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Abstract:  With the increasing amount of data being collected, developing fast indexing methods with high accuracy becomes important
for information retrieval tasks. To address this issue, this paper proposes an indexing method based on hashing mechanism with subspace
learning. Firstly, the subspace is learned on a set of labeled data. To guarantee the locality preserving characteristics in the original space
for the samples with similar semantic labels, the distances between the nearest neighbors are computed to measure the intra-class scatter.
Besides, the distances between the centers of samples with dissimilar semantic labels are also computed to measure the inter-class scatter
in order to enhance the discriminative power of the codes. The projections of the hash functions are then learned by relaxing the constraint
of the formula. The biases are further learned based on the projections. Finally, the proposed method is evaluated on the datasets MNIST
and CIFAR-10 to compare with the state-of-the-art methods. Experimental results show that the proposed method achieves significant
performance and high effectiveness in searching semantically similar neighbors.
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1 WL RS A5 T B 1 i w 25, AT T 20 B8 % S W5 75 08 30 h(x)=sign(wx+0) 1 I B 250 e BB
FEFE w2 W B ) BIRBOE R RE, B T ) R LR SR A 7 W R BREAT T SRR Mt e e B ERA T
A BRBEAT AR AN, A2 A5 S5 B 5 i) B — AN R AE T 2D B BAT T8 5 PRI 5 B 4L sign(-) I 52 A, IX 7T LLE 1E
N BT R BT PR D, A8 T D BB AT T 5 0 PR R R B AT e A R 2 2

L(T)=L\(T)~L(T) (19)
L(T)= 1 > sign(W, +T)" sign(Wi; +T) (20)
M (x, x;)em
1 . ’ T . '
L,(T)=— Z sign(Wx; +T)" signWx; +T) (21)
c x;eM,x;eC
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FCrp, T30 W epesg /A e A bR 50 RN A i 2 e 418 ) i

MM AR BEHUR AT B R SCRIREA m 568,230 30 MR C A BENURFEAR BUAS R L REAS ¢ %F.Ly(T)R]
i SN

L(T) L > ZP:(sign(WPT X, +1,)sign(Wy x; +1,)) (22)
m (x,,x/»)e/\/l p=1

o W, 3om WS R ORISR p AL B, FORX RS p A A R

BATRT LRI, W R T (0 B — A 7 S A T SRR v S SR TS . IR 20 b AT DR ICK S50 T 1 5
NI BT T SR SR A R EC 2 B D SR IO B Bt 7 1) A bR 50T 7R 08

{, = argmax s Z sign(Wi x, + lp)sign(WPij +1,) _L z sign(W) x, + lp)sign(WPij +1,) (23)
1 m (x;,x;)eM c x;eM,x;eC
HT7E W R CEER T EUHEE v, K BRI A 0, BAT 1 NSRS H r R AR .S
f () =sign(W] x, + t)sign(W,,ij +1) = sign(W} x, + t)(W,,ij +1)) = sign(g(?)) (24)

H T a, =W x, Ma, =W, x; & LRI, IEg0R KT ¢ 1 T HCg(D=CH(ata)ttaa A,
o Y <min(-a;—a;) 8 >max(-a;,—a) N fH)=1;
e Y min(-a;—a;)<t<max(-a;—a;) M f6)=—1.
DL, 6 2250 2, 1 T s b B0RT LA TR

. 1 .
t, = argmax[» Z F(t, <min(-a;,—a;)||?, > max(-a;,—a;)) +

p o (XX )eM

(25)

1 .
— z F(min(-qa,,-a;) <t, <max(-a,,—a;))
4 X; e/\/l,xb/ eC

oo o) i BRI A2 4 IR
(AT TSR I 0, S @< min(-a,,-a,) | ¢ > max(-a,,—a,)) RRAESK A Mk 2 401

<min(—a—a)||max (~as,—a;) VA e O K0 T L BREBRHOR LT 1 /A2 M 1 R M0 i 16 4 0 1
2 B 45 BB 0 2 B 1. T 4 AN 0 i U I S 0t T AT 20 BSR4 2ok 4 T
25 P UCKIRIR SR 2 KR 55 T,

SIS, 0 S B 250 5 TR A ()01 64 ), DU T B W7 25 B — AN B B 4 T 25 ) 2 2
ARt R IR B AT 25 BT RE B0 1R — SR T 522 33 2 AW 75 B 0 0 A KA 1 0 7 6 5
FRAR 3L M M REAT 4 0 ERCIRERO 0 /8 70 B K SR 75 B P 4 ) K JEE B 256 ), 02 T e i 4
VN G/ 7 B ORE SN 1), 0T AE 7 25 B h — OB I AN 1 0, 950 5 10 743 51 60 2 4

BET
3 REHNH

h T AR SCHRE I B AT BRI A A0 AT, R AT B R 3R 1 SCR R R X T e FLAR AR 6 O VR AT L A
#5 AGH!"® KSH"'? LDAH!"" AQBC?? BREPZY, E2LSH!,ITQR SHEFI SIKH!Y A S 472 1 1) 450 76 52 3 vp
DH F/R4 T AGH Fi%,HS40 & 5 TR 18141 [, MNIST KRS H ¥ A m=300,5=2;%] CIFAR-10 %)
m=300,s=5.BRE Jj % [{ S 505 8 15 SCHR[2 LAH [F), 5% B X0 8, R 2R RE AR AR A A0 AT I 25 SIKH. J7 32311
S B 55 SCHER[L71AH R, A8 T (4% 230 =1 AR SO I T 78 UG B0 2R 5 1A T 1K W /S B 48 MINIST
CIFAR-10 BEAT SE4G, 43 71l %o 4 i 14 40 53] fi6 77 R0 i 2 g A6 0 7 Ji 4 72 D) Jm 38 e FF) DR B e DD JEAT 77 LR, R I e 5
KRR AT T LR 9250 (P S LIRS 2 AL P 2% O Tntel i5-2430M, F 471 2.4GHz,4 1% 1 17 4GB; i 4%
500GB;¥1E 2 % A Windows 7 Ultimate 64 472w FEFF 55 4 Matlab R2011a.
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10 H B PE S0 o HER 2R TT 78 N Precision=H|G, % & 2T %7~ N Recall=H/T.

i [ Jo 3 1k R B 8 0 HR AR IE 4 R B A JRUGR 2 1) (B = 2 1)) B4 JEE 5 3K Dis (R PG B 29 ) Hp 2 0 40, 01
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SR AR AR A R AE 4 AR T RS RN A

10 J5 3 AR B 92 8 vh MER ] KR K Precision=HIG, Y 4> %0 %75 k) Recall=H/T.

Je S P R B 11 8 55 1T LA A N A R SO0 R G R AL 14 7 0 i 0 AL A A R IR s SRR 2 I (1 8y 5K
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Fig.2 Discriminative test on MNIST
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Fig.3 Discriminative test on CIFAR-10
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Fig.4 Locality preserving test on MNIST
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Fig.5 Locality preserving test on CIFAR-10
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Fig.6 Examples of retrieval results
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Table 1 Coding time comparison on MNIST
F 1 MNIST %I i) L%

gt mflA(s)  AGH — AQBC BRE E2LSH ITQ SH  SIKH DH KSH LDAH
64 {7 3.1 8.1 14783 12.7 5.2 2.1 1.9 300.1 420.6 4.0
128 47 4.3 133 3103.5 18.6 104 4.1 2.2 399.2 830.5 4.7
256 {1 5.5 25.6 5846.3 28.1 288 1.7 3.4 470.5  1700.2 5.3
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Table 2 Coding time comparison on CIFAR-10
% 2 CIFAR-10 gafig i ] L4

Zufiitil(s) AGH  AQBC BRE E2LSH ITQ SH SIKH  DH KSH  LDAH
64 fir 33 8.2 16103 14.5 55 22 1.6 310.0 4403 43
128 fir 42 129  3233.0 174 106 4.0 2.5 4105  890.4 4.7
256 {7 6.0 25.5 5799.8 29.9 301 6.1 3.1 500.3  1780.1 5.1
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