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Abstract In order to make up for the shortcomings of the existing research results in dealing with the
K-dominat space Skyline query problem in the road network environment, the method of the K-
dominant space Skyline query in road network based on the network Voronoi diagram is proposed.
This method applies K-dominant to the Skyline query of road network to deal with the multi-attribute
data objects and can be used to solve the multi-objective decision problems in practical applications in
the road network. The method mainly includes reduction data set process and K-dominant checking
process in road network. Firstly, the Voronoi diagram is constructed based on spatial data points, and
the query convex hull is built for query points. The Voronoi diagram of the data and the positional
relationship of the query area are used to cut the data set. Thus the data set is optimized and the
phenomenon of repeated search of query points is effectively reduced. Then, the refined set is obtained
by K-dominant checking on the non-spatial attributes of the candidate set. Finally, the final spatial
Skyline set is obtained by dominating the refined set. Theoretical research and experiments show that
the proposed method has higher efficiency and can handle the K-dominant space Skyline query

problem in the road network better.
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Road (1, 72, 15, 14y 7s, Ty 17)

-

+~~  Dominating Circle Region (a;, a5, as, ay, as, ag, a;, ag)
®  Data Point (py, ps, ps, Pa Ps)
o Query Point (¢, ¢, ¢5)

Fig. 1 Example of spatial attributes of hotel data object
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Fig. 2 Example based on theorem 1,2 and 3
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R BYAHAZ B BL i H s
if p ZEHEr I+ then
resultSP<—resultSP + p ;
[ W6 B 3, AR IR o« |
end if
end if
end if
end for
for i=0 to |resultSP| do
if al p1>al p:] then
result SP<—resultSP — p ;
else if al p J<<a[ p,] then
result SP<—resultSP —p, ;
end if
@ end for
return resultSP.
YR R Bk 1 SRR 1 S M
SAEESTIE KM Voronoi B3 XH 8 S Ay dE 25 (8] J@
PEAEHEATTHEE S0 0 1 8 /N 2 7n B s A 0 25 1]

® 6

SRR SHENENSNSES NSNS
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JB R Y 7 T B SR PR A IR T A ) X B
CH (Q) ARYETE M Voronoi 545 X CH (Q)
(A7 G R, HE B 1 0 DB 800 o R A A A 0 X3
CH (Q) N » Un B0 40 ot e 25 360 DX 38 P 0 B 42 K5 1%
BOH A 36 4 b PR AT T S A R X A 5C
FERYIE B M Voronoi H.7T FYEHE A2, iR 4 2 B 2 0%
XSRS A T A 3 S A 2 ] b SR
26 T 75 (1438 % M Voronoi BT 5 2 ) X I8 AH 52 1
0T T Tl T A I T S ) B A A X
Sl A5 A S AR S HE 3 K T B L A A G AR
TGS A v B R A G 25 1 1) B R 208, s /0 o
AR R A 35 O oS R 3R B 5 R Voronoi K 2]
X3 CH(Q) 518 % W 4 R B BEHY A2 1 6 4 — A4
32 1 T AE B B L ) B HRE o A B A R 4 L TR T A
() i 8 f3 04T A IF. e JA X result SP AR A T BN A
(R 23 (1) P A 20 A7 St T R A A {1 /N 1) 5 o
S5 E S — N B A5 A I R B v O
Ak 2 (] Ja8 P A A R B s 1 A 2 ) Ja 1 1 =2
B 6 1 o SR 14 32 E RE 0 T DA A 24 4R oy Al 28
V1) i e (L A K 09 O 240 0 I s ) S T i T 22
(OB A BRAT R 2 1 e i .
2.2 TEMIRIEE

b I A 10 B 1o AR ) 3 A T G R AE 2
TS B A e 4R resultSP AR 1 S8 A U B 5
K-ZBCRY 8 XML e &R 4y o B 4 FlsE 3 5, 7%
R g 7 X0 o 4 o 1) A AT AR 23 [ M S
F T o 2736 J 2% 0 UL i A 3 5 o DAY 49 RS0 RE H A
B AR SR R A 1 R S ) P R R B A A
n YEREHLAE I  AE 25 18] ) 1 (6 /)N i

B4 MW TFAERE 2 DM BUE S p A p, 5B
Wi p, 16 & AR 2 )@ M b S EEE A p, L K
s po i b —1 S FBAR S p;.

AR 5 B e 5 G I 2 ) 2 SR P Y
FRTE] A 5 LR M 0 8 /N 8 1 O 34 O BB i 7
ke Y 1= 1 f5 e R R 22 1 SRR 1 43 5k

k—1

bestK (p,) = > min(p.i), (2)
i=1
k—1

worstK (p;) ZZmax(p,i). (3

EHE ST R AR 4 b iR 2 A

BAGE po A opo o TE b 4E EFAE worstK (py) =

bestK (po)  IEHE 5 p, —EASHE P —1 ik
[) Ja 1 b SR A p

A DUREAE 18 5 2% A 960 i ) 9 BE 5 S RN S 2

(] o P 14 0L o 0 2 50 e A A 25 () A 25 ) g e 2
AN RO A SIS S WPRE 32 s A BIDRS R 4R 5 .
H R 55 A i) 0 5 ) B SRR Sy s ) e e
e (A JE PEFEAT K- SCHECHI W, 159 2RSS & Sk. i
TG R S ) M TR G A K-S, 5 R
K-S A 1 (5805 BRI 7 T i ) 3 455 o P800
55 8% A 1) 10 25 ) B S RN Oy 5 () T M AR 2R B i
RS (] Jg M 1Y SCHC RE 77 . B IR 1% S TEC BB ) AT DL 24 D
oL E 2 [0 Jgg P P05 R P A7 400 BT R 0l
FATHE — 20 25 T8 B ) KU A K-SR -
PNS Bk IS0 2 FioR.
"k 2. ' PNS(resultSP ,Q ).
AN AR result SP EWES Q. K%
A 1) 2 T g (B A5
i H cresultSP iy K-t Skyline 285 K H
fRIELE Sk.
O Sk~
@ for every point p € resultSP do
@ HE A p BRI SCIERE T H best K (p) N
I 22 1Y SR RE JE worst K (p) s
@  p FHEALERICH p.isDominat =false;
©  Xfresult SP B KT p B B Y SCHC
RE S bestK Cp) AT THFHET 5
© ¥ ovestK (p) Tt HE 7 &5 R A7 i B B2l
AI[1,2, e 1 [+ ¥l AT, 2,
et IR AT R x|
@ XtresultSP WK HE & p 2R L EBE
T1E worst K (p) 47T 7 HER 5
FeworstK (p) Th e HE 77 45 3R A7 Ak 3 B
BI[1,2,,¢]; [ %4 BI[1.2,
et IR B R x|
end for
fori=1tot do [*t 254l A M4 B H
B R R x|
q<AILi]s [ * poq ZEHPR R =/
if p.isDominat ={alse then
pi<BI[i];
if worstK (p;)<bestK (q;) then
q:<pis
Sk<Sk—+q,;
else if worstK (p;)=bestK (¢q;) then
Sk<Sk+p;;
end if
end if

©® ©
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@ end for

@ for i=0to |Sk| do

for =0 to m do
count d (p;sq;);
dlp;1=d(pisq;)s

end for

if d(p.1>d[p;+1] then
Sk<=Sk—p,;;

else if d[ p;1<<d[p;+1] then
Sk<Sk—p;i1;

end if

@ end for

@ return Sk.

Bk 2 BT 2 ARG FORAF AR S k
Y Y o B A0 e IR SO RE ) - AT 3RF0 BI 3R AR 4
PR 1 BT A 00 i 0k B AR ORS R B0 AR AR,
T 5 R i e B b i B Al SO O B b ST RE D
(B 5 22 SCBCRE ) 1 45 45 RAE THF fF e &
FEX g — A B S0 b B A0 S AR SCTE. AR B E
B4 RS xR AT F1BI b B98O mE AT e AR
worstK (p;)<<bestK (q;) . W& g, LB &S p, B H
q: INACKT B Ak 4 Sk rh. 31 508000 o 23 18] SR
R 52 T, B S TC 1100 250 40 e DA e 32 R o I e R 4 1Y
B S R S BORE SRR G R B S A A T R
142 () BE B9 SRR O 2 () J& ok 5 3E =5 (0] & P A7
K- SCHCHIWT 55 75 BURS R 4R & Sk
23 BERHEZE

AT ML I8 B B K-S BC %5 ] Skyline 5 i 7Y
ANV B 43 551 9 FH G 3 ) 23 8] Skyline 15 &8 T #Y
R-PNS B K-3 It %5 [H] Skyline 5] 1% 4L T 1Y
[-PNS Akt A7 £ if.

B 6. i iE B AR SCHC A E [ IX A S
i p 5 AW AL g, 2 [A) 3 2o T8 A B L 2
g5 p € Sk BF MDA AL g, RO AW g,
58 p MR EE R d (g0 p) R BRI L 5
5 22 5 80 AR 28 DX PP A7 AR O A e U BSCHRR A
P 2 0] B STECHEE A p o UPRE R 5 p BT AL

W G A p € Sk B, I g A
Ol GBI p Z I BIREEER] d (g, p) R2F
AR, 25 T8 22 A [ S8 09 A 2 DXl P 77 78 B4 A
P WUXFEWAL ;0 —EAFHIE d (g2 pi)<<d (g
P s B AEZS ] B 40 52 e 22 SCRT L 76 %5 8] 1 40Hs
S pe SCRCBAE A p RS 53 p SEA R A R g 1Y
Z3 8] Skyline 5 SRR 55 p MER. i .

©ee068 66 .0

K3 H, L g sl LA R AT 2 —
BAE 2 p Z A 0 2% R B O 2 A AR R IRER s
dyvd s 7B RO AN TR A ) 5 R0 S 15 8
12 [ $58AH DG 1) AH 38 DX 380N A7 A8 LA BN 3 p 7 I AH
3 DI N 85080 A p” ST B A p AR 2 HE 2 A
3:{pispesp ’P/}m.j]ﬂ/\fﬁﬁ%.u{% 2qs+qs ) MIA
O LA Ve 4 9 A0 B A A Y 100 265 R B O 428 A IR
N 3 Frzs) . s p” B AL F 33 28 8] 3% 1Y A 28 X3
TR S 6 AT p, SCHECAL . H G AT RO A
TR 23 (8] B AR 25 SR SE={p..p ).

Road (1), 1y, 13, 14, 7's, Ty 77)

, Dominating Circle Region (d,, d, d)
— Edge of Voronoi Diagram
—> Directed Path
Data Point (p,, ps, p3, s> Ps)

Query Point (¢, g2, ¢3)

Fig. 3 Example based on theorem 6

3 FETERE 6 /R )

ATTEWA LN EE R wR AL
1539 20 29 D8RI 4R I W A 1B 4R L U TSR 2 X
i e B AT E 25 (B J& 1 K- S ORGSR Ak 2R, AR 45 SRS
B R g e R AR5 3 R i i e SR T R p Bl g, 1Y
MBS d (poq) AR d (g, p)<<d(q.sp)BT,
e 53 p BOBCHE A po SCHC I A A 328 42 v M Bk %K
P A p I T RN ) i U A i 4 R AR

ATk —$ 4 K-PNS &8 2%, A% 3
J 7.

®i% 3. K-PNS(Q.+,P,R).

B AW QYRR £ KA P L E BRI
B R

iy 2 JE B K- SCECHE T /9 25 ] Skyline £
WY S5 R Sp.

D resultSp«@,Sk«@,Sﬁeg;

@ resultSp<—call R-PNS(Q,P,R); [ * W H

FE 1T AL RS «/
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@ Sk <—call I-PNS (resultSp sQsk); [ * JHH
RV IRCR PN 73 e

@ if p 7E Sk ¥ then

® forj=1tom do
[ % m A R A EL >

C <Calculate _Circle(q; - p;)s | * 3T
B ST  F  RL « /

@ if p inside Sk I H p NC#J then

Sp<Sp—p:

@ else if p ANTEHAl 25 SZHCE IR P then

@ Sp<Sp+tp;

) end if

@  end for

@ end if

@ return Sp.

SR 3 E e ML 1SR PNS AR g R 7F
BB A k4R @ MR R S 2 19 2R R
B RS R B B b B Bl A P R AT SO A L 0 B
S A ) RABCR R TR X BRRS: A L A DX P T Al
Bl s WA Sp £ WM BR. 55 5 B Sp 4
TR ASEAT B 4R RS A R R SR B HE SO S
AE TP B e 2 BT B0 K0HE A0 B R K- S A
[8] Skyline 2% 1] i 45 F:4E.
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Fig. 4 Effect of £ value on the efficiency of

the query algorithms

I R EROE SR & SE AL



236

HHEIR S AR 2020, 57(1)
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kAEYE XS K-PNS 5k . MSSQ ¥ Fl Cknn-SQ
FEIY 1O M 15 w15 . T 4 Ch) BT L 3 Bl
&k AERRE I, 3 ANFIEN 1O AN AR Z Bk K, A
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Fig. 5 Effect of dimension of data set on

query efficiency
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Fig. 6 Effect of data size on query performance
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Fig. 7 Effect of road network line segment

number on query performance
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