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Abstract Existing methods to compute reverse skyline queries are not correct to process the
queries in dataset with region objects which have conditions like a price is 5~7 dollars and a distance
to beach is 1km~2km, since they consider datasets with only point objects. To solve the problem, we
propose a novel method to process reverse skyline queries for region objects in this paper. It has
advantages. First, it is expected to get a good performance, because it is extended from efficient
reverse skyline (ERSL) algorithm which is a best algorithm to computing reverse skyline queries in
datasets with point objects. Second, it can give a right of choice unlike the others to a person
requesting the query. That is because results of reverse skyline have a difference preference according
to proposed pruning methods and overlap relations. This algorithm is a first for supporting region
objects. Therefore there are not any other algorithms to compare their performance. For that reason,
our experiment to prove the efficiency of proposed algorithm is focused what conditions give an effect
to its performance and result and how much time it needs to process the query.

Key words : skyline query, reverse skyline query, region object, region query, RSSA, BBRS
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312l & 1.RSRD Algorithm
1: procedure RSRD{R*-tree R, Query point q)
2: RSL~@,C—2,FeO,
Insert all entries of a root R in a heap H sorted by distance
from q
4: while H is not empty do
5 Remove top entry e from H
6: ifeis globally dominated by some point in C then
7
8

bed

PruningMethodUsingCA(RSL,¢);

discard e
9:  else [e is not globally dominated]
10: if e is an intermediate entry then
1: for all child ei of e do
12: if ei is globally dominated by C then
13: discard ei
14: else
15: insert ei into H
16: end if
17: end for
18: else [e is a leaf entry}]
19: PruningMethodUsingSA(RSL,C,e);
20: PruningMethodUsingCA(RSL,e);
21 end if
22:  endif

23: end while

24: Refinement(RSL,F);

25: RecomputePreference_2(RSL);
26: RETURNRSL

27: end procedure
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(intermediate entry)1A] 2]Z== (leaf entry)o] uwe}
o9 Mg AR

e7l F=zold, e9 AAE(child entries: e)E
o] AHiBAE FRlsle o)AR} FUF WHes Fn

ARE s ANV, eiE AASI, T g
A 3o AdPcHline 11-15). B er} T o)A
PruningMethodUsingSA#4& o]-&38le] Azl 1o o}
g A fE}E SA9Y] dEY 7t TFHHEAY

2 891831, PruningMethodUsingCAYE )&
Bt A 20 wat eo] o8 JAS e o)He Fn
AAEE He)dchline 19-20),

Yol o o] AE7} glo] BE FRAXNE A 3]
A, Refinement @718 $=3)slo} 3t} Refinement
e A7 QA FRAN F g2 Azl

Qo] obd AArF EEEHAEA A A Felghon
A HFHoR ZyWe agtolEi]l ARNYAE A
Hckline 24). o]¥A A% gl 2vleleld] X
A9 CA9Y Y AR BAE HAs A 49 whe}
NEEE A ALEeEH RSRDZ1YE viAA ot

3.4.2 PruningMethodUsingSA

&322 29 PruningMethodUsingSA%+ SAS
o] &3 7FAA7] 71YE FHIL F5EN AA et SA
F99 AA VA wet e FRAN I P Hds=
A AYE £33t ¢udS 49 OverlapRelation-
Check 45 o]&3lo] e7} SAY L] X =A(con-
tain), ZAX=A(intersect) v 9443 TR A
g B3l ¢ gt e AR E FPIcHen
IZE 2 : line2). #Y TFRAOIH TRAAZH eF C,
RSL ujgel 49 sl eol we} SAYHS 3%
(line 3-5). W2 A3 EFE R Yow ev W2
27olgiele] & 4 gitk 22y} Fo)| Refinement @7
AN FRANES FF FAstet A7) 93 dA
SA9G49e 7Ee] He FEAF coll o] Aui=A]
= A% Pl fAtHline 11-15). T e7t SA
o] BAATHE, o]F C, RSLujdel 4437 Mol e9
AEZEE A Adstn, SAYES FA4seF g =3
SA9 e ¥g=]A] ge e Tp(EE eBp)E SA9 vhi
£ 3 To'(Ex Bp)E 4ok drhine 6-10).

& 8] € 2. PruningMethodUsingSA
1: procedure PruningMethodUsingSA(ResultList RSL,
CandidateList C, Entry ¢)

2:  state = OverlapRelationCheck (SA, e);

3:  if sate == ‘contain’ then

4: insert e into C and RSL list

5: alter SA with e

6:  else if sate == ‘intersect’ then

7 RecomputePreference_I(e,SA);

8: change Tp which is not contained by SA to Tp® // or
Bp

9: alter SA with e

10: insert e into C and RSL list

11:  else [fully not contained]

12: if e is not dominated by ¢ owning Sp then

13: insert ¢ into T list

14; else

15: discard ¢

16: end if

17:  endif

18: end procedure

3.4.3 PruningMethodUsingCA
238 E 39 PruningMethodUsingCAZHE CAS
o] g3 ZAX 7] 7S TS FFEHN AA e} F
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& 32] % 3. PruningMethodUsingCA
I: procedure PruningMethodUsingCA(ResultList RSL,
Entry ¢)
2:  for all entry into RSL. then // r ¢ RSL
3 state = OverlapRelationCheck(r.CA, ¢);
4 if state == ‘contain’ then
5: discard r with RS1, list
6: else if state == ‘intersect’ then
7
8
9

add e into r.intersection list
end if
end for
10: end procedure

$k312] % 4.OverlapRelationCheck
procedure OverlapRelationCheck(Region R, Entry &)
ife.Ipe Rande.Bpe R then

return ‘contain’

elseife.Tpe Rore.Bp € R then
return ‘intersect’

else [e.Tp and e.Bp are not contained into R fully]
return ‘non-candidate’

end if

end procedure

XD RN

Y 3Lel & 5. RecomputePreference |
I: procedure RecomputePreference 1(Entry e, Region
SA)
2. e.prefernece = a percent contained into SA
3: _end procedure

U3 2]F 6.RecomputePreference 2

1: procedure RecomputePreference 2(ResultList RSL)

2:  forall entry into RSL then //r€ RSL

3: Entry e = maxIntersectRegion(r.intersection);

4 rpreference = rpreference -  r.preferenceX
PercentOfInterseciRegion(e,r);

o

end for
6: end procedure

BAH ro] CAY9e HF FAl whe} ro] FEAH
AAZ 8%t OverlapRelationCheckS E3f ©olE57+
9 AF #AE B F evl TEAA ro] CAYEH
FHEYE r& FRAANN A, TP A oy f

Adhline 3-5). 22 AAZUHE, ed HBE rof
intersection ®¥lgol Hgstomi vixutol(dneE 1
¢ line25) 71E Wl AAw AANE vt re] A%
T8 A A o AREErkline 6~7).

dng]F 5 e 39 wel SAe] HAE WA u
& Az A Ao AAYE, duels 62 el 4o g
CA®l FA= Aol uhg Aex A Ao #4-g e}
i

oletdlo] & A 37 A Al 4 (20108

34.4 Refinement

438F 79 Refinement@e FRAANESLE o
] #@]lete] A og @yAAR A48 98] Fu
dell A ANEY FRAANY CAE B8 3R
& vehdoh of gAlE i ke AR dE
25 Aashs B e 324 ¥4 4 e CAXY
HAE i v glgens gule ARANE 44
4 Urh

QF312]& 7.Refinement
: procedure Refinement (ResultList RSL, List F)

i

2:  forall entry into F then / fe I

3 PruningMethodUsingCA(RSL.f);
4:  end for

5: _end procedure

4. f8 9

RSRD7IHE J94A] gjHa 270l A9 A
gHE A% Hzo FIegM 1 ¥lm uPde] He 7
Hol EAEHA el 28{2E RSRDIIYe) 4924
%7@“’1]*1"1 s 27tolElg] Aoy W Fyie

A #dakn, HA) slelej ol Aol A e}
vl A wAE JEg Bk mE B e
o] He 99 HA Gyl wE HEax A B$oig
At AapAe] Apele Bt FHE FUt

Ao o vlelgale 1y 113 o] Uyt Y
Ao} FAAAE £E3Y uniform, Gaussian, anti-
correlate ¥, Thokgt Aoz AAdsied Aok
ol AAAHQ dole AArIE FHIE AMEIGoH,
AE9 ZZﬂ—ﬁ:’: i‘/ﬂ‘ao}ﬂ R 1= B 2

A AE ZFA0E 4 ‘ilr: Z27 7
Hele] I/IOE .1’33‘3}93\‘:}. % 2 439 B¢ ¢ A
A A7 279 min, max = 107 o]ste]th

EE 438 Intel Quad Q6600 24GHz CPU, SATA
ST340062 400GB hard disk, 4GBWEHEE 7IA=
32bit window XP 79| ZFE M FPstgch

4.1 2jg{a ¢9FOIEP°' At = Him

12 g £¥e A9E 7e A9
22 27tolElel AfNA 9] A4 AF BejEch o), 4
AAe] dlolee] B9 A} HAA} zalE Aol
2t s ER, AA dgoly Al F 0% dgANg
Aojstn APstac) 2 As 8 13 go] vloly B¥,
el mg AR e Aol AT 4 AU
) Aol A] gaussianiX9] A3} 7P AL, uniform
I 7P Bo, A AQIME H s w1

Aol BAeE gl §E8ke anti-correlate ¥R 9]



(a) Uniform

(b) Gaussian

a3 11 AF dolg] MY EX oA (100071, 9AA 50% £FE)

(c) Anti-correlate

% 1 22 27012k 44 ¥lRn=100K) w0 | — Rero -
dimension uniform gaussian anti_corr B
2 1 2 0 250
3 5 5 1
4 20 18 9 g
5 61 40 33 2 0
6 184 87 83 3
7 369 165 247 100 P 85
8 584 297 556 50|35 3 31 o4 52 38 4 47 |
9 1708 475 1194
10 2947 661 2350 ﬂ ]_I H ﬂ H ﬂ ﬂ H l_l
100 90 80 70 60 50 40 30 20 10 ©
Rate of region objects (%)

olej@ WBE oW WAA BANMY Az} Y

sy,

2% 12 AA do[ejAl F FGAA ) AAA v)go] &
g2 271o)gkql A A (uniform, 5d, 100K)

4.2 AAAFQ HZX] HIZ0 T2 A3t JH Him

a9 12 AA delgA F F9QqA 7L ARse Hl
& WE 2 2vlolal AAAAY AF A5 B
&ttt g AAE Y3ty 10789 N2 dlolgAl

2L o

o
=
£ Bee

o0 283 283

reverse skyline
20 | points (n)

70 A

B0 % D10% W20% M30% W40% DS0% D60%

070% D80% Boc% H100%

total  100~90 89~80 79770 69760 59~50 49~40

359~30

2920 19~10  9~1
preference value (%)

ARET NE e A9E 22 1084 S 3
Fagow, deiyel zddl wet e 3
45T 4 g1, FAAAZ} 100%~50%

2 13 AA dio]HM 5 d9AA ] vlgo) g ARYA MExE EF(uniform, 5d, 100K)
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TEE= BR0AM v AF Jgrt gel=d 1
AU, ANA ] x¥Ego] Eold4E Ho A M5
7t BolAle g #4E o 4 3k

4.3 YA HIE0| o2 AR Mer BX

g 120] FGAA Hivigd] WE F AR
A4S RAFthE, 09 13004s AR zZhzhel A
A #3d gl A Add HEE gl B¥ uee 8
A 5 Ak olw Y 139 totale ¥ 129 g
oF Za. o] A¥E By, 39449 vlgo] BepASs
= F AfAAe] v dAH BEn, FE Yol B
t} wo] WSl we MIEEE zte AA Anz
23 5L woldnh a2y Ax HEE B 7
A4 Je 9T FA® ¥

ol#&dt 54L& 1Y 149 JIAH Y 20% M B
7}, 50% #ZA dloleile] @ g thEA #e
Az B¥ A% 43E B2d Hd 88 H3
4= Stk =3 HolejMle] A77F AR o FEF
X Ag, AA AZE BXdes #d¥o g AL
& Ak,

e o mt 2 o

reverse skyline WK [40X BECK mSGX @I00K
poists (n} -

. ) B, S W el S . . W TR,
totsl 100750 83780 7T 6960 59750 49W40 90 29720 19710 91

preference value (%)

(@) AA Holelsl T 99947} AAshz vlE 20%

r "Vre\‘em skyline
points {n)

20X (40K @EOK WECK IO

totsl 100750 89°B0 79°70 6360 BATSD 4940 3930 29720 15v1D 9%t
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(b) A dleleldl § A7} AAetE HlE 50%
¥ 14 AA gz 2Fto)l AAARA F A3z
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tlojettlol & Al 37 B A 4 3.(20108)

4.4 Eolxz| A2

a9 155 99AAe Afuled wE & F9A
gl AEE BojEh §Y ¥E, §d A, §Y8 29
o] dielei e gAY Fiulgw aEA s A
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A7+e BoFh RSSAVIHE Aol ¥old4E g
Azre]l F73) Zrlsl Wy, RSRD7IYe Al Hol
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FAEE R 2 4 Aok F, AAARoE o]FoA
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7RG st GRS o folzl #Z(RSRD-
100%)elM e A Aol N ol Holx) 1alglol
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Processing time (s)
=3
<
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20 - e e
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