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Abstract

Abstract

Pairwise constraints, as a type of supervised information, are more generalized than label
information and are applied to solve various machine learning problems. However, the initial
pairwise constraint relationships available are very limited. In order to obtain more pairwise
constraint relationships, many pairwise constraint propagation (PCP) methods have emerged.
In existing pairwise constraint propagation methods, it is usually studied how to increase the
number of pairwise constraints through propagation learning based on the accurate and reliable
initial obtained pairwise constraint relationships. However, with the rapid development of big
data and artificial intelligence, the uncertainty of data information becomes more apparent in
real scenarios. For pairwise constraints, in addition to precise information, there is often some
uncertain information that is also of great significance for the propagation of pairwise
constraints. Therefore, how to utilize these uncertain pairwise constraint information to improve
the propagation effect of pairwise constraints is a problem that needs to be solved. In response
to this issue, the research in this article is as follows:

Firstly, in general, there are very few precise pairwise constraint relationships that can be
obtained. For example, when the initial pairwise constraint information comes from user
feedback, it is difficult to have a full grasp of the provided pairwise constraint information due
to the lack of professional knowledge and comprehensive judgment methods. However, it often
provides some possibility that two data belong to the same category. A pairwise constraint
propagation with uncertain must-link (UMPCP) method is proposed to address the possibility
of two sample categories being the same. The main idea is to use a matrix to add some
possibilities about uncertain must-links based on the original precise initial pairwise constraints.
This possibility is influenced by the adversarial effects of the cannot-link matrix during the
propagation process. In addition, there is also an adversarial relationship between the must-link
and the cannot-link in the propagation process. These two adversaries are combined to form a
new adversarial strength. Thus, it acts on the propagation of manifold regularization with
pairwise constraints. Through experiments, it has been proven that the possibility information
of must-link effectively acts on the propagation process, improving the propagation effect of
pairwise constraints while being more in line with real-world applications.

It is worth noting that the addition of uncertain must-links only has a significant impact on
the propagation effect of must-links. To improve the overall propagation effect of pairwise
constraints, it is necessary to mine uncertain information more comprehensively. Therefore, we
also focus on the possibility information of cannot-links and propose an uncertain pairwise
constraint propagation (UPCP) method for uncertain pairwise constraints. In this method, by

imitating the definition of must-link uncertainty in the UMPCP model, the possibility
I



Abstract

information of cannot-link is added, and the dual adversarial structure is transformed into a
combination of the adversarial between two possibilities and the adversarial between two
constraints, so as to minimize the intensity of must-link and cannot-link adversarial in
competition. The experimental results show that the UPCP method improves propagation
accuracy while overcoming the one-sidedness of UMPCP model in applying uncertain
information.

Keywords: pairwise constraint; uncertain information; adversarial relationship; manifold

regularization; pairwise constraint propagation
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TALIRIERE . WL SIS U], AN REBERE I R REVE(S B A IR R (R JR At _E SO ot 4 A%
FRIROL T —EAIIRE S, DO DS RAL IR R, thSCBIL 16 AN e £ B S PR X R
He

5 LR ASCRIBE T N B SR I RCRBEAT 7 IRghagh, R B ihHE 7 A
FATSERAFAE T R AN AS A2, BRI AR R I T 7 1) Je F Afil RS0k



Eip P S v

F_F HXBIENE

2.1 FXTZIR

O 2V R BVE LT Sebn 2, 2B E R, (ARAEF R, EISA G+
RIS AR T EACRRERINTT W77, MRS W s K e R R 2B S
W2, TLMERMITRT, Wagstaff i “ BT LR BIBESIY, SRR — X #udks s8]
P &ﬂ%ﬁ@%%ﬁ%ﬁ%?‘—ﬁigﬁfm%%Aﬁﬁﬁ—%E?ﬁ—%%,
PR N LIS, 53— RO R MRZR I i — AR T 730, RO A RERES:

ﬁﬁuiﬁ*,&MQﬂLﬁﬁ%%%%E%Em\ﬁ%m%%,%Zﬂ%%ﬁ:
TR ARE R R, FHARF RIRR AR A S B Bl DAL BE R SR 500 M,
AREFER NG N C, AR HIEARR AT

M :{(Xiixj)l Xi’XjE?E—A%} (2.1)
C={(x;, Xj)| X X]}%$Klﬁl%} (2.2)
Herb x; Al X AR B R — R B0 P 5080 e B R O 2T R I, 5 SR — X ol
B X)) o I (%, x,) € M o TR X, T x, 2 e ATk, — % — i T
B, RERIE, AR (%, %) €C o MR X B x, 2 [{F AR RERER:, — % 2R T A%
Ao BRIEZAN, PR RO R Hn] AL R —MEFE R RS, W0h fros:
L (xx)ETR—%
Z; =43 (%, X)) TARZR (2.3)
0, (x,x;)AKbric
FERE Z A 1 -1 0 6% A BIFOR 2 G B BTSN A B, i x, 2 24 08
By ABREERAMARIFC R R Bl 2-1 R PRA SRR R BT T HRIRR.

/ N V4 \‘
\
l v ORfkgsdE ! s
O @+ iA AN
1
I ! X ‘l
1
v O A VAN N
L QO e -
\ #® o, \ !
' O 1 ' A A !
AN T /
¥ \
O ‘ v A il
\\ ., “~ .
“..,_,’ \s_—’

K 2-1 BN ZRE 2
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FIFENEEE R, RIpB SRR AAAE TR R, HEZIMKRL
FEPER . —BEOL R, AT DMK B S ARAE e X B s R O A R 2R, B
PRI R SARZEAR RN, m] DAHE 38 22 )2 s RS R 2, 10 24 A B8l i A
[FIFRISEARREI, W) =2 2 (AR A BEEER R R (HR IR, XS R BMA AL,
0 LR A Bl R B AR IR G AR, (B BRATIIFAS AT LA RIS Bt w5 (1 28R 28
reftas ZERARE T RNEE, ST T A REREBOR X AR E . K
MRS RN ARKRZKRE, SHRIRBAHLLE, BT 2R E SRS, Mgt

B8

A BN 20 A RIS, BRATTAT LU 45 R BUR PN

Lo AaEIEE. Wl 2-2 fros, B 3 sk B R BRIEARE C 245, B AREIRA]
ATRASRAR 3 5K Z TR A RO IR R e () F (o) PR L AR HH #5A plane F1 sky (1)
g, PrlbNy 38 Z EAF LR G &R, [FII (a)A1(b) (b)F(c) A AR I ARTE
G, ATLLAA S H Z AR RS R . IREAR, (@MI(b). (b)FI(c)L IR AN RE BE
RAIFASFEALILHE H () M (o) Z [AIAFAE AN REBERE R 28, BT DABRATTRR oxt 2R LA AV R] A% 3
P

plane, sky, cty car, tree, road plane, sky, cloud
(a) (b) (c)
2-2 AR L. DR (ac); AREEERE: (ab), (be)o
2 RIRRPEL, G R R s X AR R X ZIAMEAE SR 2 ROC &R, B A T
el w5 x A X Z IR AAAE A R A AR OC R, Xl O 2R X Bt . ek
NN
(X, X)eM & (x;,%)eM (2.4)
(x,X;)eC & (%;,%x)eC (2.5)
FSERT 2 SRR FR M A BT T 128 1 RS 29 08 2 B FE FE R 7 T 20 b 2 045 55 03 T,
2-3 gt — 0T 7 N R SO LU RAE R, IRBHE, R DAL 4 B ) N A R
FXTHRE, =R AR IERS R BN, GTRRYELE RO 20 AL % o o2 AN a) 2
WS %) B LR
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X1 X2 X3 X4 X5 X
0 0
0

0
0
0
0
0
0

B 2-3 oot 24 SR £
2.2 WIEIEN{L

2.2.1 WBRK

B IE A FL SRR AEATL 28 5 = e @ o () 1R AL T oI N S5 3 T AH DS B 3, 4 FH 2
WA LI g, BRI E R o AR B o) o =R B B B A B R R AT
TR 2] BAR 2 B R, 7050 9 FiEfi% (Smoothness Assumption) BP0, 5%
¥ (Cluster Assumption) BURIRAR % (Manifold Assumption) B2, “Fig{ER& & 847
T A DX IR AN PR B AR O RE A I SR AR RS AR AL, AR U, PSR AR AR 5 4
P DR RN, EATEIR R AT Re A A R SEARAS . A, P ME AP A i %
I X TR, BN T A R TE U AR T [F] — B,
EATER R IINESRE N A M F A52G4 i B YE R T T, 49
RN TARLERUE Th I — AN RSB AN B, TR A MR PR . WA F i,
X =R e 8, RS HERE AR, HhRop ik sE RSk, Hg il
et IE & B TR ke

HARRIE,  TAR B A R 8 E s 73 A1 1 T LART S5 48 B BRI 3CH, Bl an R & e

(Riemannian manifold) B35&, JiBAR & FEHEAER R HEREE, SRR EEE

e 4E 2 (A ) oA AN BEATLI T A2 AE e 3 5 A B RS TR R 5T, RE 88 DR AR = 30 1)~
P, WU, AAE— MR/ B RSN IR A E AU PE BT, TS AR 25 A
Bho A B IR, 7T LA ] e 2 MR 0 B s, 12 = R A2 15 58 I %5
M A B3 B8 o0 A e 220 1 350 DX I PR R, S0 o 58 oR B8 T DA R B b AT B8 405, AN
MR S LS TS M RE

BEABOUT, FATAT AT BRIR Y « B4 € — AN n A m 4EERFEAR 2
RS X, B i 510 x eR™, BAMABIRRTZ A X ={X, X, X, } e R™" &
TAMECE B 48 X B 20 A 09 ) LART £ 44 R SRR T SCHe, AT DLKE e it 9 — AN e 1) i
WEG=<v,e>, F—NTRAER-DEARFEAR, Frilv 2l X o Bds e A H )

10
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iR g, PIAFEAR Z IR U ADIBOL R R, Pl e 2 4lE X P FEA 2Z R AR AL
REEIILSE . IR B 2R B P AR T AR 1k, BTBL,  An A I g A T
HI— 2SI R, B A XA FEAE H = A RREE

2.2.2 k iEAR E BIHIE

ST B/ R E G, A UMIE A, i s AT AR kAT
%, BT EEE A SBECRITHE R, PSR EE, BT LATEE IE Wk
HR A kI ATE R IE BRSO R AT R R, B R REAZ M AR R, ik T3
PR SRR, IXFEMEIRRZ 9 k-NN .

K-NN FE g R ~: BB — AN AW ke, E8URE X h IR S5
AEGEIT kANFEA, DL A, ik 8 x 55 HARREAR 2 [AIPE S, 4% EE 55k
BT, RIS X R RN kMR, A N (%) o« FR R RT
— MR HBRGEE S, HHHEARN

d(xiixj)=«/i(x|,i_x|,j)2 (2-6)

Hor m RoRFEARBHR IS . B8 MREAT kN ARHEE 5, B MREARTE B 6t B 1 T
M HAl k ANTISHERI L, A k-NN B B 2-4 BoR T k-NN B —
M, B3I, X ) kR A SE A B B A ) 3 AN S, S I, X R IR
o 2 I B P 1) 5 /N

L A A
A
A A/A
) .
A

] 2-4 k-NN )3 13 F2

k-NN B H AT 2 A A BUE 2 SRR 8, T DR — NABUEREW e R™ kid
K, VHE TR E A8 P42 ) 3£ 4% R #1(Radial Basis Function, RBF)115, A pli— My T X
[F] (0,2 Y Siefi, o L

exp(—M) if x.eN,(x)
= 252 i K\ 2.7)

i
0, otherwise

Hrbo>02mZTEE. WAXIR, 2x BT X 0k ANEWz—wF, R p AR

11



B E MRER AN

xzmmﬁ%ﬁw,mmmmmﬂ@tﬁ 29X, ANJET X 1 kAT — B, ASREA
ZRAAFAETL, T W e S G 2R B T i B 0, TR AT DA/ P ) e gt 7 ) 7
Ao FAh, N T G SRFERR R DL SGSR R, BB R R AL R G R AR E N
W, =0. BN k-NN ERHRK, TEAARW =W +WT) /2 50125 3543 1 BUE R R
BEAT X FR AR L o

2.2.3 ERIEN4L

T IR AL B A Joi RE Al A S I i I 2 >, 18 s RN A B A A 5 I e s EL A A AR
RPN, R P05 22 8] P RE 6 DR JEUR K R e E R 45 4, 75 2RV IR T 42 /)
Zik. CHIERW, ;2R X A x I BHRREA 2 BB 450 R, 45 5E k-NN

K, WOE IR R R HE T R W
ZW”M—&Z

_ZWIJ IXI+ZWIJ i J ZZWIJ i J
_ZQHX+ZQJJ ZZW”, (2.8)
_ZZD” x 2ZW,J ,

:ﬂdXDX)—mMXWX)
= 2tr(XLX")
$ulr D = diag(d, ... ,) SR ARERE, B i ARG =Y W, B,

Wt R UBUEFERE WX RAT TR A, Le R™ A RIIAERE, BTW,, =0, ALl
H AR AR IR

ZLMJ -W,, -W,, e -W,,

-W,, rj]:J_WZ,j W, , e -W, ,
L=D-W="_w,, W, "W, : (2.9)

. W,

-W,, -W,, .. W, ., Z::lwn’j

tr() RN FERE I (trace), € SONFEFE EX ML LA uam e, Bi(z)= ZZ.. o
P WAL TIR] DAAE Dy — R 0, SRR 32 AL g

12
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2.3 BNLARAR R

2.3.1 XL RAR TR RAEH

FEMAEDR SR I RIS, 4005 AT SRAG 1 O )R 2R AR R AT BRIV, TRt 20RAE 5
R kIR TR B RIS 2 RS M RE AT HEAE M . PrEL, W skis
KERIBEA LR R FR D RUER R, VF 2 O QR AE R TER> BB 2 42 H
JSORH 24 AT R 5 9% P i R RN ) /D B R 4 RO 240 ROR AR A B 4R B AT A%
8, SRR R B W] 5E AR A 2 AR R 2R A5 S, A FH IR KR R O 4 R &
SEMHLEEIEST . REAR, LRI (D& IO 2R A5 2, A3 Jm KR TSR R
XA R SR e HLas 7 ST 55t R m PR RE o B A AAL R CAR N 78 70 A A BR %
RO 2RI A O

JR 20 R AT AR (R B AR E SCAT DU IR . B4 — NS n MR I S0 4R
X ={X;, Xprooe, X, } € R™VI, CRIH P /b8 A BN B AR A Z TS R, RIAIAG O £
RS, AR R & M ARSI S C o, AR RN A O 4 A &
LR AT YR AL SR T TR ZOR BRI R AR . 29 M AT C 1 RIRTA6 BN 2R o0 R s — M
REZACREREAN BRI, (813 AR R O LA O ZR AN H — Ml T, v s X
A THE R W AR XS 2 A8 T TR O R IR A RERETR R AR, AT N vl 52 1) et £
RAECE, IR0 RO L) A A% 3 ] 7L
232 BNARfEHREFIREEIIRRA

MR LY AL H 0] e IR AT R, N 2R A 3k B B 2 S S5 b7 ]
ONAE B 5 S TR, SR A B AT B R e 25 IO K S R 1D B AR 2, 264U
FRT s SR 240 TR A 435 T A1 2 R FH 2 R AT 48 BT 20 PR O 2, 25 LN e A o DK R R
JRATZIR R AR o

AT LU AT 7 B 04 7% 9] >R B 7 A 52 T RO L RAR T I I B 5 4 . AR 2.1
T2 HE B R 2R R e S, B 2-5 TR R B — B AR R O A AR R, AR Y
Iy -1 0 JoER 73 s L EL R SR IBR A P A Hicdis e 2 T A JRBE R A . A REBESR
AMARARCR R Bt s 7 MR, BRANGE T H AR =,
Bl n B PR IC T Xy, SRT X, RO 2 ARAL Rl BN HAE SR — A O A A AL HR T
e, £ X, 5 HAREE RO ARG R T, AR R DA, RER AR, ZA
T RSB PR S MR AR, AR TSR R A S R A, Hoo R 1R
RIVILAFERL R R 12K, yeR-1 GRS Rt 2 1R, Jua 0 AL Bt
BRSO 2 ROC R, LRI O 2 OO 2R A 3 BT [ KT 7 [ B EAT 1% 4%,
FRRT X BIRFIRS A AR R BTSSR, R B2 Mai R HBAREF T
FITAT B3t s (0 BN 20 AR 3% 1 AR A BR AR e, T RO & IR E — B R B Hh s
) O 2R AR AR 4 2R
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X1 X2 X3 X+ X5 X6 X7

x|0 -1/1,0 0 0 1
xzl-1 0/0/-1 0 0 O
x;11 00,0 0 -1 0
x{0 -1/0,0 0 0 O
xXs{0 00,0 0 0 O
xXs{0 01}-110 0 0 -1
x{1 00,0 0 -1 0

Bl 2-5 ot 20 AR 1) A M A

SR 2 18] PRO 20 SROF $  B ER LT Yt B S0 i, {7475 9 S O X 30,
BB R SAL, PR SR R R b . R 24 SRR A AR 5 R LA W 1 e
YIRS L, [FURELEAEHR IS I O 20RO R R W S B, B, I RAEsR
RIS R SR x, X, Z ARG R, IS ARTREN, 45 i) x, 1 X, 2 1
RPN R, AR R FTOL, 76RO 2R MR B R AR, 24
ST % PR TE A

2.3.3 X ARIEEFRTIEN R
BB S 2 AR AL 3 0] jAT B VBRI Z V12 BN AV IRAERE T 1R 3R Y, 7B
I, R ST B AR Y BN A R T
(1) T2 K (Semi-definite Programming, SDP)F X 20 AL 7 15
Li S NPSRIEH 7 — P ot 29 A& 857735, R A0 i 2 (R SR b 2
RAR, MACNZ I FIARL R SBR RAE (e a0 1), MR, WEREAREEER ISR,
LA S B e IMEL (A 0) o HARAERTY o, W07 AR — A2 Ji kil 1) @
ZAS /I
mKintr(LK)
stk;=11i=12..,n
ki, =LV(x,X)eM (2.10)
ki; =0,V(x,x;)eC
K>0
Hr, LeR™ =1 - DVWD ™2 @& hn b 5 (R hr ek B, B R I B IR 1Y,
K e R™ A& 35 AU AEFE. 0F T K oo E, SHAE N 1IN, RPN N T — A~
JEERE, HAEY O I, TS BT — AN A REREEE
SR UL T 2280028, FF AT UAES — RUHEZE rh AR BR AR AR S . O 29 A B
FE B HIR G, HA B R R IRERN R3] T I0E, Had, FIEEL RS
FEMCRHIT R SA, THERREEIRO(NY), XEEEIAUAN B A PRV

14
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(2) IR B BN 2 AL 3% 77712

N T FEAGEE T SDP B A RAE R T VE B BT AR AR EE, Lu S AP 1 —Fh 55
2% H A S0 o6t 2 SRA% % 75 1 (Exhaustive and Efficient Constraint Propagation, E?CP). 1%
T3 ARV A AR A B AEAS BAT FRABAR BSOS 50 2%, K BOXS 2 TRA Jif i) el iff Dl — AL 1Y
B R TR, BRI N

mFin||F—z||i+§tr(FTLF+FLFT) (2.11)
Horp Z e R™ ZAVIAKI BT 2R R R, HE SN
L (x,x;)eM
Z;=1-1 (x,x;,)eC (2.12)
0, otherwise

FEh, F e R™ RGBT QAR /AR, pog— N IENSE, R RN
TRAEAE TR e G20 FR) RN o AT VI T SR A% 2 42 O(n?) , 55 5:T SDP 177 VAAH LU [
KEIRZ .
(3) BT B ont £ AL R 7 1
£ E*CP HR A TN, A T PASAASE A 12 B A A AL IR O 29 3RO%

ARG, XA FE A AT DLAMRRR IR BOR R R, Al R R B 29 R 58 R AR R 2 — MK
FREERE . JETCRRER B, FulCONEH T — PCRRHE R 4 B Ot 2V R AR #8777, o iah
(R RRT 2T R o8 RAE NN AR &, R AN SO YRR R A R R A & . 1 TT BRI Rk
N

min rank([A, F1) +A|E|,

st. D=A+E (2.13)

F., =Y, V(X x)eMuC

HrAyY eR™ Z YA BN AR K R, HE XS E*CP JFET IR Z HHF .
AeR™ EM AR E, EeR™EMAESE, FeR™ MR EREE AR
KAFEME . BRA LRI rank ([A, F1T) R8N FERE A F1 F FLRMCRE . RRRM 2 i 2
JERTEE] 2-6 o AR BRI TR RCR, (H 2 75 EA R 2 IR o 29 R A

AE IR LAE,

()W h B 24 AR (b)[ERAR AN KR

15
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K 2-6 RPN 7R R B B EANE (o AR BN AR R P+ CRZBERE) A1 CApesE
7, A P AR F R S 2R R

2.3.4 BN AR TTERI VN R AR

N T I R 2R AL R FAEAL TR RCR AP IR, T8 R K LRP PP O Fia b2 E A 5
ftfiR . HBIERA F1 08 NG UM TR AT, #2558 T TS
IR FRIN FIried S 126 T 1 45 R I etk ARiE

F2-1 A RIREHERE

i T 5
HSEH
1E 1451
1E1 TP (EIEHD FN ()
1451 FP (fiRIEH]D TN (EAH)D

W 2-1 frox, JUDNARIERIE XU : TP (True Positive) FInSZFRAIES], 78T
g5 Brh gl I P R IE B A A 2R s FP (False Positive) FRansSERRAN S, LE TN
g5 R B AR TN N IE B FEA S & TN (True Negative) K nsSEbr N7, 1TSS
R B IE R T A B R RE A S & ; FN (False Negative) RKonSZhR A IER], 78 T2
SRR R TN A A R AR

(1) #Eff% (accuracy)
accuracy x5 e WAL S B A PR Fa bR, 0 B IR T AE A o5 Bir g P AR A 1Y)

o, FCikE A R accuracy = — N B 7 IR P R T,

TP+FP+TN+FN
ZHEMEIF A

(2) Fi#aZ (precision)
precision A& AHXS T FIN &5 R F 1, FHRRRETA BN EB KRR T, SEBR N

EBIOREA I EL B, ATy precisionz_l_;PFP, T A o AR 0 4 5y T

EEEE,
(3) BIE%E (recall)
recall ZAHXS T EHEARMCT 5 1, HREFIRSZER N IEFIIREA T, il IE 6 o AE
AET R EE, A EA N recall = TP-I-I-T:N o AH 2T AR TR S 2 R 78 5 VO R )5 5%
(4) F1 /7% (Fl-score)
precision 1 recall P FEARIEH 2 IHBACHT, 1RMEFAS, ERBEE S AH B
f 2, XEMTGESEFE, FHIWMWTESE F1 H, HHHEAsAXA

* 1c1 *
Fl=2 precision recall , F1 fEZEA T precision Fl recall i/ MEFR, KBRS Fi0 45 S 1)
precision + recall

PO EE A
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VLA R 22 A7 15
TEERE N, VLT RARS B M E S AAE, B FAE AR, EEARE S bR
T T IR B AN R RS . 28R UL, TERIRARAFBER RS, BRI v IEE], 1% B
R, o H B SR IEH BB T DA R, RIS 000 B 3R At ) e S IE S R A
(FN), WA IEW MR HE NS4S (FP), B) FP MIEERE/N, BLAZAGHFER
A §EFE = precision {H, /& EAME—EE 5 recall fH.

2.4 KREPNG

R ERAI AR REERMIEE, N9 7R A REE LR, AR5
ST RO IEMAC R RTR B . MG R DL R BERIE, S T BN L R AR IR I S
HLOAER, BRI I BAT ACRAIE I O LV AR A, IF4 T O 20 ARAR R 5L 1
PR ARFR RN S, DA EFR A N SCERI R B E 1 AR

17



= S AN L AV O £ SRR O LR A% 4 751

E=F SIHELIEIZA T RS UR AL R G A

31 5|5

R RN g — g5 W B0, BUONAHEE TARREE S, O QA refe it 5
AMSEE, M A a B EE . BRI, B ARA s N EIEEA
JETWR—38, TMREARC X EHRAEA L [A )OSR, Bl 2B R RIS REBE 12 P 2R L S
SR PN B FEAS R TS & TR 280 o0t 2 AT DUV Dy —Fi e 56 S YR eSO E A 2R R i
rLAS S SUES HITERE . EIR ZHLAS 2 SRS, O 23R EE SR A8 FH ke R B i
(BRI AT RO 2 AOE R ARE A IR, Pl 2R ARt B0 B 2. i 4
WRAT A58 3l A2 A R RT F F FRT 240 TR 5% 28 DA R 40 SRR 28090 e A S0 4 478 3810 R o 240 SRR 2
PEAEANS, SRR R A SN 2RAE S, M TSRS ), g
e HERE

N T ARG O 20 RS AR BB E R T, AT T KR TR, S—RIEARZ TS
o B, Lu & N i A o BORE T 2R R 240 oA 376 38 LA A AL 0 2R R 240 R B 080
o AEREAZTTEM TR, AU AN IR . Li 45 AP ons 29 AL 4k
AN E R RE, ASRIRT PSSR R, (H 2 R 1SR A R = AR AR K RO
W, WEEREIER oMY . Yu & NOHERON A R R R Ny — MR R, H A
R T AR, Lu NN 7 oa ik BRI, 52— AR A BR T P9 S ) A
AR, JF BREWS BRI R 2R I A, K O L0 AL 3 0 i 09 — AU EL AT )~
BT Oy 7GR AR R RN L R A AT, Tia SN R X R
TN R BT 2 RAE FEAR Y, R b SRR AN A BEBERL 0 T AT A6 4%, JF HIA X7t
K&

T 3 28] (AR 22 10O 240 SR A% FEASE 7R 1SR ) RS W (R0 BT 40 RO Xt 20 ROR A% 4, B EESR R
IR IR G R AL F 00 L EAFAE s JF AR AR h 2™ RO S 1, il 2 A ot £
Wo MIAEILSEH Ay, AR EESREORS B ) O 2 RAF R AR OR B R, IR 2 290k Rk B 3L
SKIAEE, HAAAIGRAD, LSS QR RAFE AN E M. RE AR B SRMS #8145
JERT 2RI H5 A 7% FE S DL SE th R BB 2R RS HEE , S SE I SE I B T L 2 2
i — B> ARG S o 10 A0 a RO 2R B AR M P S sk A i, F o5
RPN I ABUE, A5 SRR TEE AN BEORIE, 25 H T4 40 00 2R ik AN BAE RO 40
IbRAE o BB PIS0 B RE RS S, AN RS4RI ARE IR 22 S A JE S AR TA g
PR i 22 S8 0 2 B A I PR 481 s 75 BB TR — s AR AN 0 BR R, BRATIASBEAS HE P> 481
R BATF PR A, ER] DU 5 AT R R R e

BEXE IR IR, AR SR AR RO 2RI, SCVEANI E VR & — P B o5 . AE
Az, PAIRE T AR ATENE, I DO b AR AT IORR 19 7 U3 AN 52
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R, N, T RIS BN E FERVETE I, (B IR BO A S Ak
FRINGEIE S T2 A DR B B 1) O 2R IR D0 1 5 VRN BB 20 AR AR Y 14206 231
HERMATRENE, SRE RNV LIRE R, PR ILN T AU 5 AN R RERR ) T AT
PR R PR IE AR o 2R SEIL 1 XA OR 4R A5 BT 78, %R T

DAL S AN RERERE I = e 0k, RN S LS5, B SN2 N V.
AN () DTN T -

1o RV B S 37 5% rp AR ZR M AN X B 22 8] W Al (1) 20 AROR AR IO PRI REE - 2 L A
SE W RBE TR BB FOR IR A3 R TR — A m RETE R

2+ Kb AR 5 AN RERERR AL 3R 0 T HEAT, AR OREF B Z S IR R, I 34 (1
PR FR, FAEF ARG E D AR B S 5 HE R, BRI 4514,
ST A AN E A0 U B (1 OGS 2 TR U LR AR R 712

3. AN HHEE LRI RERY], A E L AEERRE BRI RGO 210R
XU AL IR RCR -

REFHRIBALRW T B N9 7 UMPCP BRI 1E, 28 =gt
TEEACRAR T, IFea T RERERAE, S0 R SR ieiE R, JRas
iR, BJa, ARSI TP AR RS T TR

3.2 BB A AR (K BN A R B U R T A% AR Y

N T A E L AU SR B RO QR g, o, AT Q2. 1) H b
BERE RIS 2 U B LS, K M SO FSRAE SR IR i R DA Z0UBE2 NN 52 ) 0 A0 B %
MIEEA, nl DEMNE RN L IS IR SR &, R WR:

M ={(x;, X;) | %, X BAELIRAE T TH— 2% (3.1)
T, AREEEBEEE S C M URFFAE

AR PV EE BT BT T2 i i 2O AL R e i PR 2 0 B 2L, S A B AN R
e AEFR—NMERE, WARQI)FR, —EfRE L2 T WA AN e a2
FetE, L, N T SCEL AR A AROC R AR & BT R RR, SAE— A n DS m 4EEERE AL
FRAR N FERE X = {X,, X, ..., X, } € R™" , M4 CARIFIIRIAA SO 20 A5 8., 58 U AN
FE AcR™ M B eR™, 2 lic LA o s AR REREE(E B

1 (xi,xj)eM
= _ (3.2)
' 0, otherwise

1 (x,x,)eC
= ( ’z (3.3)
' 0, otherwise

LA EPIAMERE € CEIRAE A BRSO, (B T O AR & M RIS, AR
NS MR BAAE € DO, HAERE A4 FREDY 1 BT SR E 1L ATEEE AN A 2
HIL AT R, TIRERE B FPEDN 1| TR I EAEE AN RERE L .

N TASHERE A FHIRE S B S ATEE BIX 5y, H AR REATRE RN, T
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= S AN L AV O £ SRR O LR A% 4 751

T, RN 65 XA B
SESL HPAEARREAR X, I X, TERAORA F A7 (e LR, IR 2 L2085, T LA
T REA R IR0 TTRERE N p,, 04 BRSORE 2 A A A S 2 A .
R 2 S 1 T DA S AMHIARTREPERBIE U € R™ e p A S B A5 s
RN

(3.4)

iJ

u,;, if A,;=1
:{O, otherwise
Horbru,  RARYE SELSSZSARRIIRARFIWAS 2], Ban - st T 50miRdagte, L8l
FE[X 18] (0.5,1] IR —ANSIE . AR, u, ; IREALERIRIK N EEFEAS X A X 2 T8 R]
REAFAERIAE AL R R, U, IVBUE R BT B L U AR R T REPE RN RO A AT
REMERT 0.5 I, PN BURAEA Z [AAFAE AT K AN E PEA AR AT e, OB G
BUEAE (0.5,1] « EAEERE, Hu; FEBC 1, A H BRI B A A 2 8 F)
I E .

N T ACFALFR RIS 2R, BAVEF PN EUERE K e R™ ATE e R™ 70l A%
LA L BE AN ANRERERS, AR T HARFEAM RN kNN B85, P IE
WAL, g TR A BB B AR 0 R

mintr(KLK")
st.K>0 (3.5
Kij=A, if(X,x;)eM
mintr(FLF")
st.F>0 (3.6)
F, =B if(x,x;)eC
Horp L 2 hr e i

XF R RREA, AR AR 5 R AN BEBE R R A AT 1Y), AT Bl oot
PR Z, AP PR RS RBIPrA BEAX A, FIH] Hadamard A, 7] AR
ORI, AR K oF|= Y K, F, o 36 o 4 SEI%R Hadamard 8L, A
#ii Hadamard FEARAIE L, XTI A R BHE 2 [F] — XA Z (A1 K A (22 R 0K
I, FORFEA X, X, IR LR SC R[] T AU R AN BE B — A, HRp K R
AR BN, R T H Z AP e, S X8 R 68 .

AR, BB PR AR AN 2 FE RS, & L —MEREU e R™ SKid g AL R
HIRHART RETE o R RIAR TR FUARAL AT BEVEREFE U T BOAE S, 7T LR AT REVEAL FER R

A0 U T, HTT LKA AT e B T A 9 A A o ST
REVE L GUREER . S3 AN, T R BRI A B R ITPAERTTE R, T4 0 A 2
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AT ReE 5 A et 2 IR A AT S A F AE XS BT, [AIRER ] Hadamard 3RAR, AT LOREX
AHHERFEFR(U F|« B, GEARHOFHRTR, oL AR
WIS PLAE ), I AR ER G X PIR A, EH T O 2R i R . ERER
AR T SRR, AT U o F K o F mstkiia e sore
KA BERS R & AN 2 15 5™ A2 R SR o g, i HAE TR S B Aok g, AT LA
A RO O 2R AL R RCR -
LR E T RLT IR K RIALFE AL AV EE T REIE AL, FEINAXOMHd R, I HAE
ME, T USRI R S 2R B A A 20 R OC R, 3R T O AR R IR O«
min|U o F|||K o F |+ atr(KLK") + ptr (FLF ")+ 2|0 -]
51K >0,F >0 (3.7)
Kij=AF,;=8B, if(x,x;)eMuC
Hrb o A1 g A FERIZ S AT A A REBE AR IR R 24 USRS 2k
FEAPIT S HTELBIAN ], FEAS Z [P 7E IR D 2B R AN REBERE I LU AN RE B E , O 1 3
Fo— R & Ol i SRR, TR o M1 B LUINBLH T 2R 4 10 251
L ARERER BB IR IR o 10 A ST AR 1 AT RENE(S SRRt R TR 24

3.3 UMPCP 2 AR AL R iR

3.3.1 MbRAETRE
N T A AL FRA I 2 R SR S R, Bl LT — ML EHERE P e R™ k)
B A, Hoe OB F:
L it (x, x)eMuUC
M 0, otherwise

(3.8)

IFEERA AR, Ptk THIGROSZIRIIALE, 2B HIE Y 1IN, RIEHRREA X,
AN X Z B RIAIGE R 2R B C R, B SIRE 1B 52 R AR RE . AN 8 R SRR AN
FE R ARERERRIALE, 2B MEDY 0 I, BUEFEA X A1 X, Z B RIA)4a o 2R A R
o

KN C RN LTRAR D TTR RN AIRAR 2, A, I PR AERLR
FIRHP o (K = A FI|[P = (F - B)| 76k, 31N CAIHIARA L B, GBI
DL HSHE LR AT R, R AiAL

min |U e F|[K e F|+atr(KLKT) + tr(FLF )+

y(IPo(K=A)f +|Po(F-B))+ A0 -u[

st. K>0,F>0 (3.9)
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= AT AL B R SR SON LR A ) v
R R 45 RO, 0 TR p g NSRS Q AR A, A P At B H SR 2 A T 40,

R BRI H R ERs N
O(K,F,U)=|

UoF

‘||K o F[+atr(KLK™) + Str(FLF ") +
y(|Po(K=A) +[|Po(F -B)[")+ (3.10)

/1HU _UH2 +Zn: P ;K +_Zn: .iFi;

i,j=1 i,j=1
Hh @ e R™ZXTN K > 02556 R P Hiks B H B FE, e R™ X F >0 25K
R AR I B H B %
T Zn:ql KRB SE BRI HE B @ AR R KOAH 3 5 1R 45 SRR R 1 3200 M 42t

i,j Ni,j
i,j=1

2R, BT LUREFRAERE R B Y @, K, 3T, R Ntr(@K), Rk,

i,j=1
>Ry TS (p F) L Sk, S H SRR,
O(K,F,U):‘UoF

y(|Po(K=A) +|Pe(F-B)[")+ (3.1

“|K o F |+ atr(KLKT) + Btr (FLF ") +

A0 -U[ +tr(@7K) +tr(p"F)
HAE, AT R B H R AR S T RERERERE KN F B— e S, T4

aio =([U-F|F+aK(L+L)+2yPo(K-A)+®),,
ij
=(|0-F|F +2aKL+2yPoK -2yP o A+ ®), ,, i, j} (3.12)
O _ (0K +BE(L+1T)+2yPo(F—B
aF-:(U +BF(L+L)+2yPo(F - )+§0)i,j

ij

— (UK +2fFL+2yP o F —2yP oB+9), ., ¥4I, i} (3.13)
H KKT (Karush-Kuhn-Tucker) Z5fFR] 51, T AIUEEFRAERE K FIANRERERLAERE F #—

BHRSET 0, W02 —0, 20, TR, R ALK,

i i
}FD Fi,j ’ m‘?%%ﬁﬁﬂ‘ﬁ‘:
(U -F|F) K ;+2a(KL), ;K ; +27(P oK), K, —27(Po A), K, +®, K, ;=0 (3.14)
(UK), ;F; +2B(FL), |F; +27(PoF), |F  —2y(PB), ;F,; +¢ F ;=0 (3.15)

ij ] i i

HTES — KKT % @, K =0, ¢ F; =0, JFHRHEH TR L {3 HI0 AR

ij i
D FIBUERERE Wit T 84, BIL=D-W , il RiR%nT DAL A
(|0 -F|F); K +2a(KD), K, +27(P<K), K,

i i A

20(KW), K. . —=2y(PoA), . K.. =0 (3.16)

ijo i [ I P
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(UK), . F, . +2B(FD), . F, . +2y(PoF), F

il ijlij it
2B(FW), .F, . ~2y(PoB), F.. =0 (3.17)

ij i,j il

s BRSO R, Al ORI AUEERE M K FIASRERERERE F SN, oy
GlESZIVE

(27/P0A+20[KW)”'
ko | (3.18)
, " (U oF|F+2aKD+2yP oK),
2yPoB+28FW), .
Fiyj =Fi‘j ~( y ,B )I,j (319)
(UK +2BFD+2yPoF),,

T O QAR EARSBRNE, AL H )5 I BE R A% CRFEXTRR, BT ARG ZEAEAA 5 2
KK+ KT 281(F + F 7)1 2 BTN LR FFXTRRE
PRk, KRR AU AT REVERERE U RO SE RN, [RRE, SesRBok M1 H 40
KT U BT, 75
© = (F|K o F|+24U -22U), , i, j} (3.20)

i.j

HR4R KKT %ﬁ% _0, ATBLRE U EEH -

1]

i (F|KF|),
U, =U,, —% (3.21)
F T HRBART B PR B2 AR G X R, BB IIU TR — 1k 0 B 1 208, FEAbEER

XS FRA R
3.3.2 UMPCP BHE R4
Zi I, UMPCP SyERIEAIKR DR n] DL 5t

Bk 3-1 UMPCP B
MN: Z8a, B, y, A, BUEEN kNN BSEPABUERE W, WiiG

FRT LRI B AR RE P, WIURDAREEAE R A FIRTAG A Be B HH P
B, WAEREWIGEAR AT Be M RE U
¥ightk: K =rand*(n,n), F =rand*(n,n)

U =rand”(n,n)

Crand”(n, n) IR [l —ANIE#) nx n FIBEHLAERE O
Stepl: THEXMAHFE D
TR R R L=D-W
Step2: EARFEHT K, F, Uk
While R(3.9)AM 8L do
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