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An AkKNN Algorithm for High-Dimensional Big Data
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Abstract: A new variant of k nearest neighbor queries, which called as all k-nearest neighbor queries (A£NN), is a
process to search the k nearest neighbors of each object in a data set. An AKENN query algorithm for
high-dimensional big data on the Hadoop system was proposed. Using the banding technique and the p-stable LSH
algorithm, dimensionality reduction was performed, then the data was embeded in a Z-order curve. The preprocessed
data were continued to be treated on a MapReduce framework in a distributed parallel manner. Experimental results
show that the proposed algorithm can efficiently handle AENN queries for large-scale high-dimensional data.

Key words: high-dimensional, AkNN, MapReduce, banding, locality sensitive hashing, Z-order

1 == BB pRBCHEAT OB, R TS NE G 22 I B AR AL
AR A e L B T X R RNN A et R AR

fEREZ ) ANN &, BORXM R —EXR HEPARENENNR ¢ EERDNE PN C2F
AN AN TE B B A BURRAE X 260 Gl i AR R B AR R Z 7k SR AR O A2 A R P R AR 2 R

Yz %5 B 85 :2015-03-20; & @ B #§ :2015-07-09

BEWMA  [[AKARBEL R IIH (No.61472194) , B VLA H AABE % 2 6 B8 By 10 (No.LY13F020040) , i i H 28 Bk 2 1 4 B By 1t
H (No0.2014A610023, No.2015A610119) , “fi5 J8 158 {5 T8 " i 1145 & vh 2 5 2= FHIT il 56 4 % B30 B (No.xkx11423)

Foundation Items: The National Natural Science Foundation of China (No.61472194), Zhejiang Provincial Natural Science Foundation
(No.LY13F020040), Ningbo Natural Science Foundation (No.2014A610023, No.2015A610119), Zhejiang Key Discipline Fund of Information
and Communication Engineering(No. xkx11423)

WS A O, RMOT, B AR, — s 4 R R 4 b 4B AL ST k. LE A, 2015171

Wang Z W, Chen Y F, Xiao S Y, et al. An AENN algorithm for high-dimensional big data. Telecommunications Science, 2015171

2015171-1



BERSE 2016 £ 7 8

A 3R AL A B A 0 A R — A TS R 4 R 1
ENN A 25 2R . B s i, 18 N 4 (O8O 5 )S 1ol Ab
(S RES )R T — X R AT — K ENN £3f], Ff
N AENN (all k-nearest neighbor, 4= k ¥ 48 ) £ i) . ARNN £
i ENN A — AL B — A iR P O 4 e 9B
R AE I RS 2 00E NN, A B KT 2 R
A8 50 7T LA i ARNN TSR Ik, 0 IR AT ANN 23250
k-means % & G510,

T 22 0 b 3T O e R T A o RO 8K
A X G 1 2k R ok R A KNI TR 2 B AR IA I
PR AR GE 2 & 51 7 i, 0 R B8 28 AR h 4 55 AN g
R0 A L 4 S RS, [ BT A TR IR
£ 23 1330 4 S fife DR 3 <0 4 0 [0 A0 1 7 32, 2 b 3 o 4 e
I HACR R A ML AR 780 098 A Uik 4R
th 3 A A ) 30 80 A ), B T LA e 4 I M ] Y
KA BT LR BIRORS 0 A5 0 — RE AR BT Rk
S B T A RO 1 R R R Bl R T — b 3
R SOFAT A B ARNN 33 MapReduce /2 7345 20f
PR PR T Ab 3R AR 1Y — S SRR EZR T ST
JE R AL BE AR SO T MapReduce 408 b 22 49 — >+
S IRAT B Hadoop!™, H i A7 2 T MapReduce HE 4
o 2 R ARNN (98 5%, (12 78 MapReduce 42 I fy3%
PE A A R — AT M %R 8 S ARNN ) A
SR, X T ARNN ), SR Sk R ) 6 T 4 o
2 I 58 0 I 4 B0 H-zkNNJ U2 — A ik e 2 4 R LB 4L
fif ENN SR 5, Y8 I 4 IR B 30 48 DL L B4
BHACER SR, BAXN T RAEREOLEIFAGE,
X T 1€ Hadoop - I fil e 50k 34 /5 4k K40 9 ARNN £ 3f1
VAT SCHRXT e AT B

AR — i fE Hadoop V- £ b 5 ACAb 1 i 4 K 4
() ARNN A9 B, Sk UL 1 S oo 4 500 17 7
A 3 IR AT W A A 3 /IR AT 5%l SRR 4 A B AT S5
315 1 HB1 bR A3 AE A p-stable LSHU i I 9 LSH (locality
sensitive hashing, J5) # U 51 ) o 0T DUAR 4 46 30 6 0F 5
B, FELORAE I BL A0k G AT 8K Ak e S 030 A0 9 25 1) o 5 AR
JEi 2 4 75 () v i A G 0 3 {0 e 5 2 ) B o o
% 18R TRV P T RE Y ENN X4, Bk B 4R i A
B X R0 RNN W, T3R5 — A 425 () ARNN 4
R ALTTHMT

AT RS LSH Bk DL s R 7 ih &

Z-order LA, $ H — R & 4E R AHE ARNN £ i) 5
% Bk ZbH ((Z-order banding LSH)H.i%

< A BT HR B 9 BE7E Hadoop 22 i 0 & F AL 8L, IF
fif e T S Bk v 0 A % ) R R0 4
JE AR 1 &3 VA R ek B E A

P SR R R T IR
LSH H %45 & Z-order 77t (LSHZ 5 ) it 17 %
Pe 6 E TR A A S A

2 FHXHIR

2.1 AKNN E X

e 1 e TR B ARNN 23 5 75l 4 E 1 A
R XMLENES TR LIS, EA R FMES
ST LIA M B8R . £ a Q hIIX R g Bk EFES
E I,

BX 1 (KNN)% g e R RE-DEMIE, QCR L
BB MEES A dREER LOERER T2
X FALATIE Ak, 55 kNN, VIRRES Q X4 ¢ 18
kIS, A p MpfE Q AR B AH W E XL,

|[kNN(g,0)| = k (1)

Vp € kNN(q,0),

Vp {0 —kNN(¢q.Q)} = d(q.p) <d(q.p) (2)

EX 2 (AENN 2 i) 4 R,SC IR B4 A A A9 24
£ dREE LR X FAEMEREE, —K
AENN #1725 K42 AENNR,S), W 2 . X% T VreR, VseS,
W2k (r,s) e AKNNR,S), JE 4 (r,5) € kNN(r,S) .

AENN 25 A5 4 R A WA ES R A1 S, B E
FreR WA TCEFRENN, REEMFEREESS
B R AL X W8RG 5 3%, R K 2 )
TS S PIBTA X R T — K, — AR A L
HHZATTER S PR 0 REA T, 1571 145
X G 3% AMR s A 5558 R T /M R %
BEMSREHEEL R OF 24— 0 EM k ik
AR, S IR T AL R R . B A RS ]
PEEE R MT AU A TR kI 40 0 % 4 A
22 LSHEXRFTH#ULESR

T 160 4k s AR A0 4 B B MR G B — o A
T BT A R G M B2 Rk AT R HOCE A Z R
AL G AR 0,25 90 43 0 0 52 41 45 A 243 S I,

2015171-2



m WRSFE

TR TR R N %A A v 0 IS L d 7T RE A 0L Y
MR AR T RTINS QAL G, KA A
@AM LSHU  LSH /& #1 Indyk Al Motwani 42 H i) —f 75
ARG 55 v i FE A AR B B X 4 4R R — 4
R AE 9 R B S S K BT B A5 7 — S 1 AR b1 EE
ARAET AU G W S 30 A 1) DX 3l 99 A0 38 0K 7 AL RS
% . LSH 54k HA Ab 80 i 240 5000 A 00 B R 1, B R A
78 1] DL DR IE ey 248 25040 A 25 1) R 30 o, ] O £ GiE 25 18] A i
F X G 1o 256 S e S5 280 [ — A e T 2 i B 8 O A 0 4%
DA ARG £ A8E 20 0 20 /) — /A vl

X3 (LSH)BRBCAH — & & d 4%
[0, dist, (dist, o B0 S BE 4k o P BEET . 0 RBS R B
H Ay —A> R0 h Y0 0 R AN S 8 o i H
X T2 [ AT B« Ry 5K (disty , disty , py ,p,) -sengitive,,

< WA dwy) <dist,, T4 Prlh(x)=h(y)]=p;

< WNER d(eyy) = disty, BB 2 Prih(x)=h(y)]<pao

Hor disti<disty,p>p,€[0,1],

LSH s #UE B 1F I R, Fidia [ AR T
p-stable 735 ) LSH BRI, TEX RO T 4 — 1 m 44K
ax % o, BT 7% 18 kA R EOE L Fom T

“]

hrub(v): (3 )

H o =450 F4EE MBI EES EHTER
M p-stable 7375 HB0 S B I ;w0 AR TE S E;0 M [0.0]F
WML 16 A 28, AR SO p=2 BRIGHE B 1S 0, R IEAS
J3Ai N(0,1)) 2-stable 31 ,

LSH ) — M B8 /& 15 56 2 RO B — S 0 4 i 7 A
LR XT G0 8 B0 [ — A A b, SR U5 TR — ANl P 4
A 2 I A A DL B g RS 2 0 2 X 4 K
2 AR DL B o (R AR SEBR S vh O T ORI IF B 2
FREHERZOMRMAAMRE , EXFELT %
B 7 R AT A AL AR U B Rk B A — FhiE 2 9 58
BLLSH 1 J7 ¥ S HE 06 2 4 1 7 B0 0 b /AT 4, ;XRF B A
&PAE r A7, R T BT &, NS &AW1
PR RO B3 A 050 bR 0K 23 5 M AT 4% (R A0S R B —
B b A BB — A A R R BB, 1
JEIR TN FEGHBER S 1217, 80 8 4 M7 50F
HBAT5A 317, @l X Fh oy =CaT LS9 LSH Bk i
AND-OR 43 13 8, T 0 2> 25 54 T 58 7 4 1 fR B 44 A1
I BA 4

2015171-3

10002
band1 32122
01311
band2
band3
band4

BT R EIR 4 TR RS MTREE 31T

LT AT LLE B AR5 1 AT RIS 2 5 RIS 4 51 R
A R 1) 5 [0,2,1], IF HLAE X 55 1 /M7 2% B9 9 i 4 58
2 BUFNGE 4 5B R 2B R R AR L, A
SEBAE AL 3 AT AR A AL, XX R AL G AT LUE R
— MR, B — S TR 1AM R
FUBA BN R A DAL, (HAE LA 3 AN %k i
AL 3 WAL B M A &, fE—E R L WA
AWML R 2T Z AT &P A%, L A T
AR LR AR DL 09 % R AL 5, 1K B 7 ok L4 o A0 R M 2 B A
(URSF i Wk 7 3ii i E Vi RE

3 ZbHEZERER

e ZEAUAR () ARNN 596 [ B 00 A OGBS LD | 3k
Jet e AR o A Ak B i AR DR 2 (] JR 3 A
T, LSH S5k 0 LUK o 4E B8 e 2 2 e 25 ), X R vl LA
o 1o 2 2 T £ 3 0 5 98 [ B AL B 2 4 S A O T B/ MK
A9 25 () 5 T 4R AT R A e Pk ST B R & A A
M2 Z-order T LR B, 45 2 4 Kdla o 51— 4t 2 ] 1E h
B OR 30 AR A W B 7 0
31 LSHZE#BHE

XF T 75 4E KK B9 MapReduce 73 i 40 B8, ¥ LSH
5 Zeorder Ji¥E ST, B M LSH 53 X 5 4 4504 %
Ut SRJG i Z-order 7 ik 52 BN 2 4E BHE 9 5 oL A B, B
Jo LSHZ 53k , LSHZ 5 ¥k 42 % LSB B ik B 52 15
K, LSB R A TR, AR AT
B0 S B B (AT LU S LSB Sk A 0 T
— ARG D, BB TR S o He A m 4
X R Go), K5 1 — A Z-order B 2(v), 2(0) 2 M5
i, R 2 E, BB — 4 B-tree XK 5 BT A 1Y Z-order

fl, ff M p-stable LSH 51 o6 ¥ . H,(v)= M} -

, 4 7E
BEAILIY A2 A [R5 e A Ho(v), Holv) , -+ Hov) s X B2 0
B Go), o) 0 4 m, 13 3] G)=<H,),H, ), -,
H,(v)>. 38 58 B 0 — k) A b i o A7 5 SO R B —

—_ ==

v



BERSE 2016 £ 7 8

MG 2 8, % Clo) 5 2(v), BN, %5 08 — AN 4
73 [ X 52 (2,6) , 6 19 ik 1 A A X B A9 2 (010,110, A
I, B 2 R 011100=28, X T — MR &E4E DM 2 fHilh
8B ERES DB 2 (K BUEIF S E B H
W s Bk, — A SR 2 (AR I 2
DR B4R LB R 5 S B2 R A A A AT
K2 B,
FE P T LSHZ 0k b P s 4 KB d , WRE ST
LT BA A
« M F LSH BRI, 224 LSH sk gior
A ORI 1o 4 10 XT 4 22 0 1 2 S MR AR AR s 1R
AR 548 LSH 5 45 1) 7 %3 17 2 1 AND-OR
P AR DAL I ) R AR AR
© N T RIE—E WY IE B % LSHZ B & i i LSH
HHEMEH LR EAATFET XERER
AN IR R 4 AU X2 0 R X F Hadoop 43
13 5T B R U AR K, B 28 AR R AT
32 ZbHEZXBEHE
Sy fE ok LSHZ S AFTE AN R 7R T 4 — 3 1 18
B B2k ZbH Bk Bk 32 SR 7E LSHZ Rk 3
il 22 B AT Z A AR ) AT A A SEUREON /3 A A0 o 4
SEALEE R 6 AT LSH o8B A7 4 0 B B ok A7 b B
LAT S B 9 b 2K o T 4% 4 LSH B4 19 AND #:4E
AT 7 2 1) {6 316 %5 R 41 45 (9 3 9, 2R 0L T 15 48 LSH S0
() OR 4 . 340, Z-order AT LA i3 A5 b O IF A 4 25 [0 3 46
KRBT . 3T 00, 047 AL BRI OR £ 4R Jr L
H Z-order M4 AT 0, 454 Z-order ¥ 5 2 R AU 17
AR b
{ff FI ZhH 55 6 i3 4 B 19 ARNN 75 36 40 28 2o
T B B X G e A B B A0 A B B B A A

SRR B 55 51T A0 B LSH Bk | o e 4 5 die X
ZHERM R, BES R MES S XA U R A
T RLAE J B B AT LA 3 A R S A B B 2 4 T
PER B, TR BUEIESEBY B S R RS AR I 0 A ) AR
it FH 28 [ 78 M 4% Z-order B3 B —4E 25 W, RS54 —
e 25 1) 43 B 75 A A 2 B vh B 25 I S 0t 2 TR B 5 A O
X%, B, X FEA S B ME p, BRI %
IR AL FT LATE p WRIR BOAR 4R B0 A M 258 48 7 3 P B,
FRH-KAES R TIIXE ¢, FiH NN 5 X £
W TR ¢ MR R R LR M X 4 g B
AN kAR AR ENN, X A b B AR O ZbH
o BTRERAARBTEEZMAET,

X 4 WG i) X FAALER hn X4 0,
2 48 B 73 B m (men ) A Be (WL FRAT 5% ), T T B AL 191
BRI A 1 m A ST BB AL p-stable LSH B8 4L hyhoshse b,
BT 2R B0 IO B bR AW S — O A & v FT
TN ), b)) B RN S 0 BRI &

LI, A X 2 004 1 55t AT DR S X e 44 4 40 X
PG R E R ¥ VR YN IR IR S ]
DR G Z Bz R Dl s . T
o A R B A B AT DL X AT A% A O AT B X 2
) ]

B R 2 (8 R 6 G 0 1o st B 1R 3% 9 B804 X 4
e S ) — 2k 25 (6] B A R0 g (9 KNI £ 90 5 A il — 4 =
(] (5 Rl A 0, W 2 BoR  EE R ZEUB LT 2 AT
PRAEZS [H) ey 0, BR Ot ml DAAR AR g Xk 7 1 2z fE R 3 ¢ B9
ENN (Wt 2 7E Z), oz, B0 & WG J7 48 & Ho 7, 248
R4 D AR Z(H F BRI ) o SR X R A5 B0 45 A I 1 2
ANTRER Y, R X i A BB 4 D AR OB S B o A fl
B RlA, IF B —A D BBV R R & 8 A E 5 Lk

Z,
Zs
v, y::‘"') / C C C C C C
:\\\ Q‘/‘ .":’\\ : 4 s 9 qs G d 95 Bl
P | A 5
5 b ; N NG Ny
O( ‘:" - W”‘._;.’ 4 ZD
RS 2 s
VVileh ! '
o1 < —(O—CO0O0—0C00
— = Ps V2 ps b ops BOREE
(a) fE (b) BB AL WS

K2z (H4 A

2015171-4



is ...

o fESEhRse g rp )RR 2R Bt () B AL 7% it T LA
BV AR R, SR A R R a=2 3R 9IRS
3 X 2 v AR 2 A UL

M E R B AR B R AT DA B 6k A e )
AR B A ALk L A 4% BT R 5T A S A A
WL B X 4, 2 8 2 s B [/l — A AT Z
() 22 5 Pk 23 3 5 % G2 B o) 3 1Y 224K Z-order Hh 4k B2 1R AR
IR IR

TE 2 AE M2k Tt 7 WA ) A b & — WK Z-order
2 A o B AT LA AR B O Y o R A UG R4
G0 2 (B RIS IR T Z-order M2 L AHIE
() 4 B, 75 AT URE Y ZhH 8 068 1R 4k K 4 4 4k 2 i
17 R A A 98 25 (8] B4 . 7 MapReduce HEZE 503 1 34 S8
TR — (T B S0 . T TS I %) 4 3 () A 4 i
1500 DK A REIR B — AN 4 10 B 0T 45RO K 1 e
44 MapReduce HE42 52 H ZbH %%

4 ZoHEZESHALH

AWIERME LA ZH B a AL # g
ELRE A= R PR VRS I R I A
p-stable LSH B4 77 o 4 It B0 X 2 W 4t 5 8K ) e B
B A G ) 2 AR T 2 b, R S 1) A 2R Z-order
AT T ARLAL 3 R R oo A K BRHE ) ARNN 5 98] [ 42
W T /N ATAT AR e AR G0 BT R 0 O 3 T DL A
HEAT ARNN #5940 B R IR ZhH B0k P B By LR
SRR
41 RENERSHAZH

A5 — A~ MapReduce 2 %2 o 58 X /55 45 5048 Xt
R,

ID LSH
QH‘O /
_____ LSH
Vodal \ shuffle 4
————— D LSH »  DFS
- \ /

D LSH
DFS

EEARORR PN IO 3 € R0 SRR Y )11
LT IRIR X T RO A oh A 6 AR L A T R
i Rl RE Y LSH bR R AT 40 B, A MO8 X R R 4 A7
R 2 B B — SRR R G S A i AT AR
O A ) A ) — A B R, X REBTHA DL LA A
) JERCHE X R W Z AT AR WOk, (R B LSH 3T
RSO B /N 0 T e R R O O R B AR R R
T, T4 A0 0 T DL ik A 4 A B e 4, T RAAR
38 SR B X R AR T, HLAR R T W I RO I 4B IE
2 i A, LSH. eR K5 AE 65 ORI AR 3 i 0 42 e 3t 21 f/) — 4>
A A e 2 Ak P X PRI 0 2 TR A £ % R
A 28 1 I 24 b PR 0 B A WIS 0 ARG A o DRAEE TR
A 2 [ £ 0 Je A 5 D3 Ab 7 S Y o R A5 B U
7, W T W GE I 0 A B D 25 18 SRS ¢ Z-order, T LA
W 24k 2 I B A4 B H BT 30 LAY

W 24 B By A XS B BESE 4181 3 B 7 map B Be
P S — A TR B X RS e — 1Y 1D BRIR, P fEZ IR
R 0 2 b B 7E reduce BB — A B X 2 0 B
LT, JERERA X R AT 2 A B RO 68 ) LSH i
AT Rl 3L f5e 20 A ) 0 g5 A U A 1
A 0 32 A8 O Dt A o R AR IR A e 0 R A B A g A
B, TESCPRsE i b, 5 AR SR 10 0 10 R i LR
(¥) mapper I reducer >4, & # # mapper Fl reducer 1~ 4%
AL R g B A 2

ARSI TR A 0 G B A A O HLORAE T
Wk 4 i 0 e G ) 43 o i1 B DFS A 1)
RO AT — 0 ab 2 R A AR 4, BEATIE L) ARNN
AL TR A Z-order I B Ak 3 B B 1 43 A 25K
TN SR

ﬁ,])\}qi map4>‘ }qireducegb‘ i

B3 FEdehh 2t A2

2015171-5



BIERIZE 2015 £5 7 4

42 Z-order MEAHHEHR

A5 H 3 4 MapReduce 1§ 78 & 55 3 Z-order B Bt )
TR 3 AN ik B AN 4 TR AT 5 4R A, EAUE R
o A A% (U, Uy, U, 3648 AT 4R 77 3 DFS 9 —
S R RA SR I E) 2 A LA D A
TR ALY Be AT A 1) mapper #{5 , XS B WE 4 F(1)
Jir7R o ZbH F3k 19 55— MapReduce BBt , H bz i 1 i
£ U(1<i<o) Wi R A0S IR EE I RIA R 1 S, 7] 16 2
RS B2 X X AN B AL G T 4 P (2)~(5) , st 2
1 53 A G A7 B A LA R A% =00 2 (B, R RIE 2
{ES P RS IR E R, A1 S 90 IKAR L

£ MapReduce 2073 30F & 1, X F &AW S R0,
w2 WA ML RIT 8, S5 R MR

S BB SR 4 (A ) R R — 2L

Bl 3% W9 RIA R A0S,y W T3, b Ry LS 3
AT A DL R A SR B 5 ) AN T — MR r 82 1
AR S, BRERL & kAR (/5 ) BIX R A 2, e Ry, TRY
T LB IR EARE R S RTJR PN E R Sya(Sya),
I HEEME KSR, EEARE] kA [ET (R RNER .,
BRAEX DR P RAEZNHOFEER - S, JEH
AR, S S, B3l B B e BT J ) BY kARG (IR A 42
WS RS A kAR IR Sk — 2 B A
W), XHERRIET S, o h S HEER reR Mz
[ R (R ) B k%R AT Cin)#Rom Bl it 4 r 75
550U B R A A A 4 R 3 AR AR 2 A BdE X 4
B S, BBl 5 BiR

DFS %1%

= 7) Bk (8) At
R, () iR BT RRC(r)
; R |l » R E E
DFS ". i1 il ] :> DFS
R > % R, E KB Tree
] I | ! -
i | BN
i i
)V ae l L
1% Bz (d L& B Tree
S 1 1 i
s Y - s —Y | s, —]\
eee
G0 ]
}.—W +7 mg.H.fmﬁg.{
&l 4 Z-order By BT Bl Ak PR i
Cy(r)
e +=| N/ ‘ W/ .'7 R
—O—:O—O—OI K —0O0-O0 On®y N OO oHH-O——>
S it o 'S Z 's | Zy
| | Di2 i : i3 [
Sm e —: Hi e e e ey : -—- J_I e J
' A TR ! =TT
e e eme o : :I. e e
1 1
! N/
. RN—OO0—0C0—
R, X, z, R, Zp;

&5

S 3 AN AH AR 43 LR X R 3 S, I

2015171-6



is ...

55 Z A MapReduce B Bt 9 B 5248 R, A1 S, 43 #) ik
LAY B, I WAL B re R B2 RNN(,S) B 1 2 5 45, 40
B4 bt fe (7)F1(8), M5 — 1 MapReduce Pt Bt
R X BB, B R TE S A U R A RN
B, SRIG  HFHH R AN S, S IR Ri AE S, AR RESR
B kAR Mok S, 0 DXCI0RE AR DA R, o AL AR A
PIAE—A> S SR B A /) R, 4R 2 kNN,

1% Ji — 1> MapReduce B Bt %k B T 5 = A Br B 1
reducer I A 510 ENN(r,Cr)) WIAEE re R Y€ |k 40, X
£ MapReduce 1 AT DL 52 4 1 55 9

A5 76 MapReduce 73 i 0 F &5 £l Z-order %
77 3, S BT X 2 4 ek G ) O 0L b L A Y
FIAT 7% AL 9 LSH X 25 46 240 1 Fok 4 B B ok 5 Ok, A
R 4E B ) ARNN A i) (] B 5 T — A AT AT A ok
ik,

5 XBHE

51 XWiZE

SCHTE 16 & PCHLALB M AERE LT, o 1 64 R
FHA, HR IS 6EMNT R, 56 PCREHMF .CPU
4 Intel Core i3 3.4 GHz,8 GB W17, #:1E R4 K CentOS
6.5, Hadoop R A< h 1.2.1,JDK fi A K 1.6, R H
SRR R AR AR ST i, — AN 2 LabelMe B $4E
S ARG R R N 512 YRy GIST $RfE, 5 —1 2
Tiny [ 4 50 52, Ko g 8 000 J7 ok I J, A4 R vk
Fm R 384 HEMY GIST H51E, X EHIHED L4 TITM
oAl LSH 535 i 1 A,
52 ZWHER
521 ##H¥%RE

ANTHESE ZbH B MRS Bl 45 b G & ), LSH 2
— PR AL S B O AN RE RIE IR IDRS B R 45 S (R 25 D
— Y AR R A5 1 % G IS AR A A o B L
T T RS B R RS2 SCR 20040 R 9 00
BRTEAL o R X T — A B X G g 8 6 Rk
BT 1R [E1 ) kNN 253 25 584 0y, ,0,, I AR 3R & A7 20 K048 X
R q BB RN BT HEE ) o), 0 AUR G
FT 15 20 0 B 6 4 g B9 NN S5 5L, TR0 RE L) B B A R 8
IR HEATHE R o B 4, Rank-i 3 548 b5 0 A E XK Riq)=

HW =1, b, 3 FLI IR 2B G B 8, 7 4 i 5

2015171-7

ﬁ%l%%—Zﬁ@%?ﬂﬁﬁ%ﬁ%*4k?l%ﬁﬁ,

HAE B 1, 2R, e — DRSS Q B JEh
JIT A B0 X 0 B B AR A AE A ARNN RS B 1 19 fR 2400
JE B I R BT 345 1 4

T 5 4 KB I ARNN 25 5 0006 o JF 85 AR K
R, B I 2% A B0 2 1 — T 201 O S S e . X T
— RS B AR SO O T R AT B B ik
OIS b AN ESOERPABE B, ST 3R 0048 A 1F O 5 i
AU B A P B 8 1S A I SRR A BE RN BT A
UL O A OG SE S - 5, O T I A B R/ X
AR A R T E B8 k=10, BUS oA B m=16,
1 5 w=400 , 5 % B A% a=2 8 J Tiny %03 4 9F DU
1 M50 000 #1300 000 % i i K 9 7 3 MO L S a5
i LSHZ #1 ZbH 7e GIST %4 & b (9 Iz {45 45 &1 6 fr
R PB6(a) R MU E 45 R R WY, LSHZ 55 4: Al ZbH 51k
#BRE A BB A7 130 L 36, R BT G LT AR 30 R
13 I AR AR T A #d 1.6, LRERE
WY, % T LSHZ 1 ZbH B3k | A 42 0 /o 3 40l 5% 3 7
FIAK,

FEN R B B SR RN M E B Hk omw VA
X LSHZ A ZbH 553k 30 U5 i 5200 . BAIEL 6(b) vl LA
i, 7E Tiny 5004 LB 88 K k {EES, LSHZ F1 ZbH 535 fr
B (7 ) 5 SR 0 5 5 WU A R 2 (HRAE — R L
T, WA AR B R AT bR B kMK, T LA 3
ZbH BLE G R R . PR b ZbH Bk 2 (4
{9 A1 P O TIE R V15 80 e 30T A0 485 S 9 IE g R R BT A
TE— M 0T, W67 6 T DUGRIE k3 {0l 3530 48 465 A 1 n] 48
¥, B 6(c) /R T LSHZ #1 ZbH 5 15 B % B e BN B m
(38K, 3 LR A BT s, o 2 100 6 F B 22 1 LSHL L 51)
A B RR R EE R, BT Z-order ZE IR
i 2 A 38 2 S A e BT A%, 7 RSO 4 B R o 30 LA 1 A A
DU B AT B )2 KRR, BOR R A I 1 4, 3t 2
i 50 ) 48 B GE™, By DL AL LSH A9 A~ £URN Z-order
LR B 6(d) R T AT w X F ZbH F3k 1
ERLT A — & WM, X F LSHZ Bk LT RA 2 0%
W, 6 (d) AT T Tiny B8R4 4 A 95 1 N 400,
AEfi 1 ZhH Bk AR BB S A, W0 6(e) R, B
KA o T LAGRES B0 0 B0 JR 356 o 175 7 33965 o 4 b ¢
%, S 50 RO 0 (2 5t 2 DA SR 22 A e O] R A AR 4



BIERIZE 2015 £5 7 4

x10*

—&— LSHZ
—8— ZbH

SFEPREHRAR

15 20
KE

(b)

25 30

—— LSHZ
—8— ZbH

PRSI

1.2}

10 1 1 1 1 1
300 350 400 450 500

wif
(d

550

16
—A— LSHZ
—&— ZbH
g 14}
b
&
E e~
B2t
1.0 :
5 10 15 20 25 30
AR KN
(@)
16
—A— LSHZ
—&— ZbH
%14t
b
&
i
&
Fizl
1.0
2 4 8 16 32
mff
(©)
1.6
—A— LSHZ
—8— 7ZbH
S 14
L
g
i
ﬂ
12k

oft
()

E 6 %3k LSHZ #1 ZbH 7E GIST %4 4 L i U1 L5 A5

i), A o 3 F LSHZ 1 ZbH 55 5k i 30 L A — 2 1
SO R T R RERY o (0 R 0, 0 s T A B 7 2
RIS %, ZhH B 0 AR T A
522 EATH
A LR SE R, Wi
38 A7 HRF 1B AN T A 55 % 52 36 10 328 7 B 6]
7R AN () 2 B0 S 56 A7) B B 5 ) B —
T W 2k B B A6 Z-order %°

LSHZ il ZbH 3% 1
FE, BT R

fﬂm%%%
[i] 350 7t i £ Ak 382 B B, LSHZ

WA B B LSHZ B Bt 1 1 LSHZ B Bt 2, ZbH 5
AP B ZbH BBt 1 F1 ZbH BBt 2,

[ RE ) 15 A B RO B RE R/, A g 3 A 6 [ 0
BT B &, 1 B AR KN R iz A7 ) 5%
W, [ E B8 k=10, m=16,w=400,a=2 , {# /il Tiny §4& 4 3
L AL 50 000 ] 300 000 52 i 48 k#7240 He s
B, R[] 206 18 A7 I () 05 A R 7 BfR . BT (a) R
{70 5 4 R %6 W1 LSHZ A ZbH B3 12 17 i ] 1) 22 Sl 3 K

2015171-8



is ...

800 1000
700 | = LSHZ = LSHZ
B ZbH soo LLmm b
600 |
= 500} = _
;E = 600
fﬁ 400 F ;,-"3
M 300t 59 400}
200} ‘ | ‘ | |
200 | ‘ ‘
100}
0 J:L x10¢ 0 Jl
5 10 15 20 25 30 5 10 15 20 25 30
ﬁiﬁ%j‘d\ k{ﬁ
(a) (b)
500 200
O LSHZ Bt 1
O LSHZ Bt 1
400 | | =B ZbHR Bt 1 10 B ZbHJf B 1
=300 =
& & 100
Y] Mol
200 |
50
100 :
0 0
2 4 8 16 32 300 350 400 " 450 500
I w
’:IC) )
400
= LSHZ B2
B ZbH[ B2
300 F
=
=
e 200
0 Jl
2 4 6 8
of
(©)
B7 RIS 50053 £ 1 09 3%
SR, ZbH B L LSHZ FEs 758 A7 M L0 e, I R DR T R AT 4 2 BT A BB B — A

B2 5 R E R A B BB 1 A, R
PR ZbH Bk R U S R A 4 B e b | T B A A
/N, T LSHZ 355 2 36 I 5040 e 52 1) T A5 40 30 A7
FITHE BT LA ZhH S5 58 17 I [ AR B

ROk [ B R KN M E S E R maw U a
X LSHZ Al ZbH B3 12 47 6 [ A s, 2400 3 — S 4L
i, K S BR R A B/ 7(h) AR T AR kAT
LSHZ 1l ZbH 553 09328 17 B AR 24 b (H 3 KR, Wb
BT B3 A INF () 5 43 AR B L {BR: LSHZ v 5

2015171-9

R BB 485 % , i ZbH Bk R AT R 2 5
WD T AR AR ARG G S (] — AN R R E R B T (o) JROR
T AR m (X4 F LSHZ Fl ZbH 53 (938 17 5 [ 52 ) | 24
m (E 3 K LSHZ 3% 3 47 I [ b Bt =2 Dl 38 o, i ZbH
S Ia A7 ) LR 2 5 ) AR 8 AR O R R ZhH
WA m R A B B8R A T LSHZ B9k R
Do BT(d) R TSR B4 B8 w {66 LSHZ # ZbH R 1%
(93247 it 8 B8R, B2 o A9 38 K LSHZ B3k 32 17 i i) )
BRI, T ZbH Bk 18 A7 B DA 52 KK I X Rl m



BERSE 2016 £ 7 8

78 A 08 55 3 09 3 17 1F ) 52 e 35 2R 0L T8 7 () JBOR TR
(7] BB O 7% 1 o X R EE S5 PR RE Y B2 . X T LSHZ A
ZbH Bk W 12 A7 AR Y o (38 KR 8 A7 B ] 2
SR 3 AT LA B A L B PR O S v R
TRR%E o R, B 50, LIS ZbH 83k 1938 17
Bt ) KT 18 5 08 33k 156 B ZBH B85k 6 I BE 4 1B B
523 THRER

AT WA ZhH Bk i nr g R AR R A 4y
M AAERE R 6 4[] i i Bod 4 A7 0t 6
50 000,100 000,150 000,200 000,250 000,300 000 £ Tiny
il LableMe P {5 5040 46 47 %F LS00, SC 0 25 S Nl 8 fr
TN o SR AR HE WA EOR I AT L (4 4> 84816 4) 5
XTI ER LSH S50 B, W Z 0 i 50 45
7 S A0 m, O R A AN Ok 16, B E kK
/N 10, K098 w S 400 BT BL . BB U B SR AR
AT I RIRCR , DLk T 5k T R DL R A R e
PE o MIEL 8 HY AT LU B 6 5000 1 (9 30, 2 90 F 1 33 o A
XEGEAR 53 Ab 16 0 AR B3 /BT A 98 B ) 2 B 2
N BT LLZ S T o i 0F B 1 A 1, BA B MR E

800

0 4R
= 8
600 | &N 165 5%

200}
0 - - - - X104

5 10 15 20 25 30

(a)Tiny Hfi 4 R/

800

[ IR T
= I TP
600 = 16445 51

0 x10*
5 10 15 20 25 30

(b)LableMe %44 K/
& 8 7ZbH ¥iEAfr £ G 4R LA i ok

Yo PRI, AT DU %5 0 0L 1 280 SR ML ) i o
6 LRIE

A SN ik o K MR e 4 A 1) ARNN [ 42 4 1 —
MR s A AT R LSS LSH Rk
SRR IR 1 i Ak AR A 0 A 50O 6 SR AT R AR AL B AR
J5 T W e I (IR 4 B0 4 B B 11 Z-order Hh 22 100 B A HE
SEHL ARNN A9k 7 ) AT DB I b ST Ak K AR A
19 ARNN A if ) 8, e 4R R W A SCIR R 1
ARG BA AR AT DU K ML 15 4 PR 8
A AT A0 T 388 AT LA O A — 6 R4 42 4 5k T D
YRR HAEE R N b, LA R S U S
[EREE RN

98 TAE R AR AT 1 20 A LI AT HESE MapReduce L ik
T8 b A Al 9 2 A5 SOF AT THRAE SR, LA Spark™ (X 72
Bl BT 4R R FE BRI AL AR AR BB T A T AR
B B AR N AR B Spark JFATHESR E B E—
TRA PR TAE, MapReduce HEZR AR & A X WAL 19, 25
KM —RE AL W B E VAT AT, SR 0 T %
T AE B 3 #F MapReduce HE 420 A B R R M, i H
MapReduce HE 4252 812 Q553 T 2 A 81 24> MapReduce
job, B T4 map Fl reduce B Bt 45 AU | 44 46 75 % 5 5
G, T — B BOT 46 N 5 UCBE A 32 I8l Xl
SR LM TFH . Spark oy S RE A A 5 AR ] B2 41t S
fill, VT 7 o A B AE P R RN, O B AT LA ] —
ANHFR K RDD (resilient distributed dataset, #4443 17 24 41
i) MRRIRSS W E E A, XS # i 15 Spark LA T
B £ 1) Hadoop ¥ & ¥4k, B, 7 Spark ¥ & L&t —4
BACH AT IRAT 9 J7 3 o T 80 R R ARNN [ 2 D)
Je B BIESE TAE

2% ik

1 Bohm C, Krebs F. The k-nearest neighbour join: Turbo charging
the KDD process. Knowledge and Information Systems, 2004, 6(6):
728~749

2 Xia C, Lu H, Ooi B C, et al. Gorder: an efficient method for
ENN join processing. Proceedings of the 30th International
Conference on Very Large Data Bases, Toronto, Canada, 2004:
756~767

3 Yu C, Cui B, Wang S, et al. Efficient index-based kNN join
processing for high-dimensional data. Information and Software

Technology, 2007, 49(4): 332~344

2015171-10



m WRSFE

4

10

11
12

14

15

17

Chen Y, Patel J M. Efficient evaluation of all-nearest-neighbor
queries. Proceedings of the 23rd International Conference on
Data Engineering, Istanbul, Turkey, 2007: 1056~1065

Emrich T, Graf F, Kriegel H P, et al. Optimizing all-nearest-
neighbor queries with trigonometric pruning. Lecture Notes in
Computer Science, 2010(6187): 501~518

Zhang J, Mamoulis N, Papadias D, et al. All-nearest-neighbors
queries in spatial databases. Proceedings of the 16th
International Conference on Scientific and Statistical Database
Management,Santorini Island, Greece, 2004: 297~306
Kouiroukidis N, Evangelidis G. The effects of dimensionality
curse in high dimensional kNN search. Proceedings of 15th
Panhellenic Conference on Informatics (PCI), Gastonia, USA,
2011: 41~45

Weber R, Schek H J, Blott S. A quantitative analysis and
performance  study  for  similarity-search ~ methods  in
high-dimensional spaces. Proceedings of the 24rd International
Conference on Very Large Data Bases, New York, USA, 1998:
194~205

Arya S, Mount D M, Netanyahu N S, et al. An optimal algorithm
for approximate nearest neighbor searching fixed dimensions.
Journal of the ACM (JACM), 1998, 45(6): 891~923

Indyk P, Motwani R. Approximate nearest neighbors: towards
removing the curse of dimensionality. Proceedings of the 30th
Annual ACM Symposium on Theory of Computing,Dallas, Texas,
USA, 1998: 604~613

Hadoop. http://hadoop.apache.org/, 2015

Afrati I N, Ullman J D. Optimizing joins in a MapReduce
environment. Proceedings of the 13th International Conference on
Extending Database Technology, Palais de Beaulieu, Lausanne,
Switzerlan, 2010: 99~110

Jiang D, Tung A, Chen G. Map-join-reduce: toward scalable and
efficient data analysis on large clusters. IEEE Transactions on
Knowledge and Data Engineering, 2011, 23(9): 1299~1311
Vernica R, Carey M ], Li C. Efficient parallel set-similarity joins
using MapReduce. Proceedings of the 2010 ACM SIGMOD
International Conference on Management of Data, Indianapolis,
Indiana, USA, 2010: 495~506

Zhang C, Li F, Jestes J. Efficient parallel kNN joins for large data
in MapReduce. Proceedings of the 15th International Conference
on Extending Database Technology, Berlin, Germany, 2012:
38~49
Rajaraman A, Ullman J D. Mining of Massive Datasets.
Cambridge: Cambridge University Press, 2011

Datar M, Immorlica N, Indyk P, et al. Locality-sensitive hashing

scheme based on p-stable distributions. Proceedings of the 20th

2015171-11

18

Annual Symposium on Computational Geometry, New York, USA,
2004: 253~262

Tao Y, Yi K, Sheng C, et al. Quality and efficiency in high
dimensional nearest neighbor search. Proceedings of the 35th
SIGMOD  International Conference on Management of Data,
Providence, Rhode Island, USA, 2009: 563~576

Labelme. http://labelme.csail.mit.edu, 2015

Fergus R, Torralba A, Freeman W T. Tiny Images Dataset. http:/
horatio.cs.nyu.edu/mit/tiny/data/index.html, 2015

Pan J, Manocha D. Bi-level locality sensitive hashing for k-nearest
neighbor computation. Proceedings of the 28th International
Conference on Data Engineering (ICDE), Washington DC, USA,
2012: 378~389

Spark. http://spark.apache.org/, 2015

[fE&E &)

ERAE T, THRREB AL FEHFRTS

530 i/ O o /N o U IR - U D |
S BUAIE b PR A

T [ A AR ], B LTk
B B G710 SO A R A

IR, I W TR R, B
7 1) g B 4 Ak FA 2 22 B R BT



