFEIRZE, C AEERRIEMEE, X = [21,...,20,...,an] € RPN IR
BE. M8 2 = [21),...,2p;]T € RP [ lo- JHE XN ||zl = /o0, (245)2, FEFEIL, ASCHK 1o- 78
A ||| FoR; R ;€ RP 1 4- JUHUESCA gl = S0 |l TR 25 € RP 1) 1o- 8H0E XN
z; PAEFITCER I

2.1 RFIEMLHESR

MIZIENE (manifold regularization, MR) HEZLAE H Belkin 55 200 Je P AR A% Ay /R A 47 2% [ #ELi8
. 2 Mg FEIEEZREL k(- ) BRSO B AERZ A KA 2 1), ORI 73 KRB f N Hie T
(RS AE R, ORI IR UAEAE 22 7] LA IR N

feEHK

1 l
f* = arg min {l > V@i 2 )+l Il +wf||%} : (1)
=1

Horb vV ONBUR KB v Koy AAETTISEL £ (1) T, BRRREE 1 BUARGRED, ©
FIREER SRS bR S f PSR 2E 2 [8) 2257 H AR S 2 DUV R LTI, B
N f AR IR 28] e HRNEEUNT T, FORIEE KR EL f 1E Hee HINREIR ZE; Hix
PREUNI S 3 WOROGHE FEAG T, EHIRIE R R f R T HR A IOEH . 23Tk [20] 1, Belkin
SERE T W RS RUR RO R T I, EET f AR PTERUE L ROEE R,

N
1717 = % > wijllf (@) = £la;)]?, (2)
i,j=1

Fort w; ECE AT B A R, I, SRR f T R R I SR BA pR B R MR .

J7SCRYE, 20 (1) RS R VORI BEAE ST || £12 PR HASFE S SOk X, IR S A
F Ry Rk i, #45 (1) FIRBRKERE V R IRRERE V (v, 2, f) = |z — f(z)|?, IF
B 1£117 SRR (2) B, MR 153 LapRLSC 4r28%; #5430 (1) IR KN Hinge 1512k bR
H 201 IR HRIFEE || £)|2 & R (2) MITER, MR IE AL HESR S Y Laplace 1E WAL SZRE H &ML
HE

1R 2 2T B WB o R AR AT A I N IE WAL HE SR . SR, L ATy SR A7 E — L ) R0 7 22
FRURE. D 3K e VA2 AT — ] 58 B ARIER T SR e AR, X 4 I Sk X AN R, FLIE
SE AR R ST ANIE T A A S, 5 4b, X BTy T i, RIS m 45008 o A R
e b, AR R A SR AL . DRI, AR SCHE TS0 B i 3R s 1 4 B B o 2R 0k 107
REWS B S T A 2 IR 96 &R, ELIE FRR AR B8, B iy i I i e .

2.2 ETHRRKRTHTERE

i i 2 2 fs FAR/ANEH R AE 5 IR A SRR E S 4 R E R Bk, & = €
RP ARINEE, 45 5€ — > Hid 58 s 2k [ A RN 7 @ e RP>M ) s oAk e (3) kG4 «
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IR R R R E o
o =argmin ||afp st ||z — ol ¢, (3)

Hr e >0 NMEAERARE. AT (3) MFVIE R REE H &4 R I INERS, 1R R R AR &, &
o b ) AR AT E S T AR 2 B AR, W IEAZULALIE EE (orthogonal matching pursuit, OMP) [29]
5B E 5% (iterative hard thresholding, THT) [26] 2%, 55— 7T, AHSCERR 45 FAUERH, 243 2 —
TESRAFIT, 11- 5 1o YEEE /M I R S ) 271, DRk, a0 A s R 7t T A A ] AR 1

o =argmin ||af; st ||z — Paf <e. (4)
[e3%

EFX e AR AL R R P9 57 (interior point method) 281 5 [FE7% (homotopy method) (29301 J2& Hfpt
SRR AT, SR B AT BT 2R FE b A, DRI A SRR DG A 7 3 4 e T AR 2 oA 7 vk, i
IERUHE R E 575 (fast iterative shrinkage-thresholding algorithm, FISTA) Bl ## Lagrange J7i%
(augmented Lagrangian methods, ALM) [32] JFI4f3#4)™ Lagrange /574 (primal ALM, PALM) [33] %%,

Wi s AR I I T8 5 R A g, (5 i T Hrh B S AR S E 5, BT URT B B R
WZRor2Kas. ECHR [22) Y, Wright SR & R SEEHR AL T A — A2tk 726, g, BUGEE
R s o AT F I PRI, AR T8l 2038, FACOR YL, X T IHAAEA o, BN G- e
AL ia) K ERAT © R R

o =argmin |lafj; st ||z — Xaf <e, (5)
[e3%

Hrb X = [1,...,an] € RPN GYIGREEEAERE. BE/5 Wright S84 80 MR R s 1155 K48, 15
BT —Floxd B R 7 R 4 ) R B A A M B N AR A D775 Yan 45 P4 RE TR R RS2 T —
ot B 2 S 05k, 2R E SE M R M R A - T, BT SO IR BOREAR, 5 H A e ik
L AL E ZI ] H AR R R IR R R R XIS, 500 k- ST SBEIN e T3k E 1
TR EAIT AR SR BRI NS BR, T - BT SR 45 44 53 fBUE AT LLR N 34,
HARESH. G 11- Ba, SCR [24] 385 R4 B $odfe 2 18] RO AL R BEAT - M B 4 5]

RS TR RS K70 R 2ot LA LN 72 (R BOR BE A 1), RIA D R SR Ha o T[] — 4> 2k
PET 2218 o, EIXEETE, X TR UG, 7 ER AR lo- YaBuR /MU R AR 304 1- YR
AR, RIS MR N R A (AR IR T i ot R RE 219 BIUHR 3 108 R4 BRI 1 A
FEIRREE RIS, BRI, AR T 3T T Rk A R BRI R IR lo- BIRIE T,
T AE 1 AR 5T B HE SR T A Y B Ay ads () B AT~ 2K

3 EThHFEEBRRTHFEESTLXTE

AR SR T B AT S A B, ARG T I g g % e L B S 45 T iR
RRR AR SIR S HNAR IR lo- BIMIETTE; fJa, 1RHZET lo- S B IR A IR Sl 7 R 5k

3.1 ETHHF=ERENERRR

27 AR AR L R SR AR A7 T /) — N7 2 ), i S SR A T AN R K 2tk 7= a). xd
TINGREAR 2y, T LA T AR B R R AU AR Ty

af = argrrgn lally st [las — Xl <e. (6)
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Figure 1 (Color online) Illustrations for linear subspaces and affine subspaces. (a) Data points lying on three linear
subspaces: two lines and one plane; (b) data points lying on three affine subspaces: two lines and one plane.

/ﬁ\:':':', Xi= [IE1, ey L1, Ty e ,SCN} € RPx(N-1) NEET x; Z?F%ﬁﬁﬁvll%ﬁﬁ*@ﬁi%?ﬁ%ﬁﬁ?
>0 NBFEHEZE, o e RV NEVER R REBOG R R &, WIFELEIE 72 B T, Bk B
FORERE ap R BAFNER), WL RIIZR 25 B2

A HIA IR B s 170 287595 K 22 3 T Ao 13 1, AR ST 2% R it 23 A1 1A 077 51 s [ A
BB R M o T /] — AT 22 1), T S R A T AN R 07 552 8] 7 B R A, X
T D 4R 70 Sp, ERTUHOAAREE T Sp HERAK D +1 4eLi s m e —A 14k
B o TP 7 A i e 7/ 2 e o L M Y 3 £ 573 el ST A S I 2 A A R N T 1/ 2 e o 1 M o

(EARIRE. Bl B 1(a) Bl 3 880E (06 “x 7 RS stEB B Bl S R) AT 3 A
S IRPET 2] PSS — AP, eI RS 5N
x:fz:%, x:z:%, z=0. (7)

RIAIX 3 AN o) /& ml 23 (), BT LA O 22k 2 R BB A M 550 4 7 J7 9 B 1L B ot U At
AATHBR S, 53— 7T, B 1(b) Broni) 3 REHRALT 3 A FatiEl: Bk — AP, AT
FIREGI N
1 1
x—iz—z:ﬁ, x—i—zz—z:

DRI A3 A 2 2 BT X L ) 2 4t 2 1) A 5 A A RT A, i AR et 7 2 TR AR B O R s T T e 2 )
5 — A7 7 2 T R A B e (SR C B ) SR IU R AT g b, (258 4 v, FATEDE E 1(b)
IR BEEAT T 5650, SO0 AR SRR BT 7 TR RS ey st ) e 5 2 T () 75 5 R

RO TR R T, T RRA B2 IINGREAR, 1L A, = [2r1, - ko) GEH 0 HEH
ke RINGREAR A0, WHAERINGREAR 2 o AL T AR b b R0 i A i 7 5725 1, B

<

, z=0. (8)

ol

T k
Thy = Ok 1Tkl + -+ Ok i 1%k i—1 + Ok i+ 1Tkip1 + -+ O Thony, € 0F =1, 9)

Hr, af = ok, Qrict, Okjigs o ok, [T BRI RBUAE, e TR 1 AR, #E—PH, 3K
TR 2 RN AFTER C RINZREHE 807 5 45

T =Xa, ela=1, (10)
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ﬁ\:‘:fj X = [Al, ey AC] S RDXN %U”éﬁé&ﬁﬁl}i, a = [07 cee ,070119’17 ey 1, 07 Alitly -y Vkngs
0,...,00" e RN ARHAE. M o BRMBEWGNE, FOARHFS o, FIZEHIARLE GO0 R ) 7 &
EARE. #F D < N, WK (10) J9RGER, BEF AT A0S BR8] R IR G 8 2 KRR
EX &

of =argmin ||z; — X'a|?, st. efa=1, |afo<K, (11)
(e

Horb X0 =[21,..., 21, i1, en]) € RPXVD = a1, .., v 1T € RNV NRIRREL KN
WM. PTG M, Bl (11) SRR M5 R R Re 88 B ) I 2R A R 5. PR EE
TS A TRV R F A i 2 s B A B R R, AR T A B AR 7 2R A5

A, O TR R R R R ERE R, SCEE AR A i A, FRATTZES (11)
ORI, 15 B0 U0 F= -7 5 720 TR A PR 7 it L 11 R

of =argmin|jz; — X'a|?, st. efa=1, a>0, |alo<K. (12)
«@

PITRIE HORG B IR0 A2 3 DN 35 1 MR AR R R AR R &R 208 1, BN
o N B 2 AU T AR N ZRRE AR A B 07 36 1 s ] o 5 2 DNRORAIE TR R s 2 R & rp %
TR ARG, DA 70 4 B 2 5 h ORI RS 7 28 B30 SCEs A B AR R BLER ; 58 3 N2
BRI T prfsRon RECHARF TR A, AR, &2 5ei02, Fgmdmisin il (12) AT
DY G NEIE SIS+ €7 H AS Bl Rt 7§ ol L11: 0 1= RV A 8 24 B S 4 A T R 2 4 B s s ]
IGO0, PR DA 25 TR — AN R A 117 5 22 1)

3.2 ETHHF=EEHR lo-

55 3.1 /NI RE BB T A A 1) R (12) A2 AECY H NP SRR, AN TR 12 ) R L — el ] ERE
ARABLR AR AL, B85 R4 3 0 T R IRR L lo- IG5 3.
XA R (12), 3 H AR AT AR G R A2 e

Qa) = ||; — )A("a”2 = HxieTa — X%HQ = ||(xieT — )A(i)oz”2 = ozT(xieT — )A(i)T(xieT — Xi)a. (13)

Bl ALAG R A (12) AT EAAZ N

of =argmina Hia, st. efa=1, a>0, |al <K, (14)
[e3

Hrf Hy = (26" — XHT (2T — X7), BEM, H NP IEERE.

MRYE UL b2 A, PTRARE A B i 1) R (12) BT ASRAR 7%, Wi 1 R 2~11 A7 s, 141
X H I S A — L

o 3 7T ATHM suppr () NEERERRE T AEHE o = [a(l),...,a(m)]T e R™, fahr%e
suppg (@) = {jlagy N aay, ... am) TRERRKLIMEN K HZ— 1.

o 5 8 AT T(, ) MEHET. SRR a— [aw,....ap]T € R™ SHEEE 1= (i, ix)

(K <m), LT Tlo, T) IR 6 = [, o) € R™, 643 6 R o B iithige 1 071
@,
7:7—H4. I
agi) = D (i=1,...,m). (15)
0, Atk
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BARMUE, 08 13RS R i (12) MM, el — okl (s 1 5 6 47 )
RIG—MRERIRR R o) (¢ + 1), RIFELEITE TR of (4 1) PRLXMEE/NITEREN 0 (0
57, 8 ATHTR) LUl RMIRLIK (oullo < K, FEREBTAIRIR REUA—A6 (W35 9 1T F) LA 2 075 2

eTo; =1, HTG RN RE o (t + 1); BEJE, H au(t + 1) RIS — AR, R T LD
BR, PASEAS B8R T30 (12) BIFSERE RO 2R R4

B 1 BT 05 TR RRORER 1o- EIREE

BN VZGHEAREME X = (21,..., 28] e RDXN, 2K, e KIERDH T
Hit: Mg lo- EIFIALEAERE W

1: fori=1to N do

2: Xi:[xl,.,.,:cifl,xprl ..... TN];

3 H; = (zieT — X)) T (2T — X7);

4 t=1, a;(t) =0

5 while t <T HAWSE do

6: af(t+1) = argmin (aTH,a — of (t)H;ia), st. eTa=1, a>0;
7 [e3

8

9

I = suppg (o (t +1));
Gi(t+1) = T(ar(t+1),1)

ailt +1) = A 5

10: t=t+41.
11: end while
120 o = a;(t);
13: for j =1to N do

14: if j <i then

15: Wij = i 5;

16: else if j =i then
17: Wi; = 05

18: else

19: Wij = oy (j-1);
20: end if

21: end for

22: end for

MER1 WTEE 2 i=1,...,N), 7 Qar(t+1)) < Q(au(t)) (t > 1), HF Q(a) = ||lz; — X'a?.
WERR FEER L, ATEB K ;) 18N a(t), au(t +1) 8RN a(t +1), af (t+ 1) WA o (t+1).
ML ATATL, o (8 + 1) ARk 1) 85 A

o*(t 4 1) = argminL(o; a(t)), st. efa=1, a>0, (16)
HA Lia;a(t) = aTHia — ot (t)Hie. 30 (13) 5 (14) 518
Q(a) = Q(a(t)) = 2L(a, a(t)) — (a — a(t)) " Hi(a — a(t)). (17)

M H, ZFIEEHEME, BT (o — a(t)THy(a — a(t) = 0, T2 Qo) — Q(a(t) < 2L(a;a(t)).
L(a*(t +1);a(t) & Lla;a(t) KT o Mx/AME, 713 Lla*(t + 1);a(t) < L(a(t);a(t)) = 0. FE,
Qo (t+1)) < Q(au(t)).

BIE 1R T RERT U T MBIRER lo- BIRMIE R BRkE, X T8 —MNGEAR o, (i =
1...,N), IATAEE R B 0] @ (12) A3 HRINGFEARZER IR RN R o = i, .-,
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ain—1)T € RN L B = [i1s -5 iie1,0, iy ooy n—1]T € RN 8 BI5S 5 ANJ6E By WIHE
RNEHE v, 5§ vy ZIAIRERK—MEEE, JF7] s 2 107 17 S W B - B G = (V,W). 4RIk
K G TR V BT NGB 1, ... oy B R, 35 8,5 # 0, WHETHS ©; 5 x; ZIAIEES—
SFEFAHENA WL, LR Wi; = Bi;. SHEGH) k- EWEEL e AT EAHLL, HARKIE R 1o-
IR T B, lo- BIRENS BO&E PG EAR I AR, MRS k- I 4B B o- 40 B R FH [ 1) 208
SRST, JOiEA G H R 3 N AR, PR AN E T 20 20 A AN &) SrT B A 72 R I . LK,
lo- BIRAMGNE, 72 R FUBEAR IR, e KRR EAR A&, 55, (LR k- P EEL e i
A1 BN 4 5 ) Dk DR 5 o0 AR 0 e B A 20, 1 Lo- PEIREH248 1 80 B 28 &5 M AR M R 5 1A A5
B, AR T WA PRBAEAS TR BAEAAT 7328, BA TR 1 4 ) 14 RE.

3.3 ETMHHF=RENBRENFIEE TG E
XTI R AL 2 S HEZE.

l

f* = argmin {; > Vi@, £) +vill Fll% +71||f|%}7 (18)
feEHK i=1

LA () A C BHMEE f(2) = (@), o)., fol@)]T, WEHE o FUR K35 5E SCH

c filz). MR, FAGCHMERIRE 2 € {1,...,C} (i = 1,...,1) Hlh C g%

m% Yi = [yli; ceey yCi]T:

arg max;—

77777

0, HAth

P2 (18) H HARBR AL S 1 Il A IRZET, ARk E v E SONF Ik, R

X (18) T HARRREIEE 2 Bl BRI, R fs (s =1,...,0) ISP IEELRE k()
St L) FEE A A A AR AR BR RO ] H e HRTERORE S 35 f TTRARTRA f = 30, 0 k(wy, ), WX T
W%E@& f(x) = [fl(x)vf2(x)7 c '7fC(x)]Tv ”fH%( ﬂu%ﬂzi—éxj’g

C C
1715 = D21 ullze =32 D 0 k(ws, wy). (21)
s=1 s=1 14,7
FTR (18) B EH AR 3 T i BEAE T, R 3.2 N TFTAR MRS lo- R X lo- B
R Wiy BERE TREA o) RPREAS o, FRERFCRI0TUIREE, 3 & A s B . B0 51 B e B
SRR 50O 1t S AR AR TR 2R, R/ R A IR b 2 RS R LA A A O B2
FERAOR. SET UL, 52 S0 R 500, SRR IR f AR AR 0R R ML A

N

1
113 = 3 >
=1

LB A A 32 P R T W AR s KDY RE AR ST 00T (22) 55U IE AR HE R b 2 T 30R 6T FE G ST 10 (2) 1
DCRIAE T 5k, 3 (2) WAIRALGERT k- AT B o- 3R BB BB IT 4R, 285 R0 3 AR X 7

2

(22)

N
f(xi) — ZWijf(l’j)

2
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AR, [ € 1 AR T B AR A AN IE 0 A AN ST e, ToVRAR G 1 20 i i 2A a1 s 2 1]
IR % ok (22) ARIEHERM TR R B SR WEE K 510 HOBCE, I bl 4 g 2 s 5 20 Hedle
RABRZE f (i) BEATHM, RAAEEFRHRIVERE. Kk, 20 (2) AR R LK, DONITE
B PR U AL R AS HARSE th S SR M0 LSk b A B 2 2 LR, AR SO SR G R 1k 1]
T (22) A BT 56 722 (B0 R A R A e, e BE i b 3R HOCKIHE mh A PSR EAT A B 33K

K Bt i SCAPA B KL AR ZET (20) R8RS (21). SRR (22) AR
IENARHEZE (18) oy, T FRAGHAT (0 5 T 5 22 18] O i L AL BB 70 2K 05775 (semi-supervised

classification based on affine subspace sparse regularization, SSC-ASSR):

2
! c N N
: 1 S S
ey {z D s = £l 3 3 iy b ) + 353 | i) = 3 Wi f (a) }%23)
21,,.,{(0 i=1 s=1 14,5 i=1 j=1 5
H v 5 4 RIS
EIEL A (23) MR W R
N
i=1

For by = [byy, ..., bei]T € RE.
WERR 16 S 30k [20) 19 3.4 /N1 E R 2 [RAIER.
PRIE (24) RN (23) FEHEATHERR, AT RAG W1 T A LAk 1) R

B* =arg min{ltr (Y = BKJ)(Y — BKJ)") + yxtr(BKBT)
BeRCxN

+ %tr(BK(I — W) (T - W)KBT)}. (25)

HAFY =[y1,...,4,0,...,0] € ROXN NFRZEFEFE, 0 € RC NEFE; B = [by,...,by] € ROV JiX
PREL RBUERE; K = (k(2i,2;)) € RVXN RIZHERE; J € RVXN SHH5 I M AIGEREN 1, HRITTEN
0 WX FHERE; W e RNXN NGB lo- BIRIBCEFERE; T 8 N A fE. & ARk Eoe B 1S40
0, A3 (25) M AL M-

-1

B*=Y (KJ + gl + 7\%[((1 - WT(I - W)) : (26)
) B (23) HIfEH
N
Fr@) = (ff (@), f5 (@), fE@)T = bik(xs, @), (27)
=1
Hrpvx ) B* 5 4 B, BRI, AT SSC-ASSR 43 2K48 N
9" (z) = argmax {f{(x)}. (28)

s=1,2,...,C

FEF DL AR BRI SSC-ASSR SLvEHET MG Wk 2 B,
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BR 2 FT 0507 2 A O RR B IE AL 2 6B 4 2557 (SSC-ASSR)
WA FHRE {(z1,21), .-, (T1,21), T1g1, - o ey}, IS E v~ 1, BREL k(- ), RIS S K, FRsidmidi K

BB T
ik RIES LR g% (z) = grlg;naxo{fs*(w)}

C HEVE 1 IR - BIMBCERRE W
THRZIERE K = (k(z4, 2;)) € RVXN;

s RAERX (26) THEERFERE KB REOERE B
RIS (27) THEH AL £ (2).

AW N

4 X

T VPN FT R EIE 43 25 RE, ATTER 1(b) Fom N TEEE LT 6 MrdESdREE FikT T4
e USPS FEET B 5 ORL AMG B 4D, Sk H T IDA FrUEEEZE K Splice 5 Waveform
IR, KHT UCT Hlas2: S FE R Tic-Tac-Toe Endgame 55 Pima Indians Diabetes #(#E£E3. AL
RS T 3 BBIE, M35 50 AN, KT USPS HudiEE, AT BENLER T F 5507 <00 5
“17 1% 500 FKEUR, # T USPS #iadE. ORL HdufEa s 1 400 iREME, E1&ET 40 NMAFIME.
FATHTELT) Splice 5 Waveform £S5 T 1000 44, Tic-Tac-Toe Endgame 5 Pima Indians
Diabetes H#E &G 1 958 F1 768 ANEH. Ay 1 IR AN [F) 48 52 1) AN 5] JRUBE Jfrads s 1) 7 T S, %o T
BB B AR, I GBAEHERE X € RPN (& —AT AT H— AT BT E N 1.

FESEE T 2 5 LU R R AR SO SSC-ASSR, LapRLSC 291, GRF 171 1- §46 (1-NN),
LNP 191 SRC 221 [;-graph SSC 4. X} FZH0U%EF 08, SSC-ASSR, LapRLSC, GRF ¥4 Gauss %5
oo fENFIESE RS E. ERKH, M {0.0100,0.100, 00, 1000, 10000} HIERE A X EGAIFF
o, Kt oo YIRS HERE RO 2 B 1) 1o BRESI{E. SSC-ASSR 5 LapRLSC i& £ 45 € & 1 i 2
Bk 51 2 OK =vkl, O = 1, W] URIUEVEN FIXBASEOEAR 0 UK, I TE BT 158
R E € CK = 0.005, CI = 1. SSC-ASSR BUETETH AR T IIM B LRI L FEZ R ESH K,
FESZIG P LB E N 0.8 x min{ny, ..., n.}, HA n, N @ RNGEEIEFTESEEAN L SRC BiEH
TE—NSH RERTDE e 1E3CHK [22] T, EZSEHEEN eo = 0.05, FILTE S50 A FA TR R HH
FER)RE. XI T LapRLSC, GRF, LNP i 5 ZH4R R~ 240, £ ORL i i HiZE N 4 (ORL
GRS REEREE 9 N, EHAAEEEF RN 7.

RIS R Oy AT, N TR SRS A, R AR5 X EERAT I 4 A R
INRIRIIIIGREE, Ao RonREE. BEHLA Ay dugd m MRS, Boe eI 2 e, H
AR BIEFRBLE £; X PR BN AR R A, IS BITARZ4E U, B4, T 1-NN, SRC
WA BRI, A% £ ENINSEIES; TXT LapRLSC, GRF, LNP, [;-graph SSC LA K&
JIH2i) SSC-ASSR IX JURR I B 7, &S X = Cou MERIZRESRER, B ARG 5500 5
TRRBERAEHAT ISR, ARG e B EE U c X FRIEIEIT 2K, xR EEE Ao, F
(4 B A s AT 2.

BN GEBIRE R AR BEIE U ¢ xy ERISRERA 2 Fos, EIREHEE X, B
SRR 3 FiR, Hohom S Xy EREEIEEE. FTUE M, AN THIRE . USPS Hik4

1) http://www.cad.zju.edu.cn/home/dengcai/Data/data.html.
2) http://mldata.org/repository/tags/data/IDA_Benchmark_Repository/.
3) http://archive.ics.uci.edu/ml/datasets.html.
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Figure 2 (Color online) Classification accuracies of the algorithms on the unlabeled data set U C X7, where m is the
number of labeled data points in X7. (a) Synthetic Data; (b) USPS; (c) ORL; (d) Splice; (¢) Waveform; (f) Tic-Tac-Toe
Endgame; (g) Pima Indians Diabetes
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Figure 4 (Color online) The sparse representation coefficients (as shown by vertical axis) of the test point in the synthetic
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red lines (i.e., the points with the horizontal coordinates of 1 ~ 49) are in the same class of the test point.
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Semi-supervised classification based on affine subspace sparse
representation
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Abstract Graph-based semi-supervised classification is one of the hottest research areas in machine learning
and data mining. These methods usually model an entire dataset as a graph, then utilize the structure information
extracted by the graph to help with the classification of unlabeled data. Generally speaking, the performance of
graph-based semi-supervised classification methods highly depends on the constructed graphs. In this paper, we
propose a new kind of graph construction method based on affine subspace sparse representation. The proposed
sparse coding method minimizes the construction error of the input signal, considering three constraints: (1) the
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input signal being approximately reconstructed by the affine combination of the dictionary; (2) the nonnegativity
constraint of the reconstruction coefficients; (3) the sparsity constraint of the reconstruction coefficients. Based on
the constraints, we present the lp-norm constrained optimization problem for sparse coding; then, we propose the
algorithm to solve the problem and further construct the lo-graph of data. Finally, under the manifold regulariza-
tion framework, we propose a new kind of semi-supervised classification method by introducing the regularization
term that measures the structure preserving error of the lo-graph. The proposed semi-supervised classification
method has an explicit multiclass classification function and inherits the strong discriminative information from
sparse representation. As a result, it has efficient and effective classification ability. Experimental results on
artificial and real-world datasets are provided to show the effectiveness of the proposed method.

Keywords classification algorithms, sparse data distributions, graphic methods, classification of signals, least

squares method
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