&

o

i3

JL

o2

M 4o 4

FEBELARKFE

FLAALR

T PRI £ e Y E Top-k 34

High Performance Top-k Algorithms Based on

Solution Prediction
TR AVR R 22 B
s

PB08210307
N RBIEOR
2012 /£ 05 H 15 H




R 2RO 2 AR L 8 ST

B

FERA ML BT 452 B, BB [ — SR FR K A A AT IR 5 i 1)
N TR o

B, BERKUIIRN SN B . INE IR — R R
B, AR A S, ZKEEEH, EEHERNKENES. Zmt
oy B IR AL I ARBE FERE 7, X BRABIT TARM 7 a0 hdig &, i 905 3K
ATRAS AR A AN 70 28 3K (R Lt 1) AT A AN BT AT 2E o FRAE A} KA 7 4 22 P it
ST ZRFEARR I, BAITNEIMTE 5B . s T/ERIXME,
e HAE ARG, o R —42, AR IRERAB R TR IR R 1B o

Hk, B AU AF AR R A, Al e AR AN KA AR N A oxt
PH BRI NEHT, My BRBIRIR, ROV BITE T EIR
KITe =k, MREBASCFRTRE, Aeedil b, 35, &
FERIT o BIAE B E A RO, ORI Z1 50 OB BRI AR A2 ), R
O ENL A, B S A E, BT TR
FRACTE o MBS T WA PROR AT v R A ST v R AR, X
LERITRAR T, BB AL R

PR, BB RUHX A R AE 57 S ARHIE_E AN 45 F 348 5 7 B i i ol
fil. 06 ZefZEFSRIT L S = 4n TR\ Z IR AT, S EAZ R LF
TR E], R idea ST, F RPN BONEB KR
o BAE UC Berkeley s> Ia], SRS i AR H AF i B3k, 238 H IR
IS0 S AR E R A AR T, R 2 BISHIR I R TAE o

BRI — AT A AAT, ST — A R Ek A,
PAER R ) — KR B IR A EAEZ AR AR KK T 200, K
T DY S AR A AT DX BV 1E

fJa, WERPER S JE BRI AAT. Tk, B
AT SRR, FRA W REAE R B . A AT R SR, REICAE .



T B 3
ADSTFACT ...t 4
B ] B e 5
BT BT BRLEIR s 5

B T AR S T e 5
BT ARG M o 7

55 8 Top-K K I IE LG HHTE AR oo 8
1 Top-K AR T TTT oo, 8
B TOp-K AR BIERETLTE X oo 10
=75 Threshold AlGOrithm ............ccoiriiicceccccceece e 10

5 VU Density Threshold Algorithm 5 Selective-DTA........c.ccoceeevevivierceenne, 12

% =7 Reverse Top-k i RTA HIEE TBRT HVE o 14
17 Reverse TOP-K B ZR T B .....oovoveeeceee et 14

—. Reverse Top-k B Z AT FETT B oo 14

.+ Reverse Top-K K2 IR IE S wvvvvneeiereeicseeeseesiessesis 14

5 15 Reverse Top-K AIGOrithm...........cccvvevivieeieeeceeeees e, 15

— Reverse Top-k £ 2 A @ K J LART R SCIRTS oo 15

T RTA SEIIRIR BT oo 17

%5 =715 Top-k algorithm Based on Reverse TOP-K .....c.ccccevvvveviviveeieececiseceenann, 20
FVUE BT PR S TERE Top-K BIE oo, 21
B JUATE SR HAH B B e 21

= BURERUAE S FE R e, 21

T R TG A s 23

= REBRHCE BRI X oo, 25



R 2RO 2 AR L 8 ST

S5 AR R DX B R DX I, 28

= R BRI TEVE o 28

.. Dominate Degree MEALALEE .....oovveeeeeeee e 28

T B IR IIIE 29

PO, AR XA BRI I s 30

% =717 Solution Prediction AlgOrithm ........c.c.cooeeieieeeeeeee e, 32
O A= R By G e (S M T OO 33
ST IR BETELRIB oo 33
A LI SRR SRR PERIR 34
AT A B 20T 35
— BE R n A IR EESEI 35

T JBIEN B m AR BRI 36

= R REE R K OB XS EETEE e 37

VU EAS [RIHCHE 70 A 280 e B B ST e, 37

Fiv SEIRZERIIGE o 38

BN G R E e 39
B2 2 TS R 40



R 2RO 2 AR L 8 ST

wm =

Top-k KimBEVEHEFE, Rf5 BRI RGURA) — A0 KT Rk . Top-k K&
ARG 5, (5 R, o s A S br N A E Soh BB RN, B
VAR R Z B BRI RV . ASCEENT TR T AN = 1t A8 Top-k AR F%,
B3dE X Top-k 62 FARZS (Bl U AH SCHEWT, K4Sl Top-k R IRCR . A
HE 51N Reverse Top-k #8725 (2011 55) WM& . Reverse Top-k f 2 7E 415
DUN, ST E s, SREMHBE Top-k &M RARBNES, KA Z
Top-k fift=s 18] [ T dn 4 1) f . 55T Reverse Top-k Algorithm (RTA)KEAE, A
FEH T T RTA [ Top-k B R 5HE (TBRT).  FlAb i 72 st i A 110 £icdi Tk
i Reverse Top-k [FIf#, M 7E S ARG 28 AL IR I b 4732 i LR, BT SRS Top-
k fEEE. B S, A SCHE 48 1Y A0 @ 59% Solution Prediction Algorithm
(SPA), T HIEZEHJUAE X : RE R BB IEmiy v Moy, HEI R
BRI B S, SPA B Top-k BUAEZS [81RI 738 2 MR P IX 35,
il — RIMBACAE A OR P X I & I 9 DR Xt H ey 3 HY T 2R 5 BR B
PR (B B Top-k MESE~F RIS X &, ST Top-k Aok TR KR IR
PeFt. ARSCNEAFIEER T IEMPERIER 4 B T AN . e, @it
5548 =/ Top-k MZRH% TA (2001 45). DTA (2011 4£) il S-DTA (2011
) LS, TR H TBRT A1 SPA {15 Top-k k& 8% A T HUR E IR

R ByE, BEAR, Top-kiEE, Reverse Top-k iz, Tk
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Abstract

Top-k query has been widely studied recently in many applied fields such as
information retrieval, multimedia databases and data mining. In this paper, we focus
on high performance top-k query algorithms using prediction methods on solution
space. We first introduce the reverse top-k query, a problem proposed recently.
Reverse top-k query is run on a two dimensional dataset. Given a specific data item,
reverse top-k returns a set of aggregation function where the given item is among the
top-k answer when the aggregation function belongs to the set. Actually, reverse top-k
query is a work based on solution prediction. Therefore, RTA can evolve into a series
of top-k algorithms, named Top-k algorithms Based on Reverse Top-k (TBRT). The
main idea of TBRT is to run RTA on every item in the given dataset offline and to find
out the top-k answers by test the aggregation function on each item’s RTA result. In
order to break the limitation on the number of dimensions as well as to improve the
efficiency, we propose our second algorithm, the Solution Prediction Algorithm (SPA).
SPA is based on a very simple geometric meaning: The aggregation functions and the
items can be represented as vectors, so that the aggregating score is the dot product of
the function vector and the item vector. SPA introduces the concept of Rank
Watershed, which is a hyper-plane crossing the center and perpendicular to the line
segment between two items p and g. It can be proved that p and g have the same score
for the aggregation functions on their rank watershed. The relative rank of p and g
changes when the aggregation functions move from one side to the other side of their
rank watershed. Consequently, the rank watersheds partition the solution space into a
set of areas. The aggregation functions in an area share the same solution set. If
without any optimization, the number of the solution space areas would be
considerable huge, which might significantly increase the computational effort. So
SPA also contains a group of optimization methods to reduce the amount of the
solution space areas. Hence, we can get the mapping from the aggregation functions
to the solution sets, which can greatly improve the query efficiency. Finally, extensive
experiments show that our algorithms have significant improvement on the efficiency,
compared with Threshold Algorithm, Density Threshold Algorithm and Selective-
Density Threshold Algorithm.

Keywords: Algorithms, Information Retrieval, Top-k Query, Reverse Top-k Query,
Solution Prediction



R 2RO 2 AR L 8 ST

t

V..

F—EF 3|5
F—1 HEER

Top-k T R EVEMF FL[4][5], A5 Bk R AR — A7 SO FL RS . I 4
K, B X2 1A KRS SR SR B PR R ) 2R, Top-k A% 2% i)
SR T SRR 2 (AN OCHE . Top-K K2R 1) A 35 A8 T V2 (1 S B N FH 3 5t
LE G D48 R 51 HE[6][7][101[11] £ ds FEAe R A I [6][71[8]1[9] 2 WK% A5
BB 5. Top-k MR EVEHA BRI FTME, BrT 5HZimEk
IR SA K24, — AN B EZR R, Top-k i 2 Hy%n] DL Hh i
AR SE SRR TR CEE XM RE LK EE S REREH
AR eSS BRI, TN B B IR i 5 B R 5 AW IR ERRCE .

SRIM Top-k K R EVEMABONHEHRIRE AL, XSS A4 R Emn
ChELss ., A ST A R SO 2 J5 A R I T S FH 3 T2 19 S B B FH 8 5
o B, Top-k MR AT EW A AU AEE R R, & M ikRRoR
DRI BRI, A I A 1 R R R SR & AR, WA e R
SHZH SR ELIMRR N A IR DB (HRRE2HEW T, HSER
) — S Sk RS AR B R AR R R N, BE RN AR RS KER
B F BN BEE R % . BRILZ 4b, Top-k i 2R FL B BRI IIAR &R
T 2 PV SR R 8 194 B3P i B R 368 DR 1 SR B R B, T LT Dy PR A O B 3 1
EERRE . ATHEE T, BHARFARITAR R LRR N EE L
ERIERAE RO, R SR 3 1Y B R B 166 R 1 5 e X — BRI
AR Z AT LUA BRI . S Top-k KR EBA BR 2S M 4ERA RS,
o T L J PR K I

BT AT

ESLRARAC AL B [1][2][3][5]/2 Top-k K2 BIERF 7 A — AN EE Ay 3, HEf
IR 2R LA A 2 5 0 a2 A BT [3], - B8 i 7 28 5] DA Bh S i S A AT
[11[2][23], SRTXT Top-k A 2R fif 2 8] ) TR0 PR A 78 2R 2D

ARICETERTFT Top-k A8 2 I i 2 [A] AR TN PR i R . RIGE I % Top-k A2
(0 g 2 B O AE DR HE T, SR i SR Top-k A 22 (A%
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2011 fEHE H Y Reverse Top-k & [15]AT4: T4 8t Top-k [0 8%, AR M.
FEZYERS OIS, BIEEREM B IEE AN SOy =, N 4R b R —ol, K
RSB EIEE, HAELH Top-k MREMN, HESBREOVILES
) — SIS, IUN Top-k R gEEE R i) — . HIl N TBONENK L&
X SR, CKRERERRECR R i B f, [F R A e I 4R AR
) BT O 0L 7S P TR A — s Cfd R SO T AR AR s HAE 5 S 1
WA 5, BRI LT IH—0), S e A p MEE TR AR =
f EZ N p B “PRIEL”, b “PRIEL” F-P I FONRA XIS, Ao N Xkt
(R H5 4 R Top-k ke R HE44 395 TR T p. Reverse Top-k A& 0] @il 3 K %2
BJVE, HHA BT Top-k K62 AR 2 ) (#3500 5 ) L.

[, Reverse Top-k & m LIME N Top-k ¥ ZREIENBELMAATE, KT
AT Reverse Top-k MR IfRdE, 2 AR, R A HREUR THATK
Reverse Top-k Koz fi4E, Wb DML Top-k MR AW — M. ZE bl
B, BIEEZEN O(M). AT Reverse Top-k &R RS T & E th ) & 4
oL, xR H TR WEERRN —, B RS n MR HEE S
BT n ik Top-k ke R EE, XA 2 AT .

TRASCIR M AT AR Top-k taZH % Solution Prediction Algorithm
(SPA), JE:THAEWRIAMJUAIRE L € m BT, G e BdRE s hirEsE
ERAECN m, BAEIRD x A TEAERRE 08 m dema, ) fo) R
NERT R x 5RABREE f 1R R AR, sE R EIE IR R x 7ER
AR E f LB KR PTLAER, REBRE = f R R A R
Top-k &R M ARER LA, WA SC IR B B Ty In) ) &, W] HCER — MR 9 B A R D
E VENBEFL (TRATHCEE — SRR ER AR AR O R, FETERMD. I,
m ZEECHE 7 [A) b RN 2L o I X, 18 PONAE TR AL, PRI Xoxo J9idk )
[ m-1 4Ef8-Fm, WxFESEE P MMERRRAR RSN E f, WA f(x) =
f(Xo)o FEURABRE =N P — A2 55— M FIEHE, x5 X 1)
Top-k K & HE BT 6 A AE XA, HOESET P PTRN x5 %o I “HERF 7 51 7.
ik, FALRHERTE E B2 HEE o S A EUON V2 MAL X, TR R R A
XN KRG R E, H Top-k Mz MEE ) n ANEEE A 2 — 20w, =X
FU, HRARHRT E AL TR A XA TG R &, A
(1) Top-k o R ARFELEE
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SR ANHEAT AL, A n ANEEETL BN n R4S, KAt
T CA AN ST, IXAE n BOEE KA R AR RIS H o #OE T DU AR
1. FFH Top-k k& ) Domination Relationship, ZIF&##ET k-1 4> HoAh %
P59 Dominate 3
2. HUAEAE R 3LE, B B R 40 AR E], il —A.
3. KR E BRI RIS AL AHAR X e [A]E
B, HE—NERE G, BUEFH EiAFt B — X, BIErE G i—A4
MV, IUHH AN REBREGHAT Top-k #2%, R Top-k &ML
R. M v FiaxS JE MK G #E47 T BEAR S48 % (Breadth First Search, BFS), /X
& HE R 73 P P(xa, X, 54
a. x1€R H xeR, M RAAZ, WX Top-k 4 2 M4 I 2 i — ),
ORI G IR XA, BRI B 2 ST, RN Top-k ks 28 f S A4 BTG 52 i
b. x12R H %2R, M RAAE, WX I Top-k ki 2 5 AL R — 201,
AT G IR XA, R BR LB 2 ST, RN Top-k R B S AL TS T
c. x1eR H x¢R, NI xs N R R, ¥ x23FA R, BRI Top-k
KRRMER, REIBHRF 5, B SE Top-k £ 2 MAE M BUK AE AR,
d. x12R H xeR, MH xo A R H#EH, ¥ x I R, SO Top-k
T RME R, REMBHEF S E, I3 E Top-k K R ARG R A 284K
Ut BFS M H45R )5, KL AL R E B DXk BH e, JF B
ANXIFERE —> Top-k F ML . WL, ANFE XK Top-k iz
flR e E e AR o BEAS A B FRAN R BT S — IR Top-k B R IMRE (vo 1
fiie), HICHEERR S
WA E=02 5, WL SRS B R ) & 2 Top-k K R ARER HHS 7y bR
H, SERS Top-k Ry, HMIARERRE, @ wE A B HORT DA S A 2160 B
(1) Top-k Kr R AR4E, FAEIETE N O(L), FIRIETE B BT EUS A5 B A2

B=T RHERALEH

ARSI EER ZHEIN R »
Wi, g, AR Top-k K &AW A TR, IFERIER
I e X, AT A — st bR N B 1. B, AREEANH Top-k IRHA
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VEBIE SR AT ) A O¢ TAE 5 AR, I B A A0 T S 1 e Ak R IR = A
Top-k #i &5 %: Threshold Algorithm [4], Density Threshold Algorithm [2]5
Selective-Density Threshold Algorithm [2].

EHE =g, KN Reverse Top-k #2 in] B [15] S H: 51 AN JUAT &
X, BEEIG] N Reverse Top-k Algorithm [15] (RTA), %5 HiAH SIS Rl iT 5
55081 #ET Reverse Top-k £ 2 7] @Al RTA, AR RI$E H LT Reverse Top-k
Algorithm ] Top-k ¥ &5 (Top-k algorithms Based on Reverse Top-k, TBRT).
5 E Ak TBRT FR ) LA R R PR -EAT 204

FEGE DY & rp, A S H H A8 (0 B T U 1) = It e Top-k A &R Bk
Solution Prediction Algorithm (SPA). FFmt 3 J LT & SCRAH S AL 40715 13E AT 0 22
PR, A0 — R B G € B AT IE T

b8 J5 1R 5 T 38 Dy SR I IR 5 R IR o M BT . AN EAE AN [F) B o0 A 5 AN R
Bl R B0 E SR & Bt — RAIXS LS, @@L 5 Threshold Algorithm,
Density Threshold Algorithm F1 Selective-Density Threshold Algorithm % bt 52
iy, WLLEH, TBRT HikS5 SPA HIETE Top-k MR IR RE LA BN E
E R T

BJa, EHENTEFR, BITE XS EMERE, Xk E A R
AR S H AT N A TAEBEAT S G VEREIR , XX L8 TAE 5 s anfar gk —
iR S S AT R

E_F Top—k WEMEXSHEXIE

B—T Top—k FRIERE /T

A KERIREE IR, FMEA m DMEtk, HAESA B B
P — 08, BRI R SR U 8 P A HE 23 % (local score).
i N — R SRR [4] (aggregate weight function), — N4 EE B8 13 )
m ANAHL BT DA R A B — AN R . AR5 B R B R BRI K
APt X Top-K K28 25 1) il 2 11 fAj S 4 04

A LA — AN IS AR 0 SR P o R T S48 [12) 0k Ui B Top-k R R A i A
e o AR ERFERAR KRN GPA HEATHE A, o BB =R AR K Z A
AR —NE X, TR T TREEE UL TR — N R, BT
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1370 si)FE Z AR TR LT3 GPA. TR AL GPA T & Bk #
AT

[E2

USTC —GPA(X) = Zm: W, - S, (X)

Ho wi 28 TRFEMAE  (SEPR EROZOR X EEUR 22 0 BRI ERET 20, si(x)
FEZE TR T TR B ST, ATRALL GPA (2R, ] BLBL R RS 4 0.

DIFETR 2R H GPA HEAIIHT k N4, whig Top-k iz 2 if v i i) — A i
i LR L H

Top-k BMTEIR LA G B . i s B & (information retrieval)
[6][7]- M1 RS (network and system monitoring) [8][9]. P2P R ZHif%
T4 (P2P systems and sensor networks) [10][11]%. IE4EK, BEE ML 1)
S HME BN SR B H s R R ) SURIBE G, Top-k A& 1] /32 2] 1 8RB 2 1)
HAAI RV . Top-k B & EE B A BORMBE FUNE, B T 5H 2 ssKH R
HRARZHN, —AHR B FEFE R, Top-k faZ HIERT DL Z 57 s
FH P 80 5 SEBR A R SR J6 B R BRI R B O B 5 A R 45 B A AR 52
Wi PR TG R T, AT B Rt A2 =5 B R S5 Al i E AR .

Top-k Ao 2 LI w2 45 E — A IR B AR &, R/ n,
EVEA n DMEEETG BUREMEY m, BEESIKANEON me S8R IE % 8
P EEA S B RAR >, B— by JFEUEEE N[0, 1]. MR ATER
DN PR LR 38 T B AR BRI ORI m 4R AR, RS RN RS
1397 e B AR K AN BAE I

DA B Top-k K g BAAE AL B B/ IR, O 1R RS B8 B4Rk,
Fagin S8 AJ2th 17— DB A Z RGN AR Top-k fe RBEAL[4], WA T8 HtER
Top-k fZRFEBR: HIREA m MR Uist), NR Uis) A n MEETUE
AR A BOEAT B e HE e B B ds I00RT LA 15 17) (sorted access) ATfE
ML ) (random access). %1%FiX—47A1, Fagin #&H T Fagin’s Algorithm [4] (FA)
VEN— IR 5. Bl Fagin (32 1 TA 5H9% [4](Threshold Algorithm),
HAEB] T TA Bk sl it [4](instance optimality), TA Sk 4%A A& Top-k
KW e A () 48 s A B . KT R R I, BENLUT R AR 2 E R
E IR EX JCBEALYT A ) Top-k B47Y, Fagin %5 A$2i I No Random
Access [4](NRA)F . K5 Top-k 1 2 A 78— B & — MRIE BRI 22 AR S0,
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FETT Top—k MRBEERENX

AP E X [12]40 R B n ANk (object) F1 m AN (List),
wAL, L., L, BORAERYEREN (attribute). F0RA n ADSEHETI
TR (x,s,(x) Hd x BRIk, s, (x)Fx x EE | ANAHS % (ocal
score). BEANEHEIRE BEMOWUT 15 Al (sorted access), MAEMIBENLYI M (random
access) . TP E T — /N5 A R EL (aggregation function) 153 —AN &1 7
#. Top-k Fr = AWK H bRt 2K 2 k S0 Buem ik (Top-k).

Horp R & R B 22 5L B (Monotonic Function):

X 2.1 Monotonic Function.[4] 5£& %4 f /2 Monotonic Function, 15 f
(a1, @z ... an) <f(ar’, @’ ... an), P AR i ¥H ai<a-

E$i$,@&%é&ﬁ%ﬁﬂiﬁ%ﬁW%gmm,ﬁ$&me[Qu

and Z:W. =1 (w; # 0).

£ =75 Threshold Algorithm

EEXT 2 g i) Top-k KR ABEAY, Fagin & AMIB IR 1 T TA 55 [4]
(Threshold Algorithm), JFfUERA T TA [FsSEFI A PE[4] Cinstance optimality ),
5 TA BN Top-k K Z T 78 S 1) 28 AR
TA SE IR I — s, RSk 15R.
x1 FFFEN

n [ KRR
ETT L |2 i1 Baek
T 5. (0 | XHE i A AHL A
B ERS T E T

TA f35: A AR B RE )

HOETAL B RE T, R € BRI JE R AT HE Y, 1S
I Ja 2 o (0 B TS # FLAE % kb A 3 BB PR HES (K Top-k A
RGO BTHFHES (Rl Top-k B G 00 . FALEL AR, HdsErIfE
W T Fagin ARG T EMAER Top-k MR EFBAL[4]. B 5 7E SR AL 2R b
BT, PUTULT =2

10
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Threshold Algorithm (TA)

Pre-computing Phase:

Foreach attribute i € {1, 2 ... m}, get every s;(x) wherej € {1, 2 ... n} and insert them into a sorted list L;.
Sorted list means that objects in each list are sorted in descending order by the s;(x;) value.

Computing Phase:

I Y={dummy, ... dummyy} with /(dummy;) =0, 7= 0, M;= 0.

2: while (Y.size <k or T>M;) do

30 (x, si(x)) =Get_next_item (L;, ... ,Ly). /f get next item from one of thelists Z;, ... ,L,, in parallel.
4 xi=si(x)and 7= (x5 X2... Xw)-

5. if(x € Y) then

6 getthe missing local scores of the object x and calculate the total score ffx);

7 if (Ysize < k) then

8 msert x into Y;

9: Let ¢ be the object with the lowest total score in ¥ and M; be its total score;

10:  else

11: if (fix) > M) then

12: remove ¢ from Y and insert x into };

13: Let ¢ be the object with the lowest total scorein ¥ and M, be its total score;
14: Return Y.

’—  Threshold Algorithm

1. SEAT HUT V5 0] &N B YRR, A — MR U 1), BMSE LG
JERAFER S, A e AR WK kAN mes ik, e
FE 1553
2. PR NEEER L, 2 X 8 Lis)a — D05 in) G 211 % &
MRFT UKy, e, X)), tREAERE M HACSZ D KA SRR Pk
AR ANT T, TAZIE.
3. A Y NI B e ) K MR SRS, ) TA 2B R E Y,

* 2 BRI

L, L, Ls

(%2,0.9) (%1,0.8) (x3,0.7)
(x1,0.5) (X4,0.7) (%4,0.6)
(x3,0.4) (%2,0.6) (x2,0.5)
(X5,0.3) (x3,0.3) (%5,0.2)
(X4,0.1) (%5,0.2) (x1,0.1)

X RN ER T TA TSR

A 1 R%En=5m=3 k=1 f=sum. FIEENE2FR. Ek, TA
R Vi) Ly 32 xo. SR5 TATBIEAE Lo Al Ly BIBENLAZ R B & 58— A
R AR E, B R RITEED f(x) = 2. KN © =29 (WIHTLE, s =

11
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Do W5, TAGKSIGRFUIE Ly 7255 ZOF U5 R R, TA$RE] xq, A5
TA JEIEFEHLT A Ly A Lo 153 & 0 58— MRS AN AR BT f(xo)=
14, HETEERNES Y IAREE xo B r#EH N 2.7, © > f(xp), Frbh TA 4K
GAE L, BT ViR . —HEEX NI E TATE Ly BA05E 2 IG5 1a F1
L 5 L —RBENLUT IR (1=2.0 <A =1f(x2)). Kk, fEARGIH, TAET
A RFEALYT iR A0 8 IR BEAIL Y i) $E 2] Top-1 45

2L P0%5 Density Threshold Algorithm 5 Selective-DTA

Density Threshold Algorithm [2] (DTA, 2011 ) 5 H & &4k H %
Selective Density Threshold Algorithm [2] (S-DTA, 2011 &) @i H AR T
Threshold Algorithm [4] (TA, 2001 7E) AT SZH P REIAL I =20 Top-k K6 2R #x
WEE. B TS5 Top-k e R &AL TA BIEMELI T B2 4h, ASCRIESFE T
DTA 5 S-DTA X MAMERE 1 i R EAE U SEI I 5, I BLS TBRT 5%
55 SPA FEVEAE SERp N A1 R R BEAR THE L o

AT A4 DTA Hik5 S-DTA 5k,

%6, DTA BRI EERR G & —Fros.

Density Threshold Algorithm (DTA)

Pre-computing Phase:
Build the Density Index of the given database.
Computing Phase:
:Y=0, =0,M=0,5,= 1 wherei=1, 2 ..m.
2: while (Y.size < k or r->MAn.) do
3 Let Sn; be the section with the largest lean value in the available sections according to Density Index
4. for item (x, s;(x))= from the head item down to the tail
item of §»; do

5 8 = 5i(x).

6 T-=f|(iiril---im)-

7. if objectx has notbeen accessed before then

8 getthe missing local scores of the object x and calculate the total score fix);
9 if (¥Y.size < k) then

10: insert x nto 13
11: Let ¢ be the object with the lowest total scorein ¥ and M, be its total score;
12: else

13: if (ffx) >M}) then

14: remove ¢ from Yand insert x into 1;

15: Let ¢ be the object with the lowest total scorein ¥ and M, be its total score;
16: if (7 < M,) then

17: go to 20.

18: end for.

19: end while.
20: Return Y.

K] —. Density Threshold Algorithm

12
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DTA R[22 T TA Sk B EE, Bt sEd Y, DTA K
EPATE TA BE—SUNFUAC I, KP4 € 180 & h (0 BT A e 1t R kA7 HE
Fr, A5 A e 2 v R B U 4 F AR R 1t b AR o B Y HES (lReK
Top-k #rZAH W) s THFHES (/s Top-k B R E ML) . BfijF DTA SiEE B L
LN PR S A b g S A Bh A s 4514 Density Index.

2k EALFRRY, DTA FykIET25 AL FEm #)i& (1) Density Index [2], FHRHEAT
FAL TA BIEFRPPAT U AR, DTA B2EH 2 1 Threshold Value B
JRPEFIBEAT VTR, SIS e PR 2P AT U5 )

S-DTA Hi%[2]/2x) DTA FIELESLEl At gt i, T LAOER,
DTA BiEAR GA R LFImAMAI[2], XGRS LT, DTA Bikafq Bl
I 88 R——Ae R K IS E] . S-DTA HILME R T DTA Sk rb (1 S5 S5 e 4 1l
A, HEERRE =R

Selective -Density Threshold Algorithm (S-DTA)

Pre-computing Phase:

Build the Density Index of the given database.
Computing Phase:

L Y=0, 7=0,M=0, select=0, ;= | where i=1,2 ..m.
2: while (Y.size <k or T>M})do

3: ... //thesame as line 3 in DTA.

4. for item (X, 5;(x)) = from the head item down to the tail item of S;f(,— do
5: select = select + 1.

6: if selectmod v == 0 then

T for each / € {1, 2 ... m} do in parallel

8: (x, s;(x)) =Cet_next_item (L;, ... .L,). // get next item from oneof the lists L; in parallel.
9: 8.7 si(x).

10: ... // the same as DTA from line 6 to line 17.

11 end for.

12:  else

13: ... // thesame as DTA from line 5 to line 17.

14:  end for.

15: end while.

16: Return Y.

K= Selective Density Threshold Algorithm

Al LLIFR, S-DTA HiEREseflmiir. BT DTA HikMl S-DTA HiE{ &
A TSI IR AN L, R R RIIER T B X, SAE A S A R4
ik,

13
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R e ol

S =E Reverse Top—k #&Z&. RTA E X5 TBRT &
F—35 Reverse Top—k ¥Z|o0)&R

—. Reverse Top—k ZE OB RE =

WHGHTAR, Top-k f & A WX THANMIR R B G RE, RERE LS &K
K NI AR SERR R R AERE, KR I A R E R 9 H
FURIRE SR, T A e i s ORI O R s, U Top-k A 28 2 U AR [ 1)
RAFEHPNESRIY kA=, X2 I 2 A R R ) — A A e
o AN, MRIANBUE NS EZWME, MFTEE Top-k A 2 AHX #—Ff
“ifi"Top-k KR & . XWi/e Reverse Top-k query [15] (2011 fE#H) MKy
o MABCE MEEE TEHEFERNEZ, EMAFENTSHHET (RAEFE
R E AR T, 3 8 507 RS 2 F - R R E R $y
IR 2, %8 — AN EEREE, REBaR EE R — T, SR H RS BUR HU &
A, AERFESERT Top-k MR A WINT, MR EPGRECHIEA I — RE, I
N Top-k #4622 45 S A i —figk

. Reverse Top—k {ZE[EAIE X

A /NB 2 Y Reverse Top-k 2% a) R ™ 4% € LU R -

& X 3.1 Reverse Top-k query. [15] 45 & — M d4E, IERE k, f5E BdE4E
I —T0 p, Reverse Top-k query iR[FI R E4E A R’ = RTOPW(p): X +Vvf e
R’, ¥ p e TOP(f), i.e., 3q e TOP(f), A f(q) < f(p)-

Reverse Top-k £ 2% 2 1) 1 ] 8 # AL R m A -

RTOPR, (p) ={RTi]| Vf e Ri], pe TOR (f)} -

N T EEMHUL Reverse Top-k A2 in) @, 31X B 25 —ANa] B (1) 451 1kt
ITUL .

A 2: WEPUFTR, 455 1 4E 505 SE M 3 — 4P 1 Ak R
M EMET R R —ANERE . User preference X% 7 &4, BIFH /2 F Tk4T
Top-k S o 22 25 W IR A\ R 28 S BR80T &N BUE, XK 1, B Top-
K A6 2R IR (14543 B e IO AR BRI T o 3K S 81 14 52 B B FH 75 562 Bob. Tom
M Max = ANFRE—H _FH/NAE, EEFEERL T, MNIEEAGHANE
Y. A% price FIEES age. =M FIRIEE QM EHAXHABIERLL T % H

14
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WRLCEE, BT RN RSN E, X2 —1 Top-1 fe R A,

T RABRECN0.9, 0.1)F Bob i 5, p1sadl Top-l KRR 1 p.
MIFEAR Tom 1] Top-1 K R&E R, & Max ] Top-1 MR, FHe b, i
wlprice] 7 X [f][1/7, 5/6]u [ A i 2 3R S AR EER 45 po /2 Top-1 R R4S
B, RN py ) Reverse Top-k /4 2 (K fift4E .

age . user preferences

10 - user |w[price] | w[age]| top-1

o ® Py Bob | 09 0.1 |p,23)

8 ®p; Tom| 02 08 |p,(2.2

74 ep, ®Py Max | 0.5 05 |p,(3.0)

.? : o e ]" wlage]

4 - ! .

3 o), ®py i Tom

2 .P-; ’ ] Max

L .pii N ] i "-LBuh
e pl'iCL’: | |1| T T T |.|-'| >
12345678910 117 56 1 wlprice]

VY Reverse Top-k k62 & i) 7~

BIPY A A R IR N Reverse Top-1 MR IR mfw B, 55— G BR I #AL
B2k Bt wiprice] + wlage] = 1 fU3E 1 A RE PR BTG E, SE4 By
P2 [X] Reverse Top-k # & [R5 . K, Reverse Top-k #6245 1] 2 H1 wprice]
5 wlage]ffr & LA [a]

2 —%5 Reverse Top—k Algorithm

AER E—NEEEHAN DT Reverse Top-k R A i) o] B, EiX—
R R MERMEEANBON MRS, BRI R A IR, Rk
Reverse Top-k & A iff o] @ 529%:: Reverse Top-k Algorithm [15] (RTA).
%6, HE—/NEERT Reverse Top-k & Al @i 7E — 4~ 11 25 18] T 1)) LAAT s Lk AT 4R
v, HUESIH RTA PEAREEEAE, BIETESE —/NEHPXT RTA BHT I E
R, Hgh TR R s FE DL B R AT I R

—. Reverse Top—k ¥ Z [BIREHYJLIATE X IRt

FERRJ LA A, — AN Top-k 2 A v] DU SRR A — Al &
W, XAFENRABREAE, FME w R 4E A bR D A B R B A
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JS7 4 FE R AUAA

EX 3.2 1L/ [15] 45 e 4RGSR U B 4P AR KR R, Xy
FIRHHE S p SRABGRE w, BHETERASMRE M E w, HESHRES p 1)
Bk, RUAEEE S p X TRERRE w i) 7424

RAEZE s B E T, HSEw A(0.5,0.5), p mHUAH pa:

1‘.' Y
10 —
g 4 *Pi o, * P
8 L ]
P
? | 4 pr., .E‘]i
5 - .
4 AH, ()
3 4 /> ®*pg
> 7 ’
I A Av=[0505] £, (p,)=4.3

N N N N N N B
12345678910

LYW 25w ]

A UAE Y, ARHEZR i AR XA p i BN 22 T XN B X I

REX 3.3 PLAELCH. CAERE s p X T RE PR B w IR EL,  FLARNL Y 72
M XA AT I B 2l SRR A RR N w i) Top-k A 2 & i fUHREF 4
IO T Hdle w1 p IR, 208 Hu(p) -

SEFR 3.1 X FHe/)s Top-k Az Ay, Hodhs woxt 1 2R G BUeR S U0 1 X 4o A
X XK Top-k AR Z A, A s T R A AR A X IO A
EI7 X

WER: 30 I ONEE R p X T REPREL w IILREZE . il x 3T REM
PR w IR A2 EON

f(X) =w X +W,X,
:v_v-i:‘v_v‘x‘i‘xcos<v_v,§<>

Sk, B (W) X=(4,) - BIATEIBRA BB R w B
P BT S — 8, 0 [X[ X COS < W, X > tf Top-k K% i o 44
P, BT SRR R X 76T AROR R w7 R
. VB p A TR ARSI w IR T w i p, ATAIRCT
B e 7 < A R O BRI B w7 OB FE N T4
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p £ w J7 ) ERIRESKE, ML A BT XK [ AR R A B R AR w
i BRSSO T HEE A p 8 w o B KE . Rknra, dE TR
R/ B J7 IR EAE AL FERERRECN w ST, RES0 5/ T 88
mMop, Ve ARG 7 IR EHE AL FEREBRECY w BT, RBE
3 BT 85 A po

PRI, T/ Top-k f A, s sOn T 3SR B0 L HE X 0N 7
NI R TEROK Top-k R A, ol sk T 28 E AR A A i X e o
EIr X EEE.

w3 LLE O, AR E = w = [0.5, 0.5], BUE R p, WIFATAY
FEEHE i po X T IEA B E w RIS | B i pi, HERGR8 fu(p)
= fw(p2) = 4.5, F4h, p R RBLEIESE S LHR/ Top-2 #22% 0.5x+0.5y [4h
Z—, BAEMNR/AD Top-k frREMPHF AN —. AWEPATR, HARM X5
Hu(P2)H, ACH — M5 S pse SRTM, VIR Top-k fm & i), WIEHE A p2
T RAEBERE w X AR ZE | A E5 X3, w0 &R Top-k
RN L.

Z . RTA B ARYHEIR R 4

ANBCREA TR PEE AN B0 — IS B0 T P Reverse Top-k 2R 7]l
f) 1 R B Reverse Top-k Algorithm [15], ik RTA.

WIRTHTR, *T4AEHIE A g, H Reverse Top-k #6% a) i i i 4 7] AE IR
N

RTOR, (q) ={W, :3w; eW; Aq e TOR (w;)}

A 4 FREEDS @) Z4ERIEE S IELL T, XTI R RSB R L
A ps o r =AE AN ERD Top-1 RIS R . MAAEED—DRERHF
Howi, 13 g RO Top-1 ke m AWM, BI qeTOPy(wi). FrbA =/ DAFAE—4
REMRELX A WieRTOP1(q). A T K Wi &MU TFHE, BAELRELE pq
A qr I

2wy NEETELE pqg MERGH RS, WA fup) = fue(q), #AE
TOPy(wy)fu e, sl p M q B EMEMHT . XEZ LWp)EET RSN
e E w HEd p, € T REM 7 R EEERE ST wi) Top-1 fa
AR . X T EEER AR R Ea & wy B 5 OREE SN e % A R 1Y) 5 B AL Ry
e, p g AR HEFP AL BT . QiR LR SRR B 2 wy B TN
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PR e s, Bda p MR TEAE AL g, WX T LR RSBk Horm
B owy BATHE RIS A R G AR AL, Bl s p (HE s T EE R g BN
Bl . p MOS0 q WOARDE HER A7 B OO — 0k, WA A7 A — — A2 XA
Wi, X THERR SR weW,, 47 qeTOPy(W)BAL .

1”- &
10 -
9 - ap sp
2 L U T
7 "\ *pP,
6 \ oo ®p,
5 4™ \
4 . \ *p;
3 4M2 s el
2 - S
e
1 W, \ ""IL
T T T rrrrrr—*

X
12345678910

(a) Data Space (b) Solution Space.
KI7S RTA R B HE SR 01

UEHE— 28 W2 R A BB & w1 wo iRE i, Hd wy AEE T4
B opg MIEREBRE M &, w NEEH TLZE qgr PRGN RERE. WHEEE
i, HE 2 g (¥ Reverse Top-1 iR IfFEEH, Tl B3R A BGR AL w 53 2 LT
A&
At Ao

— W] —
G o1 MH=T

ar Pq

s, 2, = NP g - TAZOR g g At ar o,
" om-pm e

PLEMAZEAZE B w L pgSw, Lar #fEWmRE . EESO)F, FdE S g 1
Reverse Top-1 f & (MG N — 4T 1 =5 (B Ak AR R P 55 — G IR A7 REEZR wll] +
wW[2] = 1 bz B SEZR R4y

Htt, AB4 H Reverse Top-k Algorithm (RTA) HISLVEIAINE )\ AT«

M, ARG H—A RTA FiEM#T R0, T30 RTA FEEmHh
TR

w5 X FE-EO)F s E], SHEEE S q 4T Reverse Top-k f&Z&, AT
RTA SEFEINTR : ps ) Top-k iR AFFLES T q, 1 ps B Top-k kR HFF
WERT g, XX TERKNRABERE w # R, N3 o R X — i
4’4 Domination Relationship. FtUL%E HAT H1 5L Fx L2 B Dominate #4354 g
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ftﬂ_\ ]u l(q}
Pn\*r“‘ 1a)
.,Jf"““lﬂrq}

—

Wi

N M
~
Ty

e :
\P}\ \‘--,\ < Py
T T T 1T T T T > T T T T 1T 17T 17T T =

. X
I23456?89I[}X 12345678910

Ll = ISR S RS TN - IR = R
Ll S R SR T SR e

(a) Multiple partitions. (b) mRTOP;(q) algorithm.
K& RTA LT 6

Algorithm 1 Monochromatic Reverse top-k£ Algorithm.

Input: S, g
Output: mRTOPx(q)
W' {0}, R — {0}, RES «— {0}
for (Vp; € 5) do
if (9 # p: and p; £ q) then
wq[1] «— A::?"‘q =, wil2] — 1 —wi[1]
W’ e WU {w;}
end if
end for
sort W' based on w;[1]
wo [0, 1], wywr 41 < [1,0]
R «— {p:plies in Hyuy(q)}
k,, < | R| //number of points in R
for (Vw; € W') do
if (k. < k) then
RES «— RES U {(wi,wis+1)}
end if
if (pi+1 € R) then
kw +— kw — 1
else
kw — kw +1
end if
end for
return RES

w2 D 00D L W DD 00 O LA L B

B bd Bd Bd B — e e e s e e e =

K\ RTA Sk

o /g T Dominate fREE s A5 FEVE FEI A A B, R EAT IO T 208l
q ff) Top-k K a8 HEFP A A BA S, AREEE L. #iais, SE8dE
m P SEEE A g 1 Top-k A HEFP AL B KR S AR KL wi, FTEAHTELZL qpi i
FLLPTRE . Bl RTA BIEN A HL qp AT H %, Hi g 25846 q
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ANEA LT Domination Relationship FFTA Hidl sl . IXEEEH L e T AESE W I
FAE W EDNLFE, SR LTT, BIramiXSeR e RE wi fRAF
EHR W, Bk, RTABELX SR W7 A H# KK % q ) Reverse Top-k &
ESIHE
RO, @dEHTNHTZE, WTUERIFIER W oA{w, wa, ws,

wa}, HHRSINGFE 70 5% BT L ap1, Apz, aps, dpae BEJE, ZHH—4TH, wo M
ws BEIIARIFIER Wk E5 T ZA7d, M TEHE-ARERREAE w, rf
FEHARME XS Huo(o) 208 s HE 7 el o SCANRTRTIE, & EPRIEX I Hao(q)
PRI EE SN e T B R g AERE T IR A RUR KL wo 1) Top-k a2 IR
(FE+=AT). ERAMIITFH, Top-k RMVIGMHE R Z{ps pe, po} W
Mg BIRIGE Top-k BrRHF A 4. FELRABGREE wi Z |7, g Top-k &
THF M EA SN, KB, TR k = 3, WX TE-NRERRE S &
Wo = [wo, wa], ¥ s q B Top-k e RHAF =T ko FrBA2r& Wo A ARSI R
a5, 72T —AorE Wo = [wy, wolt, BUNEEE A pr e R CGEH/\UT), XEIR
FHAEX A Wy, B A po AT g BIARSS Top-k Kr R HER A B, S8 25 q 1)
Top-k M RHF N 3. BT NITH, Wi BB fESE RTOPs(q)H . MKkikk
#E, RTA BIEHL T A RABGRE & Wi h i 2L q 19 Top-k ie R HEF . 78
A, Wi By RTOPs(q) e —— MR G RH = .

=75 Top—k algorithm Based on Reverse Top—k

AT, KAHET Reverse Top-k KR &M Top-k MRED:: Top-k
algorithm Based on Reverse Top-k, fij#x TBRT &%, WE AR,

WIRHTATIR, Reverse Top-k £ 2 )@l f A2 B9, HELAF X Top-k &
TR M TN R X RS ARSI T H B —— I8 X Top-k A% % AR~
[B) ) TN PR BT R 2 = SER Top-k A &R IR S5PERE. K[k, Reverse Top-k £
RO LMEN Top-k R EILF S LMALALEE, KRBT Reverse Top-k &
fifse, Ze BAbFRRT, 5 REmEUE T XA T Reverse Top-k fz f@sE, Witk
HARTUNIE Top-k AR AWM —ME. BB, FEERESN OM). T2,
AP HIEE T Reverse Top-k Algorithm ) Top-k 6 2 512

Reverse Top-k Algorithm ¥ IEAf P ORIE T TBRT SRR
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Top-k algorithm Based on Reverse Top-k (TBRT)
Pre-computing Phase:
For each item p in the given dataset, run RTA to get
RTOP(p).
Computing Phase:
1: R = @, note the aggregation weight function as f.
2: for each item p do
3: if f € RTOP,(p) then
4 R« R {p}.
5 if R.size = k then
6: Return R.
7
8
9:

end if.
end if.
end for.

L TBRT Stk
EMNE ETHMMRSMEEE Top-k B
F—T JUTEXRT SEXEE

— WREEBRW/LEENX: [ES5kR

=59, BT Reverse Top-k K2 @i, 7 4155 T ) LA B2
LT S PR SO0, FRAHRIHIER] 7 — AN e 8. 52 |, Reverse
Top-k R Z H U0 M 2 5 00 X el U)o SCERAR B, (E DA fif v, iX 2
1§15 Reverse Top-k ¥ 2 &) [n] @577 : Reverse Top-k Algorithm (RTA) ) H
YO PR ) 5 e oL T i) — AN E R 8 A N BN 2 AN R g
Reverse Top-k £ & M2 4b T e B HEM S 4EETE T, X153 RTA HEHUT
ARG+ Bk, MELLSRHL.

N T AR B B3R g A R A TR R A IR A, SORT DA R T e 4
A7 10 T AN 52 BRI A1), o 200 B BT 8 N SRR AR R T LT 3 e S T R
e AR SR A e BT R B S A R, SR AT RORE ) L AR R S U R
Al REHRZA, AT B ) Mo

YT REBERECN T 1) m4E Top-k fe R E M), K45 10 m 4EH0RE £ S WU
BRI m 4EASE R, B m 4RI X 5 R B A m 4ERE S p XA,
L p R YE ARBRE I AR T x FEAH L@ I AR 4. K IR AR f
TR N REA R w, i w RS AR RIE A, FE 1 LR A AL
H e FTIRAUE A S Y RS ARARE I . IR AT S 5 p R N &
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p, FoPIE p IO SCAARR BN, TEFIHAE S p. O

BIE 4.1 750 F LI LA R R R, ST RAREHY f 6 m 4
Top-k K #it), HOETN x HARAS f00J M w 5t p MR, B
f(X)=Wep .

iEB: Zikfs

f(x)=ifi-xi=iwi-pi=v‘v-‘p, HHE. .

BIE 4.2 BAMMEIE w IRCK R, R Topk g o il MMRAE Ky
.

VB A THURT x SHURTTy, Fob x5 m AR b MO A
0,y A m 4 A P SR 5 . E TS B O B w R R T T
AR — S0, WO

f(x)< f(y)c>i“fi-xiszmlfi-yi

@Zwi ;Y Szwi -Q;
i=1 i=1

S W-p<w-q

<:>|v_v|><|5|xcos<v—v,_p >§|v—v|x|a|xcos<v_v,a >

<:>‘_p‘><003<v~v,_p >s‘a‘xcos<w,a >

B BT, PR x 5 y MEERES NI RSRAESITE w

MR R G, ARE TR N EHE & p 5 q RS E w )77 5]
B EERKE GBI . R,

Center

B B i B AR RS BR B &= BB

B R AR BAEHR I R GI8H, Fl oW AR SR, AR
BERZENIUTE S, AR B RS, 22— aTiirs. 24
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1M, R RIRZA U RS, AR R RRAIR IS, 0/ EAE A e
SCHE 2 1 LA S
= HFZAERISIA

B X 4.1 HEF IR AR m 4R LR R, BERWA SRS p S5 q. 4
PN AR RIFE S LI pg iR m — 1 45 -Fii, WIESFE P oh%
i rip 5 q 772 TR
“HEr oy 7 B U S mids B, AR p 5 g £E Top-k K&
AW HE AL E R > i, RIS XS T4 RVEAE AR o S P — SRS AL
R E w, A fup) < fu(@), WX TSGR TEHT 20 54 P 55— MM SR & BUR
v, WA fup)>fu(@)e T HPREIF B BHE R I IR 1
SEHE 43 1E m4gEEL T, 4 m-1 488 Py m 4554 2 p 5 q T 4
GhiE, WX FAT R L S A TP P R RABGRER R w, 331 fu(p) = fu(@)
JROT o
UEBA: 10 m 4E80d0E 2 p BARFRE N (P P2, ., Pm)s O HIARARIE (O, Q2 ..,
Gm)> JU m-1 4ERE-F1f1 P LLIFIEE pg = (Qi— Py, G2 = P2, -+, Om — Pm) WVATUEE,  HAF
FEoy G P i8R RJE (0, 0, ..., 0). #RAT/SHEFZ A P sE R 5 12
N
P={x[(@—p)xs + (q2 = p2)X2 + ... + (Pm — Gm)Xm = O}
R, ST AT P B R AR R R AR AR SA
, B

b

W ={W| (0, — p)W, + (T, — P,)W, +...+ (0, — Py )W, = O}
~ I Y@ - p)w =0}

={w]| 2qivvi =Zl pw}
={w]| f_(a)=f.(p)}

WO TAE B A& S AL TP P R REBRE R E w, 357 fu(p) = fw()k
. EEE,

EE 44 fEmY4EER T, 2 m— L4581 PO m4E8E S p 5 q HE
¥4 S, WIAERE 1 P P, BARES p 5 q B9 Top-k K ZHEF A XA E
. RO T2 SvaEHE T 73 FE i P — M R E R E w, B fu(p) <
fw(@), WX T SEEHT SR P A —MREREEREE v, ©F fup) >

<
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f(0)-

ER: ARG ERE 43, W T AIEAEHT A R P T R A LR B
Bw, HUEA p 5 q RS, B (D) = fu(Q) L.

HUB T P 90 Prog, 2025 117 12 A9

Prert = {X | (Q1 = p)X1 + (G2 = P2)X2 + ... + (Pm — Gm)Xm < 0}

O 2 SRTEAE ) K I, Prog AT RS AR B0A & W I8 Werens
H

Wiorer ={W/ (@, = P)W, + (0, = PIW, +...+ (0, — P, )W, <0}

~IY @ - pw <0)

={Vv|iqivw SZ pw}
={w| fv—v(a)S fv—v(ﬁ)}

B T8E6 Werer T HME R R SRR ERE w, B fu(p) < fw(Q)sar, B
5 5 p 1 Top-k fe = AP AT q (K Top-k R &= 550D
[FJEE, S TP P 5 — M Prigne, A TE T HE
Pright = {X | (01— p1)X1 + (A2 = P2)Xz + ... + (Pm — Om)Xm = 0}
WO T 28 S VEAE 23 (8] X3, Prigne P IAEE R GBREM = v IS Veright
H
Vorgne =81 (@ = POV, + (0, = PV, + o+ (G — Py Vi 2 O}

—{01Y.(6 - p)v, 20}

={0|2qivi zz pv}
={v| f,(a)> f,(p)}

BTt T422 Ween ' AT BB ARSI & w, 399 fu(p) > fu(q)Bor, Rl
B 5 p 1 Top-k KR ZHEFF A% T q Bk Top-k R ).

HUEHER Sy S POHOPIIN, Hlia s p 55 q (9 Top-k K HERS (M1 fr B A
K. EH.

R4 T ) — RS, MR SITE 4.2, BOEA p 5 q 10 Top-k Kol
AL 5 A I8 50 ) 7 R AL B 0 B ) R K B A 0, T HE R 4%
T P2 kR R . BET & pg, W SBCY ARSI S w LT T
TP I, RS p 7R AR S R w oy T L R R A g (4
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1M 2 SRR A w AL T P s — M, ol 2 p 72 RSB0 R
ﬁgwﬁﬁkm O/ T R S g IBEY . EREGPRAIRE w ERBEYRKE
A4 FLF S B T Hdls 20 p AT g 1 Top-k Kr R ARFF AR AL

HE o3 S ) 5 SCREAE R LT S Top-k A2 (K HEFP ARG, X%
Top-k 602 A 1Al R TN PR AT 8 IR A B R i ST BE 2 () LT S
SEH, AT LA E— 2D MG Top-K K6 2% (19 fif 2 () JEA T TR

= REWNEH=ENERFXE S 7

mHIE 4.2 prid, REBREmE w FRKR, A Top-k fu R &
SRR e WA S B B ERS BLRR B r) R 7 e (g i, ) DR A 2 R gk E —
ANFFIR BT, (AR A 58 G ek B n) B AT BE T 1) ) S o O b D
W T o TSRS LR A B BT A, AT AL BT SR A B R ) R
RN o Fi PAAS SCA T 0T 98 B~ F- T RIR 0, RIAT =5 %5 380 A SR 5 ek 80 ) R 2
A

FIRVOE WP T AT DUA R 288, Bhlnn mo 4R 7S A RO 9 AR AR R AU
BN FEBRIET 58 — R AR 2, B 172 BRI . O 1 RIVE T, ANRKZ
MITHR R R, ATk 8 56 — EMR S R E, A

E={X|Xi+ X2+ ... +Xmn =1 H x; >0}

Gy RHERIE E R BOE R, 2 RS BURR HU) R 280 TR — S XU
SRR NG A, ATRN A R B RIS S AR U B
B B AR 2 HE 3 SRy FUONVE 2 B X, I8 {AY. Z4EETE TR E
Bl an i +— s .

N T AT 5 SR 5 R B8 ) R B8 TR AR R 20 T T 20 0 H SR A X B 5 (A
FA I o FH AR

X 42 RfFXE VL ERET, BALRMET E. RIS AR E ek 2 ]
W HE R 73 T P 1) SR B A X3 AR 2R 7 X

PN E BB TR e X A ) A T

B 4.5 X7 ) a5 2 R AR R — MR XA B BT A SRS B ek ]
B w, BUEES TR ITE BT Top-k kR A —3.

WEB: (SO BRI, 6 T AR 7 DX 1R > 56 AL ok £ )
2whHv, WE: WEwSHE v AT, BT REANRFATRE, Hi
& w 5 v 7 A ) i [F] IR X A

5
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Bt— STy F R X 5 2

LAPTEAARI p, HAEETRAEMRE w i Top-k K& H T 5 H AR5
TREBRE v ) Top-k fe B P P A —FL, ARG AEf K Top-k fr R,
BRI p AR T RAREE w 1) Top-k iR HHEFL T AR T R AR

v 1] Top-k &2 F1 IHET

IR G AR, BRI S n A RAER, WAETER /D — A
T p MEHRETL g, H2: fup) = fw(@)H fup) < f(q). TZE AT S /N
Feor SHE D ROE B 4.4, RERRERE w5 v A T8 A p 5 q T
O3 SRTET T o 3 158 B e 43 SR R RO X, X S AR X e 4.2
T &, HMAAEEXFE L.

HABFTA SRR, IR,

SEH A5 YO TR X AN E B R, ST A AR A S
VEAE R —ANMRF XA 1 A R AR S & w, B8R & b 1 B 2o T
Top-k K = HE 73— 2

S 4.6 X THIES p 5EIE A g WHEF AW P, UREBGREIE w
MHEF 23 ST P A — U oc B AR 55— ey, =4 Top-k i = HEFH p 55 g
M B R A, Hp5 o FHEFA B2 RAHAR . BUATEAE S — 5 A,
A3 fw(Q) < fu(r) < fu(p)EX fu(q) > fu(r) > fu(p)-

UEBR:  ARMEEH 4.4, SRS EAE w AHEF 5 P — Mo
W S —MIEE, H=Ef Top-k B RHFH p 5 q MALEKAXE. HHFES
—HHE S, AT fu(0) < fu(r) < fw(P)EE fu(q) > fu(r) > fu(p). JUFEZE G B RR Kl
2w p5 q R P B — TR — I, fu(a)5 fu(p) R/
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REREXM, BT EREEBRE W NWIELLREL fu(0)5 fw(p)R LAHEL B 2 A
%, BRI SRS g5 e B p 5 r 19 Top-k iR AL E U0k K
X, XS RGP R w AHEF > FE P IR A A B 5 2 A
Tl WUBRRAN KL, UEEE.

TN T B B U B AR T X 385 Top-k & 22 HE 7 2 AR RE IR X LG R o

SEH 47 R IXEHESE] Top-k 2K HEF & 25 7 e & — 5
5o

UEBH: (BER) fBiie: DRIP XIS 5 2] Top-k K2 (k241 & 22 8 e
SEAGE A WAFEA R PR P X3k A 5O/ X B, J7 A R 2 Sk
FEORIPIX 3 A BUOR Y X3 B AP (10 5R A AL eR 20T A2 1Y) Top-k 2R A HERP /& — 21
f o

AYTHRFF X3 A FRRERRE w, BRI B FREM R v, &
B RO, WA RERRECH f, B Top-k RHTFTE5RERRE f, B
Top-k fr R HE P 7E 42— 8. 70Kt

AR X AL BAHAE, WIARYE OR P XSk E X 4.2, RIFIXIECA L B
WG FE— D HE P AR, XU R X3 A SR IX3E B 2B T — N HER
o FHE R, RERSR RS E w SREMRERE v 2RI AR
FHEp P WARTEEHE 4.4, DAFEWADNEREL p S o AN T REBRE
FE w SEREGMREAE v, BdES p 5 q I Top-k B HEF RS A7 B AR
Seo SRR JE, HARBANAL.

AR X A SORFPIX SR B AHAR, T X sk A JEAE X 5 B (AR —
1, W T AR —HEP o SRR, A REORAIE T A BRI Top-k A= HEFP
RFFAAL . TARYE S| 2L 4.6, BLESEhE N — A HHIAE, RIGRFIXik B Ry
TR X ARL, P AR X, XSO, SRS,

Ik, PR XSRS G 2 Top-k A 2R KR 21 & 22 18] IO A A& — S LA
k.

[ 5 A SRR L HEFP o0 F T AT R DX s AR S AR L LR, A
BRI R T R R R B LA SEAt,  mHEFR 2 SRR LTS S Top-k fa
AP ARIER, SRR R EZN R, R XU AL X 3R A e i) R A
IR i, SRR E B LR S
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EIT HUAIE: ARFREBIRRXE

—\ LIRS

EARFRE T, AT EAXNEEIEE BEEN R L W& AR

v HEF O FAR T X3k (R IR B 2 5 BIE PTG, RBLT X Top-
k ﬁ%% ST . SR, B AZTAT MR EE, K 5 B0 B N e gk 2
RIP X E 2 eAER, BEEHEKR, AEb.

b, ARIEATE TR, w45 5@ 4.7, ATLUE HART X
A E AR RS IVE ST SR s KT 18] 1A B 28 SR AE IR — AR XA R
AERAEBRE A E w, BIEES TSI Top-k R ATFH—2. i
H, fRP XIS B Top-k A2 IHE T 26 23 (8] (U & — A 55

IXEEFERE R, 0T SRR) Top-k MEREWM S, JFIELE. REEHE,
SRR 3 BRI Top-k W7 KA TARKRIALA, XF Top-k & ARER 1)
FI MR A T2, B Top-k A B MRAE A BRIR FEANAR o TR e X SR ) 25 2
Top-k Fr Z [ HE 205 73 18] ) S SR PR PR JE 2, 306 Top-k Aar 2 10 fif SR A4 Jl
B BRI o

DRI, X A 2 55— TR 2 TR T LA s SO AT R A AL B R L By,
FEHEE],

e, AR, XA F AR X S B A 1 LRI

B A3 RAFIX . ORFRIXIA () A 585 A ek £ ) 7 AR 1) Top-k far 2 (1)
BRI — S5 1) DX SR Ry AR X

AU, X T 7 1 ) ) 2% R AE R — AN DR DX I 1 BT A SR A Lok )
w, FEAER TR Top-k o 2 2 ) F A A [R] IR AR A4 R o

U, ATFRE =AM TT R, A E RS BEE R S15RA
WEHER 3 S e M DR g XU HE .

— . Dominate Degree ffL{LALIE

BRI AR, JFAENTE MR DA fBE KON Top-k fe R K —4
), NTIRZEIRED, fFEED kK MAFMEIED, EERREEIRECN
RE[RH e, WXL H G ] LA Br, A58, UK R R 5
Pai. mTHRIEH K RERED, H7 o Fmm B B R, iR
F X3 1 250t 2 R
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5, AbsE X Domination Relationship 21~ (ZE: Kk Top-k k& 2 i 515
T

5 X 4.4 Dominate [7]. $#5 7 x dominate BRI y, 4 HAV 24 DL R 28R
JOT

(D XFHEEGie{l,2 ....m}, WEH x>y
(2) BOHEE—N)je{L,2,...,m}, 15 x>y

# T Dominate [ X, WLL#EH Domination Relationship Ff74: 52 X :
Dominate Degree %11

5E X 4.5 Dominate Degree [13]. W3R —ANEHE I x 4% i 2551 dominate,
& ) Dominate Degree v i, ic N dd(X)=i.

AR H A E B, XA E BUR 47 1% B Dominate £1 Dominate
Degree 7t Top-k 2 25 1) HH 1) 5 2L 5

W 4.8 AEIEI x 4 5 —F 00 y fFr dominate, MK TAEREIEZ RSN
B f, A f(y) > f(x).

EBH:  MREE X 2.1, EAEE T2 Monotonic Function, 1% f (ag, ay ...
an) <f(ar’, ... aw), PN TAER i ¥WH a<a’. HREE X 4.4, 715 f(y) >
f(x). X FRNAEERABEL, WA fy)>f(x). TEE.

HEiE 4.9 EEIET x (1) dominate degree KT k — 1, NIXf TAEE RS K
e, x BIARARERCN Top-k K& HI— AN

WEBH: e X 45 a5, FHHIET x (1) dominate degree KT k — 1, NIFELE
£ k MRS dominate HlEI x, MURYEHEL 4.8, XWEEREIE
B, BFAERD KANEEETU) Top-k B R AT @ THEE I x, a1 x ¥ T0E R
N Top-k Ko & B — Ml UEEE.

AR 4.9 ATEN, fEHAT TR BT, WTLAHSE I dominate degree KT+ k
— VIBAR U HIER, AMECERE, J7 AT K& > 7 EE A PR B, TR 2%
Hotf T P A R HE 4 S AR DA OR T XS E H PR AL B B2

= ZRHZMER

WA 7 L E 4.1, 7 A Z I A bR RIR A AP RUITAL AL
W EONER R m - 1 4E-F I, AL T LB GRS, X8R
B RG2S, nTLE TS A
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M. &HRFXEEREXE

WRTRTIR, R XA 25 JE A MR BT S5 RF e X T 07 ) [ B 9 28 RV
FE 5] — AR XN 1 I A S-S AR Bum & w, B B 6 b i A o T
Top-k fr A 73 —5. JEH, RFXEIES B Top-k k= IHET 4HE 2RI
BRI & — A 5
IXEEFERE T, 0 TSR Top-k K REWM S, HIFLE. REEHE,
BARRI BRI Top-k M RHET KA TR KA, X Top-k Hrz AN
R MRV AT 2, R Top-k A 2R RER AL G OR R AR o T IR Xk A 4R 2 3]
Top-k A& 28 [R)HE 25 5 2 [A) (1 B SR PR B R R A B, 36 Top-k A 2 10 fif R 4 Rt
B LE IR .
DI, A /N BCAE H PRI A Ak B RIT Ay 5 S A0 I 4 8 A A X 3o
BARI AL E S AR R
W PALRPET E B — MR XA B SE s, ARAT IR X 3 ] 3
b, ME—AERE G, BUETE E LA ER—AMEFXER. BIERE G
I —ANgh Rl vo, BUOLHI— N RABGREGHIT Top-k K%, KHH Top-k K%
PIAEEE Ro M vo TFEEXT EME G #3477 Bt % (Breadth First Search,
BFS), &RGHE P2 HE 7 70 I P(x, xo) I, B 5
a. x1eR H xeeR, W RAAZ, SIPIRFIXIL, KBRS 2 7
b.x:2R H xo¢R, W RAZE, GIFMLRT X, ZERICEBHF 7 i
c. xieR H %2R, M4 xi N RHFFEH, ¥ x dFAN R, LREFMEHT 5
G ;
d. x12R H x.eR, NP xo N RFFEH, ¥ x N R, REAULBHET 7
FHTH o
Pl FIFRM BFS 25, & XIRAIH RO R AR ECR AR, XI5 H
bt AN T PR I T R gk
NI, UEB XA A B R 2 S T IR X R X e, S, X — 4
PR DR S Top-k A5 2% B 1A 1 3 iR o
B 410 UL EACEE, PR DXy A CR AR X 4k
WEBH: %%, BFS PRSI ML S vo, ERE T —MRELHN . SR
HIPRIF X3, ABRISFESS — 2, TFEHEE S vo X — R UG IR F X 31T Top-k K2R
IARAE o F T DR P DX SR DR AR DX I 78 40 26 1, W vo A B o — N DR IX 43
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Wi/, 7£ BFS M, &R A HE 7 FHE P(xy, xo)iF, AR & 2
4.4, x15 %o ) Top-k k& HE 7 KA, 5328118

a. x1eR H x2eR, M x1 5 xo 1) Top-k K& HEF K AR RS Top-k K& 1
5 R RSO R, i R AR, PORT X3 Top-k o R ARER I 4L e —
g, BT AR XK, KBRULBCHER o S, RN Top-k A fRAEH
FRICHZMA, I DX 3ATS A DR X 33

b. x;2R H %2R, W x1 5 x2 1] Top-k K&k K AR AR Top-k ka2 (1)
filrgE R MO SE, T R AAE, PRORFF X3 Top-k A &R AR I 4 o —
Y, WOTE IR X, BB S, I Top-k A AR
JRTCEZM , I DX IAT) A DR AR X 33

c. xieR H xR, M| x15 xo 1) Top-k f 2 HeF K AKX Top-k fa 2
MIfREE R BORI G L, # xo N R WA, ¥ xo JEN R w1, BN
Top-k f R fESE R, CREAUBLEBLHER 70 7, PRI Top-k k2 Al AR A4 UK A2 38
1, BEBCHE R 3 5 R 0 35 A ER A DX 3

d. x12R H XxoeR, M x15 %, i) Top-k £ 2 HE 7 K A X K% Top-k 2%
fRSE R R BOEEEM, #H xo A R FEH, # x N R o, BCNHTN
Top-k Kr R fREE R, OREAULECHEF 70 5, K S Top-k K R AR K A2 AL
1, SCBCHERS 7 5 TR PO 250 D9 PR A X 3o

i bk, 2Pl b BFS ZJF, Fifsi XIS iR X . il 5 If Ok
Fp DX 42l B DR X . HIEBE

Rk, BA B BFS s FREORHF T ORARE DX IR AR IR (1 A5 3

REFEHRACKE B R B 1, 25 IR OB R X s, I HABAS
TRAR XS H fe/Mb. FHUEH, @bl =D B 2 5, (RIEIX T
HHIBR T /M.

SEE 411 FRMACA S BEIAT R G, ORI H S B T s
1t.

EH: ORIE) RS BRI J5, Fg X IR E B KSR AT Ll
T I A BE BRT A SRR B B B D BT AR R R I R DR AR X K

BRI A 5OREXIE B, 43 38bhit:

FHORREXIR A SRR B AHAE, MR ORP X E L 4.2, HARM X
S ORI XIE IF TR, WER AR DX A 5ORMEIX IR B 2 18] BTG AH TR A
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e Ftim . HREAE—H 0 A P, BOETIH P ONEEE S x5 xo HIHEY
JrFhm, MR4E EiR BFS (LA AHE AR IR, a. b PIRIFOLT, HIRSR £k
FEFp oy FRiE, W S P R ATBER oy d BIAMIE DL S B ELVE TR B R ORI
RV

HrefEil ¢ xieR H xogR, WIFEFHRF /> S P Apiil, Bl x5 x2
Top-k Kr AR PX R, R xR H xeR, #iH Top-k K RIMMHE R 11
MpoRA 7 A, EHE Y AE P PN, Top-k BIRIMRE R A8, Wik
Rl P A DX I AN ORRFORAIE,  TEid e Jl R gt X 3o

FoelEl d: xR H xeR, 5150 ¢ MIEMFIEE, FEHEFFZ> S PRI
i, Top-k KrmMfFsE R A8, WAKGE T P I XIS, MAGRER
DRI, oA DR AR IX 35

HUBBEANBRAL

A DRI A 5 ORI IX I B ASHEAR, X3 A Bl X3 B H— h AR 7 2
HEFFHAMA N XEI R 5 X B &7F, ML, & I8 IR X 55
TVERFE R . BB TR A AL

Rk, EdRACEEERERIT R )E, R XIS H LR T &R,
k.

BB E S HE, wRE N, AT 5, AR
N E MR R R R, IR HE o A A RIRERE A A I A
I SR A 8 PR P DX 55 5 DA BE D B A ) DR AR DX 38, AT 38 21 KK AR B
AFAERE A H 1 -

=75 Solution Prediction Algorithm

KREH— BN T ORERRMEXS LR S A O BRI AL A P i3
1T T HEANRIARY, N A Top-k # & Fi% (Solution Prediction
Algorithm, SPA) $2t T 41 M EE 1S I 5 Bk B IR PR IE A o

AT, X SPA BEEHIEXMEIERIR, FAARFER LY, SPA H
B EERR B R

B, EREIENE A, AR S Ay /B Dominate Degree 146
WFRRFTR, KB BREE ST T dominate degree KT k — 1 AIEHE TR, MR AS

32



R 2RO 2 AR L 8 ST

DLERTHEE. B)E, £ SPA FIAMS D, MTa— MR, KE
1145 B BHE o> i, R AR A AR 2 28 7 5 =/ Beh 2 R ER AR DL A 3K
i, K2 R R SR 2 S I — A ERAIEE =0, BUR—#
BRI RERTE E, 45 G B DR IHRR 2> i, SR B #1146 T/ X 35
{A}. WE, BEATAES AR INBOR LA BT R . WIETERIE G, XY
H AT AR BFS, [R5 00 O 7 X & I 0 DR R X ), W]
LI IE R A AR AR B 2 Top-k MR MR s KL, SERT Top-k FERI, fal
NREBAE, B A eR AT DL R AR 20 MK Top-k A 4R .

"Solution Prediction Algorithm (S_PA)

Pre- -computing Phase:

1: Get Dy = {p: dominate degree(p) <k |p € Dj}.

2: For each point pair {(p;, p)): pi€ Dy, pje Dy}, get their “Rank
Watershed” W(p;, p;), where W is a hyper-plane crossing the
centre and perpendicular to vector p p;.

3: Let hyper-plane E be the unit oblique section of the first
octant, which 1s partitioned into many areas by the Water-
sheds. Note these areas as {4;}.

4: Construct graph G, whose vertices are {4,}. Add an edge
between A4; and A4; iff they are neighbours. Get Top-k ans-
wers of 4, noted as R. Run BFS on G from A4,,.

5: During BFS, when crossing W(p;, p;), if
5.a: {p;eR and p;eR} or {p;¢R and p;¢R} then

merge the two areas and keep R unchanged.
5.b: pieR and p;#R then
R< (R~ {p}) U {p).

6: Construct a proper hashing function A from the aggregation
weight functions to the solution sets.

Computing Phase:

Input the aggregation function finto // and get the solution set.

K- — Solution Prediction Algorithm &2 4#iA

—

1E HEASMMRSEEIIE
F—T SLIGEITEA

AT NA S S EE 7r—— SR R B oy, AR RET I B ROV R IR L
RS b SRR, ARSI A e R 7 2 SR B O JI SRS
FEARTR, KBRS, 2R ISR ZE B ny HE 4R m. 48
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R RN kA o A B S AF MR A2 &, X 5 5% : Threshold
Algorithm (TA) , Density Threshold Algorithm (DTA) , Selective-Density
Threshold Algorithm (S-DTA), Top-k algorithms Based on Reverse Top-k (TBRT)5
Solution Prediction Algorithm (SPA)ZEAT X b,  FH DAUE B AR SCH tH () 3 4 Sk
——TBRT 5% 5 SPA HIkHI =t

BT XWBSBRTE SBIREMIA

A AR R I B BN 258 2 B E LA SCR I — &R B0 B0 T 4
o ARSI T FIERARAD R CIC+HE S ARSI, el Rk
FE—A 8 ALBRERHTHEANL HIEAT, I ENARA 8GB ML= N, Ak
ALFRZEES N 4 #Z0 ) Intel Xeon E5430 kb# %, 4N 2.66GHz.

A ZH 2B R FH A% ) AR BV AT R L SE g R, A B R EE R ny @t
EAE m AR RS R k VBN, AR AR AT = AN B AN R o A 13
W, FHULEATEZ A WS . &AL S H M BIME N R AR

Parameters Default Values
The number of objects, i.e. n 10,000

The number of lists, i.e. m 2

The number of results returned, i.e. k 50

The value of b 100

The value of v 10

(Rl P BE BB R SR R A A . i Fi= 1, 1, 2, 3,5 .. 3R H

m = m
., RSP REN f(x):zSUIM X, HAHSUM =) F.
i=1 ey

ViR AR BE . B SPA BiEZAh, HARDUAFE (TA. DTA. S-
DTA. TBRT) 4 LA Hds e b B i vy [l B U7 10404 . SPA B33 0 DA
DR fide DX U 0] B iy [l A A

ARSI LR T =NA IR Ul NI A CO. HBRAEIEE Ul %
IRBE R AR B R P A 2 B R B 2140 A Cuniform distribution), AN
(@ MR A TS . NI RN A B R P A 2 2 I EA 4 (normal
distribution), AN[EfIRAHEI. . CO FRIRASH B 1 2R (1 A 3 43 B0 2 IEAH
KM/ (correlated distribution), 78R —ANEHE TR A B L BB
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A I, e AR AR I AR N A R R AR 0, R AR A R
R G o0 A AR T AL

EB=T EXWERS O

—. HEEREHE n T =RUXTEESLLE

R —ELIGH, S8EENE, BTN n v s, HMseiis
BIJAR = WBINSE, £ UL R E L PAT =X 256, 2R n 2
%174 1,000, 10,000 F1 100,000 ke 347 % B8 LU . S0 45 B B+ = s

nas var
2000 T
3
3
—+-TA i
1500 —+—SDTA
iy
— = ~TBRT
—&—8PA

accesses
=
(=]
=
=

500+

1
1000 10000 100000
n

K= Hdla e A n 98 f X b siis

TBRT &k 5 SPA HiEXHT TA H2:. DTA Bk M S-DTA HiEHIRGEHE T+
bt R 4 ) an B DY B

speedup ratio speedup ratio

03 07
e —+-TBRT vs. TA
T © ~TBRT vs. DTA ih —+-SPAvs. TA
02} s —+—TBRT vs. SDTA B Ot aivs DL
— - —+—SPA vs. SDTA
s g | [y 0.5F 1
0.IF ] 0.4f
_O it _O T
: a0
sl | 03t
> T 0.2
0.1t - L
01t o
02 : q :
1000 10000 100000 1000 10000 100000
n n

K+Py TBRT/SPAVS.TA/DTA/S-DTA

M SEI 45 RAT LIS, TBRT BUERITEREIR L B0 T TABEL. WL T S-
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DTA &%, JF45 T DTARIEL. SPA BRI LE T HALK P %k, (HAE nfH
ORI s T DTA SR HIVEREIL 528 /N

— BENEn ATERIXEE S

R B, SHIRELEE, HEERMAE m R, Hisins
HEINR=FBONSH, 1 Ul B e EPaT =R LS, Bl FEgEE m
GraN 2. 3F0 4R T R ELEL . i g R AN TR

m as var
700 T

600 ol

e
=]

acceszes

BT @A m AR R 0 B sz
SPA BN T TA Bk, DTA EiEM S-DTA B LRk feie T b R B E -+
INHTR o

speedup ratio

0.05r | —+_SPAvs. TA
ol | ¢ SPAvs.DIA e
—+—SPA vs. SDTA E
-0.05 '
2 3 4
m

Kt/ SPAVS.TA/DTA/S-DTA
HT TBRT 5952 RTA FERIRE, ToVENH T @ 4ets o, $oe @ 4EEuRE
JEF ARG TBRT FIEME AR L — A . WSREG 25 REHE T LG H
SPA Bk AR T A AR, (HAE m=4 M 4EtE il T, SPA HIELRS 55
T DTA Hi%£2] 0.6%.

36



R 2RO 2 AR L 8 ST

=. KELERNE Kk AT ERIXTEESELG

R =BG, SKRERIE k N E, HMszkSEH R =+
BRNZSEL, 7E UL 3R E FHAT =0T set, R R S5 AL k 45108 50, 100
F1 200 B HEAT A MR HARS . SEEG 5 R E BT s

K as var
500 .

asol s LI i

acceszes

50 100 200

B+t R EE R k 98 & [0 b s

TBRT &i%k5 SPA HiEXHT TA Hi:. DTA B S-DTA HiLHIR e T+
R B4 an B+ )\ s

speedup ratio speedup ratio

0.25

0.5

—+-5SPAvs. TA
@ SPAvs. DTA
- 0.4 —+—SPA vs. SDTA

0.2l ——— L 0.45

0.15F

0.35 ——

0.1 g D
r DAL _ o snnma =T E
0.051 —+-TBRT vs. TA | i
’ © TBRTvs. DTA 0.25 //
L)
5] .

ratio
ratio

0 —+—TBRT vs. SDTA
i S

0.2
005F . : 1 i
0.1 ‘ pat = :
50 100 200 50 100 200
K K

K+ )\ TBRT/SPAVS.TA/DTA/S-DTA

HSEG 45 AR v RN, R RS R k 6T TA 53, DTA &L S-DTA
BRI MERERS K, TXTT TBRT 5ik5 SPA SkMtERER IR/, WIkEE
KAERI K, TBRT 5HiE5 SPA BLE MR EAE 3] & .

b, EAERESHREIEE ERIXT L LG

ERNESRRF, SHA SRS NR=FHNBINSEH, E=AREE4
RIS AT A BRI Ule NIAT CO AT =40 He szt sz 2 5 in &+
JUH7R o
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DB as var
400

350

300]

accesses
(o]

th

2

200

150 :
Ul NI co

Dataset

I TEARR R 4340 B0 e b i et e 26
TBRT &y£E5 SPA B0 T TA Bk, DTA EiEM S-DTA EiE IRk et Tf
LER B 43 Al an T

speedup ratio speedup ratio

0.3

0.4

0.2¢ B : 035} asdn

0.1 i 03p. -~
1 —+—-5PAvs. TA
of 7 0.25+ ~@--SPAVS. DTA
) Ko : —+—S5PA vs. SDTA
0.1 " = 1 0.2

0.2t ) ™ - 015+

ratio
ratio

(a1
—+-TBRT vs. TA
03 - TBRT vs. DTA || 0.1%
—+—TBRT vs. SDTA
04 s 0.05 ‘
ur NI co Ul NI co
Dataset Dataset

K —+ TBRT/SPAVS.TA/DTA/S-DTA
HSEIR 25 RIERT LA H, & BIETESURE & IEAH i R E CO LRI
B yit, FEMEHR b, TBRT Hik{h95 T DTA Bk, 1 SPA HE AL T3
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