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PSP: An Efficient Skyline Computation
Method for Partially Ordered Domains
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Abstract: In order to solve the skyline query problem in partial order domain, this paper proposes an efficient
query processing method for the skyline query in the partial order domain to meet people’s increasing demand for
query efficiency. Firstly, in order to improve the query efficiency of skyline on partially ordered domains, this paper
introduces the inverted index into the skyline query and proposes an index structure based on the inverted index. Sec—
ondly, the basic algorithm PSP_B (Basic Partially—ordered Skyline Processing based on inverted index, PSP_B) is
proposed. The PSP_B consists of two phases: in the first step, each partially ordered domain is converted into two fully
ordered domains through mapping function, and then each fully ordered dimension is managed through the inverted

index; in the second step, the scan end point is found through scanning the inverted index and the result set is ob—

W EH:2019-06-18
HEE&TH: BX HRBEI S HERSWIIH (61702072,61602076,61976032 ), Youth Program of National Natural Science Foundation of
China (61702072,61602076,61976032); -+ )5Rl2A3 400 F¥EBITH (2017M621122,2017M611211), China Postdoctoral Science
Foundation(2017M621122,2017M611211) ;i1 744 H #RFF £ 4 W8 B0 H (20180540003 ), Natural Science Foundation of Liaoning Province
(20180540003); 1 g = 4 FEAS B b 45 9% & 00 9% 4 W Bh3 H (3132019202 ), Fundamental Research Funds for the Central Universities
(3132019202)
TEF R FI(1986—), & L TARBN , KGRI E0R 1+
+ I R A, E-mail : jinghui940920@163.com



10 R R A4 (A AR BE R

2020 4F

tained. Thirdly, based on the PSP_B, this paper further proposes an optimization algorithm PSP_I (Improved Partially—

ordered Skyline Processing based on inverted index, PSP_I). The PSP_I can further improve the computational effi—

ciency by grouping the data in advance and then indexing them. Finally, a large number of experiments prove the cor—

rectness and efficiency of the proposed algorithm.

Key words: skyline query ; inverted index; partial order domain ; query optimization ; algorithm
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AP RIRG R, s A BG5S pr, pssp s piss p o)

4 RUAEE

TERHEIHER T 5SRO 5L b, ASCOUCRH]
SR 87 A RE AT Tt 2.

4.1 STHEEIHE

IR IR 22 d eSS 6] B AE P, AR AR
YLk P I HERE A 20 i e 4R 5 I e 1 1k
(B DI — i P 4E B AT 0 4 R AR AR 4T
AMEE AR T4 B —2H , B anst R Pk
VER TP L AESE R BATRH R RIS A9 181 4570 21— 41, 1
Kl 6 .

A B C
ik W iixids W ilxiss W
30:p0  89:p 2 83 2Upy 69:ps
34:psups 15:ps 34, T6:pn 28:p0 68:pu
35, 6.7 37, 73 29:p,  6.5:py

5.7:pis 32:pi 6.2:pu

D E

iixiss W iixids W

2:ps  9.6:pn 270 93:pi

28:p5 9.0:p 29:p5  8.5:ps

29:p; 8.9:ps 31:pn  T4:ipy

39:p0  8.1:pss 325 57

40w 6.0:ps

B 6 4418 HEx 1)

Fig.6 The example of grouping inversion

XPEARAE P vk e iy 4 AT 04, KR
TR FE A M FLAb O 3 248 422 BB D) 5 1) 4 3 A4
BE A NS BIHER G 2 AR B o 2 4k E A1)
A Y B4y SIS IR BT 2R T, [T AEURA 4l
BUE N — A5 AT (AR SC L/ IME R ).

I B 22 P BT < A TR, ZE R @ B
XN R B2 T A B e A, 55 BT A 4 B 25 SR AR
RO TC AT HEE, A AR SR A b 1 5 S )
TMAZESAE N T P B, KR 24 2 7 195340
TR B R TCAL A T, [R5 SRl vk —RE W%
TCSEIZEA S R BUE N 1. 47T count {H
51Dl -1 (B3 53 20 45 B2 AN A 4 B 850 A SR, AR
PEAEHRA 1, AR A R R4S .

DEACARIRITH AN - 1) R BB - [ REAH 7 A
HRRIE IR, XA a 3R e — AR
times, , FHRICEAENGRTFR T rh a4 o4l A~
B, BRI HEE SR times (F 5/ 1Y R 2R34T 4
. 2) O BEHE R A e 2 I B R , B FRIZ R
WEA AR T p, AT, FERIEIRRT R0
T SR W BRI o) .
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WA 6 Frs , WIda A 4351 N A —A> o2 AR
b — e R EHER S LBGE 28 — oo dUm A B
NAERE I R (& 7). B 70, 72 9 times' 328
0, PRUHAZ MG P e 0 T 8458 — U HR gl 7 v
{HE A B TT p oo, THRESERUS , BEET T' B times’
1,T% B9 times' A7 O, PREER — W% T2 #4744, R
T* EE ML TCA p o TR, PR IRILATE

PRI T, BRI BIEA R (S WA 2).
T'(Hri%)
30:]75 21:]717 24:]714 261]78 271]711
T (i)
8.9:py 8.3:p; 6.9:p4 9.6:pn 9.3:pis

B 7GR R
Fig.7 The example of temporary tables

4.2 BALE

EIR 20 8 k) AR IT A p 7E
WO AL A AP AL L3593 R 45 R 2k F 1, 8 47T
AGEHRITCH p, ITFE o LRI, IF Hoa] DRSS H -
Tt AR HAERE RN TTH p ZERIFTA 434
AR

TERA: YEIEEITCUL p, FERR S AL 4R AN H A
JE LS5 AR A 1, ARAES I 1 e a
Tl 0 TCA AR B A AL AR B AN B AR ST
pio IREE B E X, [F]— 21 N B T2 R0 o 21 48 i
ERBRLL p RS LN T, TR YRR
B p. 22, NI AEAE skyline JT4, AT LA EH 4%t
UE , G AT

EEE

BIANTEA SO, Y py BEEREEI PR AT, Sl 3 ] 2
AN, X6 L PR o2 24 R A 40 25 IR ME(E N B, XHF
P s W RAEORUL, MRAE #4138 75, E.D A C
S LHAT DR A, D B R AT LSS R A

GERRA 2 A S B TR AR A R Rk
G

YA S BT ER G SR, Sk A5 o, B
AYERE ESURAE R IF MR I & TR 4R, i
TAEBRE O T B> T2 E b, 7EMBR
HEA 773 AL N B R I i i A, RO
R IE S, I HAE S5 R E P skyline S T
FEEIN, Hh o fe s A2 B e AT i O , 7] L)
HU550 [ AR 2 BE 2 SR AR v 0 kA T H .

Sk 3 AR (PSP_D
FA ARG T RS R B 53R n AUR B (P, Py, -, P
it : P AY skyline 224 R
L MR AR LINARE R = @
A LIYIGRTR T

2. while(true)

- AR ORAIE IR A B TS po B TR

. if(p;.count=0)

RS RL p A RSEZ IEERAE R

3
4
5. if( comparesky(p;, R')=true )
6
7 pi.count++;

8. end if

9. end if;

10. else

11. pi.count++;

12. if(p;.count>=ID,,l-2)

13. SO BT T 5
14. ifOFT A Sr AR5
15. return R = {R,UR,U---UR™};
16. end if;

17. end if;

18. end if;

19. end while;

5 LIS HT

AR RN T TSR ) . LI PR
A Inter Core i5 7300HQ 2.50 GHz CPU,8 GB WNiE, 1
T 4, Windows 10 #/ERGLHY PC. A C++ili S
5. N TR ASCT S FETERE, DL ZINC BB
PSLP SR8 L S0 HEA T

ARSI B AN B R S S A T RE.
FLEE R e B i 4R (5 2x10° A%
SHCT, BRI R 4 DR L S RS
sk RS2SR A e, e B2 A
AR R A i s PR R ). B SRR AR TR 4
=k 2 .

*2 EXBIEEIRER
Tab.2 Result of real data set

Ak Al /s ST $E/ 100
ZINC 16.628 0.32
PSLP 11.231 0.43
PSP_B 6.243 0.83
PSP_I 4399 1.02

i 2 AR IASSCH T A PSP AR HLSE
Bl FAR I, TEIEAT skyline THA YT FZ
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AR A R e, JOF H i T R 5 At 8
o BT B =t B 2 /D T ZINC L PSLP

A BB R SCRR 14145 B A s AR i, A
FE 0 ST 53 A B A A SORE S A A R A . BRI K
A 5 MREFHERE , 3 2P 2 MR s BRAEL
P RBCA 10° BN LS DAG B BEEEHh 4, 1K
BER 8, BN 0.6, AR R AR FEHL >, A 5
SIS R EE AT LR ERCHE AR A A T R B R
D TS e 7 1 35 R P 785 A X S 6 45 2R 118 2 i SFe 365 1 B
RGPS, i S Y S BARE R skyline AT
Afa], SEgG A s Y T ZES RO AR A R
%23 PR,

x3 LB

Tab.3 Experimental parameters

S8 BRIME ARG R
(2,2),(2,3),(2,4),
AR (27 T (2,3)
(4,2),(4,3),(4,4)
B AR 10° 10%,5x10°,10°,5%10°, 107
DAG IH5ERE, (4.8) (3,4),(4,4),(4,8),
BHHE(W,D) ’ (5,8),(5,16)
DAG W% i 0.6 0.2,0.4,0.6,0.8,1

T E R AR
J T TR SR BN SR R, 7R [ 4
JP 4 BE A B DL T B0 T i 3 24 A B AR i 1
B UL (2, p ) Fm 4 2 2 TN it e 24 A0, Heb o
TR BT UEEANE . p TR T YA EL. S T
e M B PERE, X R U AL A #OR A
P IS BERLAE T 100 YRBHE4E , HEAT 100 VRS2
5, SRJEHGX 100 YRESEE I EE T IE 5. B8
Ok T FEAN A 4E BEA 0N UE4T skyline 715 TH AE
BB E], B 9 5% T HEASRIZE B T AT i o gl iy
& 8 FNIE 9 A T 24 Fe i 4k FE A Bt 2 1), 4
A A SRS ] AR T 2 i AR Ak, AR
A LA SITOREES , \ PO 225 4 Fivag vk i o Bsf ]
YRR E A, TR A e Bt R B
Tt FTLUE 4 FpoEk PSP_B Fl PSP_I Ak
B BT 5 PR B R R R XY e i 220
FH P w52 2%, 2 AR AR &7 , PSP_B S e e
Je R EIHER B AT 50, T DL P4 K 47T

51
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Fig.8 The effect of dataset dimensions on calculation time
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Fig.9 Effect of dimensions on the number of calculated tuples
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A5, WA T IR RS R AR, PSP B VAT
PSP_B Hk i3kt b X BRI T oA, i g
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5.2 HIREMEN BRI

DR T HAEAE R SR sE e, 7[RI [ TO |
=2, | PO |=3 WIEBL T, 20 5l DA 0 10°.5%10°,
10°.5x10°, 107 AT 5250, R 1 BEMAS E Ho I s 39
PERE , R 2R S5, BOFAE 1 A e deric .
& 10 Fr7R R 8 AN [ A5 0 R 3T skyline Tag
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Fig.10 The effect of cardinality on calculation time
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Fig.11 The effect of cardinality on the number

of calculated tuples
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Fig.12 The effect of the depth and width of

the hasse on running time
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Fig.13 The effect of the depth and width of the hasse

on the number of calculated tuples
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Fig.14 The effect of the density of the hasse on running time
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on the number of calculated tuples
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