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1B SIS IRCIRBER I RYE

O Task: speech analysis
® Switchboard dataset
® telephone conversation transcription
® 400 hours annotation time for each hour of speech

O Task: natural language parsing
® Penn Chinese Treebank
® 2 years for 4000 sentences

O Task: image categorization of “eclipse”

e @@ B e me=jl | = D
ﬂ@.@@ngﬂm&nnnnn

Gecsss
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18 F| B BFrICHEARFAKRFRIC A
Iz e RIFRIFREY

X
sk
]|

49 o +
/I ] ¥ K ;hl /T :‘:]J,
AARITHE K
+ o — | > + o -

B 13.1 AARITH AR PR, & L8R E & KT AARITH A
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ARCHEAREERK

e iR {Eno-free-lunch, HATHH T FHHEA

s BERFEEFIERN, RANFEXN RFILEHER
B, 2B EATAEZE SN 5 RATICHER R,
i B AT A B A A R R AR A

tam, A WA E LR Ix
o R ALK (clustering assumption) :
c BRBEFEREMN, F—HROERETE %5,
o P 1% (manifold assumption) :
s BEBELSAE—NRFEN L, FAFEALAMEUNT B E,

RO IE Y S AR R E A IR E R
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ERIVEA

B AR BARAEE AR, HENE I —
IN TN TS

p(x) = Z a; - p(a | pi, 3)
i=1

fd, ;>0 a; =1

' ) = 1 —3(@—p) "B (2—p)
ple|pi; 2i) e i

http://cs.nju.edu.cn
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= =) B WAl
o AN T IR Z N A

f() = axgmax p(y = jle)
JEY

k
= argmax y_ p(y = J,0 = i|x) p(y = j|© =1)

J1EY 1=1 /

k
= argmax ) |p(y = j|© =i, z)|- p(© = i|z)
1€Y i=1

:Ef_‘_ _ _ ozip(w“lm;azi)
A t:]j p((-) Zl.’I;) ;f::l Oé,p(ﬂ3|llzz,2L)
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= =) B WAl
c BIXEFEARMIE 2, BEHE—1MEENRGER E R
PSP G AR

k
Inp(D;UD,) = Z (Zaz p(xj | pi, i) - ply; | © = i.%’))

(xj J])EDI =1
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= =33 W B

SR A E U E T IR AIEME ok g, =R EH

AT

>E¥: RELUWREEZRITERGILFEAYETE5
H I B A 0 FN R

_ app(my e, X5)
Vi = e BB LR
Zq;=1 0% p(wj““l’?,a i
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IV E
O\NF.: ETvi EFMHEA KK

1

1
i = s T (Qeaen, V(@ ) (@5~

)T
+Z(fﬂi,yi)€l7z/\yj:i(wj B “i)(wj B ui>T)

0 = (X, e, Vi T i)
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ERIVEA

s WL BEFWEIReEA &R ST HEA,
AP Z Lot A7 AR AL < BT 48 5 1 L B9 AR S e

s WRFEBE. ZTEN, EFTICHERDNED
TAEAE T A 77 P BE A

o N, Mok ER — ANk g R AR L TUER, BUR
T R AR AL S N5 B S AE AR ) A A R A
AT ICEYE KT 2 22 IRz e e
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=SVM

SVM%| /A2 - @
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FIEESVM

F BT FEENF HE LN 2TSIM(Transductive
Support Vector Machine)

min
w,b,y.§

S.t.

m

_Hw”) +Clz£z + Cu Z 51

1=l+1
z/.lj(wTa:.z; +b)>1-&, i=1,..., [
1/.1:(me2- +b)>1-¢&, i=1+1,..., m
>0, 1=1,..., m
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FEIRESVM

o TSVMK F a7 80 #% & ok 3 Xt F- 3 U LR

YllZx

r\ Ll
*

Il \

TR (ISt
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=SVM

YlIZx

/\ RIFFERARIC

FEIKA] BEHTEHYREA
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Elﬁl /R
o1l

'SVM

B GIRICFEALE Dy = {(x1.11), (22, y2), - . .. (1, 1)}
AFridFE 4\'9‘ D ={xir1. 140, Ty}
rrh 22 O,

SR i

1 J1l Dy %/ SVMy:

— 2: H SVl\f‘Iz X Dy TEEASEAT PN, 25 2] 9 = (Gis1, Gigas - - - Jl+u);
AARCHERD —s—3mmtf C, < v |
POFRIC A T 4: while Cy, < (; do

5: JE - Dy Dy y. Cp. Cy 2KIEA(13.9), 153 (w.b). &:

6: | while 3{i,j | (7:7; <0)A (& >0)A(§ > 0)A (& +& >2)) do
7 Ui = —1is

8: Ui = —Uj;

o | T Dy, Du. g, Cr, C THRIR(13.9), 155 (w,b), €
10: | end while
11: ', = min{2C,,C}}

12: end while
s ARPFICFEARRI MG 9 = (J1e1. D142, - - . Jitu)

& 13.4 TSVM H ik
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FIEESVM

» RAIDH AIATI I IR A EN TR T, B
AR A AT AL B R RN ARLZ T 7 — K

o N T BIEE KA E B e R AT e, A

U RACE AR R C TR CF 5 Cp B,

WAL 4 )
Co =—0Cy

U
U4
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FEESVM

o B, EIFAIDIE IR RE W 4 BV B — X R AT IO R,
=AW KB AT E T B AR AL A F] A

e FHM, FBWESWH RN —NEE-ZWEAEITHE
F A AL KRR 3R B

o flanE T B % (graph kernel) of %80 B T [ Y
Laplacian SVM[Chapelle and Zien, 2005]. # T #r

1038 1t BmeanS3VM[Li et al., 2009]%¢.

http://cs.nju.edu.cn



http://lamda.nju.edu.cn

K

« RAFITAEAR
KRR T
o ¥ llkﬂfXSVM
o [gﬁﬂ_ A —F;Qk—é
T - B T
C HUEERER
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FINEFS

o B —NEESE, RN FEES N —ANEH, ZESETEN
AN TEY —ANE R, ZHWAEARZE AN ERS (3
ﬁ%ﬂ@@@ WX R B 28 B Z (Al P/ — 453, W “TEE
7 (strength) IE H T8 ARz 8] g9 48 0L (B AH R M) o

o RATFTHATICHEAT N NS R BE A RTE, AR

BB R R4 R A, TR, EBEE R T
“Bie” £E TR g,

. EJEJ? MEX R Y —/MEEE, ZpER RIS TEMRZH

RHAATHHEFIFEZNESTH 2.
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¥ NEFS

%ﬂl]% + DuD, WE-—/NE ¢

/l:[ I

(V, E)

V = {{I;l, vy Ly LJ g1y veey Ly }

« WEE T RN —NEMBEM (affinity matrix),
FETEIREE XN

M —p - 112
exp ( ”13502:3]”2) o ifi A
W;; =

0 . otherwise |,
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B NEFS

CBENE G = VE)BEB— A TEEHR VR,

o WL AR By R A ELF A LV AR 1T, BR AR B AL
ZRTEAEXKTI W “GB2 X" (energy
function) [Zhu et al., 2003]:

E(f) = i g:l Wi (f(x) — f(z5))?

DO | —

=3 (il d; f*(z;) + i::l djf*(z;) — 2 i > Wijf(wz')f(wj))

= fT(D-W)f
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¥ NEFS

o« KR 03RRI AR T 5N

B

Dy 0y,
Ou.l Duu

E(f)=(fi' £)) (

W, Wy, fi
Wul Wuu. fu
= £, (Du—Wu)fi — 2f, Waufi+ £, (Duw — W) fu -

- B G =0 HiE

f'u. — (Duu — Wu.u)_lwul .f [

http://cs.nju.edu.cn



http://lamda.nju.edu.cn

T
%
1%
\Y

-1
D 1l Olu
Oul D,.

uu

W, Wy
Wu‘l W'uu

P=D'W-=

D, ! Wul D, ! Wuu

uu uu

D;,'Wl DHlWlu]

Puu — D_lwum Pul — D_lwul

uu uu

fu — (Duu<I — Dq;q}Wuu))_lwulfl
— (I - D;JWUU)_ID&}Wule

— <I - Puu)_IPul.fl
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=2

Sy
——

M

Annnl

<3

%5

TEERE—NEA

(label propagation) ﬁx%, T@%ﬂl]%%

AL “ B H 7 e

AT 5 4%

B ALY “HE RN AFICE R E[Zhou et al., 2004].

MET DivD.HE—NE G = (V,E)

E X —A (1+u)><|y| B AE AR EE [ F =
Fy) Ko @i ARG &, ffEU’EJ’? %%A)“'Jﬁ

TLERF =

Yi = argmax; <<y i

FFEA 26 -

if (1<i<i)A

otherwise .

..... 147

(vi = 7) :
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¥ NEFS

« ETWigE—AFICEEREESs = DswD:
He pi- (f\/—> TR ERITEX:

F(t+1)=aSF(t)+(1—-a)Y

C ETFHRREUSTE

F*=lim Ft)= (1—a)(I—-aS)"'Y

t—00
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e EL b, ZEEMNMTIENMAEZE [Zhou et al.,

[+u [
1 N 1 o1 112 V12
5 (%;1 sz”\/d_in \FdJFJH > "‘Ni; |F; — Y|

L=l R, RO N R SRR UCSR P
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/¢7.'t

BN GARICFEAE Dy = {(z1, 1), (22, 12), . . .. (x

‘900\'@“*‘-‘“““-’*—‘[\“_

[R S —
O

LF

/I\TTLLx'\ 4-\9* Du — {ll—*—l LIy s Il—*—u}:

ey P 2% (o
i 25 o

=N
I

3T &(13 11)FIZE o 153 W
BT W ORISR IO LS S = D2 WD 2;
HAhi 28 (13.18) W) EhAk. F(0);
t =0;
repeat
F(t+1)=aSF(t)+ (1 —-a)Y;
t=t+1
until EYE 2 F
fori=1+11+2..... [+ u do

Y; = arg 111&X1Sj§|y| (F*)Z]

- end for

Ail‘ﬂ‘ /I\ T’]V ic H 4-\ BLJ J{%I)“J ’bli; B ’g = (Ll,7l+1~ !7[.*_2. R

y -l)l—}—u )

& 13.5 #HAARAARieEGH &
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SRS

B

o BB F ] m AR LAELEN, B TR TP E
(35 N AT R IR R AR E T

« ERERHEENRGUHALHAE. BEEEFETHS.

o F— A E, HTHEITBRNES R EGFARK, LA FH

HEAEEHTWAE, FHit, ERRIAFFAR, SoRHm
NEBEEXEHATERFEFRHATRILEE, HeFIlA
AN e T AL
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T IREITEE

o HET B89 A ik (disagreement—based methods) £ A % % 3]
&, MEIHZEB “H57 (disagreement) X K AF1C 2K 15
AR E K EE,

e WEIZ (co-training) [Blum and Mitchell, 1998]& % T
DE T ENEENREK, emlasx “ZAE7 (multi-
view) B ITRHY, FHbt H/E “ZHEF I (multi-

view learning) B9 1X k.
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&g

P EH Brief CV

Zhi-Hua Zhou

can be pronounced simply as [Jihua Joe]

Professor,

ACM D

Department of Computer Science & Technolo,

. Nanjing University, China

Scientist, [EEE Fellow, IAPR Fellow, CCF Fellow

‘Correspondence

] TR

[Mail:  [ZhiHua Zhou [office:  [Rm 920, Computer Science Building, Nanjing University Xianlin Campus
[ [National Key Laboratory for Novel Software Technology [Ten: [+86-25-3068-6268

[ [Nanjing University, Xiantin Campus Mailbox 603 [Fax:  [+8625-3968-6268

[ [163 Xiantin Avenve, Qixia District [URL:  [nttpoics.nju edu cn/zhouzhy

’ ’Nanjmg 210023, China

‘Emnil:

Interest] [Career] {Education} [Award] [Activity] {Publ.

} [Course] {Student and Postdoc} {LAMDA Group}

Research Interest

tudi

hiy and

artificial
hines to handle "

T have wide research interests, mainly

learning, data mining, pattern i ionary comp

problem of how to enable computing
Currently I am interested in the following ML/DM topics:

© Multi-label learning

® Multi-instance learning

® Semi-supervised and active learning

® Cost-sensitive and class-imbalance learning

XFHE

Ensemble Methods
Foundatiam ami Mgorithm
v

® Metric learning. d 1y d and feature sel,
® Ensemble learning
® Structure learning and clustering

L L 1 1 Linghe £011

Z.-H. Zhov. Ensemble Methods and Algorithms, Boca

® Image retrieval

Raton, FL: Chapman & HallCRC, 2012. (ISBN

T 5 e S K]

78-1-439-830031)

ia retrieval, among which machine learning and data mini
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HEToIERG%

« MEVNEAEZBRTFHANRT ZAEN “HEEAME” . BX
BEFAEGHN “Han” (sufficient) B “HHMr” HHE,

H
| |

A REL2
_
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P IRENTTE

T ’7{"—[1‘1')“: - B bRckEAS D= {((=h 2. n), ..., ((x} J‘;')>.y[)}'.
(;’,’ ;1) t]'-\(;‘l_rl) i = /?'\h .L” ‘I*‘JA_ D, ={(=} ., 2} )...., (], 2P 0 )
ltﬂ"J A5 p s
Spn s, RN A B m s
- 1534 2 -
FoIRCELT .
ji’—‘l:".:
1: A Dy, PEIHLIEAL s A FE AR RZMPE D.;
2: D,=D,\D,;
LB b6y Ay 3: for j=1,2 do
¢ D} ={(,w) | (&, @] 7). ) € Di};
5. end f01
6: fort=1,2,...,T do
T for j=1.2 do
LAL B § kA A AL 8: h; + £(D});
|95 hy. o: V%2 hy /X DI = {a! | ( rf.;r.? ) E D.} iy ar A5, ki p A~ 14
HLAG i R4 D, C D, A9 AT I i A D, € Dy
10: 1 DI ERRpbRIE R D3I = { 39, 41) | f € D}k
11: H DI Ak fhbrid i D37 = {(x; 7, 1) | =] € Di};
12: D,=D.\ (D, D5):
3. end 1or
14:  if hy, he BN 400 then
15: break
16: else
17: for j =1,2 do
¥ RARTA B, 18: DI =Di| (DiUDf;)i
19: end for
20 M b BB 9n 2 9 A-FEASTn A D
21: end if

22: end for

&80

"* 1. /'f }’:[n“i hl, }12

[# 13.6

b ) ] 0 o
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T IREITEE

s MEIVGIERHE, EASAARTWNE, ERIEATTH,
= WAWE 7 B dmar, WA R AR D A 1 9 6
WK T KR E=w e A 21F & & [Blum and
Mitchell, 1998].

o T, WL A PR m o P AR 3 SEAT 55 o 3B R AR KR R, B A
REfe TBEAN A AN, B %R, BIEAEFHNSHET,
7 -7 ] A R MR T8 e R A e RE LR R 4, 20131,
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T IREITEE

» MEINSGEEATZ A ZAEKEM T, ElEEHAT

—LatE A E SR L EANEERE

o U1 AER A FE = >] B [Goldman and Zhou, 2000] . =X

# B 1~ [E B9 2038 % 4£ [Zhou and Li, 2005b]. EZEF F 1A
1% %1% & [Zhou and Li, 2005alk =4 TR &, &
A6 8 2 A ] R AR 20 4E K f' M EE

X

« BEERFRRI, WA ZZFX L TFRERE 2 AE,

TX%%%?%%%@W%%E%%%&(&%%) BU] # I AH
8 (kP ATIT R R 7 R AR B0 b B LA 4, 2013]
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EToIRGE

C ETHMMTARERALEMESE, RERDSZIE
R . K S O A SR AL B B, % ] i
WEAK. BhEMAAES, B AR

c NTERMER R, FREKEFRESE., EREHTHNES
MFE S, BEIEARLEARD. LERHETAR S UNE
i, EREARX—RmANLEZ
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o KAFIDEEAR
R T

e 1 AL QY
o[BI At
=T 0B W F %
o IR K
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M2 AERBX K
:':J:lﬁ 3F'<¥

@ AR MHEAWLTREFIES, AMERNELZRRTEF R
MEFERRE LI EEERE, TATHET “FREREX
” (semi-supervised clustering) & f| f W B2 & A5 EF W E

@ RATHFTHRENRBEERABRE WA LE:

@ ¥ —MARAZ “ NiE” (must-link) 5 “ 7% ” (cannot-link)#y
R, WlEREEALETE 1K, EEN2EFERALSTET
B — 4% 5

® ¥ kAl kB fERNEDEAIFICAFA.
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M2 AERBX K
:':J:lﬁ 3F'<¥

® 2% k¥ 18 (Constrained k-means) & % [Wagstaff et al., 2001]= 7|
% — K EERE RRE,

@ ZHERIER ENYT R CERRLBEFERMR “LE"
RKEREE “71%” XRARTWAREGEUHELE, &N HKEE

IR o
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i

R\/
R

BN FEAYE D ={xy,20,..., T };
NEAH S M ;
MELREE C;

WRERE .

While — is_merged do
P KR S A @y B BOL K. r = argmin e dij
\"7 Jl xi MINERE Cr 2 RIEH M5 CHIAH;

if - 1s_v011ated then

C, = Cp {mi): FIPIE, BRI

is_merEedztrue

else

K=K\ {r};

if K =@ then JPZS, SR RITHIEE

break J{-i% [u ]} 1342 7N
end if
end if
end while

24:  end for
25: until ) S AT
it #ERIr {Cy, Oy, ..., Ck}

& 13.7 #%& kA0 k
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0.8 T T T T T T T 0.8
0.7 0.7
0.6f 0.6¢
0.5 0.5

0.2 0.2
0.1¢ 0.1
0
0.1 0.9 b

(a) % 184K

(c) % 3 foik K5

0.8 0.8
0.7 0.7
0.6f 0.6f
0.5 0.5

0.3

0.2 0.2

0.1 0.1
3.1 09 8.1 0.2

(b) % 2 #% K G

03 04 0s
EE
(d) % 4 %K E
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M2 AERBX K
:*:Lﬁi 2$Z§i§

- FMEEEEESEAMILHER, BRSO EFFICHEAL
B ThMERE®.

 XHEHNEBEREAARKRREZ: EEKCNMER “T7
R eI E WA EEFNANREFO, FHERRZELER
FHABFARE M THEANEFTRERR. IHERGEET Y
¥ A F k%18 (Constrained Seed k—means) & £ [Basu et
al., 2002],
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H
\\iim
AX
A

N FEARYE D = {z1, 2o,

s Em )
Lo

|
(-
E\')
o~
o,
o

1: for j

Y. . 1 -
K= 5] 2 zes; T
3: end for

6:

o)
& _*-
»
od
l
( -
"
™
-4k
r
ol
-
-
’

-
(a
T

-~J

8:
0:

for 7=1.2,....k do
for all z € S; do
C; = CjU{=}

end for

13: Pl SFEA @ BB RO IR r = argming g0 gy dij ;

14: PR @ IR Cr = Cr U{@:}

15: end for
16: forj=1,2,..., k do

B A4k ¥ 7. 1
EFADR 17: 1 =15 Zme(‘) x;

18: end for

19: until 28 0] 55 A 6

e #ERI4r {C, Cy,...,Ck}

E 13.9 #R#F k#HEH ik
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T
i
X

4

K

04

03
FE
(a) # 14K )G

0.9
OERESZY

0.8

0.7}

0.6

J— o

oo AR
£03 FO— e..

0.2 3; ®e o ‘

(b) # 2 ## K G

0.9 0.9

(d) % 4 ##EK )G
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INGE

o RAFIDHFA (BAD)

E R T (E3E)

« FEESVM (&)

« F¥EEFY (EHE)
ET B E (ZE)
« FWERXK (TH#)
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