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Algorithm 1 Abstract skyline

Input: SKY and|SKY|
Output: SKY
D p1 < argmingesry (XL, In (p.att; + 1))
: for Vp;ii =2,--- | |SKY|do
Pi < MaXvpeSKY —pq, - ,pHdist(p, {pl, .
: end for
: for Vp € SKY do
i <-argmin,, .y 5y dist, pi)
C; +— C; U {p}
: end for
s for 1 <4 < |SKY|do
for1 <i<ddo
g.att; < miny, ec, (p’.att;)
end for
13: SKY + SKY Ugq
14: end for
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REEL, —F, &k — RiZ=> Y (np, rectangle, sp¥
BT 5. nplid+ ./ — F~DRA 4, rectangleld MBR,
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R4 (07:0.3,0.3), 65:0.6,0.2), 69:0.6,0.6)

R3 (05:0.9,0.3), 66:0.2,0.7)

R2 (03:0.3,0.8), 64:0.3,0.4)

R1 (01:0.1,1.0), 65:0.8,0.1)
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Algorithm 2 Insert algorithm

1: N « Chooseleaf{ata)
2: Add data to N
3: if exceed maximum number of child nodesiéfthen
if N isrootthen
Initialize new rootN R and addV; andN2 to NR
else
Ascend from/N to root, and update MBR and skyline points
9: endif
10: else if N is not rootthen
11:  Update the MBR and skyline points of the ancestor nodd of
12: end if
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NEMAF Top-kK ERAEE TIE, best-firstzZ 7L =2 X
A (SCHR[6] 72 &) VD, best-firstRzg 7 L= U X A
T, E—=7ANTHRbL/ISVWARaTO F) MSIEICH
T D, TFOZRaTFRQ) Lo TERSNLTWAS.
T, J—RNORaTZUTOXTERTD.
aMinD(q.loc, N.MBR)

MaxD

score(q,N) =

?: q.w; - p.att;
R o
MinD(q.loc, NNMBR) 1%, q.loc & N ® MBR ® /N
Bizrd. XN@QIWICLEY, NOTHRT—F0 5 big/hoA
ay L b AaTEHETS.

TAAY XL 3ITHENT, MINHEAP (I, HMLTWD
T—=HE )= REAATOHRIAIZY —FLTWVWDHE—TT
H5. ZD1=H, MINHEAP DICIHO B INT — X DA,
AT REANOT =2 L7 n (4035 917H). TOP(q)
WML TWDT— 2 RNk Lipol- b &, AR TS
% (617). ZZ°TC, 7—#BILV/— K% MINHEAP |Z{f
AT BB, MINHEAP NOT —H# DA a7 BEATED b
DEVIENELDON, (k—TOPy(q) b 554, Az
1772\ (1117H). MINHEAP NOT—2 B LY/ — K
DOEAEHIFT 5 Z LIk, V— FDO7=dOFERR %]
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Algorithm 3 Search algorithm

Input: &, ¢ and index structure
Output: TOPx(q)

1: MINHEAP.insert¢oot, 0)

2: while MINHEAP:size()# 0 do
3: N + MINHEAPfirst()

4: if N is objectthen
5: TO Py (q).insert(N)
6: if ”TOPx(q)| > k then
7: returnTO Py (q)
8: end if
9: else
10: for Vn; € N.entry do
11: if number of data with smaller score MINHEAP than
score(qn;) < (k — |TOPx(q)|) then
12: if N is leaf nodethen
13: MINEHEAPInsertData, score(gn;))
14: else
15: MINHEAP.insertNode, score(gp;))
/Nf scoreis a same value, a smaller MBR is better.
16: end if
17: end if
18: end for
19:  endif
20: end while

fil: X 128\, 7=V % ¢ (q.loc={0.5, 0.8, q.w={0.5,
05) ,a=05 BLOk=2LT5%. /—FBLOF—
FpAaTER, FRERN (), BLOR (1) THET S
L2007 — 2 BT 2 58RI 5, e —7NOHE
FEML—ALHOELLNICRT.
(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)§,0.615),(R1,0.719),

(R3,0.719}. //(09, 0.853)1%, MINHEAP ICHAS N
AN
(6) oy ZRFBREIITIA.

(7) MINHEAP{(R2,0.556),¢s,0.615),(R1,0.719),(R3,0.719)
(8) MINHEAP{(04,0.556),65,0.615),(R1,0.719),(R3,0.719)

(05, 0.904)iZ, MINHEAP (2 A S L7200,
(9) o4 ZRRBHRERIHAN; #&T.

ZOBITIHE, HEIRBRRICALRWNT — X 2K T
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4., YhiRA T v RiEE

SKY-R KRiZ, RALFHOHEETEEZM D720,
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PEE S ALE & RSB EEIROHIIC B TH D720, A
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T, WEEEREIZ B OFULLE BB IV L, S2KY-RK

(similarity skyline RA) #42%3 5.

4,1 S2KY-RAK

S2KY-R KX, SKY-RAL[ERIZ, &/ — RKiZA A Z
AVEERFLTVDN, MERICEETLIRNPERD.
SFV, TAFY XA 21ZBIF D, ChooselLeaf & Split 73
B n, BRI, SKY-RA (RA[5] blHEER) T,
MBR OHIFED H % BET 508, S2KY-RAKTIE, 7—4 %
AT 2B, MBR Ofifg & BIEER OBELEEZBET 5.
F 3%, ChooseLeaf (2 C, HLWTF—&Zxt L THA
SNAEWYNTRIET D201, BIED ) — Rvd EOTif
RaBIRT L0 TFO LD ITRET 5.

BUED ) — RO pEDOT N By, -+ E,, BLORA
INDT—H o%xkFxD. RATIE, MBR OEEMGYZLL
TOXTHETS.

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

Area(z) 1%, z 5T MBR OEfE, E, (1 <z <p)iE, Z
fED /) —RO=> M) %FKT. KXV/INEW Arealncrease
WL, LT —Z R8T — ROTHT — X IRV
ZLEERTD.

S2KY-RAKiZE, LLFOERIZHESNT, BIEMRF OREM
EERFHET .
EE I (BHEMOELE). BLEX, HLIHAIND
T—HORMEET S N B, ODAIA T A e DFN
Rt 5.

min dist(o.att,p). (4)

Similarity(o, E,) = o
PEE, .sp

dist(z,y) 1%, BMEx &y OFREZRT.
&% \Z, Arealncrease & Similarity D &FHZ XY,

Increase Z3tHT 5.
Arealncrease(o, Ey)

MaxArea
Similarity(o, Ey)

+ (1= MazxSim ©)

MaxArea & MaxSim 1%, IEHRLDOT= O EKOEIEE
FORKOFELE, BId"T A—% 725, Increase D3k
INeTe D 2 — RIE, BREESE S, BEEEAELELL ThWb T
W, WD/ —RLTEEND. ZOFEE, FERRIITE
HLETRTONDS (TAITYXL4), 22T, B310D
Bity, S2KY-RARIL SKY-RAKLFLIZ72%.

BT, SpliticB\T, AHA T4 AT OIEREZ L
TOXTERTS.

Increase(o, E;) = 8

min dist(p,
Sdist(SKY 4, SKYi) = 2peskya Minvaesiovy dist(p,q)

|SKYa| + |[SKY5|

ZqESKYB minv,esky, dist(q,p)

+ ISKYa| 1 |SKY5]

(6)



Algorithm 4 ChooselLeaf algorithm

1: N < root

2: while 1do

3: if N isleaf nodethen

4 return NV

5 end if

6: N < npinthe entry inN with the smallesincrease
7: end while

ZoNF, AUA TA HORNDOEEEOE ZF RS 5.
Sdist(z,y) BWNSWIGE, AL T4 HEE x Ly OB
DLW & &ERT.

Algorithm 5 Split algorithm

1: for V pair of E; and E; in entriesdo

2 dij < area(E; + E;) — area(E;) — area(Ej)
3 simyj + Sdist(SKYEg,,SKYE;)

4: difij = Bdi; + 1- ,B)simij

5: end for

6

. Choose the pair with the largestf value to be the first elements of

the two group
7: while not all entries inNV belong a groumlo
8: if one group needs to include all remaining entthen
9 Assign all remaining entries to it arimteak
10:  endif
11:  CalculateIncrease for all remaining entries to two groups

12:  Choose the entry with the largektcrease and add it to the other

group
13: end while
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