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Abstract: Top-K query has been widely used in lots of modern applications such as search engine and e-commerce. Top-K query returns
the most relative results for user from massive data, and its main purpose is to eliminate the negative effect of information overload.
Top-K query on big data has brought new challenges to data management and analysis. In light of features of MapReduce, this paper
presents an in-depth study of Top-K query on big data from the perspective of data partitioning and data filtering. Experimental results
show that the proposed approaches have better performance and scalability.
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AT AR SR A2 10 N A (B AR SC 1 32 2 TAR R AE = 3058 1, 45 MapReduce 115, S8 i) 23 A0 K4 i 2
P A5 T S0 KB 1) Top-K A IR

1 #HXIE

1.1 Top-K&Eif

Top-K 2 #i(top-K query), X FRVE /7 MUK A il (rank-aware query).i% ] [ HF 5 f5 - 01 STk [ 1], 32 22
N T R 2 AR R R i TR 2 N 35700 &5 BT A A N E LK Top-K Il 7R 42 HY 22 i S 0 5 | e 56
W IFEEERTIE, ZHARR. RREEESE 2 QUSR] T )2 IBE50OR N NS0 16 A7 £ 2R 58, T LKy
IR 43 B b 2GR B AN 43 A R R R

R Top-K [n] BUAFF 5T = 2 [ R 4R vh X OC SR B0 1262 e FF AR Bt I (¥ vy e Jy =X, ST iE— 22 4ib o 3 K
I RIS REA T FNBEATL O B0 U7 100« AN S B ATL R B0 U i) LA K B8 L7 0 52 PR 08 U ) AR SCREA T ABE AL
B V7 ) B S R BAR SR PR S SR [2]3% B TA 5235 (threshold algorithm),NRA £ 7:PURI Stream-
Combine™ #5 T P T KO WA S REBEALUT ) (1S H5 47 7 2008 Vs W) 500 R (¥ Top-K 25 1. 78 BEAL U7 ) 52 FR (1)
Yd N, R G A D BARE — AUEAR U5 ) FLBE LT i) LA AT 43 10 05 QR4 T, 3070 (1 5924 MPro 57751, Upper and
Pick $:P1LL & Rank-Join 4270,

4 T LI Top-K 5,35 JLAE SR, — S8 RIS 1) Top-K ] @0 4 12 7t 2k, % &1 Reverse Top-K{781.

i o B0 R385 K, 93 A7 3 Top-K £ v 18k 852 21 50y B &l 23 1) 5 ok B, 70 A A 55 R 19 Top-K 1)
AT DL 94 D 2 R o RSP R a0 B K 28T A R 2 B 4 M EAT I 2 2R LT O R AR R W B AE
it 77 28, S 23 A7 2K Top-K & #HF 9T 2 A8 F X R R 23 07 20 SCHR[9TAIF 5T T ) 4% v 43 B30 Web £icdi g, AR 12 1)
B3R 2 T A SO0 P ST R BE LA 507 18] SCHR[10] 9 32 1 T TPUT(three-phase uniform threshold) /7 ¥2:. KLEE!!
M%T TPUT HEAT ek /KPR 43 2 3 Te 4ok 4l 43, 2RAUL T 90 3 B8 e AT A7 77 X AR 1% R 43 D7 V6T, S0k [ 12738
T A ) 45 R BB A R AR v B R B SBR[ 13 22 BN V8 2 P 1) 28 v 45 A5 I T (F 0 2 A SRR 1) s £ i
T SCHR[ 14148 8 T —F%K 4 SPEERTO X 77 i35 4T 7041 X Top-K 2 if), S0 S AU R Skyline 4 24 #l B
F100 5 MO 22 R AT Bl Ak P SCHR [ 15108 SCRR[ 1410 B 75 WA T8 — P i 5835 32 1 TFR 0 DiTo [ —#E & 4b AR
1.2 MapReducef& 7

MapReduce!'® & Google 4> & $2 1) — Ff 4 FE 4 78 MapReduce 234 FH 7 1) J5 0 Hdhs 64T 20 B AR5 &S 45 A
[AF Map {14524 Map %52 WA T #ENT . Key/Value X, 4 )7 BAT € X Map bR EUEH TiX 2k
Key/Value 3, 3145 BIAH NI v B) 45 2R 1% 45 R 408 5 N A MBS #E Reduce 1195 M AEEL E it BB )5 MR key R
ATHEF 4 B A0 key (E I LE—E. 055, H 7 B & XI¥ Reduce B E023 15 A T 3% SUHE 7 11 45 SR 5 H o
AuE R VR R T — AN ) MapReduce 1145 (34T i 72,

KT MapReduce I/ 1R 23X BN TRECR . P 4 SEEL AT 2 2% SCHR[16]. MapReduce #5684 ] 51, B LSRR 22
ir] 25 ) %% A4 ) MapReduce HE 42 Hgh AT Ak 3. D 2 AR BL A TF 5, 52 20 52 B COR SGIE, IR SCARE I 5 B &
LGRS B 2 I N H .Google 1 MapReduce 5 22 1 T U8 SEHL, B H 5 V2 1) /& Hadoop [ MapReduce, 43 Ji
AR A DL Sy B I S 1.

[ElZ84 Top-K £ ity [a] 1T Lo 45 Sk I e TR 2249 o T 0 LA AR 00 B B0 2 DA R A% 48 1 4 A SN IR B 4T
AR M 20 R R R E S R 858 T 1Y) Top-K £ ), 3= T2 I RITE T Eci vt 5 S A B8 5 vk 7= AR T AR K I AR 4k,

(1) =IEEAESE R 7310 AR FARAE BRI 5.

MEERE FoR T AL G oy A R GE, Ll P25 s [R] AR 48771 BA Hadoop A UK M = v R 48, H i
23 ) RN B A B T A6 ST AT 0 ) 5 B S 47 hRH A Ak B AT 45,1 R R B 2 ROR RN
et 77 XORE , = FREE B0l — i LB (block) IR T ANk AT 474, B A P b 25 G0 — 8o T 4% 48 1) ot 474k
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Wi LA G 4 (tuple) A9 B A7 JEAT AT A, B (90 0 B K T JG 41 XA A B SRk B, DA T AL S A7 6 500 e T 1 — £
Top-K FLVETE = FREE T JEAE F 90 i S 47 B AL U 1) 5 5€ 12 5% (19 Top-K Sk,

(2) MapReduce FEA Gk = PR B T B0d b ab 3 1 b vEHE 22,

MapReduce & —Fl LR ) 32 WAL, master 5 R slave ™7 SR, Y master 5 5 67 ST 4 IR, 1T
slave 19 st U 47 B¢ ELAK R H s Ab PR slave 9 mUZ ) — REASBEAT I80A5 , 0 300 A2 i, B0 A B 8 R AN S5 1B AT S
HIE B 540 R ) MapReduce 2 — LA ER 1) 7 2 AL BRI FR TP S SR 48 85 RN AT ] 758 77 A5, 5L B
b PR A 25— PR IR (8] A7 45 L.

T AEAE LR BRI 22 57, = 3R 88 N IR B s Top-K £ HI T I 35 87 1 Bk ik . Top-K ) 1 7F MapReduce HE42
THAR AR T % B MapReduce #EAT £ HEE FRR FIHT K AMELXFP 7 Z BE A& MapReduce fit4b
TR RE A, AR T S TR A o O P A gl 2 Ak B ) A R 3B R — A S 1R A A, 5 0S4 MR R AT — Ik
Aab PR et i [ KR A 1 A0 I 12 7 VR AN T H T N A 454 MapReduce £ X Top-K & WHEAT 1 104K
ff) T4 A % RanKloud" 2% F& | H] MapReduce fi# ¥t 2 SRR (¥ Top-K K022 18] 0138 1k R GG AT 485 B0
WK T e A R R R IEA R IRUEA RIS R — 2 20 K A st I RME DT K R 5L S0k
[18]# 3% T I H MapReduce 4t ¥ Top-K £ i (1) — L& HE A [] {1 AH i S A B I3 A0 HL 48 20 1) % A 1) RUIEA T IR
IR A A 0] T 55 1R A 28 Pk AT 5 90 0 U L A TR R U, H T R A — i 48 T 50 F 1) R AT 7 2 BB 5 L i v
BT A MapReduce X K 4 34T Top-K 2511 [1) ] 1.
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Fig.1 Execution overview of MapReduce
1 MapReduce AT HLFEE

2 T=IRETH Top-K Eif

2.1 [EIREGE ANE A

B4k T80 5 1 (cardinality) Ky m, W] T={t;1<<i<m} HE 4L )% Dim(T)=d, M It 54 ¢, i LA
TR t(d),t(d), ..t d) s, BT @ S A BUE B 6 T Top-K 0] R 5, 25 10 R 450 38 5 A2 — A B T 1Y o 4
(increasingly monotone function). Bl 41 FXJ V1 <n<<d.t,(n) < t}(n), W] ft)<A1).

e i FH ) B 1R BRSO I ABUR (weighted sum), A SCIR SR A I BCRI AT AH 26 1R 1 53
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Top-K A1 /& 3R [0l e K I & AMELAS R — Btk A SCIRBE wie[0,1], D w, =1 H3w>0.3X F B, B 1) & S vF
Al 0EARESN 0.38 1 X BIRFT 5 HEAT T 1448,

Table 1 Overview of symbols

e 3 W PRSI 1

5 s X
T LIE/TES
d Hdin 4 i
m Hdis 1) A
k T ELR MY K A4
w B [ &
o v R E AR S I AURT
Kl 2 R THE S R —A Top-K 7 if i F2 Fll dpe 4 45 11
ID | B | @2 | 4R
1 1 3 5
2 2 2 2
W=(0505) | 3 4 6 5
e 4 2 8
K=1
5 6 6 6
o | 4 | 9 | es |
7 3 6 45

Fig.2 Typical top-K query
2 WA Top-K i)

T TRk ) LA R ek A AR SCAE S R G BRI AR
1) Bl SR A X ] 5, 5 5 1% T T T8 ARURE T AN HHl AR, T LAAE — 5 I (R B Y RS AT AR 2
SR 14 I 3 5 5 G 3 PR 490 i, Y S DY ) R o MR R R I 0 T (EL AR R T LA P K
P FE M S, 0T LA 8 BN 1) a2 B TR) (Bl 2 1) AR A AN K 6 T AR AL AT 0 000 4, L i £ s,
ARSI IR IFANIE
2) oA B ) AR R R L R B LR AR 2 3 SR EUIR HEA FAF SIXANEK;
3) RIS HAR R L RE I AN A SR IS R Y 2 AR 15 G e A9 T RO BRE RS TR
RIMEE B KT 0. RIEATE At mT DAIE ik 1] B2 7 0 7 480 8 JEC 500 v 1 7 49 210 | 47 X[
4y BT R 45 2 B R BRI O A A BRI b B i 2 5l b wT L3 i 3 ok 49 i sk o
b IR 554 S S B A 3T AlE
1R 2 U FBAFAEA Top-K 1), 1 FAFTE 75 3K B Z S e —Fhadi I 6 7 vE Re g 3@ T A 16 Top-K 1)
BT PR AS A R I A Sk W BGE T 2 A S 40 B AR ) Top-K &) IX R A A B sE 4R
%, L vl B 45 08 P T I S — AN T R, T RE S ML R K 2 A R MR AL A AT R DU A E TS
) 352,
2.2 HEXIS
ZIREETT B0 R4 1 AR S )2 R T kb ke B 5 ST R 23 0 5 AN IR S5 A B X P S AR I AR H i
RIS bR T A TR AR A IR 3 PR 43 B R RT e L ORUIE A A IR 4528 b B0 X e S A R T
HR.75 L MapReduce 24 204l b BRAE 42 (1 2= P8GR, 3 B ) 53 77 S0 K& &, B o B4 1 488 R TR 80 42 13 40 )&
PE XA AR R BN 75 T2 0 TR T8R4 G613 31— AN 58 B W INALE, T 75 MapReduce ' slave 5 i [ — %
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AN HEATAF BAT#e. 7% 3 MapReduce 13X RPRE £ A SR K-SRI 43 5 30k — 20 b, 78 Top-K AU H A AR
PSR 53 J7 sCE a0 F LR REALRI 4>« 56T A% 56T 5 R0 356 T8 P TR il S R AN B R — A
YEFE ) n 4 Top-K 1) 7 A ¥ 455 45 A SR ARAN T m 48 205 [R) 1 — AN B0 50O S0 B0 A 35 3o A — M, T 1A
TR AN TR ). O T8 T BRI LA B0 R 43 Uy 20, LA 43500 (B 55 4% i sk P A Ja ) AR =LA IR R 43
HiEnE 3~E 6 k.

y y

S0

X X
Fig.3 Random partitioning Fig.4 Grid partitioning
B3 BRI B4 RISy
y 4

, v
A %

X X
Fig.5 Angle-Based partitioning Fig.6 Hyperplane-Based partitioning
5 FTmEERIRIg Ko JE 1wkl

3 AT BEATLEC R 53 75 2 X T8 1 s A HE A 7 3 B round-robin, B E4h s BE AT 23 12 2 5 R
552 4 JE RS Rl 533X T 7 K A AN B A (BRI 23 1A A AR 7 N A 10 s o ) S s ) 2 T 81 E J,
PR SS 2% 5 HR T R0 2T AR R B R 23 X T 7 T SR R R AR FR ) Ed S T A 4 )
W55 3168 £k AL A7 2 (hyperspherical coordinate), 7E I At L o 5 A 4k B 1) B 1647 K1) o B 243 2 5 L 1R 6 S A
TR )R F3 12 7 1k PR AR JT 2 44 4 1) 0040 W Sk 28 AN 5 PR 088 S 1T (7 = 4 ) S A T — AN L 4R,
Pl 491 w3 9% 1) R ST T A B oery=1, 5L A ) RS S0 D)t o 3 S 5 JB A 1 8 5 R S T P A8 A b i
s SR ST b PR BRSS9 B RS 2 S 3 3k R AN T A PR AT R 23 R 58 BN H s 2 1) (9 R 43 5 R T
DAAR S Sy b A | 380 . gy 24 2 () T A R 6 T S 11100 ) 43 #4880 i b AT s e S Xl 7 T2 2 T A
55 TR XA 23 000 A b B R A A T R ST T PR K 433 A AR AR [R] A AR BR JR T S A% Bk G BE AL R 43 7 ks
Shy a7 BT T A B IR RN 43 Oy s ok B 9k,

EEXT Top-K Il 8, Bifi 1K 43 01 35 - 0 At 1R 1) 29 R AN v, it DRI T BEUAR 08 e 40 B 2 AN IR 5 4 b AR5
AR 4535 B Top-K A e 4 Top-K {H HI TTHR A& AN [F) (1. LUII BRI e K R Top-K 14T 1 b v, WU 7E 1] 34 &
4 FroR R BEATLRI 23 F0 194 A Jal 43 v FE A0 A B A 23 DX R R B30 B AT AT R A d 28 1) 42 JR) Top-K AH, T 76 T A ) 431X
Bl A R B 2 T TR 06 AR 2 3 I B R AR R B R T E B A AR B AR IR A A B 4 X AR RE T
SR 4 R Top-K X FEHLRE M 78 70 K3 RGN IATRF P FLFE 4 I F vH 5 98 5 R ok, 2561 i BT 1) 43
TSP 10 BRI 23 A T R B3 T s, 3K P b s ) 23 O e LR AR 4 AT X Skyline THE IR BT HAE
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— BN FERIEK &, Skyline FTFSEAEAR KRR EE M Top-K A 33l 2 Ak AH I 2% 18 31 MapReduce (451, B3 A8 11X
P 5 AN K 3, 2 B PR A T, B R A S P AR 2 T 3O T i S P B 3 T 5 AN 8 v L R e A S
F 7l [ I 25 S Ay R B 1 i) o3 05 AR AT 3 1 A PE R 2, 1 ST o ORE R 18] PR R i AR A 2
BRAR R FAREE A 1

B H A SR AR e=[2(1),02),. .., 1(d) ], W) A 2 [ B AR AR 11— MR R A A1 d=1 A I PEARRE ¢, b,
oy R IL R,

F= P +£2Q2) +...+2(d)

4 = arctan JED+2Q) +...+£(d)
‘ (1)
(1)
¢ = arctan —M
- Hd-2)
Gy = arctan( 1d) J
H(d -1)

B RN 2.1 WK 3),0 0< g <m/2, WV 1<i<d—1.4 T AF T BRAR, 3R e LL ok 53 )k 51 AR A S
WK 77 90 (B B ARG 7 i aT DUy R BT i e e 7 SRR B 3 6 MRS 28 IO AT 42 TR H A SCHEF £ 8 R (25
IR H5 0 K1) 3 T Xk S AN 00 A (A1 HEAT (R 1 4

A
y

»
»

X

Fig.7 Angle and distance-based partitioning
P 7 LT S B 1 5 ) )

FAADBF:

Lo MR 2 ST B A B 2 18] ) 20008 sl 3R AT 208l S 40, T R AR AA AR 2R A e B Bk AR A

2. CRIZRAARG S ) o3 (9 75 008 Ay BEEAT Rl 7 e 2B R 7 AN 2% 18 A1 P2 AR o, A 25 FE A 1) AR k. W A el 73
FOARAR R 1A AR 2w i 4 10 3l 20 T 50 A SCR A8 2 S B IR 45 933l 9 T 5, 36 55 00 (K B 2 T
IR 55 5 (K Bk A AN A ] 7 v RS S BE AR BRSPS 0 B T 3 NN, T, 4 = 30,47 = 60;

3. ZRRLID R 2 KR A DI AR by 4 1 R A () 00— AN E A, TSR 2.1 R BB 2), AT AT B
AN H B X TR) T o A B0 B 1 RSO [ A Rt b ) A fia) AR e S0 54 X i) 1) 0 4 3 — 28 )
G WEB TR Rl 5 DX ) B mT AR S s 7 SR 2 AT 2502, (EL s PR AIE LU T P A
1) AR r BEAT R 73 I RERE AN RESE 4, 22 /D ORAIE — kR 7 10 7 DTl 3% — AN DR Bt . i T2 2.1 4

MBLBE 4) K DRAIE, BEAS R 55 s b 23 A AR X 78 A2 R B0 o AT R 2
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2)  YREANAY R X Do) TR AR 5 BT 7 o (1 DX ) ~BX T O f TR 2 A 2 X R B O T ARAE A A
DX T PR 4 K SR A
DA b5 ik AR o 2 ) b AT 0, M B = s T R 178 P BRAR AT Rl 43, T ey 248 1 15 05 A BT L
o] & T AR 43 T — B0 RORE VH SR A AR TG 0T 2 R B R AN SRR B T RN oy AR ST
AR 3 PEAN 73 AT E T S0 23 i DA 3.
2.3 EFMapReduceh) X EIFETop-KEif

23.1 Bk

IR R N3 Top-K w55 8A% O [0 7 324 B -

(1) 5 R IAT 4, A SCGE I MapReduce 3R SEBE;

(2) Wk VST TR BB T DR 45 A 5 2.2 715 Hr B 3 1 RO I 43 7 Y R I R AR S B 9 3 ) T

T 7 2, 75 T 1) DG e R AE ISR B T A SR T — AN 1Y Top-K #7120 A LA £
J 2 18 5 2 ) il A2 ) o T (R B0 S B S B Top-K 12

h T AR T A TRVRE DA 4k 2 i) PR BCHE A A 10

R ILAE A A A0 51X B 5 AR AR R R AL B W B 8 B an ST AU 7] & w=(0.5,0.5),7F
AR A S 5 ,0.5x0+0.5y WA T Hodm 2 Bk 5. a0 SRR 1) 41 7 4 25 18] (19— A SRR O B
RO B2 T R AURBUE s T LA R — 4 L4k (8] 8 I HL 4k y=x). JL I, Top-K 2594 201 7F 14 Ji:

TERR 1. AR BOAUE [ B w=(w1,wa,. .., w,), B BRES SRS ={t1, 00, 1, ), R G e PR S 1

L =5 ST REEIES L=y Ly L} R LN T BT L, 0054 kAN 1 ZERUE TR Sy we B

|w]
BRI 5 14 B 201 Top-K A5 1 P 1 S 24 HE 17 4 n—k.

PR TR AIE WM RE W) 25 DL SCRR[19], 3% HUAN FRAIE PR 5T 1 3R W1 AE Top-K 20 P, 4n SR LU 24 22 )
PR K, DU Kbl 5 A 2 1) o R e A e i R TSR s K 8 ) T L PR B S0 BT e s T DL U M A A -
Bl m AR B b K 3R A B R D B, T P e B B A R HE e . s e h e B
JE RRTBUE A RIS K L = % MR L AR By P 05 2 TR R o6 AR B LA 7T A WA 8 o

K8 25 ] TR ) Top-3 K0, IX L8 8008 11,60,0, HARF KRR 11>0>0.

Fig.8 Geometric interpretation of top-K query
Kl 8  Top-K i ¥y JL Al fif Bt

A SCAE A JE 2 AN BB (1R ) 4 DR 3% 5 K (1 2 Ak 5 2 A 1 5 A a0 X T 1) BB 8 51 B, 1% B 2 Y T v
DU T Bl 07520 2 141 9 e 7= A0 0 5 B0 ) o AL AR 1) Bt 2 30 k% 44 2 P 501X ) 60 82 DX A 6L, mT BA
SIS 3 TR I AR 5 5 AR DX TR) DAy (L, L), A U, X T) 3 R T sl I BB A R T4 T L, /N T4 T Ly,
A DX 1) 245 7y 15 380 HCAH T R PR 45 5% 1 B IR TR BT T A 7] PR A TR A IR, X T8) Py A e 81 s /N e KA 1)
R KRR, T B 2 BRI T A v S, A SO A st 305 Y B AR ME e R T e A 2 T AR K ik /b
G 7 20 P v S T OB B 42 RO SO R 43 T3 v A 1 X TR AT Al — A /N b S T R T
e AAE ) & QAT AR 4K, % AL T AR AT B /N AT R K B R B KRR 2R [tmin(1) fmin(2), - o finin(@) ] T [£imax(1),
Lnax(2)s- - s max(d) ] B 10 IR T 2 7% i) o X o v S5 2 (2 A 243 ) o (588 Sy (AR A R R ), I e 3 4 o
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RO R DX 8] F) B /N A 7.5 48, X 8] 1~ DX TR 3 5% 18 R i /N A i K B8 i B T PP b s ok B e i ] B
B, I PR 8 5 B DX 1) 52 oo B SIE E58 AK PE DXTR) ) — AN R 4R, DX TR AT B g™ K AR 3R vk IR A de
KA g /NP5 a2 £ TR AN [ (R ASCAEL IR, P LA T Pt v 5 et 2 6y DT, ELGS 5 o 18 9 326 280 SR 53 Wi A
REARK.

ot y
t3(max)
------------------- : y=x
t(max)
t;(min)
fi{max)
) AT
tz(mm)Z i
X > t)(min) >
X
Fig.9 Computation of projected range Fig.10 Relaxed projected range
SR 2N R K10 Fast e v

R o SR R DX IR R P 4 L R LA A DX T A o R 45 4L I e (AR AT 5 i a5 i) R
VB, H 328 30T, 18] I T LA a4 st B8 5 9 RN 1 100 S /N R I R 5% B X S e AR A B DA R 1 SR AR AT
1E master 15 4 _F, 3K 2 J& — A8,
Table 2 Metadata for data filtering
F 2 H T EE R I o
3046/2),(\3/2,43)]  6[(N2/2272),(3/2,3/2)]  9(N2/2,0),(\3,43/2)]

A0~B/2),2/2,32)]  S[(1/2,1/2),(6/26/2)]  8((N3/2,0),(\2.42/2)]
1[(0,0),(1/2,1)] 4(0,0),(3/2,43/2)] 7[(0,0),(1,1/2)]

e 2 P R AR AR AR R IX 0] PR 0 HCHE , B i T 07 7R DX TR) 5 N B8 1 R TR 3L IX[R) 5 2 S B A B
VAR AR V%3 AN Rl M= S VTR S N5 N S8 A o Rl T R W v ¥ VAR B 1 e o - ERe N TRV
VAT R b 2T 30 XA 64 X [i] 9, LASE 4.

B S R B 1 m A B 23 DXL n A, TR A AR R 20 5 DR UE Ak A Sl 20 X ) FR) T AR 25 HLAT 285 2.1 715 o
P R AR B 2), 7] LA D A DX 1) 1) B s RBUH S, min A TR 408 R m/in 5 kA5, 500] LA & B 25 5
Tl DX )R 1 iR T R IR 2 rh o B HEA T B 0 1 PR e

Algorithm 1. Data Filtering.

Input: £ and w;

Output: Data Partitioning which will be used as the data source of MapReduce.

1. p= Ki(m/n) I; /*p is upper bounds of K/(m/n)*/

2. Scan metadata table, get line 1 to p;

3.  fori=l1to p;

4 forj=1toq; /*q is the number of column*/
5. Vaninl A1 15 tmin W/ |Wl; /*Minimal relaxed projection value*/
6 Vinax E1J 1=t max- W/ |W; /*Maximal relaxed projection value*/
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end for;
Compare all pairs of (Vinin[/1[71, Vinax[111/1);
i Vinax ][] Vinin 2121

10. Delete data partitioning s;
11. else;

12. Output s;

13. end for;

PLER 2 s 4], 2 A D R

(1) @ m/n>k, AT LRI 5 2411 Top-k L HILAERI 70 R e AMU R T (] 9 X 3. XA 6. DX [1]
9), 76 Mh A BRI K 2,003 3 AN X A ESE— 2D AL 3 AN XA A4 st 52 X (R 3 H S ER 4, ) 3 AN X (]
ANBEIE— 0 i B, 5 R A R B, 5 T DA — D i B AR W BUE w=(0.5,0.5), U AT LAFI 2 2 H B o S X
M 3. XM 6. XA 9 (RISt B 21X 1] 40 3 (372,36 /4),(1,342/2),(1/2,36 /1 4) 3 AN IX [ 45 AT T 8, R ik
Tyt — 20 i B, 5 B A R HEAT V5. SUABUR AU w=(0,1), LI X 18] 3. X [a] 6 X [a] 9 AHXF N 124 st 4% 5 X
124 (V6/2,43),(8212,3/2),(0,4/3/2) X 1] 3 F1IX 1] 6 47 T %, {H X i] 9 ({55 KRS A V372 LX) 3 11
BN BB N6 /2 BN X ] O T LU BE— 5 5 B R b ZE LA w=(0, 1) BRI 10 7 B A 0 X A A S
X[ 3 11X [ 6.

(2) MR k2<m/n<k,WFR T BAMNZ A BT A KAMNR B (9 K TE] 2, X (] 5 DX ] 8);4K J& X
DI 2. X [A] 5. X [A) 8 SR ZRALD B 1 A ) g v gk — 20 0 bk B i

(3) WIS kB<m/n<k/2, N0V 5L HT 75 I DX 18] 38 B P A N 034 I, DLt S HE

SRR min BHEAYC KT kW R T k048 2 515 b g g 500 i A 1 s S O A A R E L5 1
T L AN B, R ke, R FH AR S 110 s Jal 43 Rk 7 vk, — e 0 M A TG TSR] 30 X [A) 64 X JA) 9 7t X
5] ) block H o $i 4 BV AT 95020 T 2/3 58 5w i Bl 1, RORH i T 30K
232 HAK Top-K 5L R

11 JEEARSCH 15N I Top-K I HESL,

Fig.11 Top-K query in cloud
F 11 =5 TH Top-K &1

NHEAS IR AT L 75 P AL SR 2T ) A0 B A 35 20, LA R
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(1) BCIRAIAT B B, B R0 75 047 Bl 49 A4 50 B block 7277 A HDFS th;

@) PRS0 7, master ¥ AEESE 2Rk AT w, R EC R0 B4 S B B 1 1 25 B0 X i
7O 5 5 5 B B I ) 2

(3) MapReduce {145 S0 S B IX (1347 152,58 1] Top-K {1

3 REHERSN
3.1 KWIRE
AL E W :CPU:Q9650 3.00GHz,Memory:8GB,Disk:500GB,08S:64bit Ubuntu9.10 server, 15 A & 18 1T 1)

Hadoop WA 1.0.0. (18 A A 38 HURBE K B0 SE 30 45, AR SCIE IR AR 3 IR B0 it 22 ik 17— L3859 40 A 16 i,
Hod B 40 S I LERE 0 10, T B E IS0 0~1000 2 [8) 383, 4t 10 1244305, K4 75G 3 &

Table 3 Data format

3 Hmsal
ID @1 @2 ... JEfElo
1 23 R ¥ 565
2 1 36 ... 23
10° 983 345 .. 87

3.2 KBWERSHIF

T 58 T R U I R A SR O R 20 4 g A I R I, — I AR ER AT DA S S 2 ok A W AR R 45, DR
AHt, P Ak SR B T) A T Nk BT RD TS T R S B A TG AR ) U T, o S R X O A U, 2 B L k=5000,w=(0.1,
0.1,0.1,0.1,0.1,0.1,0.1,0.1,0.1,0.1).
3.2.1  ARATIN XS B

I M A R IR 5 A SRR ) AH 2 1R 7 v, IR R T AT S B AR S A AR SETIL T — PR BLR ) Top-K Sy —Fh
A7 2. SO ¥ Top-K 8325 JRUAR 1 Top-K 5032 S JE i B 46, A 4 A FE {7, R F MapReduce %t i 4h (404 2647 75,
SRJGIRIFIFTRRI k AN s KA. TR B Gk Y Top-K VA1) Mapper ANHirH BT A HOAEL, 1A A 6 HE A4S Top-K £
Reducer H',# )5 1 Reducer iR |W4= J&) Top-K. & 12 7R 71X 3 By & AT I 1]

1200
1000
800
600

400
0

JRUR I Top-K - 8 5 G Top-K AL IH) Top-K

AT T (s)

Fig.12 Comparison of execution time
12 AT IR0 LY
ML 12 oa] BLF HY 2 S AR 75 305 I 1) i A5 5 B 5t s 0 S0k AT I T A A8 KR 2 P 4 s A ST VR R AT
I ¥ fg A, ELAFRS J 63 J7 ¥ AT I ) 9l 254K 1) S8
322 YR
M T5 101 2% SEA ST T
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o H G, ORRREUE BN, U S I R 55 s KRNI 13 W] LUACHIL: A 5% s HCR TR B N, AT I TR B
IRANIE 58 A e M L I /D B D R A A0 AR ] A28 1

o IRJE,ORFFIC S EE (8 O Kot 2 P, B X AT R A A SR A O 2 A 4 4y 6 S 8 ML 10
AN EPEREAT VRS NE 14 AT LA vk ST AN ) b TR S (5 L TR R AR AR E A HE BB
e FEE P 38 D0 v ST B ) DK R 8 0 ) 155 L.

CL_E PN T TS U] 1 AR SO 3 R AT e L
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= = 400
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Fig.13 Scalability (servers) Fig.14 Scalability (data dimension)
K13 m RO 55 A o) K 14wy R (s 4R )

3.2.3  AN[) & ARGHBAAT I 1] F) 52 i

15 JE7R T ANIA] ke 4RI SAAT I 80 (1 2R Ak 15 0. IS 56 485 SRR AR 24 B0 X/ [ 7 I 4R AT IR TR A2 B &
AL 1 55 o0 7 98, th 302 W58, AR S5 VR0 ke B AR AN S R 0 UK 20 W R B BEOR SR 30 v k U L Kl T
HEAN D SRR 0K A5 A DX TR) R0 SR Bt AR K, 3 BURI AN & BN 3% HY (162 block SR A JEA 2L,
A I AN () e B S B vk S PR B B A [, D5 e, e 25 U S [ A 22 A 2

500

400

300

200+

AT I TR ()

100+

0
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Fig.15 Effect of K on execution time

K15 K EAR AR RAT IR TR PR 52 00

3.2.4 A EIBRUE XS AT I 7] (1) 52

I 4 413 AR M I B S8 B R AT B2, 23 & S5 (A w,=(0..1,0.1,0.1,0.1,0.1,0.1,0.1,0.1,0.1,0. 1) %
P 1) 3 — SRR we=(1,0,0,0,0,0,0,0,0,0) & Jy i [ H— J&@ P 1 w3=(0.73,0.03,0.03,0.03,0.03,0.03,0.03,0.03,
0.03,0.03) LL & 5 it 1) L2 AN BH 2 1) w,=(0.2,0.1,0.1,0.05,0.1,0.05,0.15,0.15,0.05,0.05).

B 16 FF AT LA Hiwy R wy BOBRAT S T80 K BOHA ], 70wy 1wy AR BAAT BR8] K B80AR [ 3 B2 8 TR Oy S MR 4 A
S 7 56 R T MV A R A T 7 T % 3 4D DX ) 2 A 30— 205 b 9 O , AT 35 4 DX I S A1 XA S TR HE B, 6
[ 57 2 PR, 5 B30 A PR AT I T A
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Fig.16 Effect of weight value on execution time
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