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Algorithm 1 Abstract skyline

Input: SKY and [SKY|

Output: SKY

D pL— argminvpgsxy(Zle In (p.att; + 1))
: for Vp;ii = 2,--- | |SKY]| do

Pi ¢ MAXvVpeSKY —py,--- ,pi_1 dist(p, {p1, - pi-1})
. end for

: for Vp € SKY do

i <argming,, 1 57y dist®, p:)

Ci + C; U {p}

. end for

:for1<i<|SKY|do

10 forl1 <i<ddo

11: g.att; < minyyec, (p'.att;)

12: end for

13: SKY + SKY Ugq

14: end for

AREEIL, RALEFEILTH IR, %/ — NPT DB
Hiph, ZIZTHE, BRAIATAVEEE2ETDH. K
20F, Bk — RBMRFFT DAL T4 Vi, BLOKIE
J— RERFFT 2 BUMMEE®RZ 7. il RSICBIT DA
HATA L EIE 32 (<0.1,1.0>, <0.80.1>,<0304>) H
520, RIZ2ODANATA VR ULIMERFT 5 Z ENT
72\, 2T, R7T1E<0.1,1.0> & <03,04> 25HEKL,
RARATIA T A Vi <0.104> 1B L, <080.1> & &
HIZELET 5. X4 T, BEOMIZRT MERFT SRS B
LFOROIZBITDADA TA L8, BLORNOAMIZK
TAIA T A v BEET.

K25/ = NBRETLOANATA VR

J—F AIATA VR
R7 (R5:<0.1,04>,<0.8,0.1>), (R6:<0.2,0.7>,<0.3,0.2>)
R6 (R3:<0.9,0.3>,<0.2,0.7>), (R4:<0.3,0.3>,<0.6,0.2>)
RS (R1:<0.1,1.0>,<0.8,0.1>), (R2:<0.3,04>)
R4 (07:0.3,0.3), (08:0.6,0.2), (09:0.6,0.6)
R3 (05:0.9,0.3), (06:0.2,0.7)
R2 (03:03,0.8), (04:03.04)
Rl (01:0.1,1.0), (02:0.8.0.1)
104 0%
1 o o
1 ?Rs 09
045:1359 i .04
10 9% og °
1o =
0 0.5 10 o.att,

B 4: R7T 3MpFi3 5 R5 L REDATA T A Uk

WIZ, SKY-R KOMELEFTIEIZHOWTHAT L. AR
12, RAR[5] LM FEEILFRMET, Insert &0 k4 (7L
=) X4 2). ChooselLeaf & Split %, XA H D & W]
U547 5. Chooseleaf I%, HrLWF—# % /) — K
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B L7ZHEAIZ, MBR OBEMN RN 72D 3 — RE
BRI 54, B XL OSplit 1%, /— K% MBR 23 b
5 X922 —RIIHEIT L THD.

Algorithm 2 Insert algorithm

1: N < ChooseLeaf(data)
2: Add data to N

3: if exceed maximum number of child nodes of N then

4 {N1, N2} + N .Split()

5: if N is root then

6: Initialize new root N R and add N7 and Ny to NR

7 else

8 Ascend from N to root, and update MBR and skyline points
9 end if

10: else if IV is not root then

11:  Update the MBR and skyline points of the ancestor node of N
12: end if

TN XANZHEIT D, RAL SKY-R ADEWE, M
%/ —FOAIALTA LV RETHTHRTHD (1147).
J— RMEFET 2 AT A T A VW |SKY | B2 72545,
TATY XN TICEY AAA TA v HOBERST.

32 {IE{K7F Top-k RFMNIE
PLE AT Top-k MRERWLEECIE, best-first fREE T /LY X
L (SCik [6] 72 &) ZHWD. best-first (R T LT U X A
T, E—7RNTRL/NEVWZaroxy kU MLSIEICH
FTD. TR aTIIN () ICL> TEBESINTNAS.
ZIZTE, J—FNORa7Z2UTORTERETS.
N MinD(q.loc, N.M BR)

MaxD

score(q, N) =

Zle q.w; - p.att;
MazA
MinD(q.loc, N.MBR) 1%, q.loc & N ® MBR O/
a2 RT. XISk, NOFHRT—ZD I Lig/ho A

ay e s ARaTEHETS.

T Y X5 328V T, MINHEAP (I, ##ILTW5
T—=HE )= REAATOHRIAIZY —FLTWVWDHE—TT
H5. FD=H, MINHEAP DIGEHDOEFRNT — X DFE
AT BENOT =2 72D 405 91TH). TOP(q)
WML CWDET— 2Nk Lipolob &, MEAK TS
% (617). 22T, ¥—#B LW/ — K& MINHEAP |2
AT BB, MINHEAP NOT —H DA a7 BNEATED b
DEVIENELDN, (k—TOPy(q) b 554, iz
1T (1147H). MINHEAP NOF—FZ B L/ —F
OEEHIET D2 EICX Y, V— OO OFEFRK A HI
WDz EeNTXS.

fil: X 1128\ C, 7=V % q (gloc={0.5,0.5},q.w={0.5,
05}) ,a=05 BLOPk=2,F2%. /—FBIUOT—
ADAaTE, ThEFNRX(Q), BLOK Q) THETS.
L2 DT —F HRBET HHEAICKIT S, E—TNOE

(2

+(1 — a)argming,c x g,
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Algorithm 3 Search algorithm

Input: %, q and index structure
Output: TOPy(q)
1: MINHEAP .insert(root, 0)
2: while MINHEAP size() # 0 do
3: N < MINHEAP first()

4: if N is object then

S5t TOPy(q).insert(N)

6: if TOPy(q)| > k then

7: return TO Py (q)

8: end if

9: else
10: for Vn; € N.entry do
11: if number of data with smaller score in MINHEAP than

score(q, n;) < (k — |TOPy(q)|) then

12: if IV is leaf node then
13: MINEHEAP .insert(Data, score(q, n;))
14: else

15: MINHEAP .insert(Node, score(q, n;))

//Tf score is a same value, a smaller MBR is better.

16: end if

17: end if

18: end for

19: end if

20: end while

FERFL—ALTEDOELIFIIRT.

(1) MINHEAP{(R7,0)}.

(2) MINHEAP{(R5,0.3),(R6,0.3)}.

(3) MINHEAP{(R6,0.25),(R2,0.453),(R1,0.5846)}.

(4) MINHEAP{(R4,0.412)(R2,0.556),(R1,0.719) (R3.0.719)}.

(5) MINHEAP{(07,0.4118)(R2.0.556).(05.0.615),(R1,0.719),
(R3.0.719)}. //(0g, 0.853) 1%, MINHEAP |4 A X h
A

(6) o7 ZIRRAERITHA.

(7) MINHEAP{(R2.,0.556),(0s.0.615),(R1,0.719)(R3.0.719)}.

(8) MINHEAP{(04,0.556),(03.0.615),(R1,0.719),(R3,0.719)}.
//(03,0.904) 1%, MINHEAP (Zfi A 72,
(9) 04 ZRRFEAERITHA; T,
ZOBITIE, MEIRRBMERICALRWT —X 2K
HZ L, M3 ICBIDIRD—EOILEHIGETDHZ LI
£V, FEMELRRBFHRERGTE 5.

4. VhigA > T v AtEE

SKY-R Kix, R AL FEKOERLFEEZH D720,
BT — X ONEDOHEEBETDH. LirL, 74D
PEE BHALE & [FRRICRBEIROHIBICA N TH D=0, A
VT I AEEOREERFICEE T REERTHD. T
T, WEEEREIZ B OFLE b B IV L, S2KY-R K
(similarity skyline R A) 2 %E1 5.

41 S2KY-R K
S2KY-R KiZ, SKY-R ARELFHRIZ, &/ —FIZATA 7
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AVEERFLTNDN, MERICERETLIRNPERD.
SFV, TAIFY XA 21Z8F D, Chooseleaf & Split 73
Ripn, HAKMZIE, SKY-R A (R A [5] bFEEE) TIT,
MBR DHFEDH % EET 513, S2KY-R KATIE, T—4 %
AT 2B, MBR Ofifg & BIEER OELEEZBET 5.
F9°, Chooseleaf IZHBW\T, HLWTF—FIZx L THiA
NRAZBWINIRET 72012, BUHED ) — Rind EOT-i
RKEBRT 20 EZLLTOLIITHRET S.

BUED ) — RO pEDOTY N By, -+ E,, BLOHA
ENDT—H o%BEZ2%5. RATIE, MBR OS5y % LA
TOXTHEAETS.

Arealncrease(o, Ey) = Area(o+ E,) — Area(E;) (3)

Area(x) 1%, z &t MBR OE#HE, E, 1<z <p) ¥, B
ED /) — Koz b ERT. LD/INEW Arealncrease
X, HLWT — 2B F ) — ROTHT — X (BT
ZLEEW®TS.

S2KY-R KiZ, LATFOERIZHESNT, BIEMER OFEL
EEEET5.
Ex I (BHEROBELE). FEUEZ, FL{BASND
T—HADOBEMEEET N E, DAL T A VR E DR/
HEEL 3 5.

in  dist(o.att,p). 4
i dis (0.att, p) 4)

dist(z,y) 1%, BYEME « &y OBREZ =T
&% \Z, Arealncrease & Similarity DA FHZ XY,
Increase Z&tE T 5.

Similarity(o, E;) =

Arealncrease(o, Ey)
MaxArea

Similarity(o, E,
+(1=5) Maxgi(m )
MaxArea & MaxSim 1%, EFALDTDOEEOHEBE
SO KROBERE, B3/ XT A= L7275, Increase I3
NI D 7 — RIE, BRBESE S, BIEEAEEL L Th BT
W, WD/ —RLTEIENS. ZoFREIE, FERRIITE
HLETRTONS (TATYXL4), 22T, BISLO
%4, S2KY-R KIL SKY-R KE[F U722 5.

Increase(o, Ey) = 8

®)

Algorithm 4 ChooseLeaf algorithm

1: N < root

2: while 1 do

3:  if N is leaf node then

4 return N

5 end if

6: N < npinthe entry in N with the smallest increase
7: end while

51T, Splitick T, AbA T4 EAROMEEEE L
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TOXRTERTD.

Sdist(SKY4, SKYp) =

> pesiy, Milvgeskyy dist(p, q)

ISKYa| + |[SKY3|

> gesky, Milvpesky, dist(q,p)

+
ISKYa| + |[SKY3|

(6)

ZoXF, AUATA L HORNDOIEBEO T 2R E T 5.
Sdist(z,y) BWNEWEE, AA T4 G e &y DIRAE
PN L EEKT.

Algorithm 5 Split algorithm

1: for V pair of E; and Ej; in entries do

2:  dij < area(E; + Ej) — area(E;) — area(E;)

3 simij < Sdist(sl()fE1 ,SKS/E7 )

4 d’LfU = ,Bdu + (1 — B)simij

5: end for

6: Choose the pair with the largest di f value to be the first elements of
the two group

7: while not all entries in N belong a group do

8:  if one group needs to include all remaining entries then
Assign all remaining entries to it and break
10:  endif
11: Calculate Increase for all remaining entries to two groups

12: Choose the entry with the largest Increase and add it to the other

group
13: end while

THAITYXLS T, 9, 2200 N 2REYIOE
FLELTERTS U056 61TH). o RV IFEDL
ONOTN—TIZEN B THNDD, Increase BPRENT
Y RUDOEID G CESTEOIZ, KD Increase & 5D
TRV ELIRFOIN—TIZED S TS (F—T)
2057w, HFx MUIE2 20 Increase & H2) (11
MH129TH). EBIZ, RGO IZN—=T~DRY 28 <7
B, RNDOF ) — FEZFEFNIRE L THE < (AL,
WKRTF/ — RED¥n5L7:5) 8716 91TH).

Bl: X51%, 1128\ T, S2KY-R AZMEEE L72FED%
J— RO MBR Z2FE7. ZOBITIX, o4 & o BETVAS
BMHEEZ o7, FL/— FR3IIBEREIRS.

0
0, _Rl o
Rs |R2 o4
R7 7

o
R64 R3 0,

03
R4 0,

0g

L e B L
10 X

(=}

5: S2KY-R AKIZ31F % e/ NEF
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S2KY-R KiZB W T, 73U XA 3 ZHOTAER
17 Top-k TRBZALIRT 5.

S2KY-R KCIE, #E/ — FRL VWD T —% Z1%FF
LR 2%, FRICXY, 2a7nkkihsuvn (AL
kAL &R B 720 k@05 — % % MINHEAP (2 SKY-R &
LW RIFALRLT L 2572, MINHEAP WO T — & %
BIO = FERDR< 72, BRELT, FHERRHI
Wb,

5. PHAEETE

NEEHEAF Top-k MFRALERIZIB T 5, SKY-R AR LT S2K Y-
R ADOVEREZ M9 5. F7=, HETHEE LT, MaxaR &
AW,

T—RtEy b TFTHOMEERE LT, ET—FEA
TF—4%%Mn5. FEF—XI%, Foursqure 2> L7-
10kmx 10km D HFR Oz, & CANLT —Z 1T~k
BEOr I2&5MEsd (K62, NLT—4DJF
PEEE LT, d RotD—HkmaAids L OIEAS A & W 2.
37— Z @ Foursquare 2> bl L7e7 — 2 12i%, B
G ENThRmoiicw, —kkaofilatiis 5 7.

ET =213 45219, BIUALT—213 100,000 & D
T PFET D.

1 1

08 |. 4 K 08
A L e

06 - ich 06

. " ek o4

E I 02

g . T

: oy ;
Lo o ; o o B
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 08 1 0 0.2 0.4 0.6 0.8 1

(c) —Ho A

08

0.6

04

02

() EF—% (b) 7 7 A& 555

6: VL[ 15

BRE. ETOAL T v 7 A, ATVNICEEL, <—
DA X% 4KB L LIz, J— ROH A X%, SKY-R AB
FUVS2KY-R AT (16 4 4d - |[SKY|)B, Max aR KTl
(16 4+4d)B £ 72%. %Y, SKY-R AL S2KY-R AD
R/ — FEUE [4,096/(16 +4d - |SKY|)], ¥ XU Max
aR RDF KT/ — REIT [4,096/(16 +4d)] L7 h. Fiz,
SKY-R A& L TS2KY-R KIZKIT 5, [SKY|, BLVB %,
TEBROMELY, ThENS5 BLU08 5. &2
DOTNTY X L% c++THEEL, Intel(R) Core(TM) i7-3770
CPU @ 3.40GHz with 8.00 GB RAM % #£#4 % - — |
Lo THEBRLE.

EEIZRBWTIE, FUv ALY (gloc b qwinT v
H L) & 100 @R L, “A 1A b (BR#E 7 — RO
BROFHERFR” OFMEEZF T2 RIFIARTA—F
ZRL, KFET 740 MEET 5.
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£33 NRTA—HERE

IR A=K il
gksT—4%k | 1,5,10,20,50,100
a 0,02,0.3,04,06,08,1.0
Woe# d 1,2,3,4
AR KT —8, kO, 7T AL N
JEMEAE 17 KR, FEFRBE AR
51 AIT—%

FT, ALT—ZIZBIAHERE, B TaBL O 7b TR
T ZNBOMIZEWT, “LU”, “LC”, “AU”, 3 L T “AA”
%, FREN—FESAMEE®, 7 7 A X M EER,
—kRo A B, 38 X OFEMBI A B A A "9, SKY-R
ARBILOS2KY-R KiE, MaxaR KLV &, £ TOHAEHLE
IZBWT, BHRETHAZ ENDbNE. ZOKRIY, X
HATA BB RBEIKEIRICE THDL Z RN,
F£72, SKY-R KT, —tRaAmBHEEOSLEIZRENT, —T,
S2KY-R KRiZ, 7 7 AZ BMAMEFROLGE BT,
BARLLS 2D, iU, MBEBHEROLERNWDLA T v
AREEDBE, BIHEICRY ORWEREHTHY, —7,
BYEEOEREZ NS A Ty 7 ZAREEDRE, MBI
RO DHDHIEIVANTHLTDTHD.

500 0.1
450 | BSKY-RK 009 | BSKY-RA
400 | mS2KY-RA 008 I WS2KY-RA
~ 350 g 007
X 300 DOMax aR& zuuﬁ DOMax aRK
B 250 g 005
2 200 004
< 150 itz 003
100 002

50 001

LU+AU  LC+AU  LU+AA  LC+AA LU+AU  LC+AU  LU+AA  LC+AA
{18 + BitfE (I + mitfE
(@) AiJJ= 2 b (b) FHFLRFH]

] 7: LA & SR AEAE AR AT DR

52 ET—4

Wiz, EF =2 HOTZEEORRERT.

kDEE. kOIS, RBEESIERT 5720,
RN/ ) AT Z LR EEL 2D, K8, B&
U 8b 1T k 2 b3 ¥ T & & OFifE R % ~T. SKY-R K
BLOS2KY-R KiE, &TD kITHBWT, MaxaR ALY
FWMEREEZ R LTS, A2 A MZBWT, k2VhE
WA, SKY-R KiZ S2KY-R KLk W /&<, EBRKRE WS
A, S2KY-R KD FA/NEW. Zhik, SKY-R KDEE
D%/ — KD MBR D J5 7 S2KY-R KDHFA X 0 /&=
®, S2KY-R KOS BB EBAE T REL > TLED
O ThD. —F, EBRKREWESETE, S2KY-R KT,
—EICRBHERICAD T —Z 2 BE LT Wizw, A
SR RBNEL 2D EBIT, S2KY-R ATix, FHEEFH
23 SKY-R A X 0 IEFIT/hEWV. Zhik, S2KY-R K Ti,
—JE DYER THIRII A 21 7 5 L7 — & % MINHEAP |24
AT %72, MINHEAP WIZHEA SN F— 2B L —

© 2013 Information Processing Society of Japan

450
100 BSKY-RAK 006 BSKY-RA
350 WS2KY-RA = 005 WS2KY-RA
< 30 OMax aRA g OMax aRA
n 250
R 200
E 150
100
50

topl  topS  topl0  top20 10pS0  topl00 topl  topS  topl0 top20  topSO  topl00
top-k top-k

(a) A3 A b (b) FHEEHF
X 8: k DR

RO R L, EERSHET 275 Th5.
aDFEE. NRTA—F i, 2—WIZBITEF—F DAL
BEOBEEMEZELTEY, aBNREWIEE, LViTVTF—
Z R L CTHR%ET S, K9, BLUOIZa 2 bEtE
7= & & OFHlRE B A R, S2KY-R ADPEREIL, a 23/ E 1
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BSKY-RA L BSKY-RA
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BN VA 72, S2KY-R KDOHEEN L 725
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Top-k #&%&. Top-k MFZRAEINEIL < BFZE STV 5 [7].
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I AEWEL, DIRVEEE OB ORI LR T RS
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NEEHAF Top-k FisE % 36 L TV 5 SR [12] CiE, branch-
and-bound 7 /LY XA [11]IZKY, T—HERBEL T
%. L» L, branch-and-bound 7 /b2 Y X L% AV CTHLE
{K1E Top-k RZEZIT O HE, &TOZ T VICH LT, Atk
EHETOMERH Y, 2 A MPIEFITRKE V. SCHK [12]
TIE, EHREA9E Top-k BRIZOWTIREL TV 5208, L
AR FEBFELTHRY.

Kk RIEEHRR. ZMT —F X—RZBT 5 k HiTFHHR
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