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Abstract Skyline query is a typical multi-objective optimization problem and is widely applied in multi-objective optimi-
zation, data mining and other fields. Most of the existing Skyline query processing algorithms assume that the data set is
placed in a single server,and query processing algorithm is designed as a serial algorithm for a single server, With the
rapid growth of data, especially under the background of big data, the traditional serial Skyline algorithms based on a
single computer are far from enough to meet the needs of users. Based on the popular distributed parallel programming
framework MapReduce, this paper studied the parallel skyline query algorithm suitable for large data sets. Aiming at the
factors affecting MapReduce, this paper improved the existing data partition strategy based on angles and proposed the
data partition strategy based on Balanced Angular, Meanwhile, to reduce the computation of Reduce phase, this paper

proposed the data filtering strategy in advance at Map. The experimental results show that the proposed Skyline query
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algorithm can improve system performance significantly.

Keywords MapReduce, Skyline, Data partition

1 5]

Skyline ZFifj &2 — 1 B A & HARRALREN S, R E
FHRKMEE RS, 2001 4 Borzsonyi K &R —Ff
EEHBEHSIABNBBERSE P, UL FEETREN
ABEHFEN“E BB E RS, B TES Bk,
BEERSMNEEEERN A, Skyline Hif RE— EZ 5]
AR T AL R AR KR HFEMER,

i

SR HE:2015-06-25 iR1& H#§.2015-09-02

EARYE, Skyline ZEAIRTE N — 1A EH B ERIEXTR
#£4 S PHBHAY S FAEMEEE X LA (dominate) )
AEEME., BITHBENR « IEEENS ¢, B4 « 7
A% LA g 2, FHEPHEFE—% L ¢ 7.

A K Skyline 25 fjAb R 8 2k KAV e BB B AR e 3
— BB EIR & 28, AL PR 0 E Bt B T A N e —
IR % 250 HRAT RN, 0 BNLOBUREMREHE B3OS \DACUY T
RZEPOP SFSHEF S Skyline B )™ . LESS(Z& 441

AXZERARR RS (61170174,61370205) , F i A5 B BA %1 (TD12-5016) ¥ Bl .

EX1990—), B, Wit4, TEME T E N = E . Skyline Zi#%; BT (1969—), B, 4+, ##,. HL4E W, TEHR T HVRIEE,
it E %, E-mail. yyxiao@gmail. com; #  AI(1968—), B {8+, TEHR F M ABEE FHEITES, THT Q976 —), B 4, 4, @4
BIW, TETR T ABIRE LRSS B (1974, B, 8+, BIEE, B A TIF, TEWR T R AREE EEITES.

e 35 o



B HERF Skyline B ¥ Sal.Sa (HEF BRE Skyline B BB,
Bitmap({if EI )™ (BBS(4r X R E R #k)UH F 4 4 Sky-
line BELARETEMSBMRITEE., EREEARYE
T, LB EMREIH TRFHTERE. R, EEEERY
ARNK BHIREERBETRT ARANETHRRS SN S
T Skyline Bk E£mmARREHER P MER. HilL HaxX
FIEEEIEENFHRIIT Skyline ZERH B E B A Skyline
PSR —ANF T M.

MapReduce £ H Google # ) B 178 2 % I TR 2
S, T AMBERE £/ HTHEDY, ETF MapReduce
FF I X G B BERE M F AT Skyline WE B RN
—FM ERRERE. Liang %X BA M 84T Skyline Bk BNL,
SFS #1 Bitmap #4783, 3t T # T MapReduce fEHES
B 3478 B2 (BP MR-BNL, MR-SFS # MR-Bitmap)*#!,
7 MapReduce B§FF 5 ¥ & Hadoop LfmPIsEI, {H Rk
F MapReduce §3F47F Skyline & 1% 3 3% 5 £ %} MapReduce
B 4F s AR RE B4 . Chen 254t % MapReduce 4 7 —#f
BT BB R 4 7 Bk AL Skyline HHED , (HEH)
Z85T MapReduce ER T EMERLBEENRIERR
% :1)Map 5 Reduce Z[RIFfE 8 & 2) BB & MTE I S
KB E., RA%EE Map 55 Reduce Z [H] S5 &, Bk
HZIEHFRORE, FEMRPELERER - Map FE
BHREEERE ARE NTTHRT XENBEE /O, fi
B E 5] R MapReduce iHE T2 E BB MR, WREF
RABAEHE, SBREMTELBRZH T MESMER
B 3 B FHA KRBT EMES K, — B A5 RBL M
EL FINEE W B E, Hadoop 7] LB BT £ B K
BOR Z f# X R R, (Bt R BEFE U B B AME KA AT RE R W
R EFE I —MESRITE, AR EMRR AR &
o), A< 3CE XM MapReduce i+ 1 E %, T 2 T4 EF K
X153 R ug AT T it . 3818 T Balanced Angular Ri| 5358 B (8]
R BA); BB, 8 T 20 MapReduce 52 i BNL & 3 B 9
Combine P4} Reduce i3 BB HTE R, #2187 7 Map ¥ I8
BRI .

A3 2N T Skyline Z 9 E X LA & MapReduce
HEREENERBR: &3 HTHEANA TRHENET B
lanced Angular 14> #1138 5K #8 #3147 Skyline B k58 4 3
X AT R E B EREHEAT T SRR AT BB RS2,

2 HE|HAIA

ANEHIAMT Skyline EHMIERILE L RENABT
MapReduce iTEHEZR,

2.1 Skyline Zif]

ETHEHM#HRD A S RAACHERABENRES;
R P={pi,prs pe AT S PP R EEE S X T
B uCS, B ulp IRFFRPENR u EE i TEFE p. LY
B, X B 1<k,

B (FREXE<) MEEW u,q€S,H(VpHEP,
ulp ] <q[p D B(Ip, €P,ul p; 1<qlp; 1, UFR u XBL g,
ek u<q.

EX 2B

. 36 -

SHMERH) u€ S, F% u ATLAXZ BRI S

FBEREXT RN nu_dom Hu BWIZBE S,
E X 3(Skyline #i#f]) XMF—IHENLSERBIRE

& S,Skyline & S AN PUEMHEN RZTEHH

EXRMEES, B ICH k(S)FEA S | Skyline B4R
£, 80 s2(S)={ V4 € sk(S) | NFTE o€ S B o<u}, % u€
sk(S) ,MFR u 9 S E#Y Skyline &,

EX ABEENR) BE S S, S, BERYES
SHWFE.ESNSN-NS, AFEFAS USU--US,.=
S, AR S15S2500+2 S ABIEE S H—R4>.

ES,S, S, BEEES 89— 1R 4 sk(SD,
sk(Sy) s vy sk(S, ) BN FRTE Si1,S;,++, S B Skyline 7
WG RE ;S0 = k(S Usk(S) U Usk(S,) . BH
EH Skyline i+ B EA M THHE .

R 1 sk(Si2,0mm) =sk(S)

PR 1 UL T HE— R A S E AT Skyline Z I AI L
HALN E N S B—A R4 M B F 485 BIPAT Skyline 2
WLREBMNENNERERNFENIT Skyline ZE#. #0,
HTIHEES SH Skyline BHZERE sk(S), 7 LIH iR F
SH—MRI4:S1,S2 52 Sn  RIGXT S0, 8250, S0 R HITHE
BRI sk (S),sk(S), e, (S, BIEBMEMNNIE
sk(S1) Usk(S) U~ Usk(S,) 4T —IK Skyline ZLif], 15 B /Y
HEREFENT (S,

R B AR B MapReduce 4R #ERR B AT
Skyline ZEVIE LA T MKIE, BI T %43 S W—4RI4 S,
Sz yeens S BRIGET X B BB F 4T FIT B R E Skyline &,
BE k(S)),5k(S:) 55k (S,) , BIGH EAT R %4 Reduce,
Reduce TG B4 B £ H AT —IK Skyline 218, B3 &
KRERE,

2.2 MapReduce it H4E%E

MapReduce fE R FATHI 4 A NI4T RIZHELR, BB T 2
RFEFTA REEEEM; Hadoop /£ A HFHE LM, BaT
BRARBAE AT EH T &. MapReduce 8 HE 48 5 38 10
B 1 BT/~ » — 4~ MapReduce T 418 & 9 4 f# 5 Map 1 Re-
duce B B Be AT 1 55 5 S it Vb 3 BE 2% 48 — 4~ Hadoop
Sy A A R 45 (HDFS) B 88 2 F 18 38—~ Map /55
B EBER DL (Keyl, Valuel) BB EX R B A BE =4 F
B4R (Key2, List(Values)), 35 #47 Combine iz H., &1
B E—4r M EA MR Key {HEY Value EF LIS, KRG
HEERIER L Reduce %, Reduce MR & Key HitHE HH
BAERT S H . Combine 58 % £ f# B Reduce 32347
MG X AT AR T B R R rfe 5 &, A
HEERNKE,

f MapH Bt Y Reducelt B \
Map Reduce Part0
W | [splito
%1?; Split1 Map

e

Split2
HELT
Combiner

Reduce Parti
Map
; /A Split : Reduce¥
T (R i St ) (42889 g
FEBEDR —Map fs‘io;t\Reduce RS e

B 1 MapReduce i1E HELL




3 EF Balanced Angular %] 4> #9347 Skyline &%

3.1 HEEBARME

AR A9 EF Balanced Angular 1] 4+ #9347 Skyline B
B (Hid A BAPS) LA B4 82 4T BNL 23k X &Y, 41 5 Map-
Reduceit B fEZE A45 =08 Skyline ZrifIRI 435 3 AN BrER . &b
W ITENBRMEES . TAHEE BB RIBN
FHETTHE ) & 35 09 %038 R 4 %K BE (Balanced Angular £14}),
MmBRRITENRE T A TENRBE, EirEnBEH
Map (E &% B £ #4713 38, L8 /> Combine DL & Reduce
FitER. E B Reduce HHE H A HF Key HES
XA E AR Skyline 5 B EMBRILETENBENE R
Skyline & , 2218 %) Skyline ZFH IS5 R4, B s2(S).,
3.2 FAEME

THAL R B 09 4% O 22 AR BRUECHE ) 43 2K B (Balanced An-
gular ¥1|4) . Balanced Angular %43 DA SCERC13 1R H W EF
AR R R 43 Hws R R XTI X B IT I E  fR
B AT T . B—AZHBEE A AT A
ERIS R E 2 Fn, B N B S A BSR4
T 4T, X040 5EEEE TR, BAE S & S E
BEHERATHE. B3 BERTETAENRSEIEH TE 5
WENTM A ZEETAENRSRERNSEN 15X
WEEITAEYE, BH% T Hadoop EFTERE, M3 SKEHX
HZE A EBIE RS Z T m T8 MME ST EEE.

|
o 0
I /e ®
— ..3 I..‘...‘...
1 2/ ¢ ®
2 3 1 3|.
R
4 4,0

H2 ETHERSRE B3 mENSAEHE

72 3C#E B9 Balanced Angular R 4 SRS 2l i T8
WHEAIE FHE MBS . Balanced Angular 78R4+ & 5%
FEFREN D MEEIEE , ML R 570 BB E + Sky-
 line SAEHE N sn=00Un m*'/e—1) DEY, Hh n ¥R
BB A EERYEE . BITERAILE H Skyline S8
B 5347 Skyline BWMAEFE KW R REIR., L AL E
BIRES R E R ne, =2 (k2 Skyline A4, B
{31t , Balanced Angular 72035 £ £ 551~ BR1H AL AR 4E BE 1Y
WEHELFITR . BREARITE RO,

B u=Culpr sulpo 1, sul pe D R BHELRE S I
H—BEXR P ulpyJoul pe ) ul 2 I BIRE T B8R
SHE u 7E = MUEE b A AR ARE, B BE XY S B A AR
AL BB G A8 FR K (tan (¢ ), tan (g ) s =5 tan (@e—1))» F H

Vil p Pl per P+Fulpp I
ul p1]

tan(g )= yerrstan(g—1 ) =

—"’—uf}[,k_ﬁ . TTLATE Hh A 5 A B A0 AL B A B BRI A

PRSI A R Y SR AL £ — 1 S FEMLELRE | W] R
BHZBES RERTARHLE  FRINEME K 1<
i<k 1t —20, ATRLHE MRS S E& R TE BRI 2455
GBI : (a1 ) » FELUBLAE RIS .

W 4 7R ik 4= 304 Y Balanced Angular %4336 e 7E
THBPHRE EWRIA R . BT SRR S A R O ER T Ak B
Ja A—H4EME , Balanced Angular R 43 KBS S A IBE P K K
ERGEE FTESEEN RIS AEE. WE 4 FTLAE H 3R
SRR R T AN R, BRTETAERNSH
BARE 2 AR,

[ 4 Balanced Angular X455 8%

3.3 HEME

AT B Skyline ZEW AL BT R AT E &, 4 Map BB
MR Skyline & ik tH ST EERE I B R MIRT j MEN SHIEME,
LAy /NG 42 Combiner P B Reduce BB B EUIB T E &, AT
MR R AL BE B, Skyline HEMEHE N Okn?) , H
ok BRI, o RBEA B AT ERM A
OCkn) NS b 5T B8 AR R A BT LSk %M G 82 Skyline 52
THERMAS . HT B MR 2 e ) R SR (B ) S i ook
RAE ., EZEMER DS B AHRN P 7.

TEi#4T MapReduce 1T %5 1% B BT, Reduce (U8 — A
FIFEEEN: DEER 0. 95 % (s * 10 )3 2) HE R
L 75 % (e * Meore ) 53X B 71 IRV DL 0 KRBT
M ANEOE. X TE—MEEE, TLIFEMH S 31H Re-
duce f£55 ;X FHE MR E, 7T IZESE — % Reduce EHJG 5
L FFHEE % Reduce {145, Reduce L HRESE AR ME
EHIBMIT B M HE, AR E Reduce WE B H oduee =
min{0. 95 * Npae * Nere 5 2k}, XL BRI T 17 BG4 , L EEW,
BitERAE.

BB Map {145 7T LA IR A«

Map(O)

BEwA B RILBIE (Key, Value)

Bk 8% (Key, ValueList vI)

1. 7E4y i RHHEERT o, MNBUR B BRH | AR SRR IR E

2. TE R SRHUE AR Skyline 2R3 E AL IRE X BTR T T E&T
185

3. ESEE TR MR 4 X IAE R Key 165

4, % : (Key, ValueList vl);

Reduce 11455 Combiner #3)) BEAH 5], 24k 3 3 B 4 3R

WF:

Reduce() /Combiner (O

BRI % Map £ 5 89451 (Key, ValueList v
BEH RE S Key R HBH 5 K AR Skyline S5
1. %A : (Key, ValueList vl);

2. T3 Key EARRIBIXIHA B Skyline 548 sk(S);
3.5 : (Key,sk(S)).
EH B SERE & B Key BT ZRIRANE
B Skyline K BH#HIT - KERELL, BIABRLBEEN
Skyline £ R&E . SitEIBAR, CAMBEHEERE 1
« 37 .



Reduce {£55 LMRIE T3 Hh S 0 45 R 2 51 X 2 /A B9 Skyline,
BB B FLA A et 98 LA B4 XL 0K B — B B i 4 1
YE %A 8 F BNL Bk#17-—K Skyline 38, H4h,ILE
BrE T AR A B Hadoop ) AP R X RNEEFRESRE
HEHB—BELES ZIEFTLLELEH job. waitFor-
CompletionO) 4 true I RFIEERITE N BHOEF TG
A FRPATAG BT S B T 2 RETAEF BRI

4 KBRS

4,1 EENEE

RAT 9 ¥ A Hadoop ¥ &, B A YLE R 15GB, 4k
#2824 Intel (R) Xeon(R) E5440 @ 2. 83GHz, B1ER & N
64 fifRed Hat Enterprise Linux Server release 6. 2, JDK R 7
% 1. 6.0_22, Hadoop fiiA~H 2. 2. 0, HDFS #& =0 4L At i B 1Y
BiE 5 K/ A 128MB, JVM W7 8 K 8 1GB, i B Map-
Reducef) IVM BN 8. LR RALTITG EEE
T HIBAT jar (A RHFTIHR , 2FHEE R %% HDFS
LAY,

AERRAT 5B LBIRE, BT TEEMRE
(&) 3 75 50X Hadoop HER MM ERE . EF TFHEHREN
WHE . AT HEREEWEE, i1 T T ILMEEESE.

(OISR AR . SR EREF S0 B &%
BT RS .

(OMSTIEHIPIEE . SREHEREE FREEAA
HC B,

(O MREBEE - BIEE—NEE LSRN — B gk
Bl .

(4) RAHRBHR S B8 — e — N E SRBEH A
H®F L EARS.

A 5 48R DB BR T & B BER B KBUH
R,

T
o o : . :: ..o..
. . . - :. . ®
® o 0 : ccr
N . leee
o * o o le oo
()M 3r A 434 (D) I3 A 5)
. °
o b %’
o..' . :...o
g *®
0. o0
e X
Y .
(OH% (d) A%
5 BESmEES

&4 B R 2 B0 SR HR U R 3 B S BB BUE
X [} 0. 00~100. 99, fR /MR SE WL . BREIBENSE
B 58 3,5,8,10, K/h23 8158 1. 7GB, 2. 8GB,
4. 4GB 5. 5GB,
4.2 XBRER
SCER S RN AT « & SR IR TR B R A SRS I RUR
o 38 o

SRJE MPRAE Map 155 AT BERRE IR o
4.2.1 BRI H K%

& 6 B/R T A3 H B Balanced Angular 50452 4 S 0g
(B A new {0 FISCER( 14 148 i i A BE R 2 o ek (LR A
old A7) ML BB AR, FoeP (a) . (B) . (o) (D) 4 A FEAFIxE
RS @B () (D 4 M EHBE. WNE 6 RATLLFE
A SCIR R RE R A R R A 4 SRS L ER B BT Uk
(1408930 43 5w , 45 9 R A SCIR Y A0 B e AL M SR B 4R
AEMERE L e, R T ERE ARG FIES WS EEES
S EEI & Reduce f£55 F HER 4 BRI — B AN #HE1T AL

600 ‘ 1000
-t nEW » 900 Sid
,\ 500 gl , - m :::m //’
2 a0 2
E /S [ E= 7
3 / / 3 400 Z A
o S Lo
200
Lt e
3 5 8 10 3 5 8 10
£33 #®

M R EIR AR BRI X (D) PRIL ISR EHTIRRIIR

o - old ~~old ba
- 500w /' ’;10000 —new /
;" 400 _g 8000 /
¥ 300 6000
S o & o /
w0 i e mm [
0 Il - 0h .‘::::iq:{,
3 5 8 10 3 5 8 10
#5 £ 4

(o) MR BB LT IR R4 %T H
B 6 R)5rFESERFBEE EATERERS L

Sesh, SRR 1418 B BB R 4 R ERUR A E R T 8
FIEIEE IR R EE, BRIE VB T2 RS 7E 8 Ll b ¥
P4 HATHCERHE T B AR AT R BT R . AT ER4E R
4 b1y Skyline &t . KB H A E 5 3 £ Reduce £ F i
FEPE 2], R REAR IR RE S S TR,

4.2.2 k¥

TR B B W3 6 - Map W s T35 o Bt
Fr s F BRSO 30CR (B Map B IR 8 ») DA R B
B3 B8 RN BRI Map BELHR P H O . BEMKEBLW
RITE BRI TR AW, THXREELER
n, F 1 BYBUE IVET R v R SRR A HERE

THEMSERRATHL RS 8 RS, TRPHK
WER I K/ADK 128M, A4 REEEHE 330 ZT7 1M
W, R EEE B T KB~ FRKE
B, n. BIBETEE 1000~5000,

w0 LN
2w Ll W
E N\ A
N/
Y

() RARBARE EFIHRI4XT L

1000 2000 3000 4000 5000

B 7 n SHIUEBREE R

ME THILIEH n, MEEEENEE, X 2 MEBYELE
(F#% 64 )



D1 & LR 5RH,2009(27) . 203-205

[5] Tao Ping, Zhang Xiao-ying, Ma Heng-Liang. Simulation of per-
sonnel evacuation based on cellular automaton model[ J]. Com-
puter Simulation, 2009,26(10) ;:319-322(in Chinese)
B, /N, iERE. ET ool B SV R e A R RS A
1. itEHF K, 2009(10) : 319-322

[6] Murakami Y,Minami K, Kawasoe T,et al. Multi-agent simula-
tion for crisis management[ C] // Proceedings IEEE Workshop
on Knowledge Media Networking. Kyoto, Japan: IEEE Compu-
ter Society,2002:135-139

[7] Hughes R L. The flow of human crowds[J]. Annual Review of
Fluid Mechanics, 2003,35:169-182

[8] Kountouriotis V, Thomopoulos S C A, Papelis Y. An agent-
based crowd behaviour model for real time crowd behaviour sim-
ulation[]]. Pattern Recognition Letters,2014,44(1):30-38

[9] Xu Gao. Simulation model for crowd evacuation based on agent
technology([ ] ]. Journal of Southwest Jiaotong University, 2003,
38(3):301-303(in Chinese)
B ETEREERNARGRGESER[]] WEZERE
28 ,2003(3):301-303

[10] Cui Xi-hong, Li Qiang, Chen Jin, et al. Study on MA-based Model

[11]

[12]

[13]

(14]

(18]

of Occupant Evacuation in Public Facility[J]. Journal of System
Simulation, 2008,20(4) : 1006-1010(in Chinese)
EEL.ZFR.5E. % ETEERERANHA G A RFIE
BABRFEL)]. REMHEEH. 2008,20(4) :1006-1010

Huang Xi-fa, Wang Ke-jun, Guo Lian-ying, et al. Microscopic
simulation model study on pedestrian evacuation based on agent
technology[ J]. Journal of System Simulation, 2009, 21 (15).
4568-4571(in Chinese)

BEE. TR, WHER, S BT Agent FARMA RBBIERG
HERRRRL]]). RG], 2009(15) :4568-4571

Hughes R L. A continuum theory for the flow of pedestrians
[J7]. Transportation Research Part B-Methodological, 2002, 36
(6):507-535

Santra S B, Schwarzer S, Herrmann H. Fluid-induced particle-
size segregation in sheared granular assemblies[J]]. Physical Re-
view E,1996,54(5) :5066-5072

Makse H A, Havlin S,King P R, et al. Spontaneous stratification
in granular mixtures{ J]. Nature, 1997 ,386(6623) : 379-382
Santra S B, Schwarzer S, Herrmann H. Fluid-induced particle-
size segregation in sheared granular assemblies[ J]. Physical Re-
view E,1996,54(5):5066-5072

(L% 38 7))
1000~2000 2 fa]i , Bk FETREE n BRI E; 2 n B
BUETE 2000~4000 Z [A]&} , B ik RN BEE » 38 K80
% 7, =4000 Bt E % A RIR RN, WEEERAN XHEE »
R KHE L,

25  FEHR o EEENEE TR B R 4
g, i BETEE R 1~5. B8 B/RT « WHEEMEN
s, B REE | B3N, Bk AR R b, X R B R T
I8 SRR N, BEAE T ST R A B X R AR RS

RN
~—

% )

=

1 2 2 4 5

AT AN A B
B8 i M IEE R

#RIE  Skyline HRESL HInth L BB BESEA
EEENNA A NETRYLASTT Skyline HEHEREKR
B EEE TRMER LA OTR. AXETFRATHS 6
HHATHEMESE MapReduce, £ 1 T & - FEREEE Eit
B Skyline HMHFTER. BHATEEMNAENETAHE
B 5 G AT T 2k, 3-8 4 T Balanced Angular 3|43 5% %
F1 Map 3 uE B R RNE . SRR E R, S CR M HAT
Skyline EHE LR ERA RS IERE.

& % X W

[1] Balke W T,Giintzer U. Multi-objective query processing for da-
tabase systems[ C]//Int’] Conference on Very Large Data Bases
(VLDB). 2004:936-947

[2] Wei Xiao-juan, Yang Jing, Li Cui-ping, et al. Skyline query[]J].
Journal of Software, 2008,19(6) :1386-1400(in Chinese)
BB, . ERF, % Skyline ZFWAB[]]. K4 #],
2008,19(6) :1386-1400

.« 64 o

(3]

(5]

L6]

(7]

[8]

£9]

[10]

(111

(12]

[13]

[14]

Kung H T, Luccio F, Preparata F P. On finding the maxima of a
set of vectors[J]. Journal of ACM, 1975,22(4) ;469-476
Preparata F P,Shamos M L. Computational Geometry: An intro-
duction[M]. New York; Springer-Verlag,1985

Borzsonyi S, Kossmann D, Stocker K. The skyline operator [ C] //
IEEE International Conference on Data Engineering (ICDE).
2001.421-430

Chomicki ], Godfrey P, Gryz], etal. Skyline with presorting [C]//
IEEE International Conference on Data Engineering (ICDE).
2003,717-816

Godfrey P,Shipley R,Gryz J,et al. Maximal vector computation
in large data sets[C]/Int’l Conference on Very Large Data Ba-
ses (VLDB). 2005.229-240

Bartolini I,Ciaccia P, Patella M, et al. Efficient sort-based sky-
line evaluation[[J]. ACM Transactions on Database Systems
(TODS),2008,33(4) ;1-45

TanK L, Eng PK. Efficient progressive skyline computation[ C //
IEEE International Conference on Data Engineering (ICDE).
2001.301-310

Papadias D, Tao Y. An optimal and progressive algorithm for
skyline queries[CJ // ACM SIGMOD Int’ 1. Conference on Ma-
nagement of Data (SIGMOD), 2003:467-478

Papadias D, Tao Y. Progressive skyline computation in database
systems[ ] ]. ACM Transactions on Database Systems (TODS),
2005,30(1):41-82

Dean J, Ghemawat S. MapReduce: Simplified Data Processing on
Large Clusters[]J]. Communications of the ACM, 2008,51(1):
107-113

Zhang Bo-liang, Zhou Shui-geng, Guan Ji-hong, Skyline under Map-
Reduce framework [ J]. Computer Science and Exploration,
2011,5(5) :385-397(in Chinese)

kil B, B K B, 2 {& 4. MapReduce #2232 T # Skyline i+ 8
U1 HEHRE 55 %E,2011,5(5) : 385-397

Chen L,Hwang K, Wu J. MapReduce Skyline Query Processing
with A New Angular Partitioning Approach{C]//Proc. of Inter-
national Parallel and Distributed Processing Symposium. 2012;
2262-2270



