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Abstract: In order to solve the problem of low efficiency in traditional serial clustering integration algorithm in pro-
cessing high-dimensional massive data, we propose a parallel clustering integration algorithm named SCEA ( Spark based
Clustering Ensemble Algorithm) which is based on spark platform. The input data of the SCEA algorithm is preprocessed by
the combination of principal component analysis and pairwise constraints, which can reduce the dimension of the data and re-
move the feature correlation. After obtaining the base clustering results using different clustering algorithms, similarity matrix
is constructed by the cluster labels of the base cluster members based on the triple method, and the hierarchical clustering al-
gorithm is used to get the final clustering results. On the basis of calling the existing clustering algorithm in the spark MLIib,
the SCEA algorithm is implemented based on Scala language. The SCEA is compared with other similar algorithms in multi-
ple data sets. The experimental results show that SCEA is not only improved in accuracy than existing algorithms, but also
proves the superiority of SCEA in algorithm performance by analyzing three performance indexes:running time, speedup ra-
tio and scalability.
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20 . 20 Newsgroup . Glass . Iris Letters, Pendigits . Sonar,
Statlog ,Wine | Yeast , Bala. Scale , Half ring, CNAE-9  USPS

S« MNIST. 763X 14 HEHRE T, SCRBARE R T L4
252 W B H A 20 Newsgroup A letters S A5 SCAS B 2k
SEEy, Horf 20 Newsgroup LTS T 20 2507 4L, B ds &
i 2 AR HAR Bk A T UCT B | X
14 TC B B SR VR (5 BN R 2 s,

®2 4 ARBEBHESE

LUEITES eSSk CHIE AL eIy
20 Newsgroup 26214 20 18864
Bala. Scale 625 3 4
CNAE-9 1080 9 857
Glass 6 10 214
Half ring 400 2 2
Iris 3 4 150
Letters 26 16 20000
Pendigits 10 16 10992
Sonar 2 60 208
Statlog 7 36 6435
Wine 2 13 178
Yeast 10 8 1484
USPS 10 16 * 16 256 #1100 * 10
MNIST 10 28 %28 6w 784

B R FE I 298 Uy T, AR T 20 News-
group ,CNAE-9  Letters , Optdigit , Arcene , Sonar it 6 4
BAGE. Hp  UAREIEEA 20 Newsgroup Fl Letters M
2, UCI F¥E P A T CNAE9 .Optdigit , Arcene , Sonar
PULH , BE AR TR ANME R K 3 fw.

*3 6 HIBEBHIEE

Bk % AL AE%L B
20 Newsgroup 26214 20 18864
Arcene 900 2 10000
CNAE-9 1080 9 857
Letters 26 16 20000
Optdigit 5620 10 62
Sonar 2 60 208

AT SR R X ET, SCEA 5575 7 Spark on
Yarn #0 F 217, SC 0 R 4L (5 F AR o A S (8] 751 syn-
thetic_control $U#5 4 , i TZ B £V IHIRE T HA
600 = 60 Y E 4 KA, SCF K /N 281KB, i b i 4 4
H/INTGIEH P BE I A B B 7 oK. T LA, SE G APk
synthetic_control H1 A SR EA T & 9 1 (O T 3k & il
BEAR G JFREAR 1) 52 4 F A, 5 1 BE A 10 5000 A VR AR
PE[ -0.1,0. 1] X [A] B BEHLAE ) , 45 J5 4A B 4 4 51
K10 1% 50 4,100 £%,500 15,1000 1% K 5000 %, H
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BE w AR B AN 4 TR,
F 4 RN AR synthetic_control RS

FIGIIES BORAEL | Bt | Bl SR/
Synth_control 1 600 * 60 281KB

Synth_control * 10 10 6000 * 60 2817KB
Synth_control * 50 50 30000 * 60 14081KB
Synth_control * 100 100 60000 * 60 28162KB
Synth_control * 500 500 300000 * 60 140808KB
Synth_control * 1000 1000 600000 * 60 281616KB
Synth_control #5000 | 5000 | 3000000 60 | 1408077KB

4.2 EFHEMER NMI E#R3TEE
AT 4.1 R 2 538 3 s To B AL

PRAEFN B A RS 5 DR AR BRI T X vk A7 )
FEIN X6 336 P 3 43 (Y B 4R d I [l 3503 #6475 IR
M7 BB B AR RGP Y, PR H R
JEREAT L. P 7E TC I B R b B AT A SC i i
SCEA B3y, ANl FH BOXT 24 B 2% ( BRIV 1E DRI HICA T 4 P
A SCBR LA 26 ). F52 2 H AT 20 Newsgroup | Glass .
Iris | Letters , Pendigits , Sonar, Statlog, Wine, Yeast, Bala.
Scale , Half ring, CNAE-9O ¥ 4, 4 % % Hb EACA'™ |
CEKF' | WAMM'™® | HCSS'™ | NCAT'™ | WOCE'™ |
U-SPNC'” AR SCIY SCEA SRk e & m RIS =R,
H EACA B R RS WU, AR BE R UG 1Y
RAENI il is 1T FIREE 5 AU SCEA 4
PR3 Y RS IR B ERf BE LB Ane 5 .

K5 TUEREER(EHBEL)

DATA SETS EACA CEKF WAMM HCSS NCAI WOCE U-SPNC SCEA
20 Newsgroups 25. 60 26. 15 28.85 30. 17 34.99 33.01 35.18 35.25
Bala. scale 55.13 56.29 56. 34 57.34 56. 08 57.68 59. 38 58.17
CNAE-9 73.26 75.18 75.80 81.10 81. 05 78. 68 84. 56 82.42
Half ring 77.49 82.63 85.70 90.79 89.57 87.08 91.68 92. 09
Iris 73.19 79.37 79. 60 84. 86 75.59 91.43 91.08 92. 36
Glass 50. 80 43.33 44.14 52.39 50. 61 51.20 56.08 56. 46
Letters 30. 56 31.25 31.48 32.27 28.57 29. 67 35.42 34.15
Pendigits 52.38 56.23 54.30 63.25 60. 73 61.55 63. 88 64.18
Sonar 50.21 53.93 53.35 62.10 59. 50 54.34 62. 05 60. 87
Statlog 52.01 56. 03 55.33 56. 62 56. 98 56.07 59. 45 59. 63
Wine 70. 47 76.24 80.78 79.72 83.23 70. 85 83.58 84. 32
Yeast 33.68 36. 84 34.56 39.56 42.55 37.97 42. 48 40. 06

XTI B BERILBITER (RS Fin) 4,
FELAAR 8 7 A 52 e v O M. AeA v ] LU 2 SCEA |
U-SPNC \HCSS %5800 il A 3 B 5 1L EACA 3500k v fff
JEE R, VS BITE 4.23% ~19.17% 2 06), X & H T
EACA 53k R R 248 iy B A8 1 CEKF 53 %% |
WAMM %49 (HCSS 53 NCAI % \WOCE .1 2 DA
EACA ByEAE R IR 7 i, I A6 b 36 itk b E A7 oo gk, e
S, XF T 20 Newsgroups . Half ring Iris . Glass . Pendig-
its \ Statlog , Wine 7 H B Y55 SCEA #H L EACA % 7 Ff
VLR AT T B G 0 ME B R B A TR A B S R AR
0.78% ~ 4.07% Z [a]. H 1 U-SPNC 7£ Bala scale,
CNAE-9 Letters Pendigits VU ZH 545 45 T A5 T fe 4 i
43¢, 1 HCSS 5 NCAI 23 %I7E Sonar 55 Yeast HUS T #ix

Gf . AR il I R 5 B 1% E , SCEA FLURTE Bala
scale CNAE-9 Letters . Sonar  Yeast 5 ZH 503 4E | %A HL
P A v 0 R, (R B 05 4 N S A B 25 1.21%
2.14% 1.27% 1.23% 2.49%.

H522 3 i 6 A B EUR 4R >R 5% I REASAE
R LR B BN, 5% MIFEARECE A 1000 4>, B
HLVEIUE I 29 S8y 500 A4S, 1 I A oA 5k
500 >, i3 BGCM '™ 8k SKMS'™» # 3k NBF &
A WOCE ™™ 392 He s HL i o B . Hovb BGCM B %E 2
BT EIE R WB R R AT BGCM By B
I W B FR A | SKMS B9 i — P e T 4% pR B i 2
W TR TTL  NBF Sk R e B R b T4k
Je 38 S 0 R 1 AL, WOCE 23 3 J2 05 T AR 55 1y B2
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3 FiR.
B WAMM
100 80 |- HCSS A
wl v— e " E==Neal
I A g B8 WOCE
wl A A —— — | I (I U-SPNC i
—&— o 60 Sk
I e P E EE SCEA
L . S Z
= [ < <+ = =
o 60 P 4 S 40 ‘ b
g I = el A §
o 50| i U T - N\
g T . \
E 40} —=&— 20 Newsgroup 20 § &
g L ®— Arcene §
S 30 A CNAE-9 - §
© 55 I —w— Optdigit i\ g 5
i i Eetm‘s 7 PenDigits Lette USPS IST
sonar
or 1 4 FEENMIY%ISRRRT L
0 I I I 1 1
BGCM SKMS NBF WOCE SCEA P RE = Al s bRk i Bk M RR AT VAN, o Bk is

3 2 I R X L

YR E R AL BT R (E 3 iR) B
TSR 29 R B 2 W B SR AL LB SCEA Bk iy i
BT T — & M R 7ESCAS KR 4R 20 Newsgroup
BHE A Letters B8 5, A< SCI SCEA 8% NG 205
T BGCM H.7% | SKMS %3 \NBF 5351 WOCE B3k, 5
WOCE 5% 1) E 1 B2 AH 22 8¢ /0. 78 UCT 8048 e v iy
Optdigit ZLHEEEFN Arcene B AR | A% SCIY 5516 AH X oA
SRR AR B A 2 T 8 S R, 5 WOCE Sk 8%
KT CNAE-9 $ds 85 ANz HI7E TC W B v iz H e
B W E A SCHY SCEA BvE 0SB 7E 0
A SRR W B SRR S L A AR o A R s R T
Sonar (45 £ s s HAET TR , Al AR
SCAR ) A T W Lk T R AR B R R R
B R MER E 5 WOCE B3k — 8L Bk R i,
SCEA & iR A KT BGCM % SKMS %1% NBF &
PSR THE, 5 WOCE Bk T , A So 5 s g2 g
T E T WOCE Bk,

A 4 pras NAEE PenDigits , Letters ,USPS \MNIST [
R4 |, %P EACA . CEKF . WAMM ,HCSS . NCAI ,
WOCE L)} U-SPNC7 #5835 5 SCEA #£47 NMI1% f8r
XT LR AR . Ferh U-SPNC 575 7F Letters , MNIST 7 41
e IS T B8 S, NMI% 20 93k 5] T 45.12 K
74.25 ;1M SCEA %4 1%7E PenDigits [z USPS | HUfS T %
G NMI% 4333k 2 7 84.28 I 72.69. B 4K ,SCEA
TE Letters MNIST PiZH 54 b R M H- %A U-SPNC 551k
o5t R 2= I AN &, i F U-SPNC R H I SR 2%
SE R IR T SCEA W2 R FH Y MLLb 6 B &
FHMIERIST L LR B AN i il e A B R A
A2 71k,

4.3 EHETEYERIRH
AT S5 TR SR IR AE AT B )R b DA B T

A I ) 2 A R W 1) 52 I B3k AT R i d8 b, AT
I )R T, A T O R . M B X L 25 TP, SCEA A
Spark F1 &L 1Y K-means . Gaussian mixture . Power itera-
tion clustering, Latent Dirichlet allocation, Bisecting K-
means DA K Streaming K-means 7~ Fj 8 3% /i #1 1%E £% 3
PRI A B B 2R I B s 17 5 R IO
(P ES ea

WnlEl 5 BT 7R S SCEA B4k 76 A [A] HO 4 ML AR &
Spark TEEBCT W 17 B a6, X Ee synthetic_ con-
trol , synthetic_ control * 10 | synthetic _control * 50 Pl &
synthetic_control * 100 P42 ¥4 v LA & B, 24 SCEA if
SRR B AR AL /NI 5 SRR B N AN — S R R
B AT I I] ek /b S T AT AT BE R Iz A7 i a] X o2
TR TSR E L AR 50, IR B & A%
Spark PAFIEACTHIR AU H 5 B2 T 25715 k8088 i,
T TR A3 A AR 3G, DT S BT RO £ i
A7 18] Js2 i 48 00 9 0 & A= X LE synthetic_control *
500 . synthetic _ control * 1000 LA M synthetic _ control *
5000 =4 B PE 4, vl LA K B BE & spark Y 5 B ng 14
(1 RS N [21 RES % o= W R A N S o = B4
Pt B K], SCEA BVETE spark Wiz A7 B ] A BE Fifi
s ERR 1S T s

I LG TR b o HI R A B AT BB N R G nMERESR
b FEORFFA I 5 R B A 0 200 T i b8
N WP

speedup(n) =T,/T, (19)

Fop T B R R IS TR R A R ], T, TR
INTE n AT A IR TSR R B ) 25 R B ).

K 6 TR 4 SCEA 55 vk 76 AN [ B i HL A K
Spark 17 s BCT B He X L, AT LU 2E F] synthetic_
control , synthetic_control * 10 | synthetic_control * 50 LA

J synthetic_control * 100 VO 2 %45 & i T %% 4 12 3¢
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thetic_control * 500 | synthetic _control * 1000 L} } syn-
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R AN WG R B, AT DL R R b Lk
Kase T REEERE T B, 25 AEZL
AT R R B 38 A A O ELREE Y R B g
T R ] 1 SRR I A 23 38 O I DA 1 L R
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scaleup(n) =speedup(n)/n (22)
WLEEIE 7 LA, 63 1Y 5 200 1 A BT 5, SCEA
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thetic_control * 1000 L )z synthetic_control * 5000 = £{
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A A BT S SR SCEA 57538 & 78 R AR
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T T T T T
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: —&— synthetic_control*10
—A— synthetic_control*50
—w— synthetic_control*100
08 —— synthetic_control*500 b
> synthetic_control*1000)
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