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Abstract  As an important operator for multi-criteria decision making, skyline queries can find
the data that users are really interested in from a large amount of data. The skyline consists of
the points that are not dominated by other points. Given two points p, and p,, p, dominates p,
means: the values of p, are as good as or better than those of p, in all dimensions, and better in
at least one dimension. In most cases, the full skyline set is a good recommendation set because
the tuples which are dominated by others are filtered out. However, with the increase of
dimensionality and distribution of the dataset, the number of skyline tuples may be too large. As
the recommendation set, the full skyline set becomes meaningless. Because it is impractical for
users to choose suitable skyline points after browsing all skyline points. Hence, recommending a
few representative skyline points would be very helpful to users. There have been some works
focused on representative skyline problems. Considering the representativeness and stability of
representative skylines, we choose to study the A~-Maximum Coverage Skyline (k-MCS for short)
problem. Given a paremater £, the £.-MCS is the set with £ skyline points whose dominance size
is the largest. Compared with the previous A~-MCS algorithms, the proposed algorithms in this

paper have better efficiency. Firstly, we propose an optimization prefix-based algorithm (OPA
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for short) for the £.~-MCS problem in 2-dimensional datasets. Using the prefix-dominance-table,
OPA can obtain the £#~-MCS result with O(£M*) times of addition and subtraction operations,
where M is the number of full skyline points. Secondly, consider that the A~-MCS problem in
d-dimensional (d>>3) datasets is a NP-hard problem, two optimaization greegy algorithms OGA
and e-OGA are proposed. In OGA, an improved formula is proposed to quickly calculate the
dominance size of a set. Also, a filtering strategy is proposed to avoid the calculations of some
redundant tuples. Hence, compared with the basic greedy algorithm, OGA reduces more than
50% calculations and have the same accuracy. Next, by introducing a parameter ¢, the algorithm
e-OGA is proposed. The computation of e-OGA can be terminated in advance with a guaranteeing
accuracy. Compared with OGA, e-OGA can greatly speed up the calculation efficiency by sacrificing
e/ (1-+e) accuracy, where ¢ is a small value given by users. Finally, the effectiveness and efficiency
of the proposed algorithms OPA, OGA and e-OGA are verified by a large number of experiments.
In conclusion, compared with the previous algorithm PBA, OPA has better efficiency and the
same accuracy, because it can increase the reuse rate of the results in the prefix-dominance-tables
and reduce unnessary calculations of some tuples. Compared with the basic algorithm GA, OGA
has better efficiency and the same accuracy, because it can reuse the previous calculation results
to compute the dominace size of a set. Also, it can avoid some unnessary calculations using the
filtering strategies. Compared with e-GA, ¢-OGA has better accuracy by sacrificing a small

amount of running time. Compared with the previous algorithm RT, e-OGA has better accuracy
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and better time efficiency.
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ANICH Y s HETE—E ARG SO0 AR A RD B
RGGEER (=1 DICHBARL T s 19 (L— 1) - 35 KA
L ACHVE(l—1)-LarPre(s;). ({—1)-LarPre(s;) 5
s TFER AL T s, 1 - e RS e B ELarCom (s))

(l—1)—LarPre(s;)={S, |S,,CPreSet(s;) s
IS, |=1(—1,4S,C Preset(s;),|S,| =[(—1,
DomSize(S, U {s;}) > DomSize(S,,U {s:})} (3)

l-LarCom (s;) = (I—1)-LarPre(s;)) U {s;} (4)

WE 2 A, BEREITH pis PreSet(p,) =
{p1sbosbsts po 9 2-Fe KRBT 2-LarPre (p,) =
{pisbets B 3-FRA A 3-LarCom (p) = {p1 s
posbot WERIEE G (props) b ps ) 5 p LG
18 S BC T FRAER /N T pys o s oy 9 SCC TET A

N A SCRRES TR E B 0 AT DL B A
F A AR it &= MCS ] .

SIE 1. A2 gERES SKY= {515,
st FIZEEC b, LI D korder ={s, s5441 5 »su )
A TCH I k- e RE G 4 SKY 1 k-MCS (SKY)
—E R I k- g KA G S T AR d KR IR A
EhH.

. ZWSCERC3 A E L 1.

132, HE g ES SKY s, € l-order =
{siasiersmsssmprr ) s B4 s 19 (0— 1) - d5 KAl Z%—
EJR T {sio1ssismssiq ) ((U—1)-order THELE s, 2
HI BT A e 4D h R s H i (— D -l RAH 5.

EW. S0 SCER3 ]y sE B 2.

MRAESIRL 2 F 3l UK B 4558 2 ZEFREE T 1Y
WA S S HL kI RE S A 2 25 MR Oy 12 e ok
R-MCS [} 8. G 3 frow. 45t 7 e o M2
k=3, 556, 143 1-order HAEANITTHR 1-F K
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i ps b, He 25 XF 2-order HREATUAL ALY 1- 5
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B — I P b ps )P HEATCHM - KA G
(513 21583, PreSize({p, ), p,)=(1—0.6) X
(0.35—0. 1) =0. 1 &R, P p, 89 1- 5 KA
ot p b R 2-order A TTH 1- O RATH S
BRENITCHR 2- KRHAE{p- P A Ps D)y
{prsbid Ao s ) B po s po b I R M 3-order
BATCAH B IR RSB prspos ps b A prs pos
Pit v s b st D1 pas ot T prapuspr).

bi 1-LarCom(p,)| |1-LarPre(p, )lZ-LarCmn( b, )HZ -LarPre(p, )l 3-LarCom(p, )‘

£(0.1,0.6)|  {p}

20200 _py || N i [ e

£003,03)]  ip) [ \Ir (e [ b
205,00 {p) {\w erd | N 22 | (upnpid
206,015 {py) Ui | pp) (o | o bops)
207,00 (p) 10 | (pnpe) (P i} | (P P o)
508,005 1p) Vpopd | pobobs

P 3 k- MCS [R5 1Y 3l 25 KL it ke J5 ik 552 491

4.1.2  k-MCS MTR LT OPA

FE B SRR J7 b X F Lorder AT T4
s MBERG s U — D - KT, W2 H (s s
o5 VAR TCALIY (U= 1) - Fe RALA Xt s, B
28 SCIE T AR TEAS SCHRE s g Ak B3k v AT A9 /b i
28 S TR TET AR A TS ARAN RO R R, DT 4 i i)

EX AR LIF). HEREER SKY=
{staso v oo wsn ) IZE RS T Lorder WHHYPTAT TTAL 5: »
HR=R 158 I-LarCom (s) A LB AR, LA M I-LarCom (s;)
X {sivtsSivasssmpiir1 ) CLUF 1) -order FHEFE s,
ZJ5 WY ICLD) v A TTA A28 SCIE 1 AR IR0 S A
IO i 28 S TC TE AR B L 4 B i 28 S B AR

mE 4 R, 88/ 7 ARETTHL K R=23,
Lorder={pisps+ps>pips ) B 4 Z—A 1-Fr i 4
ZHEER. IESk T L-order AR JUAL A S HE AR . LA
KEANTH L KRAT4 6 % 2-order = {pos ps s pis

Specer

1-LarCom(p,) | p,€0.48)] p,(0.49)| p,(0.52)(p,(0.34)|p, 0.27)

036 p0.1,06) | 0.04 | 0.08 | 0.1 02 | 024

048 | 1,(0.2,0.4) 0.06 | 0.09 | 0.24 | 0.3

049 | ,(0.3,0.3) 0.035 | 0.21 | 0.28

052 | £,(0.35,0.2) 0.2 | 0.28

034 p:(0.6,0.15) 0.085
B4 1-Birr S &

Ps s po b WX N TG AL Y AT 2R S B E AR BT
1-LarCom (p) Xt p. El pe 19 1 2% 32 Be 11 £, Horp
1-LarCom (p)XF po . ps K1 py W HT 2% 32l ALK F
HE 1-FRETH AR pops F py BT ST T AR
HIBEAT LR 2 po o po M oo B 2- T KA IE(prs o)
{p1sps ) R pLspst.

TERESL (L D -Bir iy 28 SZ Fe R mf, Z iy 1 %)
FOTETR LR O @ ar. Bk, /T DL a0 Oy ik
M — YN 2 3 Bk SR AT (L 1) - [ i 2% S e R
%) I 26 S IE T FRL 45 € JC A pi € L-order s pi I - I
KM A R I-LarCom (p;) = {prs pastos Ppicis Pi ) s
[-LarCom (p )X} p,; (i<j) W) BT 2% > Be 1a R A] DL R
R A ACRES

PreSize(l-LarCom (p;) ,p;) =
PreSize({p1 s+ pi1}spi)+PreSize(p;,p;) (5)

T p.€l-order AL p oy — R T U—1)-
order \W| PreSize ({ pys pss s picy b pi) — ETE
(L—1) - B Fir 28 S IC 2 v oK . J i X e =X (2) A
(5), AT A & B 7 5K 117 28 S e T AR =X (5O Y it
B Lo, X2 Wit ESh LReE N 31
Y - ) I RS /N T (2.

e LRI 1 AR = O SR B A Y i 2%
SCECTA AR X TAL B <<y T 20 sk JCd p X p, 1Y)
88 S BC T AR L JE R 1- B SR, Anl&l 5 k.

,(048) 5,(0.49)] p,(0.52)[p,(0.3D)] p,(027)[p,(0.19)
0.36] $,(0.1,06)] 0.04 | 008 | 01 | 02 | 024 | 028
0.48] $,(0.2,0.D) 0.06 | 009 | 024 | 03 | 036
0.49] $,(03,0.3) 0.035 | 021 | 0.28 | 035
052[,(0.35,0.2) 02 | 028 | 0.36
0.31].(0.6,0.15) 0.085 | 0.17
0.27] p(0.7,0.1) 0.09
0.19],(0.8,0.05)

K5 1-BreXhi®

HIER U i SR A HEZR AR R 51 3 1 A | B 2,
i 8 AG 05 TR A0 R FEVE A JE 0k 5K &- MCS,
Bk 1R,
Bk 1L AR E —HAER.
i skyline #£4 SKY,Z ¥ &
i . k- MCS
1S 1-Braf iR M 1-Br 42 30k
2. XWFALE p; € 2-order , FIFH 1-Br B 2% SC e 22, 5K HY
Pl 2-T KRG
3. FORG M 23| k—1)
4. XTF iorder R A TTH R (- B RS K X
L - B i8R S L2 AR5 5
5. B - B AT g8 S e & A (5D, AT DU TAR B
P € G+ D-order 3K p, M GHD - RAE T
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6. ENDFOR

7. XF keorder T A JGALEY k- d KA A 28 H T

T T AR e R 4R G AE ) - MCS; //51 3 1

AT DA B B 1 A Sl A R 7 2 i X AE T
TR 28 S IE AR R T i 2 SO TR B O 7E SR
k-MCS [0 b B0k 1 B 3E 5 a2/ T 3 S 8 )
B R R,

TEFVE 11 3~6 47 45 5E i-order T A
JULL B i- B R A - KK fi# G+ 1) -order W T4 I
HWG+D - RASG. ERL B IEAHFEES
i B 2R SR I BT A L. T T 2 AT SR T R
W T DAA AR D8 - B i 28 ST 2 b R AR 0 S ME L A
T B - B A 28 S RE o AL k.

R LA 1 RO S 2 R AR Ak 2
RN IHE.

AL 1. R A -l KRE A (=1 B SR
FEOR 45 980 1 i 8 SCTC 22 1 155 i) D B2 W A £
- R A G % HE B A T 4 i 28 SIS T AR T
WE R 1 .

B 1. 455E Lorder WA TR 1- e K4
G B p. € lorder, Y p;, € L-order H j >i, 4
[-LarCom (p) W) X T FA K F T -LarCom (p;)
() S e i BRI 4 (-LarCom (p,) A 0] GE B
(U4 -order W AT A JC 41 1 -5 K i % BT LATE
BT 28 S EC R P AN TF B SR -LarCom (p;) B Rl 4%
SCHC A

iF B, B H DomSize (I-LarCom (p;)) >
DomSize(l-LarCom (p;)), ¥ FAL & p. HETE p, 2
J& . " LIF3 3] PreSize(I-LarCom (p;) , p,,) = Dom-
Size(I-LarCom (p,))-(1-p, [ 1D X (1-p,[2]D LA K
PreSize(l-LarCom (p;) » p,,) =DomSize(l-LarCom
(p)-U-p, [1D X A-p.[2D. T pHELE p, Z
B0l 1-p[2]>1-p, [2]. BR A (1-p, [1]) X
(1-p[2D>1-p,, [1D X (1-p, [ 2. AT LA 15 %
PreSize(l-LarCom (p,), p,,) > PreSize(I-LarCom (p;),
). HEHE.

Wi 6 FT s AR A 4 B 1-[ AT 2R ST K
LIS 2] 2-order="{p. ps+ pis ps» ps ) HEADITALHY
2-F KA G MR 1- B A28 S 2. ol OB
2-F KA & W S| AR Hoh 2-LarCom (py) =
{propy MBI R T HE 2-f KA G 1S
T AR MR 5 B 1, R H A 2-LarCom (ps) Al
2-LarCom (ps) X FH N 76 41 14 15 28 52 1 1 AR

3-LarCom(p) (P syt PoPoPd oo psh Pupops P0spspd)

0.59 0.65 0.64 0.65 0.65
[ 2,0.3) [ 2,035) [ £0.6) | p,0.7) [ #,0.8)
0.52] {p), p,} 0.1 0.13 0.28 0.34 0.4
0.57 | {p1s P} 0.115 0.29 0.36 0.43
0.62] {p), p.} 0.3 0.38 0.46
0.58 | {py ps) - -
0.57 <Pz’/)ﬁ} —

Kl 6 2-Brivsd Scli R — i orms 1

PEAL s 2. MR AR - de K2 & 0 H R oo 4
FIRY IS 28 ST T AR T LA W AN £ B R 5 R i
TG 1Y 28 S I T AR A A e B 2 B

TR 2. 4HE piosp, € Ll-order Hi<j.p, €
(I+1)-order Hj<<m, W FPreSize(I-LarCom (p;) ,
pu) =PreSize(l-LarCom (p;),p,.) -4 ¥n>m H
p. € (Lt 1)-order, PreSize(l-LarCom (p;), p,) <
PreSize(I-LarCom (p;)  p,) s N B8 -LarCom
(PR p, A HIF 28 S e 1 FR.

. AT SR AR M AT LUAR A 5
1538 PreSize(l-LarCom (p;) , p,) = PreSize(l-Lar-
Com (p)sp,)+A—p 2D X (p,[1]—=p,[1D. H
PreSize (I-LarCom (p;), p,) = PreSize (I-LarCom
(p)sp) T (A—p, 2D X (p, [1]— p. [1D. 4R
P B & ., PreSize (I-LarCom (p; ). pn) <
PreSize(l-LarCom (p;),p,) H 1-p,[2]<1-p;[2],
BT AT A 45 3] PreSize (I-LarCom (p;), p,) — 5E
INF PreSize(l-LarCom (p;),p,). JEEE.

WK 7 Fros, X T IC ps . PreSize({p1sps s
P:) =0.29<"PreSize({pispi},p;)=0.3, A&
H 2 R A HEE ps Z IR BIICHL po B pos {pys pi )
Xt pe Fl pr BT 2R SZ AL T AR — B K F{p1s s} X ps
L pr PRI SCEC TR AR, PR A5 2833 (py s p2 D U
Ll props X5 ps T pr W I 28 S T THT AR
3-LarCom(p) {Pwpubs) PoPoPd (bububs) bubobs (bobwpd)

0.59 0.65 0.64 0.65 0.65
2049 | p,(052) | p.(034) | p(027) | p,(0.19)

0.52 | {pu ot 0.1 0.13 0.28 — —
0.57 | {pwpyt 0.115 0.29 - —
0.62 | {psp.) 0.3 0.38 0.46
0.58 | {pw st — _
0.57 | {pnps) -

Bl 7 2-Br gl R — iAok m 2

MR E B 1 AUE B 2 (4R T TR B AR
L= W BT 28 SCIC A I AN 2R BT AT B (L R 26 b L
WS BB T - B A S SR R W R
S R ) B BT A 1 (04 1) - Bir i 28 SR 1 1k
FMIE L I A B (R AR 1] LAAE (- 97 i 2% 52 B 1 1k 2 A
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2. FORUEA FLarCom (p;) s j——)

3. FOR(l-order &4 04l pivit+)

4. FAU—D - iR M -2 X iR,
HRGIR I FLarCom ()X p; 14 Hif 28 3L
F PreSize(I-LarCom (p;) s pi) s
Y pn € lForder H m=>j;

6. IF ( PreSize (+LarCom (p; ), p;) << PreSize (F
LarCom (p,) s p))/ /A sng 2

(o]

7. B ESE ELarCom (p) XHETE pi Z J5 9 oT
1LY I8 S TR

8. ENDIF

9.  ENDFOR

10. ENDFOR

V1. SER L i 48 52 e A AL 2 0 S

B2 B T AR A (L 1) - B R 4% S BE AR
RN 1- B 4 S e 26 56 B - B A4 S AL R 1
HUE N A kA RS 2. Bl S e
2 B RS S B A 2 Cn i 7 RO A - 4 D
F (B 5 i) g m LASE IR 3- Wil 4% S Bl A1k =2 1
WS (8 ). B, B - KA A%
BLHIR R p1s oo po ) SCHCTH B G20 K T 55 F
HEEHEWM LR, FH AR (p,pisps )
F 1o pas poy T 28 S TE T AR, 1) A 20 (O ARk
T8 3-LarCom (p ) XF ps . ps « pr BRI 2% 2 BE 17T FH
0.33.0. 41 F10. 49, FH5 3-LarCom (ps) XF pi . ps
f4 T 8% S T T B R 0. 135 110 31, F F 0. 31<C0. 33,
B S5 SR AT NN 52 8 3 - B i 4% S B A Ak = 1
L.

4-LarCom(p,) D15 P P P D1 Do i D5} {D1s s i D5} P15 s 1o D7)
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£,(0.52) :(0.34) p0.27) £,0.19)
0.59| {p1s o Py} 0.135 0.31 — —
0.65| (P 1) 0.33 0.41 0.49
0.64| {p1s i 5) - -
0.65| {po b1 ) -
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SR B LS il w] LAAS B &- MCS 452538 Xt 4
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ENSOEETRABDY . SR EES SKY
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IR —JCHl s, € SKY H s, € N4 s X F N
M) 3 S BO AR AL A DomSize (s;) -IntSize (s; s N) 4 H2
o 4 B 1 25 BT LA 35X (6D

IncreSize(s;, N) =
DomSize(s,»)*[ 2 IntSize ({s;,s,})+

V.\jEN
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AR R S5 T LSR5 0 30 R il R - MCS
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5] R, B AR AN B 3 TR
Bk 3. L4k k- MCS )5 Y 50 i T SR g
N : 24k skyline 24 SKY, &5 k
Hid: E L) - MCS 2553048 G
L MRS R EE G oS
2. HEES SKY A JTH M SCRCAR R
3. BB KT AN AR S R4 G
4. WHILEUES G B R/IN<=k)
5. FOR(SKY-G "4 B cdl s
6 PR s M F G 1 o SO T AR
7.  ENDFOR
8. JEIg i LI AR KT A AR G
9. ENDWHILE
WE 9 iR 48 7T RIFmuTHABMES
(S1 82955551585 955s57 ) s A RS E k=3, FRIEE L 3
TR s S SRR R K A Je 4L s A B 45 2R
A b g A 28 C6) 3R M AR (s ) 4 G 38 o S AR
PR KM TTA s I s N ABIZE R E P )5, &
AR (s oy PR HE R SCBCR B Bl K oC 4l s, 9F
0o, IMAEN 5 R AEf. XA RETEH 34T
H RGP IRIEORTF IS RN (51055050 ).

DomSize(s)| IncreSize(sy{s,;}) | IncreSize(s,{s;s,})
50.5,0.5,0.45) 0.1375 - —
5,(0.8,0.2,0.2) 0.128 0.073 0.061
5,(0.2,0.2,0.8) 0.128 0.078 —
5,(0.3,0.8,0.2) 0.112 0.057 0.049
5:(0.7,0.2,0.7) 0.072 0.027 0.009
5(0.4,0.7,06) | 0.072 0.012 0.006
5,(0.8,0.9,0.1) 0.018 0.007 0.007

B9 UL AR TR 3 4E k- MCS [ (k=3)

SR AR TR R R, AT R B A A (6) k3K
fift — > ICLH R B AR, AR KRB L s
SERUAR 2R THE R FRATTHE s et i B0 B
T IT 45 A S AL SR m
4.2.2 PitbsT LB ERHER OGA

BER; FE A 9000 B FAT AT 1 45 T AR
R ofems. 1 Se ot T3 C6) AT Rk G o0 BIA e I
A P B AR s B LU R T A R R
WG T BT B G R T RO,

oA sms 1. 26D iy k.

PLIEL 9 S, G 45 R 8 (s ) if s I (6D 3K i
IncreSize(s; s {5, } ) B}, FF B3 th Al IntSize ({5, ,
s10). TR EE RS (s, s, P, 3R IncreSizeCs, {51 »
530D s TR P AME IntSize ({s;s51}) s IntSize({s,,
53 ) VAR IntSize({si o155 7). 3dad FOEL, Al L& AT
IR I IntSize({s; .5, }). FEE 45 RAE o4 5ok

B INAKT JC 4L i #8522 2 R
b B BT A H AR PRI AR SORE (60 4 1 T X
ek . AT AR IncreSize Csi s {50 ) 1Y 45 55K f#
IncreSize(Cs; s {sy+s5)) AT B E B [A]{H.
BELES N WESGNZT A n. 4
CIRVELE GO
i-Sets (NT)Y=i-Sets(N) U {(n> (i—1) -sets (N)} (7)
Horr,i-Sets (N) FRFES AT N HEEC A>T AL
MPEAEHES n D G— 1) -set (N} FIRTE
(i—1)-Sets (N) H Jir 6 &5 (1) i A 41 A5 H AR s I o6 41
n AL E i=3, N={s1s5s55:5. ) »NT ={s51,55
S3o50 s} s HEA BT LAFIIE 3-Sets (N) = { {5155, 555}
(S1aS0080 ) s {S1sS3s80 ) s {58308, ) A S 2-Sets (N) =
({s1as2 ) o {siasstatsiasy)a{s2ass)olsonsy)s{ssasy)).
i 3-Sers (N ) A Lhf1 2 3 4r AW (D& T
3-Sets (N)H T A I IGE 5 (2) X 2-Sets (N) H ) 4
NI EFR BRI — NI n. LA, 3-Sets (N7 ) =
({81080 055 ) o {s1082080 ) o {siasss8sta{saassasi)a{ss
Sy on ) s {siaSsan) s {siasian) s {ssassant s {ss0505m),

{53 sS4 ,n}}

AR AT A2 (8D
> IntSize({s,}US)=

Vs, €isa(ND)

2 IntSize({s, } US;)+

VS} € i-Set (N)

> IntSize({s,.n}US) (8)

VS} € (i—1)-Set (N)

WL G F8) , AT L IncreSize(s; s N) {4k
IR IncreSize(s: N7 HI{E, R T REM
HA R AR =) FoR.

IncreSize (s, ,NT)=
IncreSize(s; s N) — [InlSize( {s;sm})+
(=" >
VS, € 15er(N)

(—pN

IntSize({s;»n} US;)+++

IntSize ({s;»n} US,;) +

VS, € (INT-D-Set (N>
(=D IntSize({s;sn) UN) | (9)
FIH O RME IncreSize(s; s NT) 5 ZE it [A]
HREROCN) R (6) K f# IncreSize(s;
N B IR & 2% B S O (2N i LR
2 C9) 3K fifp 448 5t S C T AR AT DAl b — 2 i 5
TR OBATY R WIRES N ES N
ZHEZANTCUL B NEN L H N — N={s] .5,
ssbaVsi & N* B H IncreSize(s;» N) , 1] LI (10)
KB IncreSize(s, s N™).
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IncreSize(s;,, N") =
IncreSize(s;y N) *|: Z IntSize ({s;.5,})+

v.s,eNfo
(— 1! >

IntSize({s;,} US;)+ -+
VS, €2-Set (N )—2-Set (N)

(=DM Y IntSize ({5, 55,y UN) 4o

Vs, €N =N
(=D " nSize(N) | (10)

X EE G (6) A1 (10) . 4 E Al IncreSize(s;» N) HY
. =X (10) i+ & IncreSize (s;s N*), 8] D) /b &
02D AMA.

WA 9 s, B IncreSize(s, s {s1 553 }) =0. 049.
FIHZ ), A LIR 8 IncreSize (s, {s1555555 ) =
IncreSize (sys {s15 55 1) — [ IntSize ({515 55 }) —
IntSize({sys s25 51 }) — IntSize ({55 555 83 }) +
IntSize({s; 815,555 1) ]=0.049—(0.032—0. 022 —
0. 008-+0. 008)=0. 039.

AL M 2. WD TUA TCAH 1 5

WLEEIEL 9 ], Al DL BN T 5 B

513 3. M TAERIGYA s ARESR SIES.,
A4 IncreSize(s;»S;) =>1IncreSize(s;,S;).

. MREE S, AT MR 5 13 B 45 8.

DAL 9 gl BT A A oG 2 0 i BROH: S TRe A4 FR i
A7 o /N BIRHE R G S8 R A (s ) g AT RLTH 5 i
IncreSize(s; s {s1})=0.078, M HELE s: Z )5 Moo 4
0 SCBC AR RRAR /N T 45T 0. 072 iy Al WL L 5.0 33
TEEFEES S5 R OT ), — E A S PEHETE s 2
JE BT A T R HETE 55 Z 05 i T 9K
B 30 o A AR UL ¢ T LA B 40 E B

B3 JHGRRTLEEIAT I KE, I
A ISR ITT. MR Vs, s, €6, <. HH
IncreSize(s,, »G;) = IncreSize (s, ,G;) s A s,— E
A RTULRIEH S i+ 1 DGR ITA.

. ARGER RSO E LT Vs, € G,
H j<<i,3B4 IncreSize(s, .G;) = IncreSize(s, ,G;)
a2 H IncreSize (s, »G;) = IncreSize(s, G, ,
W4 IncreSize(s,, ,G;) =IncreSize(s, .G;) s Lk s,
—EAN N T R E 1 S5 RIT AL

TR E 3 PR A B0 SR R R 45 2R 0T
A FRAT A B PR b A5 380 000 4 T R (7 49 R S AR B
VE Sy 2k B AE. AR AR a7 58 i WL L AT DA & B8R 58 SE D
EBURR T B L B O S RS G Ry i 5L
BC AL B S PR R AT THE I A e 2 4 BRH S
PRRRIEAT i R BN HER IR TR BB (515500005

s b TE B0 B 19 A Uik A B b AT U B
TCHAHXS T2 1 570 45 R G 0 B SR
FAEAT 20 1 e K3 &= SR FRAE Sy G, i i g fA
ek .

N T IR B P I8 R ROR X TR A TR
SEHE RS RCAR AR T s AT AP s 1 —
A EFUE. s 1 B FE RN B2 O AL B X 2 i B0
SR G, nRG SRR B AL AR wupbound (s)).
I PO S I B0 45 R Y i iR AN T b
S AT AR 58 T 4 R 8

I FHE R TR B P T U8 R SOR T
JCH s 1 B RHE R AT AR o R BEAT IO W 4G R
s R IG b BB s 1 KRR 2 wpbound (s;) R
TYFT AL PR AE 5 B B FHE BT DomSize (5,) —
max{ Vs; €G,, IntSize({s;,s; 1)}, ICAE s; 5 X G, 1
BB AU A0 2R % B R EAR SR R T ek B AE L 5
s 0 500 4 R AR G R R SRR R % 3
FCARBUE R s i T - L.

ZEa AR ms 1 AL s g 2, F AT LL gy
AL T FIE R A - (D W1 i H B A o4 )
SCRCAR FEAEZ AR TRAE S B4 JC2H 100 4 b
M )5 e SRR B R e I A B S0 4 RS
Hs () FESORIEMES 1 Bk, RO %
A G R ha i U AE ¢, = 0. i BT AL 1) 32 B B R
IMRIRALFRICA s: : IR 5. 1 _F FAE upbound (s:) K
F o) MR s 00T B 1 P K DomSize (5, —
max{ Vs; €G,, IntSize({s;,s; })}. MNE s, WHEH L
FAEAMRIR KT ¢, AT D B (10D 3K AF 5.8 X% G, 1)
B SCI R IncreSize Gsi o G IR AE s 19 F FHE
upbound (s;) B H K IncreSize (s, G;). [a] B a0 5 i
JE IncreSize(s; .G, KFt; 48 ¢, FHH N IncreSize(s;
G (D EHEPAFRR) HEINTOLERESTH L4
TCA SR U B0 B R R AR 4 TR,

Bt 4 o ENHR TR,

WA : 24k skyline 24 SKY, B8 ¢

it LY k- MCS 25004 G

L WA A TCAL s B SRR B DomSize s 5

2. WREATTL s PG b FHE upbound (s;) =
DomSize(s;);

T A T A 4 RS AR AR /B KHE )T 5
PR S TR AR R ) e 4l m A IS5 R 4R G
WHILE(% S G i K/h<=k)

BRI HT G B3 IB(H =03

W Uh 21T SCBC AR BRUR KICH max_t F9%5

FORUE AL B SKY-G H 4T84 5.

- w

oo ~3 (o3} (2]
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M4 . T o KR 3% 0L Skyline [a] 78 54 P AL 580 5= T 5T

2287

9. IF Cupbound(s;) >t H upbound (s;) ==
DomSize(s;))

10. upbound (s;) = DomSize(s;) —max{Vs; € G,
IntSize({s;»s; 1)} //3FHE B - AH

11. ENDIF

12. IF Cupbound (s;) >1t)

13. (D8 (10)H & IncreSize(s; .G ;

14. upbound (s;) = IncreSize(s; ,G) ;

15. ENDIF

16. IF(IncreSize(s; ,G) >1)

17. max_{=s;

18. t=1IncreSize(s; . G) ;

19. ENDIF

20.  ENDFOR

21. 8 max_t JTCAHAMAZ G H;

22. ENDWHILE

WHE 4 PSS 10 47 FoR , oA i wl s A
ELTC V0l /2 ok g SR I Oy TR TR T AT
Fe P TR T R TR b AU R kL i
DU A S8 b FUE T L v s R R 3R 45 2R 0T
. P AT B HIH I 2T A A3 5 S AR

Yk AT TR AL B0 B AT A
o AT AR B AR S DT Y SRR R L) K
— MR AE SCEEAR AR 2. A 28 SO AR TR R TR IR AF AT
P T G 2 [ 79 A 5 S AR R I R AR AU B T
BB B SHE AT LR A B 45 R A T 53 1 SR
PRBRU 2 1 A 6 T 3.

WK 10 s RH S (51050000 o P AYAHSE
SCHCARFRER AR B 1 AT B W AN T 21 =22 8] 1 AH 28 32 TS

A0 IntSize({sy 555 1) =0. 05. F| A #H A 37 A 44

L, AT DA PR A A AT B DA R TR B AL A S Y
FOHES G={s1.55 ) X TI0AL 50, AT AR 2 B A9 3
W EFE N Domsize (s,) — max{0.055,0.028} =
0. 057.

i Sz S3 S S5 S5

5,(05,05,0.45) - - - - - -

5,(0.8,0.2,0.2) | 0.055 - - - - -
5(0.2,0.2,0.8) | 0.05 | 0.032 - - - —
5,(0.3,0.8,0.2) | 0.055 | 0.032 | 0.028 - - -
5:(0.7,0.2,0.7) | 0.045 | 0.048 | 0.048 | 0.018 — —
5:(0.4,0.7,0.6) [ 0.06 0.024 | 0.036 | 0.048 | 0.027 —
5;(0.8,0.9,0.1) | 0.011 | 0.016 | 0.004 | 0.016 | 0.005 | 0.008

B 10 3R XA

e 1 s 2R OB R SAT R
P TR A ST AL SRR AR IR R EATRY )
f B AL R ICAH R SRR AR AT B R BN R IS
PEFE s MAFITTL ARG G o a5 2 RN A
Jeit B InmcreSize (s, G) = 0.073, 15 3] ¢, =
0.073. M J53+8& IncreSize(s;,G,)=0.078, 3 5 5
t,=0.078. {1 F Domsize(s,) =0.112>1¢, FF i}
B s BYSERT B FUE D 0. 057, I3 IR 4 5. X T 5 2k
i BT A ool R0 4G B FHE /N T 0. 078, T LA £
U8 FLHAE ss MA B R Gy = {51055 )5 TEER 3
WERR, 81t E IncreSize(s, »G,) =0.061, H
F0.061 KT JELr A e ny g 5 E. /T LA
B EE s ARG RE T Gy = {51055 )55 4K
A B e IncreSize (s, . Gy) =0. 061, J5 %L
4 BT AT ST B FUE AR /N Tl DR AE . B 4 s
ABIGLLERE . 4 KRR TS RE P LA 4
MNEERITTH .G = {51455 552550

DomSize(s;) |upbound (s)|IncreSize(s,{s,)| lupbound (s)| IncreSize(s,{s;, ;1) | |upbound (s,)| IncreSize(s,is,, s, s;})
5(0.5,0.5,0.45)| 0.1375 — - — — — —
5,(0.8,0.2,0.2) 0.128 0.073 0.073 — 0.061 — —
5,(0.2,0.2,0.8) 0.128 0.078 0.078 — — — -
5,(0.3,0.8,0.2) 0.112 0.057 0.057 0.057 — — 0.039
5,(0.7,0.2,0.7) 0.072 0.072 - 0.024 — 0.024 -
5:(0.4,0.7,0.6) 0.072 0.072 - 0.036 — 0.036 —
5,(0.8,0.9,0.1) 0.018 0.018 — 0.007 — 0.007 —

E s o BT RR=D

FI 800 s 2 - MCS 45 5Lif, 7] DL & B0
BEE AR D08 RAE T A AW ZE L2 iF B
AN TCYL I 3 S AR O R AR B
(o LIS A B T8 20 A g o S IC R R ke /0N L Oy
U, R T R S S e K AT IRATAR S TR AT
1E B0 PSR k.

4.2.3 e BT OB IE AR « OGA
e BRWT U AL 00 B0 95 AT AR A ¢ 1k 900 B IA 1Y

T B Y 500 SRR m O S0 S5 R
b HA m AERICH. MR m <k 5 REH T
AR AN ATy 208 BT R 25 R Ju . AR AT L
SR AT LA SEUR GE R A TG 2 Y B R0 i SCIRE AR
DSBS N S ALY AP IELE R 53N
BRI AR /IN— 73« °] LABR I 25 B A7 0 21 68 1 4 ST
PRBRAY TTRRAR /I AT DR AT 2 1R 5000 H 3. X T e 2k
(19 70 2 A e 0 B ARG 10 0 R S e AR R
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BT SR R IE T A oo dlm A B 1 45 11 76 G gk B s, M1 3E S IO AR AR IR K i d A oe 4
%%EF‘ H I E S d-IntSet (s;) ;

HARH 9&%#/'\]32]@ e AEFFTE m WOk 12. & s X d-IntSet (s;) B3R S AR T newup;

BT 75 S PP AU K 1 TE AL s, 98 s, B 1o e =upbound ()

" . . N 14. upbound (s;) =newup;
AL IR G, T I RIA K TCAL B T R

O.
== . A frbh B ' N VR =

ARE f/J\T s, 1) 338 B ST e AR R éu ] Eljjrijt 16, ENDFOR
1) k—=m A EFAHZH/NT e X DomSize(G,) 5T 17, WA LSRR A AF G

SRR ATZ k. 8] SR A T 2H 6 1 S RO AR R
BRI E—m A SRR TTA A
TR S
MG FIR R, CREE m RS0k UG R4

G, B AR BUN DomSize (G,) B ARG 5] 3,
LB OGA 1R 245 RE S G 1 I A
DomSize (G,)<<DomSize(G,,) +eX DomSize(G,).
M5 e-OGA 114 2 1) 45 R4 A G i SCBE R )
DomSize (G, ) > DomSize (G,,) , o A Lk 15 3

DomSize(Gy) 1 PN . e
DomSize(Gk)>l+e' KL X TR OGA e OGA

BPAUVIEE T e/ (1) BYAE B i a] DAARAS K& 1Y
T

H8 e ST A RO BT WS < X AT BB A
SRS I H TR oo 4, e RO ST AR R R AT HE
J7 IR OR B Z Wi TR AR S R B R SRR B R T
XPFAR RO s TH8E s, Y AT S REE B ocdl
14 28 S LA AR I 2 RO w28 S TE A4 B A K 1)
d(EEED AN TTHHARE S d-IntSet (s5,),3K s % 5
& d-IntSet (s) WY 5 SCECAR AR, R Z A BUNT s
R S b S DU s, 1 b SR T A i 3 o S AR AR
1M & BEBE b B B R oo 4L A 21 900 45 SR 4R .
Fie BRI 7 W AT A BB 25 RSP T A5k
kAR 1R e BT OC AL 200 B8 sl R AN S5 5 R,

BiE S, e BT ILIL 50 R AR AR

A 24t skyline £4 SKY, %k, WK <

Bt LR - MCS 25 R G

L. ¥R BELERE G=J;

2. WHILE(ES G i R/Ih<=h

3. HREEE 4 P Jr B IE SCRCIAR R B R T i A F)

G5RE Gy

4o sumi=ATE G PR K E—m > ESHEZ
5. IFGum<<G X BAED
6 BREAK;
7.  ENDIF
8
9

. ENDWHILE
. WHILE(4EA G I R/N<=k)

10. FORURWALFE SKY-G iy Te4 s.)

18. ENDWHILE

VRS 11 AT Z B DL FRER s, A 28 ST AR
BRI d DO W NATE d qEzs alrp k48 5 s
TSI AN d A>T RS 7 RAIE T S AR 1
[ B JA] BE ofE A Al O E s A B AL A R
S MYERE d>10 B RSk FEAH SRR R R 1Y 10 A4S
JCA. EREE T 10 Mond e A A T4l i
e S TC AR FRUORE FE 2 K o 1 ).

W 11 FE 12 R4l T e BT S0
2. 5 e=0. 4, k=05 IF, W& 11 Fi% . 4 IR
BIE AT T 3 RENGE LS RE G= {51,555
20 U G B S ECAARFR A 0. 135740, 078+0. 061 =
0. 2747. F 4 EFAEERI 2 ATCH R {50561 BN
9 b B Z kg 0.057 + 0,036 = 0.093 <<e X
0. 2747, A AT DA AT 45 oA 15 4, R IR 5 1Y 9~
18 47 (o R BT J7 3k o e MU A i 2 S Jo . i 12
FI7R s 25HT G= (5155555, ) » BB B 10, %0 TAE B 4
JCAH s A8 G 5 s M 28 SCRE AR BRI ORI 3 Ao
HBIE 51050 o5y UM THEE s AT T {51 osa 050 ) A3 1
AR RRAE R B A~ Je 4 Bl b S JF 2 B B AHE
BRI ITTH s MARIGREG . G= {5155,
st ZJE TR AR ST N G e ROR 38 3 e AR AR
BRI 3 AJnd . Hodr,ss 19 3 AN KA Aoy
{s1982085 b5 9 3 DIERARMSEITCH N (5155505} a5
1) 3 N R TCL M {51 vsowsi b s MG 115 AH B 1)
W AR BE NS 5 B BB e AR
FIRITTH ss A B G5 R Eh. AR08 R
FERN G={51 555550 551555 ).

G={5), 5,558,

Maax3 Tuples lupbound(s,)| |Max3 Tuples |upbound (s,),
5(0.5,0.5,0.45) — — - -
5,(0.8,0.2,0.2) — — - -
5,(0.2,0.2,0.8) — — - -
5,(0.3,0.8,0.2) S15555 53 0.039 - -
5,(0.7,0.2,0.7) 815855 85 0.003 1558y 0.003
5,(0.4,0.7,0.6) 1583583 0.006 S35 858, 0.002
5,(0.8, 0.9, 0.1) 158583 0.002 S5 85 0.002

K12 e Bt st 0 B EPAT R (e=0.4,£4=5)
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HpaF 2T KB A A0SR Skyline [R)E YO8 A0 5835 BF 5T 2289

MR 3 BN 5 AR v DUk I, LAk 9%
DL 3 E@Hﬁl‘ﬂﬁ%rﬁﬁi (M—i) X2'=0((M—
kA1) X 28 = M) Hor MO A skyline Jo4L 194X
H. B4 il 0.0 8 i i ) 52 2% B S OC(M —
k+1) X2 =M AL S g 1 a] LU D> —2F 1y i 55
M. AL w2 ) DL i 4w — 2850 R T AL i 115
R AN 2 el 8 B Y B ) 2 2 BRI Pk 0 B
2 BARAE— A BE SR 3%, I X skyline Jo4H
FE—A bound {H—A~3G 5 A8 T LR AL 2.0 536 1
2 A S R o O(M?).

TEBE 5 SRR L (L<<k) WA 3 3k 4%
8 IR 2553 5 A I 1) 52 2% B2 S OC(M— L) X282 +

k4L

(M—T> X2 X (k—L)). B G4BT AT B 5

(1A EsF ) 52 2% B o M1, A B0 B B9 5 % T AN O
T BB — bound A, V) e d A~ 5% e H
AR KW e, IR 5k 5 Wil 208 —
LWL ML 5 W as &g 44 8 2 O(M?).
EAS T R A AR e (Bt /N Bk SR AT 4 1k
f o L3 R 52 A RGR L S it AT 0E i e 4R A i
(1 e fH . (E15 B Z R L (EA R T 10.

5 RS

501 XWEE

TEAA il ] Visual C+-+if & 529 7843k
OPA,OGA Fl e-OGA. 52 5 3 55 2y Intel i7-4790
CPU@3. 6 GHz; 8GB N 71£;1TB i 4 il Windows 7
BAERSE.

AT AR CE HE OPALOGA il e-OGA
FSCHRL3TH ) PBA . GA . e-GA B3k, SCHR[31 1
9 RT BILHEAT T . o, OPA & A ST — 4
k-MCS fbHE 3 s PBA J2& SCHRL3 1) 4 &~ MCS b
AL OGA e OGA JZ2 ARSI Z 4k k- MCS 4b B
3GA e GA B CHER[3 ] iy 2 4k - MCS 431 5
25 RT & 3CHRE31 ] iy 3.0 P A 330 1 (4% SCik 31
AT T SHORE (=8, error=0. ). KX HE
SEEHE RN B R B B R A Tk e S R HE R
F18) 2 JBE 57 840 0 R bR 7 s 4 B al . B SR B aE O
H Ml https://uqer. io/, 34 & + =4~ W Ik
798532 ZMB IR B AR FEIL AT 4 MEtE:
H OB A8 f B S o s 23R A SR AN p A 30 T D . $%¢

HEH S AC g TSl s 56 8 DR B G S5 AR A0 AR i i
BB /N B G 1) SRR 3£ B skyline Jo4H. X F 485
2 AT BT O T (A AN 5 AR A A 2 Sk R AT
Sz, e A 29 A4S skyline JTAL. T 6 T 2 4 B,
Ve T ICEAC SR Fr A 4 A 4E R, e 453 A4
skyline JCZH. FRARBT A M2 8008 2e 60 5 30949 ~JT
YL, 4 AHERE o BUR TR R D6 R T IR 4k
JEE GRS /N R A Y R e ) S ) A5 )
T 109 14~ skyline JG4H.

W 2 FTF R 7640 B — 4l BHE B L AR SCHR i
Bk OPA IS PBAY R MER 50k UL, E A1)
THE I SO T AU 2. B2 OPA I 3H B RBORZ I
PBA . B N T A - KA S KR (L +1)-
KA T PBA Fil OPA 43 %% -5 K X ]
RIS SRR U+ D -k A R -5
R h 5 2 S M E D AR MENIES %
FEIEHE 20 YRTETE DA B 40 YImd . i £ B w46 S e
RPTHEMERKZ HEFMEMESTHE 1K
ik, FEFHE KX EARGEE A Z AT (—1D-
e K K] B30 A T 2 B AT 4 S e & v L&
FHU—D-Fraif 28 > fe & b iy & F{E. B, OPA 1y
FILROREAT T PBA.

R2 EXHEKER

Bk it 8] /ms B LN
S
k=10 11.7843 0. 9479
gy OPA
S k=15 13.6122 0. 9481
. k=10 23. 6234 0. 9479
4 PBA i
k=15 25.3123 0. 9481
EZ RS
k=10 2898. 94 0. 5705
OGA
k=15 259091 0.5821
e OGA k=10 1410. 37 0. 5692
) (e=0.01) k=15 7050. 23 0. 5809
ﬁﬁ%ﬁ k=10 24678. 91 0.5705
Vi GA o
P k=15 1271545.12 0. 5821
eGA k=10 1201. 32 0. 5689
(e=0.01) k=15 4836. 18 0. 5801
RT k=10 4019. 4 0.5201
(I=8,e=0.1) k=15 107749 0.5212
k=10 1931. 63 0. 8719
OGA
k=15 76896. 6 0. 8720
e OGA k=10 150. 49 0.8719
M (e=0.01) k=15 204. 22 0. 87195
Bjj 2k k=10 4140. 63 0. 8719
GA
W k=15 171601 0. 8720
B GA E—10 6.02 0.8717
(e=0.01) k=15 45. 667 0.8718
RT k=10 1175 0. 8717
(I=8,e=0.1) k=15 55276 0. 8718
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FE AL B 22 2 B0 A B L AR SCHR Y B R Sk
(3, 31 i SR A A AR B 3 » SR FH 900 D U)K 3K i
k-MCS [n] . Hrpr OGA A GA B8 i K 1 45
FAEH A A5 2] 1 2 E AR B A A L H 2 OGA 1yiz
FIRCRETE L T GA BB 1780R. X EF R OGA
5 GAMIL A 422 5 e sReg 1,0 A E A
0 v )25 S BT DAY 4 50 % i Sk 15 B
FC AR R AL SR S 2, 0 S T R AN e 4
WEARF A, KL OGA B i+ GA. 1 e- OGA
e GA # X B0 R MR ATk B « GA B
B e OGA TETHH R LI e GA BE 2, (H 2
FETF R ERYE A Irg . LR REE A AR,
e GA RSl T B b ™ &, RO HOR T — B )
B R 22 T O i L BGR BR 22 A FE L R ot R
RTINS SRAE. A SC B e OGA
FE R BT A5 S L 5 SR on ALK AR 4 AT D A
UE o AT 0 A TE 5% 3R 0 LAl B 3R A6 T T A RS
JE.RT B35 R A o 28 0 5 W, 3 3 — 26 7 %2,
IR EEENIT a7 )a. M5 P.Q kg
AL PESRICHBEES L AL NE P ES
HR P00 ISR AR S R R P A TR
HADTF kA 4R Q rh ool X 24 P44 & S B iR R
R TTAMA P rp X5 T 3665 k fH 18,
RT B pyuFEITHAE S OGA 1 GA Bk —F L 2
FEBIIIN R OGA F1 GA B, 0 32085 BE A
OGA Fl GA. Bud 4t i A # 3t 7 1f, skyline 6 4 [1]
F AR 28 3 E AR BB K A SO T 3 1k e OGA Al
eGA TS H e AT IR B & #EA4E L e, 3 3k
e OGA Fl e-GA FEL5 R AEARF] 8, 5k v LU4R i &5
I ARAE e KB R ETHE N A AR A Y B DR T
RT 553 7 SEAE 4 0 1 B0 80 4 b SR ] 900 SRS R AT
TR AR AR BT 25 SRR L LAAE 2 B AS 5 1 B
LY R EHBEKERT BIEMREZ AL - OGA
File-GA L[] BSR40 e- OGA Fll e- GA.

A B B skyline £ AR o I8 5038 2R Ak
fnt AR LAY A G A ST A S RN R R G B IR 4. T
FH K48 4 T Y skyline Je2H %% H i 4, skyline 75
B HE B b (H, JCEA SR IEA SR
A8, PRI o A S0 HUR R 57 SR 58 B0 B R T

A7 A B A BE AL A .

S AR FHE 2 2 i 1 BHE #R AR e 3 [0, 1]
TR G » 00 1C0.0,+++,0) s (15 1y eee, 1) B LI E —
L H line, EH T line BF A L ZA  H &P

] 4 F- T plant. & Y. DL plant 5 {E. — Ik
H/INBIAELATE bR v 22+ R T IE 25 0 A1 HE 256 1 I i 4
- 5 3 S A T RE B TS DL 50 00 A R A R
Yo sl BOAR S A b, ST AR S — 4 BRI 457,
FEH T ILE s 1 4t Ery Rt & 8227, Rk S Afl
KBAEE Y skyline STTH B H B 2. L6 i R AH
S A R 22 BLAY L B0 SCRRES T i 5102 19 T8
A2 J& R 23 AT LT A RO G 23 A

A B ) 32 B ROR AT L R BRAE Sk 3
P 7. TR HE TS AH 56 A I skyline Z5 R B,
skyline £ 7T 41 14 S TC RE 1 5055 » 6 e B BRINH
EOR.

EXi0 BRINHE A3 Ak 1 Rl
S/ NN 108 105, 5X 105, 108, 5X10°, 107
K 4 4 2,3,4,5,6
k{4 15 10, 12, 15, 17, 20
0. 01 (BEHL 0.01, 0.05, 0.1, 0.5
¢ 0. 1O A 0.01, 0.05, 0.1, 0.5

R T ARG RRE W SE e A5 R 7R S AR AR L R
IR 7 10 W5, SR 1 iz 47 i 1] /Y ~F- 2 . M
TE A RS P AT R AR B T 5 A [R] 1 B a
LSRR S HBE A R IE. TR %
GA Fl OGA 75 K& 26 5 4f 48 vh iz 17 (10 i 8] 2 4
WS X T A 0 RO SR B R =15 I, FI4EFE =>4
RS AT HBAT T —K GA il OGA /%, 1
AR 5 BG4 2R Y EL
5.2 “#HEZER RN

AT 2 4 E R SR R PR RE L X B T AR S
g OPA FISCHERL3 ] 95 PBA. i T 7E M 57 47
i, 48R skyline ST HE AL LA,
AN T I AH i 43 A T 5Bk iy PR e Y
M o 2 B0 53 1 JA vk 1 A B R) DR 2 SR AR Y S
R /NG skyline 4248 30 T AR 0 6T L (& Hdsid
A fullsky).

5.2. 1 B A /N G SR ME RE 1Y 52 e

AN F BT B R B R R R
mi L P 13 R 14 B & 13 "] LAE H L BlE
5 1Y 30, skyline Jo 2H B9 %% H AH W 38 I, 25 5 3
HR BT ] 2 L g . &8 14 "I LUE L Bl
RO B 1N 45 SR AR B SCIC AR AR R EE X
BT Bl 5 B = 0 3G . skyline STHB H KA £,
45 skyline 7T 2H Y 3¢ O T80 B o e AR O 3 fin. 8] o
fullsky F7R BB AR skyline £ A 9 S IE 1fT A
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HpaF 2T KB A A0SR Skyline [R)E YO8 A0 5835 BF 5T 2291

iy & 13 FE 14 BT RL A B, AR SCHE 5 ik OPA
Fb 5k PBA B WP 17808 88 200 A2 4
[FEF, OPA Fl PBA #RJ& 16 535 , 306 A A 9 < e
T AR B 13 rp g BT A 50 o 1o B ke R ) 4
skyline JTTZHECH LRI B 17 AL 19 g As r 4
5 B TR P B R A R 1 U B Y 5E 3% skyline 4R
HRCHEH.

300
——OPA
BN | 1N
200f
'Eﬁ
= 150}
-E
100t
50t

010G 5X100G5) 10461 5X10°(71) 10°(81)
HmEAe

13 B B A f X B8k 8 AT I (] F) 5%
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Background

As an important operator for multi-criteria decision
making, Skyline queries can find the data that users are really
interested in from a large amount of data. The skyline is a
good recommendation set for users if the size of skyline is
small. However, with the increase of dimensionality and
distribution of the dataset, the number of skyline tuples may
be too large. It will be impractical for users to choose suitable
skyline points after browsing all skyline points. Hence, the full
skyline set becomes meaningless. To tackle this problem,
the concept of & representative skyline has been proposed.
Considering the representativeness and stability of representa-
tive skylines, we choose to study the concept of k-maximum
coverage skyline (k-MCS for short) problem in this paper,
which has high representativeness and good stability.

Compared with the previous £-MCS algorithms, the
proposed algorithms in this paper have better efficiency. Firstly.
we propose a prefix-based optimization algorithm (OPA for
short) for the £-MCS problem in 2-dimensional datasets.
Using the prefix-dominance-table, OPA can obtain the 2-MCS
result with a small number of addition and subtraction
operations. Secondly, considering the 2-MCS problem in

d-dimensional (d=>3) datasets is NP-hard problem, two
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optimaization greegy algorithms OGA and e-OGA are proposed.
Compared with basic greedy algorithm, OGA reduces more
than 50% calculations. By introducing the parameter e,
e-OGA can greatly speed up the calculation effiency by sacri-
ficing a small amount of precision. Finally. the effectiveness
and efficiency of the proposed algorithms OPA, OGA and
e-OGA are verified by a large number of experiments.

Compared with previous algorithms, the algorithms in
this paper have better computational efficiency by using the
optimization formulas to compute the dominance size of a data
set. Meanwhile, some unnecessary calculations can be reduced
by using the corresponding filtering strategies. Hence, the
proposed algorithms in this paper can solve the A-MCS
problem more efficiently.
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