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Abstract: This paper gives a survey on current Skyline queries techniques. It first introduces the background in
which Skyline queries appear. Then it presents in-memory algorithms in Skyline query problem. Facing to the
situation of large data sets, it further presents the techniques about Skyline query processing by two cases, with or
without indices respectively. Evaluations of Skyline query methods are discussed after that. This paper also
introduces the novel query model-SKYCUBE which is applied to process multi-Skyline queries in various
subspaces and related research based on it. Additionally, it introduces the efficient algorithm to solve Skyline
queries in various applicant environment and the extension of the Skyline query processing. Finally, this paper
proposes several directions for further research on the topic of Skyline query processing.
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kM A B Convex Hulls. Top-K £ if]. Nearest Neighbor 75 125 #5# 5 2. B A& Mt Skyline 7% ) &b B & 45
G — D-4EZ X GAES S TEHF A FE Z TP E A SEA G S IR —A A A
FIr 2 4 BT U P B 96 R L FR 40 08 — A D-4EZS A P 2 A R (A S), AN B p BADFE R — 4 EAR T4 — A5t
% q,MAEHL AR YE DAL G g 22 (p R FEETF g), U3t p AE ¥ g.

Skyline 772 — ML ¥ % F b0t Ak 11 il A2 (K99 5 e 5 7T LLGE 31 2 1975 4F.Kung 76 SCHR[3] 4
B T HER SRR T M EWE RN O(nlogon) M EE B K T 4R e T A WEREN
O(n(logzn)®2) (¥ 532 J 5k Bentley 7EABLAE 45 4 B3 40 A A ST (115 00 F 48 T A 1309 B8 1y e v 28 o0 A0 T4 e Ay
TSR A B A LRI, T LSO P 77 BT 4 H 0 S A 0 e oA 77

B PRI I IF T B 6 Skyline £ OBFFT4A T 2001 4F, B¢ 5 1 Borzsonyi 45 A $ H 1Y, 32 38 56 1 76 S dfe
AR K TEVETIN WA A O an ol b 38 Skyline 2 i 53 JLAE, %) Skyline 25 IR0 K4k B nT BLay g 4 28

1) 4 Skyline 77 ) b B 47V % K ST B T AT (¥ Skyline % % #4075 3 — MR 1 19 D-4f 4% ) v 3 [7 1) &
BAES HA 1A RIE A b RS B R 51,50 Skyline T2 Ab PRI 40 A Wi R R I BRI R 51 &
VLT BOE WA AR R 5 AR, 8 R AN B 4R (522> 1 k)R ] Skyline B I 45 3 J5 & M 51 NIE Y
(251 45k, R-M R B v 7 ) A L P 250K

2) % Skyline ALV Bl 6 BLSE A 1% AR AR ¥ P BT B8 AN [R] 1 2 80 A0 47, 5 B AR AR (19 7 25 ()
Ak 2 Skyline 7 ) 117 75 3Rk, 20005 G 2RI OLAP S35 A1 5T 38 % 7E AN [R) 7~ 2% 8] _E b 4T Skyline 2 ) IR 90 =42 T
W (1 2488, $E Y T SKYCUBEPI M8 . SKYCUBE fif H1 14 45 (¥ Data Cube (1125 4 J22 U 45 K0, 31 T A5 2% 1) i) I
A Z A Skyline 25 (1 AR A2 H VL E A 54 SKYCUBE TR 44 Rl R 45 55

3) AN AEREE R ) Skyline A 47 . - B ALHE Web 15 8 RS Y Skyline Zifj4bF . P2P M4 IREE R
) Skyline EX AL EE . B4R IR T 10 Skyline B IACTE . #5301 2> 5 P 4% IR 53T (1) Skyline 7y &b #1145,

4) Skyline 7 v &b B ) 7L [ 47 J&. 451 G, SCR[6] o Yk i 17 253 D) K4t P mp AN [ BI8 2 2 T 1 4 ) 56 3R 11 ik
= I T AP HE R T IR e o 38 T 300 2 R 20 M R SR [ 7] %) s 48 5 1) HH BLFE Skyline
W25 J b i s AR 22 I 2 BOZ 45 RAEAR 2 I g0 P 2k 25 SO 1) 8L 38 HE T k-Dominant FORE S, 5555

A LA H,Skyline [ 2 i) A3 () @ CL 28 5 1k T [ P9 AN 03 1) v B T AL, 3 JL 4R, 7E SIGMOD,VLDB,KDD,
PODS,ICDE,ICDM %5 A4H 5% 1 iy 7K 1 B B 2 WL _E ke 38 T 1 22 v it ot 19 18 3, BE v HE K I IF 0 . 7E TKDE,
TODS 2 1) b th e 26 7 KBl SR AR 110 H iy, [ P9 R B L3 504 8 Skyline 70 b B 1K R AR 0 DR
FITH 50 SR AT HE A LA 2155 T Skyline 251y A HI7E 22 40 ) e 55 N 7 1D 1) T EEAN (AN AR SE T PR 2R IR 25
THT ) R 47 I FH T 55, 08 T 32 Skyline £ i 4b 1Y) & FE 82 % Skyline 28 i) &b FRAF AT — AN S R L (4 48 e 2t
] Py R FE B I 5 10 204, 23 3 7 1 11 TAE 12041 7 3L

ATCAE YT R Y AN SEWE 5T AR (LT EXE Skyline T AbFEH AR BEAT T 4538 AR SCEE 1 4548 Skyline
AU AL B 1) 8 AR TR S SR 3 ¢, 906 1) 8 e SCHEAT ARSI B 2 1 EIR A Skyline (1) A i Ab #E
BV LS N AT A B EE TN M AN FR SV . i R G IR R 5 B A48 5 3 W HAR A4 £ Skyline 1 i)
AR VE, AL SKYCUBE [UiH 5. 4Er MRS 4 AR RN AL N Skyline 12 B AL 5 5
i A4 Skyline 25 40 Pl £ 1K 37 F8 06t e 45 4 S0, O JB BB R R IR 9T T AE.

1 Skyline &if 4k 32 o] FR

1.1 @Rk

Skyline £x i) [ thFxh Pareto L mibl K [h) & il A & JE F AR 2 O — A N-4E (B OO0 e S Pk %
ST Z TR R BERE S TP AR A H A ST ALK A5 R SP(skyline point). i ML
M HIR R R E — D N-YEE W P2 DR RE S) A FAEXFEPINRTE P=(p1,p2,-...on) A Q=(a1,
z.-.,0n) AT 5 P AEDT A YE LI PR ARAN EE XS 5 Q 22, H A AE — 4k IR PEME L T X % Q,IIFx P 424 Q.

SeRTR AN IR —— U (1 2 P A A o R  HEA B % 1) Nassau e, il /b A8 4k — 52 o f (3 21
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HLERIEE I BOE ANE B 1 (AR AN B AR — SR X SR FRU (K10 Y Al 2 s B0 383 1
T DU 2R B UG 5 RS AL T4 2 B IS 8L i (BRUE) st ol A T AR L R (U ) ARA A %,
PR A Jh T AAE AT 2 b AR B — i (WO ), 3 O b S e, o B S K I, FRATT e A e R T P
AT LA ANFE ST e B0 T 7 2 b 1) s 2 IRV ANAE AR 05 2R AT A0 T4 e 1K) s K 1 Skyline 2 1) 45 4.
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Fig.1 Skyline of hotels in Nassau (Bahamas)
1 4% Nassau 1S ¥ Skyline 25 ] &

Borzsonyi 2 AR I HT I R I — > SQL Aty K &k — 4> Skyline £
Select”, From Hotels, Skyline of Price min, Distance min
Horpmin ZOR A% RTEE B P AN JE M AL min (I B4R X B min A n] L s H Al 45 4, a1 maxjoins,
group-by %%,
1.2 SkylineZE i #Top-KZ&Eif]

Skyline £ )5 Top-K & AN [A] (R B AT T2 ) B A — & MR 58 B b e T i 2 H kil
A A, R SR [ T BEAS [F) it e A% BE 10 2 H B Ak i) JB0E 3 3 R AN [ 1) k18,

1) Akl B AR ORI )8 (Top-K 28 if). 3 22 AR I — ANl A R BO X S 566 S R A%
M2 AN 8 AT B4 15 8] AN B — {8, 3B % W Bk A Score {8, AR J5 45 BT AT I 6 % 4% 3L Score {H3EAT HEFE, Fi ik
HVRT K AN KB/ RO 5, RIS AT 2 1) A 1) &5

2) Pareto J7i2:(Skyline i) A~ &4 In) R AV by 5 H AR Ak 1) ) R0, T2 B 2R FH 2 H BRI A0 B g o s
2 B bs AL 2 B R IU R R 2R [l 45 R R — RIIPPATI . ILASZ IR (62T Skyline L 24>
SP). X LI ) A Fg — AN B s FE R — 4 AN L o — e = i H A A DA — 4 L b S — s e
Hh S ZE R G — R AR P ) A T R IR B A% 1 TR ST S

3) vl L U7 B A A () AR S M 2 HEAS ] (A 2 4, 8 i 4 R 26 0 I v A R ik B8 5 A I R AT AR A 4%
TR 2 0 M v ARG R0 B 0K IR B %o G AH I i 2 AL P DK /I 8 L e AR AH TR0 0 b 252 B A % AR AE R — /MR
SEg b e AR DR/, BB L B AR S R Lk
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ke 2 v P AT ] JE At g T 4 A1 3K A 1] A 3 A A v 9 e K T R R K I i ) A, Kung 7E SR [3] % 2
A Bl AR PR T AW E A2 E O O(nlogon) I B IE B R T =4 e R H T — R A ME AE R
O(n(log,n)*2) i 53 i ke Bentley 7EABE B 76 & 4k b @ ML ST H S 5 8 RO 00 R 52 H 7 AN 130 8 il 2%
A ) ) 2 i Ay,
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2) S WIS Py SP ARG Sy Py K SP AR Sy b AN Py R Py AN MLk AR R 4, B B AEAN 4 AL,
A BB ITCA M IE.

3) ML & H IS Sy A Sy, 1 BB A SP ARG B A UL, w2 M 25 S, bk Sy P e A Ha il i oAl

AL R AR 0 25 3 D W 2 iR, B I AR 5 —ANEE dg(dgdy) b R EEE— 25 )
a Sy Pl S, LA ERENEGRT 4 /l\ggﬁj\331,1,51,2,32,1,52,2-31,i;(*‘: dp T Sz,ixsi,l 1 dg HET Si,z(izl;z)-fﬂ.{{,
BATR T AT Spa A Sp0,51.0 F Sp2,81,0 FH Sp 0. 31X — P HISEHEVETE T FRAVTCATA I Sp0 F Sp 0, KR XA R G
M T — T8 AN S ATAEAR I 5% FR 10 33 VA b 0 Y U1 5 B B8R S BIOGE Sy g A S0 LA S LAt A 350 40 2 D 1) 45 9 A
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RSy 1 A1 Sy MRS T A IR BUIE R KL R MM E L T, 8E8F Ao hFk LA
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Fig.2 Basic merge
K2 HALGIHF

SR ) ek

(1) RII> I FRA— LA P E;

(2) ¥ 2-B8 R0 0F iy m-Rg K1 43

(3) 5 3 B WA 4 P VA I e £onT LLR — A Bushy-#5 13 3F.

Bitmap STIRI % SR A R AT B 45 MR I — AN U A SPAE I AL T 1, A [ A R SR, 1
B A SPAF ] LUK I 35 1], PR 4 42457 48 A v S 3 AR PR i mT LAAR R Mt B b — A AR A5 2 SP.

TR X X — R (R R B — 265 SR B

(1) Fridase sl DS AR d 4Eas 81 A

(2) 75 i 4 B kNS A s PEAE (L<i<d);

(3) pi fURER 0 2 L RSE j AR YA, AN K BE AR piu>pio>...> py, ST 4E_E AR A 9 R 9
Best F[0...1];

(4) AHEZE EHOREAT L (MAX).

SRR T

AR XE (X X, Xa) F A m A 1) R R TR g T K LS, U m S AT K R A B A x A T AT 4
AN TR VEAE B AN B R ALK A PigaPis- - BR X J2 § 2 BB pig AN [ I PEAEL DU X 1) kg A7 L fR A 23
AR LA RIS g-1 RLBCE R 058 o RLBIER ki A7 1 B LAXFERATREN 20 sl 36 00 7 AH Y. 1) RO 244

e BS AR RS 1 4E R ET AN 008 PEAE AR LR R BT — A A X=(X0 X2, ... Xa) S& 75 2 SP:

ik A=BS,, &BS,, &..&BS, JUM FLALYSE n > e AT o b0 8 P AU T (5% 1) 3UA A7 x A AT
o LI R AT, A M2 n AL E Y 1;

ik B=BSy, 4 &BSy, , &...&BSyy , JUA HLAUA S n A AUAE RS 1 (10 1k A T 3Ll 1 x £ AR R 4 L1
JEPEMEIN,B W58 n A28 1;

il C=A&B, N 543 4 HAUUES n A pife s — 4k LB PR A0 T (B4 T7) Hofth a0 x 7EAH N 4 L i) B 1
B, HAE RS 1 (1 @ RO T A o5 x AEAH R 2 b0 J MBS (2 SP i)E X),C 138 n A7 Bk 1.

TXRE, T 20 [ HEAS B 4R, SR R T A RO AT 2 SPANITT SE iyake [m] 5 g 45 L

LESS(linear elimination sort for skyline) M 1% 57k 454 7 SFS,BNL Ml FLET 531 24 )5 [, /& SFS
RO L B S SFS Bk KNP AR 2 b TE T

1) 725 0 P LESS HEMA T — MH BRI IEE D (Fd o EF % B0 AR B0 42 e i — A4 47,
HETTHE TR T — LA Re /2 SP I AE Il £ dh;
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2) LESS HiES A T 1) HIAMHHE 7 A SFS HiE A 1 Pyt uk SP.

13— 42152, 7E LESS SHykih 45 EF T 114 6 4% 205 18], 50K i N 10 3% 1) A 0t 2545 ), 45 BF o 11 23l OF
AT B N A SR (I /N 0 58 SR IX M0 35 N I B I R 1 P AR S R b 2 AN R R EF HIDAERX
FEA, W] LA ORAIE S8 AT 250 7™ 6 97 12k

XA R T 2 Bh B PR BEVPAN /N 45

BNL Bk HAG Tz BIE FH P, 3& T AT 4 0 0l A9 AL gt v, 2 IR 2 IR (0 SP 7R h [l v &
WiEh SP ILA).SFS Sk SETRAL Bl R (HF FP), wT A 8T R, n e o S5, i L G BEL 2 K 2k Ut D&C 5T
138 TR A/ 0 0 B AR ORI R 2 I AR 1O A O, AN R k%, & HH B2 B % Bitmap Bk, TR
TRAL BRI AR (G bitmap), i AL Wik 2, B I (8] 55, AN 15 T 30 25 B0 2 RS [ i 25 45 41 LESS 5503, S 3 It [R]
ST % g O(Kn), S5 4 0 B 1) 52 2% & 2 O(kn), 38 3 1A s 1) 42 2% 1% g O (k).

2.2.2 R GI% I Using B-trees/Using an R-tree/Index/NN/BBS/BBS*/SDC/SDC*

Using B-trees 42 505 (K LA SBARUR 6 T 4 23 1) _E (¥ Skyline 75 i) ] 8, 1] B-tree X It JG 40 7.
—NE RG] ARG RN R TG B2 7 HES) 1) TC AL X RE, U 75 2 i — AN T AURVE 1R AT IR e 4L i
T[S SP B HETIK TG, RIVAT ) H i e 412 15 4 SPANTTI S i i Y — 48 SPRE T iX $e e A 7 & A4 B 514k
7, TR A P AN B s A R AR 51T DR 2128 1A SPARJE B th LU I

1) #RGIFAER A LB Y #E O3k G SP 2 J5 (a4l — 52 32 75 11X A SPIR It — & A & SP;

2) A oA v RESE SP AR AT HEAS K SP.

ANid 2 0T T AR A PR AR R A /N 5 1 ANITHE Y SP AR PR BEFR B S 0L F AR A & s A fE— A
AT T join 5 group-by $:1E 145 4L EREAT Skyline £ i) i H VLA G T .

Using an R-tree 7 iM% 57 ik i A JEABUR 6 4T 385 4% 1) 1) Skyline 2591 17 131, Ji] R-tree X T 43 TG4 4

FEME K 43 358 A e R SCER L3R 52 tH T 0B 2k 1 LA b w] AR ZEAS W 0 R R NSk X R-tree 563k
AT TR, PR e — 2 TR IR BE A 5 388 7

ZEIEAGE M T R-tree 103k T Skyline &) A 1 BT A 46 L0 B YEE B BB DL, 249 8% R-tree i ] 05
oAb A5 B8 Using B-trees S35 — %, A S B 42 /N i B0 BT Dl ik, — B AE T8 ) 0 o, sl e o) s 4
2R F (¥ Skyline #5950 P e W) s AR AR 22 5 AE— /N AT T join B group-by #R4E 185 B4R AT
Skyline ¥ i), )% 535 AN 38 .

Index 5%v%(a B'-tree-based algorithm)™0):1%2% 5| 77 5 SR HX (1 A2 4 vt 20k K50 s s 4 DAy — o M50 b PR 1) 7 3%, 4R
Joi R A IS PR ST A BT R G LR AT AL A R (X0, Xa, - Xa) Xmax AR RUTE d-2 225 1) o (1% e K Jg P A,
TXAN JaB P A (R 24 BEAC A Ol A 1 5 4505 TR Y =Xmaxt max-

LR R AR JUARUR e 25 A2 B0 PEAE % e HE 91, 2 T2 AN A Ry TR I 4 4 &5 4 BT
IR G 133058 LAVLHEL Y SPAS 1A SP — @ fESEANEE 3 BRI B MEAE, T LA 723K 36 1A SP i, U4k 8

MR FER 2,774 110 4.

NN(nearest neighbor) & i7: M2 12 830k (0 5 A JHARLR J0) T 98 22 30 10 S A0 40 75 i s U9 ) 43 B08is 4% 1) 2 %o 43
TR AR — A R-tree R 51, PR R B BE 25 M ATAK RN 27 P 355 AR20 5 1 2 L ARG AR £ L EAT 28 ()R 4 BT
HEAT B d- e 728 B0 F R A, AL LI AL AR R (g, ng), U 7 T 4 ) 3 Dk [0,n4],[0,e0],[0,c0], ... A
[0,00],[0,n], ...,[0,00] ... #1[0,00],[0,00],...,[0,ng] EFEE]— A~ SP )5, iX £eXi| 73 F Al AN B — A~ To-do list 1,24
To-do list JEZ5 i,k FH NN 53 M To-do list 152t — AR 5325 () 4k B2k AR 4. 5 20— AR 4325 8] 0 25 1, e
AR FEAH B E) SP #BLr VA M d ¢ NN S92 3 BLAEAE — AN ) 0, 214 48 2% 4 ) 4 K T — 4 i
2 I EE 2 K1) o s ) 1) [ L SCHR[12] 48 T L3 B 75 52 1l 23 1 77 75 Laisser-faire, Propagate, Merge, Fine-
grained partitioning.iX B g AN F —— /44,
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BBS(branch-and-bound skyline) ik 131 1% 5 35 th 1 3 T 5T 4% e 1 2% SR s 53k ] R-Tree o 43798 8 B 42

I /PR B (mindist) &5 T B 75 & 4E S MEAE I AR FR 2 AL, — 4~ MBR 1) mindist 5 T X ANHUE 2 M 1 75 % 4
LR VEAE R ARAR Z R SVE N R-Tree FORR T RO T 4 Ho b AT AO SO R & AT/ mindist 54 A 2 — AN HE
AR A A e /NME mindist [ SN TR B REAT TR B Hh A XA A I BT RN B M b (S
158K ¥% mindist £7)7), LG 548 A& 3t HE 3045 B /N mindiist 19795 s3EAT 9 OB AU FEREAT T L A
ST RUR T AU, E U R BN SPAEY Y AU, T S HE oA A0 R P N AR e A R O R ERD
A & XA, T — A1 5 6 mindist Lo G —AN 1 5510 mindist 22/, W AN BEUE B S5 — AN 10 8 1T — AN 1 s A i T 4
Ja A RO R, RO S AT R AN EM T R E N T R A e A SPRA B
tH Ry SP I #2179 s A BB BTSN PRAR 29 e BEVE 2 b ) S A1 2 Ml 4

BBS HvEM LS vE o BBS S ik b1 1 ek S0k, e SR S R R I 22 U AE T 1) BBS LI
R-Tree %512 L 7E M6 17 HE S K B 38 2 FIaR 5], Rk, BBS ik s il 6 R I HLRfE BBS™A.
AR T m-EEIDC R M EEG2) B BBSTRIVE TSI T M A ) 45 AR T e S LR 2 L%, T UL BBS TRV
i) UpdateSkylines() e £ ZE AR 23 B 212 45 L (R0 22 LU e A — /S 4R B 1 SPORT Lk HE (¥ v i) SP4E).

SDC(stratification by dominance classification) 4% y2:M: S gk [141 51 6] J& £ 35 5 43 4 R 1) Skyline 7% ¥ n) B 42
T — AN EE TS R M 00 2 50 R R R R 2T 8 PR 0 % A 85 B 1) — > 20 2= SRy ke B ot
AN DA TEE P47 ) 5 2R AR 0 T R R A AR 4 R R i RIS AT I B 45 R AR Ay I T P E )2 — 8 A& Skyline
B R SR T — 2R W ReRE U412 00 Skyline B 1) 45 5 1) mi A HL ARG A2 0 A — A ey 458 T 28 46t £ 453 21 (1350
AT R EE AL E I ES 23177 DAG Gi=(Dy, Ei) 15 2 — PRAL BB ST 33X A 45— A Dy b (19 ST e I N A A
HBEAE TR Dy I RV ETE G PN E A N ARTE ST op R B 2 58 4 Bl 78 5 10 70 U)K v 38 20 e 7 5.
AU, BFAS Dy A v AT ESE G I E AR TR STy o RS2 58 A 2 o I 5 LB v B4 2 5 AR
ETER BT SP A AL IX B S A R OO R E T3 1 245 AR T LA N B ¢ SP 45 AL IR [a]; 4 i
37 1 O AR W 8 T 28 2 2 4 AR B TR B — 2D LU IR LA 22 Bk T B A AE 108 SPAR T BV AR 43 28 (s o 6
i 3 M ——O© Zi/h e, @ ARG A 805 BT E R Skyline &5 R 50 4 4
TAR e S D T o ) g 0 bR R A, DA B R 44 1) SP R,

SDC LM R STV L SDC Ik UL (F S HEME/E 14 SDC S13% b Skyline (1) i) 45 L4 43 4
F———ER BB KRN SP &, 5 — B &AM w5 SR MR SP &, TPRIE T 1 — A IR
1) Skyline 1] 25 ) 25 S — 5@ J& d5 24 W) ST 5 — AN W2 W] REA 1212 11 SPAXFE BRI 4 T BBS HIVE x g —
ANET B SP AR I HR BN SP AEREAT HLBL K T4 AH R A R B SP 24 2 = |) SRS 7R oK & i e
SRR W) T 5 56 AF B, T — J2 ) v ) &5 2 AR R AR R — 350 43, DRI b, SDCT 5 418 HA 1 oSl Uy 5 2 s i )

B -1 B SP &5, JCAUR A 5 i 2 0 a5 1R A B0, 3 8 A 90 45 SRt vl LA IR 1 T VR K Sk R B
TRUE T T2 A LR 2 AN S L SP IR 2 15 0.

BT ARFR G 2 FRIVE I REVEAN /N

Using B-trees Sy H 1 4 25 (] (H AN HLA 5 0@ 1, 75 B — N P AL BRI RE Ch B8R 782 57 & 5 1);Using
an R-tree HikidE H T iy T 4 1) 23 1) A R RE A AN B A 8 i 11738 P 1, 7 ZE T A B 2 (C 8 7. % 5 1) Index
VLT TN R I FR AR 5 1), M S IR TR B, 3l A2 39 10 M (AN 38 A ) 28 940 4% 4R RS TR 4 1) 7 25 1) 25 NN 5095

o JH AN $5 b BOR 52 1R VAR 8 AR K B 00 e R A EAT B B A T G A HGH SUBL S (R Skyline 7 i 45 R B KR
I 5 4 0 PR 8 2 4 ), SR I A7 R 5 000 A 38 8 i g 0 2 A 7 3, BRSO R DAL A B0 Al R R R He 2
TR PR 42 1) R T A 3 — A R AR 48t £ Jak Dy LR S8 A T3 K0 J PR B AR R — A — 3 — (KR AL i, e B AR A ve Dy R el — A
IF] B fi(v) eNxNLJE PN ARER 1 AR BRI A A A R B 5 SR 32 SRR TAT A AN K vv e D fi(v) B fiv), I v 4230 v
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i AL B o i R 2R 51), 28 1 AN ) B0 250 00 2 P R 3 28 Bl il A o kA (E ST PR REAR 0 T 3 4 LA B IR il 55
WIS A T4 K BBS SR AGE T I8 M4 A e i A5 30 Ak B, 1/O M BB e 3 45 B A 5080 126, A [R) 10 £ 3 4 A1
AT A P 1 25 T 2 1A 396 A2 3 E A s BBS+ETVE TG T 1 MRSk o A P O 2 b P2 BBS A ik S (H 25 L
WS HLG AN I AL WL, SDC/SDC+ 53 18 F T 4 35 8 70 A7 )3 1) 22 169 Ak B, Wi N7 I ) 2, 9 0F 1 4F SDC™ 2
SDC kit 5k,

3 % Skyline ZTiFIBHE %

B2 WA A B AR 2 T A 1 Skyline X S AR TE BE— AN E 1 d-4E 25 (7] o, Skyline £ 98) IT K P
LY A AN R A AR AL BT A FH P BT 2o 1) JBE St i b A [R] AR I 52 26 35 AN TR (9 P AT B8 A AS [R) 1) %8R R i 4T
WELAEAF TR AL Skyline 7). L un, 52 55 ™ A w5 2 4k Js 7= 5 10 0 B — 4 s 7= #  %
(price). Sl O MIEE E(dist). bskd A B b5 R AN E0EE B kA B A AT B 1T T AN JE P LR B R, TR
price Fl dist XA B _LAE Skyline 2, 17 A5 (1981 28 v] BEXT A 4% 1 55 W BU 4t IR R A5 2R AF I o /N 4 LA
Skyline 23X HF, X —A> d-4E (K8 B2 ok Ui, 36 20 iR A1 28 Skyline 25 i), & AT 2 ) 45 SRR AN —FE.
Tl B B FEFD OLAP AT (1 F 58 38 X #E AN [R] 725 ] L E4T Skyline &5 #I 5T 7 28 7 3R JE 1K 24 8. Yuan 25
AENR T SKYCUBE (#1484, FI /] Data Cube [112 4 /2 45k 3211 T4 24K Bels A 1552 4 Skyline #
W SR T 980 2590 16 Mg [ 1) 8], SCRR 3 Y T 7RI S84 5117 Skyline 22 [B]SR H —FhF B L 22 1 SR mg JE AR
1R JELAR R T 56 TF B — N4 s R 4R 19 i R AT Skyline £ i) 348 SKYCUBE 7S BB 28 T 144811 Data
Cube (W& (H2, 75 SKYCUBE it 4 Data Cube ¥ H7 Bk, K J5:(1) SKYCUBE [1)T 25 [ AN g 58 42 HH
A2 (] HE SR H K 8 T A7 AE IR RE R 00 B RS TR R AN S SP ) 5 21 |T g e T =5 IR SP;(2) 15 Skyline Lt
5 Data Cube I FH 21 (1) %1l 43 8HE 7 05 AR 22K
3.1 SKYCUBE

3.1.1 SKYCUBE If145#

T8 SKYCUBE,#i2& — /™45 & #4210 BT E 25 1 723 [ 1 Skyline #5960 25 JL 1 A 44 JL rp il B AN 7 238 )
1) SP HE45 4 #K 4 —A> Cuboid.
3.1.2 SKYCUBE f#4:BUS,TDS

R T D A i I TR), SCER[S]45 TR SKY CUBE 1) )2 YR 45 ¥y, 76 AH 56 () Skyline 75 47 1] 5% FH A 8L 3%
SE I SRS S HE T X B SR s e T IR U A 2 AN AH S 11 Skyline £ 1) 57 ——Bottom-Up 5741 Top-Down
S ERAN T BUE A TR AT R IAME BB . B BIOT M AL FE AN Skyline 7 i) ) AR AN AL, TR T R A 44X
L RPRINER NS

BUS % (bottom-up skycube computation) il 4 vk 1) J A< JAR B2 3 B ) b IR 3% 2 3 52
SKYCUBE H [fJ#4> Cuboid. 1454 Cuboid ¥ 115, K H i 5000 & 28 SFS 1) — MR B IR FL7L. 4T naive
S CRAR R AE T (1) SO STAEAN S5 445 (2) WA SKYCUBE 5% 201 WRINFHES . T Al eix
AN ) 788, 9 SR FH N SRS 23 il A S 2 4 SRR L2 e L v s o SRR T (0 B0 70 508 5 4 b 1 ) R A
HEAHH [ 444 T, 84T Cuboid H11¥) SP — % & E 15 Cuboid 1) SP,FR i, 1% I JiT 5 T Cuboid FIFFEEAE N
5742 Cuboid FIFI U5 A X AN SR I18 57, A7 45 A 7 2 1 ) ) 9 30 T LA 5 i i SR S HE e O sk mg e FR e i1 57—
AN Cuboid i, 54 2 Lk $ g 783X A Cuboid H T 7 4 (1 8 1 A8 35 B K I AN B ARFR G AT 5, IR 16 R 5V 1
A5 IXAREOF AN 23 S M T 5 45 L 10 TE B, (EL 0 T LICKE 145 SKY CUBE 7 BEHE /¥ IR v B M 291 3k /b %1 d, i L
1 37 1 T RIS BLG F H I 5 A, 3 T LALE HE 7 i E e Ak 9 R Rk ik 25 D A R T G R 1
FEEY IR T X PR L S 5% BUS BUA IR BRI _EIMIBUY — 2 — 2 # ik 5 SKYCUBE 454> Cuboid. 76 1H 8
KEAS Cuboid I, 53042 P A AN B SR 4R B0 SP 956 &R 25X AN B 5 E 42 1§ Cuboid [#—4> SP,
WK T A AN AC Cuboid ;75 )T ok 1 B AN A R OR LU e S AT SP I IOC R I R A A
ST SP. B J B R A R, 7 B A% 4 A R A R L B R R O RIS P R T S e X S A
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PEA F B AU B — 22 ph X e S S A TR SP R ki 4, T X SRk 4R T 4R B SP 1 L
.

TDS 4 (top-down skycube computation)$32: ) 829032 A i 3L 52 9 mg R dL = R4y . S 3 LA St 45 R
SRS ek BIR E ST Cuboid 1R/ BE AR AR X BN K235 (1 )2 Cuboid AN [A) 4 FE 20 4 4% 5 H
SDC Sk T B4 4k 41 1Y Cuboid. 2 T I F 352 A0 58 SRS (K0 38 S0 R R AR VT S B A v e e 2 45 4
B % (0 AR EAT T L H 52 B, i1 T4 Cuboid A7 Cuboid FF A J& A8 5% 96 28, i LA, SR FH 46 5242 48 B 4 7] R
I A — L5 T Cuboid 2+ SP 1) % 2%, 1M 1% 46 % 2% (1 404l v — 58 & 5552 Cuboid H 1) SP 78 S 264 44 [ (1 Jm 1
PR, A T 3R I 8 T 2 () 3080 55, % T 42 Cuboid H R BEA SPBRATTECAE R 2EIX AN 42 Cuboid ¥ 4E 5 414
A A A I JeE A ) I L, T — S A X A B R AR A R R R E AT T — AT
3.1.3 HE T 250 L Skyline A #]:SUBSKY 5k

BRI T — AN 0 2 B SRS R AN R A T P B TR ZE T ) L 09 Skyline 77 i) 45 5, SEBR
I H P AR AR R AR O X AN S 1 T S T (1 v R R, T LA (R SRR T A D A
Ko 45— 3, AR 2 R AE HA T A 8] VTSRS E A L X — ) 8, Pei 25 N AE SCHRR[LS] R4 8 T — Fh At
R 725 1) R 1 Skyline 251 (19 595 ——SUBSKY 57k B30 R T 48 BE 45 1) 77 28 6 22 4 IO B 48 & e ol —

SRV AN AL Z AAE T e nd 2 B UK HL B A i 45 RS se B A P RS 1 ANl T AR LB TR
FHAR T LA e T RIS A 1 M 250 R 4

SUBSKY 57318y A RELAEURL L5 A o= 245 i), 3 A5 ) PR AR A 4 15 16 R 480 40 4 [0, 10, 5 S 2 1) 1) Je
R AR IS [ 0k Bl e I AR BRTE % 4 B LA EUE 20 p M AR R A AT DU 4 ) — A — 4R E f(p),id
f(p)=max(1—p[i]) (L, p[i1h A p 725 i 4 _E 1B PR 3X A 3 T — N8R A p B 1 f(p) /N T 725 18] _E 14—
A~ SP 1 1P [i], BT f(p)<Min(1—pgi [i1), W) & — 5 AN 2% () 1 1) SP. phix — RUARL 345t 17— b o 557 2 ) £
SP [ PR BE——SUBSKY 3k S0 1 st 1 MR 48 i B /1) f(p) (8 B 17 HE) 7 AR 5 [ I A JLAS BA L

1) HATEEIM SP 24 Suys

2) U IAME, 2 S U BRI Min(1—pe[i1), 2547, Py € Ssky- 24 U KT F—A 5 p 19 f(p) BB, BEVE £ 0L

SOk AR R T ik B R A T 1Ak vT DA A R AR A I RN R X AR R R

AR FRAEL SR, I T 35 AR SO AR A P 80 A A AR AR (1,1, .. 1) AR B R A Ay 2% 75 s PR o5 0 Al v A B A AN B A it
TR FB AR J T ) e A SR AR AT
3.2 [E#ERISKYCUBE

SKYCUBE " 780 T THH 53 H SR 10 BT A 4R 25 7 23 (81 (¥ Skyline 2 ify 2 5 76— B F2 % 142 T Skyline [
RO AE 2 B0 R AR AR AL I, T B K e A v 4 AT 43 4E A0 4 B S L SKYCUBE . Wi {7 £ 4
KA TUAR O, a0 L 784 3% 28 TU A B0 25451, T8 WE AT LAJ 2D A7 22 1], 1 ] LAY 2D i (9 AR b 1, SCRR [1615%
SKYCUBE #4T T M4 3 1 T — M AR % = CSC(compressed skycube), [ i 42 1 756 CSC Iit-4L. 2 if
gk,

Ji4h,Pei S NAESCHR[17,18] 1 454 SP Wi SCAR HH i+ =% 1a) ¥ Skyline 441,51 AT Skyline 41 F1 ¥k & ¥
28] A, O BB T 5 — PR e il 48 725 1015 UM 2 Skyline w5 55 R Skyline AL FE ATk 7 2%
5]}y 22 47 2% [A) 1) Skyline 5 #42 B 2, 78 SCER[191H 42 H T 59 — R 6 148 R 4 1) SKYCUBE, SCHK[19] 14 12
T X M 45 ) SKYCUBE 5 v:——Stellar 53,

4 T EINFAIRETH Skyline i IB & %

Skyline 2 iR [H]— 21 A 5 AN G, IX 280 GAE 5 Y EARANBE A S G i 42 o, AT S5 FH P A6 S 2% R 1
DU AT Y3 IX AL AT EAEVE 2 WU AT )2 IR, 200 2 A v ke SRS R e DL 7 ey 2055 D 1 S 4
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HOIE N AEAS R IR T BN Bl W AR 6 Skyline ) @8 A AIF 57 728 3T 3l e v T AR N FH PR B R 3E4T. R 1 4 )
A BAE JUASAS R I 8 R T Skyline ) 85 16 £ v Ab 2T SR 3 46 3 FH PR35 A 65 Web 5 R 48 24 X P2P MY
O TN W I N AL

41 WebEER%

H1 T Web ¢ 4 A1 T, 2 i A48 10 AT S X 1 Skyline 2 i b B3 VLR B FH T 4 B Web 5 8 R G5 11
Skyline 25 ) . 2 T A4b PR 23 A s ERBE R (4 Skyline 25, SCHR[20] & VR4 T —Fhofg 20 3L F Web b (20 A7
Skyline %% (a Web based distributed Skyline algorithm).i% &2 [ 3 AN R Al 23 4 3 AN B

1B BCAR AR AR &Yl R A R 2 G A BRI Si(L<i<n) AR JE AR O BRI n ANEIFRA
H Sy,...,Sn HAZ I AR MUAT B Oney, V. — NG I B A AF P Opey ANTE P o P E I PIFAE P Hd N E
AR S LR PEAEFF P b CA %0 G, il B 3 A 3o 5 39 A6 00 210 1) g MR AV e & i P AR S; R,
BHEH X5 Oxnown TEITA 4L B AF 250124 1L

3552 BT T Si Y Ownown 25 I 52, 452 5 B A 4 b B AH 7] e G 33 R0 L I k(R N
BAFI P o 5 2 L e PR A 4 1 S AR /I, DU 3 2 RS I 2% 0B T BA B P R & R Sl SR AE & 4 S B 1
S5 AN n ANBAF] KBRS K A S 8 PEAR % 7 HE 51X 2 — AN 1% 7 A7 1 (sorted access) i #2.

3 3B BeAT AR K BB A5 A S A TR A 2 T — A S A E PR 1R 5, 0 H e 5 i K BAF G Ak
X G, P 22 BRI 4 52 42 1) 5 G 0 1 K BA I o T — AN S P A PR 0 G, B AL U7 i) e 7 LA 4 b ) R A
R ERNZ K BB Al G B 06 R 7R K F P rp 2 BRBZ AR I 43X 7t — N BE AL A X (random  access) )
AR IR [l 4 AR P

SCHR 20138 F1 FH 9 4% JE 0 COME DU) 4 T o0t 92, ool vk % el ¢ o T BB BE RS DU A AT 4 v T
R IF HL A T 3 S IR A TR e, SCHR[2014 T — FloB A i b SR 2, LT RAG B R B SP R
YRR A
42 PP

P2P X 4% H [ B0 40 A A7 A AE AN TR 710 skt B AN Y 0 B 25 ML, SO R 45 8 B0 — AN G — 1 P e s il
R T I S RIS K AN N A PR IR IR, A P2P R G (1 Skyline Rl LR 4E T — AN L TR 5]
WA N E RIS 1), BOIAE M R VBRI E & T — A RESE N P2P RGN I, SCRR[21]5FH T P2P W
L IREE T ¥ Skyline A1 AL 2 v 512 H T P2P M 4% 1) Skyline $77J:(a P2P based Skyline algorithm). 577 %
T ST PR A JTCRF A 70 A 5 1) 25 100 225 FORG ff P R BT 4 1,78 280kt R sl 77 AT 2 v 45 1 9 8¢ 3 B BV mT 4
4 BB

55 1B B, A R A% AR B SSW(semantic small world) (5 5% iy 44 B8 ] LAAR 2% 5 i ff 52 B AR 8B 76 A %, 48
ST TE 5 8 SN AR TR (Co), Hof% 1D 24 0.Co H 1T sS4 HL A A% v 1 s sl IRk 7R 0 H B Co 1 SP

I B A

3 2 BB, Inter-Cluster 85 A% R — AN s R R KSR S ILE R Skyline 25 1) I3 F0 % 18 28 25 [ (1) BT 4.
R — A4 5 1 1 1 SOV T 38 5 AR A% AR 1 5 5%, 1) D P R i A o b 28 IO DA AL T SR 3 A S A 5 5
Viound T4 il R PR 1% MY Vioouna 325 1. AN Co H IRIAT 28— N1 S5 JF 28, 0 11247 A0 (R0 AR A0 72, 21 A X S8 AN Vipouna JIT
Pl A6 1) X e A AR A PR Skyline £ i), IR 10 AT LA G 5 A U5 il 5 SO 28 ML Al iR B2 e 5 Skyline £rif)
[R5 4 T AE B R AR R TS K Prep,Prep MELIRIC R R HH I P L PR Skyline 51 (¥ 75, 24747 i (¥ T 43 AR A0 7% v 4
AN BN B VT ) A Vooung T T I I IXAN R RE 8 11

25 3 B B, Intra-Cluster B¢ 5 1 10 25 SR B 15 21 19 57, B AT 1 4 B2 Vipoung X8 P A9 A HEAT 15 1B AR 47
IR T SCAR L SR VT B A 1A 9 S L 0 7 SR T T A0 S R A X A R TR T AN A
Viouna JIT 425 Hl, IS 2 I 46 44 a1 gl ol B A . A% (R0 Q8 3 241 Prep FH R A7-6 Intra-Cluster 4% DA K 42 52 2L A Y o5 B 3% 5K
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i) Skyline #rify.

i — A WAE Skyline Bk &I EAN IR % SP OBBRALIEL popo ST AW W R MFE SP H— WA
Skyline HVEHEAT & I, N, po 13 T Ak 2. — BT A AL % A0 B AL T, po M1 IR S5 Rl SP JFH 45 1
R [Elgs P

THNE TR P2P W 4 RV AT LUy R EU AT TS A B R R 4 A B, R, b T A )
IEEARRIG H T P2P W& SCHR[211F A T — A sl s v AT (0 F B 32 tH T — AN E AL P2P 4%
Skyline 75 i 5 ¥5——Single-Path Approximate 5% . 7EA M 44 15 i [ P2P W 4% rv i 4 3 R v P BE 1M TH LB 1

BT mI) P2P W 5 vp i) - 4% [E] 1) Skyline A IHR H T — P dk T BB ¥ 5705 ——SKYPEER.y T 7 &k b 3
T35 6] LY Skyline A i, SCHR[22]3i8 8 i 2 P ) Skyline £ (ext-skyline) ke 4™ @ 45 95 R ML & A0 9 R I &
AT, = R AU TS 4 E R A0 b 5 — A e AH R4 b1 S A/ 5 e A 53 A I IR AS w4
HI.SKYPEER SLyEHES) T 715 sl (¥ Skyline 75 1) (1) 4% 58, I OK M di /D> T 75 BEEE RS (W B30 =05 ) 4 il aed g s ol o
SR D T AR AN FBRAT I [R].
4.3 HER

R BRI JEPRE S BIA B I ) LA AN R T N 22 AR P S A AT 45 AE B R
IES N HEAT Skyline 251 Ab B ok T 7™ 08 (B, = Bk Skyline 7 7 4 2L A5 SIS P A0 55 119 65 Lk A0 Bk
Fili U A 1 R AE B RN — 18 AT LE AT il A R AT B R T B8 A K KN ) B R B R Rk, Ol T o
Skyline iy 45 A, oo 36 0w 7 B, SCAR[23]% S B il i i) N AT AL Skyline 5 R AE——
n-of-N Skyline 7% i1, Bl {5 — AN 4 i (1 s N AN J6 5, A T R Bl n AN TG 2 (n<N) Y SP 4R &, DUSCREDH 1Y)
Hnii L Skyline 7E £ £ ). SCHR [23] 40 21 (1) 8 B & — Fh B FIF 2 i R A2 TR . B3 R0 2R 2l
N UL (A A U B 4R AT X B B A 1% Skyline ZXify kb $EH T Stabbing The Sky $Tvk %501k 22 184
i s N RN ok B o) %o 4 25 (] ) Skyline HEAT 4 Ik B BA7E T 3 A 5 el vH 87 =5 8] B Skyline,
M FLEVE I RS A A . o5 A, SCHR[23138 % X A BVEAE T 90 45 T o 5(ng,np)-of-N Skyline 7 ifi il & 1) 55
%.(ng,ny)-of-N Skyline ¥ [a] &1, Wi 76 — AN FHR I K e N AN TG 3R P, B R S R ng NMJC R BIBIE np, Mo &
(n1<n,<N) 1 ) SP.
4.4 DML

i T IR A O Skyline £ i) Ak BE AR5 S B0 — AN A2 25 10 TR Skyline 75 ) i) 8, G045 10—
A58 2% At Skyline 2518 in] ANER X —ANFH 7 48 58 2% s AR Skyline £ 1] 1] &L SCHR[24] 1 U5
NP 225 Skyline 75 ) b B )RR T A DR 5V IR A A A s T B IR 9 48 B R EEBE LU SR AR
X} Skyline i il .

AN TR — JECE, SCHR[24] 9 HE R R0 TP AT 98 SR /N 484 D 1. Sky line 23 ] LU 244568 1, A1 T LS AR DGT ).
AN ) Skyline 75 T BOE A2 b B0 A RS R (A B s MEL TR B T A XS (9 Skyline B TR 4 E 4L
it 6 o E s ORI — AN P 45 0 10 A TR 1R 22 el /D B AR D Bh A Skyline A5 2 B 9 v R T AN IR
RBE, P AN BE g mT LA 3 Ay a3 7 R P 2 T B0 50 ) 24 22 () P 29 LA J 3 T 47 BB 28 SR [24]48 H T 3
Tolt SR A [ 55 s R ik 2 T 557 1) 448 B 88 FF 485 1) 22 U5 3 % ) Skyline 24 4b B 7% CE(the collaborative expansion)
4775, EDC(the euclidean distance constraint)$77%,LBC( the lower bound constraint) .14 .

5 Skyline &EifjAb 12 (8] 7 AT R

5.1 B4z a1 T AySkyline®s i 432 (8] 5
Skyline T i) F & 4E A8 T I — > B OBk ik, A8t 2 4 50H VR4 B Skyline T ) 45 S 1) Bl i bl o 4 54
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FA B8 2 e K 2 B AR ORI 3 B Skyline i 45 R4 B H P 7 EEAEIX BRI 45 R4 b Aok 3% X
FEME WA R A AR LT,

N T B AR T R R AR 4RO TR IS, SCER 2514 T — AN B R RUE——Skyline 4%, B SP AN
A7 25 [) 1) Skyline 25 iy o 4 Ay 2 1 45 JLIR ] 1) v 30, DA K v s AN [R] SP AN 45 3 — > n-4E 28 i) 1 3 % 4
A=A Skyline Aty 2"-1 ASR[FEIK Skyline i) v s A5 A 25— AN Al BE AR 25 @ 1t 148 L
5 0, AN Bl A Skyline G SR0ER AT A A, DR A B R BR D IR 4 B 20 4 B2 KRR i) UL T Top-k
F) Skyline 52 A5 1) il @, I FL, SCAR[25] 4 F R it 7 — Bl AL SRk, 8 b S 7 LURE (1) 25 90 S 78 AN /) 48 5 1)
25 V) b A 5 2 R AR AR BN HE S T A8 () P R REAT Skyline X (1 [ 8. R TH SR A 44X RS Top-k 1)
Skyline 1% ftiL U512,

Top-k Frequent Skyline Computationt: 530 3 T ) AR, — A S A A 5 1) 123 IR B A 250 1) de K 328 o)
T A T 5 R — 2 ) AR LA SRR ) p AR AN N 5 p IR g A p 1R
il 23 1) B o H g d(p), W3 Skyline S A 2"—d(p)—1.F 4, Top-k 1) Skyline 2 1151 ) 8 wh 4% 44,
Sh £ 1) Bottom-k )98 i A5 2R (¥ p5i 1 il 8.

G W R AR OK (R AT BE A2 B R Al 1o 28511, Top-k #1% (1) SP 245 R 4 454 AR Ja i TN B 4 D
& p A H B8 % ComputeMaxSubspaceSet() vh4 it p 1T 5 K ¥ 7 7= W IR G M,Z ek BCR F 5007 202
EUE A p AN H A A 246 50 2 0 7 6, 88 )5 T B %8 CountDominatingSubspaces() 4L £ p 45 HI4E d(p), 5
[RI<k B3 d(p)<p(C4IRI=k I 2:BR R oG 35 B e 28 A2 (1 ), UK 23 p NI R B2 A7 B8l R h e
PRI 85 5 R B R 2R

87RO

25 1 200 F R %1 ComputeMaxSubspaceSet() >k 1554 /> i w1 B K48 1 7 25 (A1 4K id DS(q,p) ok i g #54H
Mop PS4 H — AT A MR U V)RR I 7 U igaEde g BN T p B4R Vv R ikaE
Y bq B R E RS T p IR R, SR T B RRAN B R I B A5 B K i S R 4E MMt — R
[ R B R 7™ :M={(U1,V1),(U2,V2), ..., (Un, Vi) 135 (U, ViR 845 A B0 4 o 1) S04t 23 g 1) DS(ai,p). 502K
JI A i TR AN [ 248 J52 - F) s PR AR IR KORTHSE DS(q,p), AL B RAC SR s 2 72 o) AT Je 12 X 20
VR SR AR AL S s 2 FURS B E 55 nT e AT top-k 1) Skyline AR 1) SP 1) 5 K44 ) 1 2 1) 48 LAk 2D A& A -

5 2 2 H 8 21 CountDominatingSubspaces() & vt S AFAN s 148 2R . — AN S dp K3 il 7 25 1) 4 M T
T8 55 (07 2% TR 2 — A s A 0, SRR B T RS W AT ASOR v B B b VR sk gert M SR IR ol 7 8
Ti) £

ThAN, AT SEBAE A 2 R) b R B B R AT R SO A SR [T T — AN A k-dominant(k- 44
)8 A p k-$5 A g RIRTEAE K 4B EXAS K 4E 725 0] b p i+ 8 g3t kd, 225 04 d 4E),
HHEDLEX K 4irb i —4k b p AT g 19, k-2 0010 SP A5 4 Bt S F5 ANl AR ] oA A K f3 0 11 i 42
A BEZ R A ) k- A B ) SP 2 ML BT AR M1, BT LA IRAE Y Skyline BEVEANE FI T k-3 761
Skyline 25 . SCER[ 715155 X AN ) fUH2 1 T 3 Fhfd s 532

One-Scan VAL ¥ 56 K 5 4 D b Bt % R &4 E i 8 VR 2 RS HE R E I BR 1 k- SP
45 R AZTE AR K- HIER L s B SP 46 T ATEXNTHA D I p Bk M T J i ST
Pt T A A7 AE st p' el p B 0N T A B prs 45 0025 R pr s sl p, B pr=p i A% 8 p T AR F i p
S — AN SPL S p 4RSLRT R Ao LA 9 2T LG AR E 2 AN K- SPF R TR s p A Al p
k-3 A pr FE S p N R BB 2 T, IR IXFE 1A A AN 2 2 k-42 1K) SPIgc i LR AsE s p AR R IR 55, 745 p A2 k-3
BB s p FENED R A A5 00, p kR ME— ) SPINILIE A T 29 FTH D R SE RS 25 R SRR T
D i k-#Eil SP &S

Two-Scan AU 7E 573 b 7 B4 52 A P I 1) SP AR B Sk v 5 k-F45 161 SP.TI 58 A F4 B 1 SP AR A R EE
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k-FEihl SP A B KL B DL didE T 44 77 ZAR KR =5 180 #E RIS 0 4 Two-Scan S35 R 474 D 24 W
i (14 S g% SR S X AN (9 R A AR SR 2 A AT R P — AN R pr R R k=P SPULFR LA pr AT D-R 4
A e RS ET LT AR D A LR LG T pr R B L ESE L IR ETIE A S p i T
Sorted Retrieval 451 5 i 5 B S VL I 5 421 B B0 4 D SR EEL SP IR 5 AR ST 3 T A &t
R % FindNextDimensions() i b #5875 2 AL F I — 4 S, FE0F SLEAT R Ak 3.
5.2 SkylineZ#fIFMZFI KRN ITES
7E b T T AR I Al b, SCRR[6] & IR A ROV 48 5 2% 1) A1 FE T Je T 245 Tl B30 26 v S ) i sz ) Fg 428
IO AR M & K5 L H T2 5 AL N IRk 40 A 42 1 T 4551 5 & 43 #t (dominant relationship analysis, fij #¢
DRA) M2 45 1 5 R 40 W 8 S8 b o JR L2 T 3% 40 W7 b B A A T 22 0 15 T, L 0 2% 1 ) 31 1 2 i, A A
T3 4 1 5% R )20 BT SR FABCAS ) ) 5 000 77 il DT 3 S e D %) T it B8 0 PO 8 3 T ot T 5T T ok 7 ol 5%
FRATHT HEWT B O 7 7 T T IR, DT R S Y SR A A SN 2 R A R — AR G I B U Ak
DADA(data cube for dominant relationship analysis), > F T 88 3 il i o5 B0V O B 5, 08 A% 40 i 508 AR Tt 5
SEREBE B 2 AT BT B0 4 B SE AR RO A R AN Al LLAR AR SR 1Y) Skyline 2, 1M HLi nf LA A B
Z HAb A&, i AR AL B f1(LOQ) . FAS M A MI(SAQ). ELig ¥ il A 1 (CDQ)%%
5.3 SkylineZ i FATop-kEHMILE S

SCHR[26]MF T AR 19 B, Gy A s £ 26 H KA S 2 D40 KA f i g — A m B il ) e A B0 K,
XL RNyt SP AR d ARG IR SPAT O IX — [ 8, £ — 2f 2 ] b 56 T BUAT 10 300, Sk [26] 4ty 17— Fhshas
S MTAE RS T BOR T = 4R 28 0] o I A ) R T — A NP e ) R g e A i) 78 P (1) 22 33 I 1) 340
AHOE 1-1/e,iZ3CR A FM BERTFSUER N T M eR s i ge . BT RGBSR b 1 R

6 SEFIRE

5 B 5 A5 B AR B R AT 155 BB T BB 19 58 I = 5 W I S AR IR B X 5 T LU B
o 2 ) (1) ) 8 B A, A — 4 T AR B 1) — A B 1 B A R HE I AR ) B R AR B 22 1) B A A A
JEE o A A5 FH O A R I A HR i R R I TR Ay — Tl a6 AR T LA AL AR [ SR ) o AN R ) R A R
17T i R &R Skyline 5 Ul &b BILAE Ky — Bl 1) B4 2 #4E 45 (skyline operator), 52 1] T k>t 18 2 (1 540, 1)
LZNT SRR F R T,

H 4 Kk 2 BUOm sy TAE IS8 4 A J7 i JE T 20 Skyline TR AL PE 7%, £ Skyline T ALHE 7%, A
N FR 8 R 1 Skyline 25 1 4 FEARTER % Skyline 25 i 48 R [a] 85 047 & H: A, 26 T . Skyline £ ) 40 B 7 25, S0 HY
T KBRS A AF B SME, N TE R 51 B4 R 512 Skyline ) 4b #1 7 v 32 Z4L 7 SKYCUBE /772 81 CSC
J7 V5 B AT A B — AN R AR 258 AN [F] PR B R (19 Skyline B Ab PR 2H T 78 Web (5 B R 4. P2P
RYL BRI B AN e X 4 IR B Skyline 75 )AL ER ) #1416 Skyline 2w ACER W) ALY R, 2 BEAH T
TF w4 45 ) AR s 4B RIS 15 50 T T %) Skyline 2 kAT AL 3. S 40 iB AR T Skyline 25 i) fufz 6156
FRINHT Top-K #4045 4 1) 1) ft

TH 3T 3 2 T TE AT R A AT R ek 48 B AT U 45 Y Skyline 7 i) A BE n) 85 A4 IS S ST JLAN 5 1)

(1) ¥ Skyline i ify b 2R ¥y I BR B, Qi A4 I 38 P 2 A58 T 1) Skyline £ i &b 21 in) @G £ 3E— D9 6
0 A TR IO 284y 356 3 AR K 1) I 2 o T i Y ki A i, S B — R 2R A 0 2 J 1k A v, Mo Skyline 1E 2 A T
TR 2 JE M S 1) R T VR AR T IR AR R M 4 T Y S TE RO R A R, Skyline BRI N A
T BB K 11 DR e IR e BT 9 A St D 2% v 1) Skyline 557 ) 80— A A 5 A T S LA Bk e ) e .

(2) ¥k Skyline 7 1 kb B (1) 4545 Y [, 1] LK Skyline 25 )50 I A A 40 . 36 B A 460 . KNIN 780 40 25 H 25 45
VAL AE SEAN I ) 85 O AT I I A S AE T AT Skyline AU WA 455, 0 0 Al I A R 42 F 5280 Skyline
ST IR I AT A2 — A A Bl 0 1) 1 ok SE R A it nT LA Skyline 2R AR 45 4, v Bl 2 10 11 ) i 4l



) 4B % :Skyline &4 4k 32 1399

A LU ff o 2% )48 28 1 il S 5 Ak 45 1 5% 2 43 Mt (dominant relationship) H A th T pk h $itis 122 4R 5T N 53 6 i
IR — AN AR ) L2 B 7T ) P AR AR SE 40 T FLBE IR 52 BR 15 ol T A% L8R Skyline Ay 535 T k-fdi 48 fE
(k-nearest neighbor, & #& KNN) 145 ] 9¢ RAH 455

(3) fBh Skyline A v b B, 2y T 48 v A v A B 1R B, T URE 4 5 FR 1K 8 SCAE 26 05 TR AT 3940, T 78
/b RS B (9155 D0 5 PR b A5 31 A 45 R
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