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Abstract: The increasing complexity and dynamic change of massive data processing currently receive widespread attention. One of its
core content is to study how to use the existing information to achieve rapid updating of knowledge. Granular computing (GrC), a new
computing paradigm of information processing, is an emerging research field which is mainly used to describe and deal with uncertain,
vague, incomplete and massive data, and provides a solution based on the granularity and the relationship between the granularities. As an
important part of GrC, rough set theory is an effective mathematical tool to deal with the uncertainty and imprecise problems. Based on
the MapReduce model in cloud computing, this paper first presents a parallel algorithm for computing the equivalence classes, decision
classes and the association between them in rough set theory. A parallel algorithm is then designed for computing rough set
approximations from large-scale data. To adapt to the dynamic real-time system, the MapReduce model and incremental method are

combined to build two parallel incremental algorithms for updating rough set approximations in different incremental strategies. An
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extensive experimental evaluation on big data sets show that the proposed algorithms are very effective and have better performance with
the increasing size of the data.

Key words: cloud computing; MapReduce; rough set; incremental learning
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Fig.2 Flowchart of the parallel computing method
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Fig.3 Flowchart of parallel computing equivalence classes, decision classes

and associations based on MapReduce
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let key'=*D’+ %, 11D RRIRAE 5 TR SRR
output.collect(key',1);
let key'="F'+ %, HF AR RS TR S50 2R 5 SRR T A ok
output.collect(key',1);
endfor
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if (key.startsWith(‘F’))
output.collect(key,1)
else:
let sum=0
for each valin V do
sum+=val
endfor
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endif
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Fig.4 Flowchart of fast computing the upper and lower approximations
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for each |R(D;)| do
let |R(D,)|=0;
for each S=(U,CUD,V f) do
if Ass(Ey,D;)=True then
INE, | Mg BSEE, ML
|R(D)) = R(D) | +| E, |;
endif
endfor
endfor
ISP D YR I BRI H
for each £, do
if Ass(E,,D;)==True and Ass(E,,D, )==True,j, # j,,ji,j, €{,2,....,r} then
Boolean(E;)=False;
else Boolean(E;)=True
endfor
for each D; do
let |R(D))=0;
for each £, do
if Boolean(E;)=True and Ass(E},D;)=True then
|R(D) | RD)|+|E, |; 11V E, | ot B9 B, MK
endif
endfor
endfor
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IR 1. S PRR S=(U,CUD,V).YBSC. A UIB={E\.Ey,....E} FMRRR S=(U',CuD,V /), % U'/B=
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J J J J J
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(@) VE.eU'/B,3EecUB N AE, eU'/B,RMH E. =E;
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it

JEAT () ) 2R

Fig.5 Flowchart of the parallel and incremental updating method
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TARIEAT ) HIAEFELAE Combine M1 Reduce FrBEIUEATAEH IS RS LANDNE (1945 9F 28 AT 45095 2
B A g SRR RS AR L R IE U,
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EALEEEES

(a) JFATHRIE L (b) JHATHIR S 1

Fig.6 Two different strategies
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Bk 3. JET MapReduce FISEM A, PRI AHRMEIFAT G 5 SR SVE OF AT I 55 1.
Map(key,value)
KN :key J 3R 44 value N
() FrHRF TR S =U,CUDV,[);
(2) kI 45 574 OldRet=(Information Set,Count) SE{H Y.
THaf:
(1) R o SR I Ab P
for cach xeU; do
let key'="E’+ X,
output.collect(key',1);
let key'="D’+ X,
output.collect(key',1);
let key'="F"+ X, _,
output.collect(key',1);
endfor
(2) JEKE) MapReduce 45 3 AL HE:
for each val in OldRet; do
let key'=val.getKey(-);
let value'=val.getValue(-);
output.collect(key' ,value');
endfor
4R
Combine(key,V)/Reduce(key,V)
iy N ckey AN T @ PE4E B B0 D 8 BUD M5 BV s B AN E 51 3%
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Tk
if (key.startsWith(‘F))
output.collect(key,1)
else:
let sum=0
for each valin V do
sum+=val
endfor
output.collect(key,sum)
endif
S
3.1.2 AT R A

1073

FESF 2 Tt s v, AT 1A ] Hadoop 43 A1 3 Cache EL A 54T ) 45 4 2 A3 Reduce B B, MU
FEUTE 6(b) 7, VA 1 S35 18 WL A 4.4E Map B B, SO BT PSR R AT A B 7E Combine B BEHEAT 55 4
R VR LML IF4E Reduce i BCAEHEAT MG AL, S N J5UA 1R PR IR) G 20, FAEAT A0 28 . TRFER AN

RAYERIE I 22 5 AT R AR 4% 2 Ry bRk S5 R R 2 L

EURVE S

Hi% 4. S5 T MapReduce 2273 Aii X Cache 140128 YRS L A SCHE IFAT 19 8 S8 Sk OFAT 1 55500 1),

Map(key,value)

N ckey IR B value HFIGRK TR S =U,,CUD,V, [).
THIG:

173 397 38 P 3R [ Ak 3

for each xeU, do
let key'="E’+ X,
output.collect(key',1);
let key'="D’+ X,
output.collect(key',1);
let key'="F"+ X,
output.collect(key',1);
endfor
4R
Combine(key,V)

i\ key J AR T JEMEAR B 8 D 5L BUD 15 BV A% fE RAE AN S 41 3.

T
if (key.StartsWith(‘F’))
output.collect(key,1)
else:
let sum=0
for each val in V do
sum+=val
endfor
output.collect(key,sum)
endif
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4R
Reduce(key,V)
WA R R v 8] 45 2R OldRet=(Information Set,Count)SAE T 4 T 73 A 3\ Cache.
i N\ key AR T JE AR B 5k D 8L BUD (15 BAL Y %A RAS LA S0 414K
Let old_ret=2
LG
for each val in OldRet; do
let key'=val.getKey(-);
let value'=val.getValue(-);
old_ret.put(key',value');
endfor
WAL R
T
if (key.startsWith(‘F’))
output.collect(key,1)
else:
let sum=0

for each val in V do

sum+=val
endfor
old val=old_ret.get(key); IR AETE ey, IR A 0; S 2, U35 [] 3o 1 P AE

sum+=old val
output.collect(key,sum)
endif
*

32 BRERESN

B RER S=(U,CuD,V f),BC, £ SCHR[28]H, 1 7 # 25 AR A SE40HE P 1 AR S T — R o S A5 28
U/B IR 2% % 4 O(B||\U) RIS B R TAERECN p, AT VF SIS whaR 28 AR S 1 I 18] 52 4% 7% (B
SvE VIR R AR ) N

o

O(1B||U/p+D||Ulp+BUD||Ul/p)=0(|BUD||Ul/p).
Hof R, R 1 KR UBIA N 26 | UIDIAN YRS AN U/BOD AN FHCEAE A B0k 2 1N IR Bk 2
1) I ) 52 % Ry
O(|U/D|log|U/BUDI|+|U/BUD|log|U/BUD|+ U/B|log|U/B|y=0(|U/BUD|log|U/BUD)).
BRI A AT S0 FR BV 1 FOART 2 AR DA IRAT SV (9 I ) 42 2% B 4
O(|BUD||U\/p+{UIBUD|log|U/BUD)).
95 R A R ER S=(U,COD,V )1 R g5 RAVE 3R S'=(U",CuD,V /),BC. A FHAT A vk oh 505 3
B o] S 18 e SR B 20 R I I 42 2% S 5 4503 1 AHABL,  O(IBUD|| U p). BR g vh ) 45 SR A5 | UIBIAN S50 2 |UIDIAS Y
SN U/BOD|IANAH I, T LA I 8] 52 2% % 2 O(|BUD||U/BUD|/p). TR e, 5530 3 (RN a) &2 2% 5
O(BUD||U'|/p+|BUD||U/BUD|/p)y=0(|BUD|(|U'|+|U/BUD)|)/p).
BRI A HAT S0 p B S 5 4005 2 WO, 2 UT=U00U it LAIFAT B0 8 B00E A I 0] 45 2% P 4
O(BUD|(|U'|+|U/BUD|)/p+|U"/BUD|log|U"/BUD).
FEFRAT RS R ML 3 FNAEI 4, e B T N TR o I 45 SR 1) B BT A [, L ) 1) 52 2% S A 1.
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TR IART B4, USSR 40 U SINE RN 48N U'=U0U AT 500 AT 19 B S35 1 I )
AL N

o IFATHEYE0(BUD||U  Ip+|U"/BUD|log|U " /BUD));

o AT 0(BUD|(U' [+ U/BUD|)/p+ U IBUD|log|U"/BUD));

WAIARAE RIS U T T 550, U =00 U K L5 T U, 15 25 HeF 1) 52 2 1 7 T AR 45 3K 15 1, o 5 094 o
N W38 22 3 S R DR A S R 59

4 LRI

FESCHR[23] 7P, AT T BAIE 72T MapReduce (1747 5015 T DURAG R0k AL 31K B 3 LB ATT AR 1
AT STVE R PERE.

BAIR T = 71 57 & Hadoop-1.0.1(http://hadoop.apache.org/)F Java 1.7.0 05 7£ 5 &5 HL(AMD
Opteron Processor 2376 A3 2%,8 %, 41 2.3 GHz,16GB W AR I = TH A N AT s286, ok 1 & /E B Y
M4 GAEATEET LA TR AL 4 A Map 48R Reduce A8,

T RER R EE YR, AT UCT P BT K E#E 48 KDD99, i 3R 42 & H 1 500 J7 4% s 1 Mk
SR K 41 AN R S 6 AN FE S AL E 35 N EUE A E M BT I EE B AT SR S B A R, 3R
M1 S0t 35 AN KA 0 @ MEEAT B9 A A 0 A0, AT WEK AP0 2F il 2 RDG 1 5 B A 7] (R RE A 3
BEAH BV, 2 AT 3 AR EEE S, KNk 1.8GB,3.2GB 1 6.4GB, R 41 I $H 1 b WL3E 1.

Table 1 Datasets

FT1 Hase
Bk FEASL LTS 7 & K /NGB)
1 KDD99 4898 421 41 23 0.48
2 Weka-1.8G 32000 000 10 35 1.80
3 Weka-3.2G 40 000 000 15 45 3.20
4 Weka-6.4G 80 000 000 15 58 6.40

TAVE A BRI 53 B 10 43, 30rh 5 R0 IR G B, 5 Ah 5 A B s ol JRATT 2R 1 kg 1 4
552 M 2 r,... 4 R, I B 5 5 B 1 LU AR, R O 3G AR AL 26 X B R, 43 SN 20%,40%,60%,80%F1
100%. 28 J5 MARIX 5 PP |45 B~ T HIL. JRATM R AL I TR EE O MEas, wmE 7 B,

M 7(2) P EATHT LAE L E R 4 KDD99 I bifi 35 55 1) 34 22 18 4T I R) 3E AR 4 5 A48 X 2 K 25 KDD99
XA H AN T FRATH = v 5 S 5 MK/ L 7(0)~1 7(d) ] LA H Bl 2 200 R 1) AN BT 384 K, 7
B BE I PE Re R BT

N T T b 2 R 4 AR A 5 5 B AT I ) 2 T () 56 R FRATT R T LA 8 sl L O ke i

IncS = 5,
T
Hop T, R IATSIL B AT B 18], T, 3R 7R AT 8 5T VE 10 47 ).

2R 3 45 BoR T AT R R B TRRAT I B 1R 0k LG 5 AT BR (AR i) AR L 36 1 9
AT B AT LLRE PR AT 56 . i 45 R AT LA 38 B A AE S AR KDD99 AR I AN I, g A B 2 L R 2
Hadoop 1847 5 < Bt (1 4L B 2 X AF A0 /N B 3R B BT 5, U ARl 20% B, 3747 3
SR T FIFAT Y 8 5500 10 w] A3 3R A5 P2 1.658 0 £ A1 1.728 9 i A8 AT 3 5 1) I, JR AT T3 2 B0, 76 7 3 /M4
P4 1 3ok L 5 1 R A A e 2 1) 19 5 R IR I, AN AT BB R DR B R AN K N, R S AR
(798 Bl L K A A B K IR 4R Weka-6.4G, 3R AT A L, B 25 348 12700 10 2R (04 384 o 384 28 ekt L 3ot ok, 1 55 568
3.2 1P R AR S 2 B G AT R DG TRC. ) I 350 W B o S s 1) 2 1 22, 9T BRI IR Ok A e R B i
B Rk B S D) B X — R T SR, AT 3 2 B ) AN K B ) S A R B A (R SR, T LU A
b P S 4 S S B 8 1 A R R
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Fig.7 Computational time of three algorithms on different datasets

Bl 7 3 PSR AN R A 5 T o S B T

Table 2

IncS of parallel incremental algorithm I

F2 TR IR L

WRABLER) (%)

Bk 20 40 60 80 100
KDD9%9 1.1590 1.1038 1.1036 1.0190 1.1117
Weka-1.8G  1.6493 2.1338 2.0960 14646 1.6319
Weka-3.2G  1.3963 14827 1.5009 14995 14076
Weka-6.4G  2.4274 2.1390 2.1329 1.7906 1.6220
Average 1.6580 1.7148 1.7083 1.4434 1.4433
Table 3 IncS of parallel incremental algorithm II

R 3 OJFATHESTR I AO8Y N L

AL (R (%)

20 40 60 80 100
KDD99 1.1334 11275 1.0397 1.0583 1.1136
Weka-1.8G  1.6489 2.1342 2.1352 14637 1.6926
Weka-3.2G 14806 1.5693 1.5888 1.5290 1.4831
Weka-6.4G  2.6529 2.1401 2.0653 1.7601 1.5875
Average 1.7289 1.7428 1.7072 14528 1.4692

FRE SR S0E C 20 ) 32 N T Hidls 2 30 g e U B A5 AT A% 70 (10 R 8 S0 e T2 A B T I 11 g i 4
i L 25 oF A ) MapReduce $AR, I RT DUR 78 5 W48 ] 251 51 65 A B i i 20 A I 2e A0 i) Bl n ok 7
VSRR R SR ) AR A ST 4G £ MapReduce 578 55 3 i SR 505, BEvH S SEEL T AT EE T MapReduce
(¥ A7 39 5 BOPT SVE P AEROR I 4 A Ha 48 b AT Ik, 45 SRR W A B 22 18 SR A IO OR T [R]
G ABERY ] AR G s A Y A7 45 R A 28 b el 3 AT I T I R v S5 RTOREL e £ P o 0 42 4 5 2 R
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DUAE B R, 20 1T ARG 2 o SRR VR S T 1) AR 06T AN T BE S ) SIE I A A S 0 1) S, T LA 0 s Y 1
SIS P SR 6 ) 5 2 B T FRATTREAE AR IOBIE T 4R SR 25 TRUBE SR M MapReduce ¥ )47 14 S VLAE I
AN U DL R R BRI f Y 5 S B
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