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Abstract With the continuous updating of large data sets,the classical multi-granulation rough set theory is no longer
practical. Therefore, this paper put forward the related theory of graded pessimistic multi-granulation rough set with
weighting granulations and dominance relation, graded optimistic multi-granulation rough set with weighting granula-
tions and dominance relation. On the basis of this improved theory.this paper proposed a dynamic parallel updating al-
gorithm for approximate sets of graded multi-granulation rough set based on weighting granulations and dominance re-

lation. Finally,the experiment verifies the effectiveness of the proposed algorithm, which is able to handle data with

massive dynamic updates and improve running efficiency.
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AN B0+ DT 52 B0 AN 75 2 31 303 AN 8 R oot v L BE AT B
FIROR . A TR B i) B AR D BRI 1 BT
ik
HMAJRIBE R RS IS=(U,AT, V. D, @& A={A, Ay, -,
Au b 38009 RLJE S5 IS _add 5 R BUE o = (o >
DiREEE k S B AR R GBI RR
Eﬂﬂﬁﬁ%ﬂ@i&fﬂﬁ%/\immmﬁ<X>;L%{§E%éfn‘rhﬂﬁi&{u%

Update approximation

Ap, 77 A s

BAh omEAP 0
i-1 B i=1 a

mm%a%%*wmgg%WZEmﬁM$§}q<xwu
m+1 .
P Al O

1. BEGIN

2Ry O =[ 1/ * A7 Rt B 235 g (L 34 06 7+

3. Ry, =advantage(1S_add) / * J W7 3 184 0 BE 45 i 010 £ 506 2 =

4. FOR each x; € U DO/ * H7 3R 5 45 ¥ 1 05 34 56 28 72 3 MRS 42 30 1)
B x /

5. IF IR Gl — RS, GO NXI<KARY  (x)DNX#Q

THEN
6. €A, (X
7. ENDIF

8. IF IRy, (x)NX|>k THEN

9. €A, (X
10.  ENDIF
11. ENDFOR

12. FOR each x; € U DO/ * 15 AUKL BE 8 356 7 8 BE £ 0 i ML R
BT UEE * /
IT|

13. IF x€ Z A} (X) AND 20(\ <8 THEN

14, XS’Ai <X>:2<A{1 (X)—{x)
i=1 i=1

15.  ENDIF

[Tl
16. IF x¢ Z A (x> AND EM =B THEN

17. E@A' <X>—2 Aﬂ (X)U x}
i=1

i=

18.  ENDIF
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19. IF x€ 2= A7 (X) AND 2o, =8 THEN
i=1 « =1

m+1 m

20. DAL (XO=27A X —{x)
i=1 a i=1 a

21.  ENDIF

m [T
22, TF x¢ 2 =A! (X) AND X o) <<g THEN
i=1 a =1

23. "‘ij'\i‘Ai (X)zi1
24. ENDIFH ) -
25. ENDFOR
26. END
5.2 ERENNSEMRHITEE
MATLAB B 2 R 8O 50 s i T2 Kb
FHA71H5E T B 46 (Parallel Computing Toolbox., PCT) il 317
1% IR 55 (Distributed Computing Server, DCS) & &% I (1) 3 47
FHEA TSR (I 1 A X fif 2 PR $E 9 J7 % . SPMD(Single Pro-
gram, Multiple Data) & MATLAB 2 5 ) —FP IR 17458, 7T
PLX AR Y 24 Bidi i FE DL AT IR AT AR B, SPMD AT LY
BRI G Rk, RITRIFEE F i MATLAB I 047,
SPMD JEATREFAEZ A lab L IAT 554> lab 7549 BHL_E XF 17 8
A CPU B e A CPU, 4431 57 LT 2 ] il i 36 =5 A 77 25 4
SR R ARSI, R R s B R R, A
SPMD FA47 4549 1) g 43 A3 2B 51 L 42 ) 2l 28 5 0 50 vk 9 IR AT
M. Bk 2 R T 1 AT S,
&% 2 Para-Update approximation
MRS B RS IS=(U,AT, V. DL B HEHE A= (A LA, -,
A s SR R JE 454 1S _add 507 BB B E; o = {a, >

=Al OUx)

ay seevay ey REE kORI R B R SR R X R
T RURE 423 DU A O FIA (XD 4 JRUI L 56 o B 3T {048

Sal comEEAR 0
i=1 i=1 a

m+1
LN NS W L s i Rl S ‘;:\’Afk (X)) Al

m+1

E. Al 0

1. BEGIN

2. R, (O =L/ * (730 WORLIE 45 (R34 R o /

3. R}, (X) = advantage (1S_add)/ » 18 Hi 3 4 b JE 25 49 69 1 %
Ko/

4. SPMD/ * JFJ3 IFAT 4 = /

5. codist= codistributorld(1) / » A iy — 4k Xf [ 51 3k 47 53 ) 69 23 A
KBRS = /

6. R, (X)=codistributed(R}. , (X . codist)/ * 4 H Hi I 3 3 % 1)
B e Xk S HEAT A </

7.FOR each x;€ U DO / * ¥ 43 FJ5 i L3 2 53 2T * /

8. IF IRL., ()l —IRL., (x)NXI<k AND Ry (x) NX#O

Am+1
THEN
9. €A, (X
10.  ENDIF

11. IF |Ri... (xp) NX|>k THEN

12. xEALL, (X
13.  ENDIF
14. ENDFOR

15. ENDSPMD/ % JCH I AT4549 * /
16. PARFOR each x; € U DO/ » $4 5848 X 42 43 4 AT * /
[T

17. IF x€ A" (X) AND Xq, < THEN
i=1 . =1 N

mtl_ mo_
18. LA (XO=25A7 (X0 —{x)
, =

i=1 i=

19.  ENDIF

m [T
20. IF x¢& 2= A? (X) AND X« =8 THEN
i=1 N j=1 "1

=

m+l m
21. AL X0=2"A" XOU(x)
i=1 i=1

22.  ENDIF

m leal}
23. IF x€ 2 =A% (X) AND 2o} =B THEN
i=1 Ko j=1 "7

m+

24. DEAT 0=2A X0 —(x)
i=1 Ko i=1 kq
25.  ENDIF

m | 1|
26, IF x¢ 2 <A’ (X) AND Xa) <<g THEN
i=1 o j=1 "

28.  ENDIF “
29. ENDPARFOR
30. END

TP 1 MEE 2 MR E & E, KIUIMICI
o BT BRGNS R B 5k B S5 A B R R 13T
NIRRT R N (R3O | NI 7 3 N T I =R S
O U™ T E 06 7 72 B MR 58 35 81 58 55 I ASURE 2 1 3%
o6 F R 2 o S ORL R AR O B AR MY B TR A 20 EES S OCIU D,
PR 1 iSRRI E 248 OClU I +21UD . THRR L 2
PO B () 52 2% BE B R R IS AT RS N AT L OCU /N S #E
B i 4 9 AR B T DU B 300 R AR BB AR 1 dE U4 5
TRORE B DG 385G 28 1 B 22 R LA 4 00 10T B A48 1) I ) 522 2 B
¥ OCU /N, Bk 2 iy S il 52 24 B2 o OClU 12 +
2|UI/ND.
5.3 BEEHEENHTERESR

MATLAB EH JE 47 3+ 5 0 ST PR 58, #2448 T PCT (Pa-
rallel Computing Toolbox) #1 MDCS ( Matlab Distributed
Computing Server) , PCT H fig 32 £ 5 AS 4 845 S - 1731
SRR, MR B A 2 A LB AT IRAT R T, A A R E
PCT Fl MDCS., A It 7 £ #f v Ji 8 50 K A 1% I 47 72 07 1
T S sh R E MDCSP

ZRGT R 3 ATAY AR-AE job MF P B job () Job
Manager, $A71E 55 19 worker, B ¥ 2 09473 2 & P i
eI AT BT $E 224 job. it job ¥ AR 55 4y T 4R
ker, worker 3 I8 33X S8 4F 55 5 #E 4718 55, 58 57 58 BUR W6 45
iR 8] 245 Job Manager, BB Job Manager ¥ 45 A% 3% 245 % 1 v
th. AR ZORAE TA/NMESHEM S ALF S5ESFZ
V] AN A7 72 306 R 155, A BB K AR IR] B9 B2 5 A [ 79 5008 43 e 380 A
B worker "PIAT . BAAAT L BRINT -
T4 Job Manager., l) FR3E A 11 BAL 55 1) TM;

Step 2 BI# job;

Step 3 3 task, B %A1 2 i job 43 i task, task & X
T worker MEUIE , KRB 12 M0 43 1 /ME 55 5

A~ wor-

Step 1
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Step 4 $#£3 job, B K 1T 45 4% 32 44 Job Manager, Job
Manager ¥ {F 55 73 Bt 45 task A9 worker #4715 ;

Step 5 BIMCZE S, &5 R B 58 lE - B 45 MR R4 R
F ¥ 5
Step 6  MHBRAT 45 . B AL AT .

Bk mARmE 1 iR, HA.FHREEN Job Ma-
nager B @ job . {4 I AT RE 7 8 58 45 & 0 bk L B 7 Sl T IR AT
TR 53 388 22 45 Job Manager, il Job Manager $4T: 55 43 i 45 &
A~ worker $W AT, worker AT 58 4T 55 5 ¥ 45 B R 11 45 Job
Manager, Job Manager I Jf-45 5 , 76 45 F 1R 01 45 % 7 i o

WA BB f
AT TR RES| | SAPART | [ fworkers bl o4 %
e B3, 5|3 R
338 3 #Job B 4 2 A2 AL
Manager %, FRELEFE S I

T
4t

IS _add Manager

LAB Distributed Computing Server 6.7, % 3 4], L5 %
I UCT 0¥ JE 19 6 A B0 46, 9 X B4 kA7 i ab 3. 5056
B, DA LR G0 v 8 BB A B 5 R 1 Sy B B A R B HiE
AR NG E B RS . BER S B A 10 7 58—
B AR 0 U O AT A RS, AR i BR AR S
S — Oy B 4R A IF HEAT A R S AR R S L 0 A B 4R
HBEAT 10 IR SEH, 43 5045 B S SRk RS AT R LB A B
R RIS A IR AT N B TR B A b R T (LR R I ], S
B R 4R 5 BT A0, H b A BOHE 45 R 1 08 PUAT 10 IR
R EIE . AR SO AT 52 30K 4R B 1 1Y s 0B i 4 o 2 A
4,915 B AT SR AT X LG S5, W3 3 A O AT R S vk 1 Ak
K, sta-P-2 RANFHEIHATHEIELE 2 4 worker T iz 47 1Y B [A]
inc-P-2 Fl inc-P-4 73| 7R S A5 I 47 E B TR 2 4 worker
Hl 4 A worker T RYIBATES ], Fifi 5 H00HE 4 A 188 K I B L 1Y
AR HME 2— & 4 FiR. B2 PR TR RS —
ANBYE SR 0 W S T 0 e AN AT B RN Bl A TR B 1 1 A
RIER I E , K3 d AT B RS — DB S IR AT

= D
BT b A -
? HEE L . - WP s R X "
MOBE R, HE e PR AN B A5 AT TR R A A L 1 4 A
5Bt 46 %N worker & 1b A ; — , - . . - e e e e s
g 56, b K T — A MRS 5 T B 2 25 S 9 A7 80
=
ST LR Y I IR]
B 1 IR R R “
| | %3 IR
Fig. 1 Flow of parallel algorithm )
Table 3 Experimental date sets
7 8 ST
5.4 H{E?’:Eﬁ-‘iﬁ*ﬁ Date sets Samples Attribute sets
j{iigﬁ%fﬁﬂu? . MDCS %gﬁé EB — ﬁ Iﬁﬁ%ﬂ %‘)‘J_:T‘ F Statlog(German Credit Data) 1000 20
. ) N Wilt 4889 6
BN R B AT R B E R CPU 2 Inter (R) o .
Thyroid Disease 7200 21
Core(TM)2 Quad Q6600 2. 40GHz, 4. 00 GB P} ££ Fl 500 GB EEG Eye State 14980 15
B 4 R 4E R 6N Windows 7. MATLAB 2015b Win64 i A<, HTRUZ 17898 !
N . RN Occupancy Detection 20560 7
i PR EREE S MATLAB 2015b Win64, )47 & 5 MAT-
F4 OFERERD
Table 4 Experimental results(1)
N Statlog(German Credit Data) Wilt Thyroid Disease
o
static  sta-P-2 incre inc-P-2  inc-P-4 static  sta-P-2 incre inc-P-2  inc-P-4 static  sta-P-2 incre inc-P-2 inc-P-4
1 0.04 0.52 <C0.01 0.23 0.24 0.15 0.56 0.03 0.27 0.28 1.33 1.20 0.08 0. 30 0.31
2 0.11 0.55 <<0.01 0.23 0.28 0.72 0. 86 0.16 0. 36 0.37 6.58 4.37 0.42 0. 60 0.51
3 0.21 0.61 0.01 0.22 0.27 1.46 1.21 0. 38 0.59 0.49 15.87 9.76 0.88 1.14 0.91
4 0.41 0.74 0.02 0.24 0.28 2.64 1.97 0. 64 0.90 0.73 26.50  16.54 1.33 1.83 1.40
5 0.59 0. 81 0.03 0.26 0.28 4.36 3.07 1.03 1.37 1.03 52.60 28. 44 2.49 2.60 2.10
6 0.82 0.90 0.05 0.28 0.29 6.81 4.55 1.51 1.75 1.39 74.25  43.34 3.40 3.79 2.76
7 1.03 1.02 0.06 0.30 0.31 9.81 6.29 2.06 2.31 1.80 102.01 60.08 4.66 4.66 3.47
8 1.41 1.23 0.09 0.32 0.33 13.05 8.21 2.73 2.93 2.30  133.84 78.43 6.15 5.83 4.50
9 1.68 1.50 0.11 0.35 0.35 16.49  10.32 3.44 3.62 2.98  166.35 99.69 7.34 7.200 5.90
10 2.29 1.87 0.15 0.37 0.38 19.17  11.37 3.94 4. 49 3.38 207.94 124.87  9.48 8.55 7.09
®o TR
Table 5 Experimental results(2)
N EGG Eye State HTRU2 Occupancy Detection
o
static  sta-P-2 incre inc-P-2  inc-P-4 static  sta-P-2 incre inc-P-2  inc-P4 static  sta-P-2 incre inc-P-2 inc-P-4
1 1.37 1.26 0.35 0.55 0.48 3.49 2.76 0.57 0.81 0.65 2.54 1. 94 0.68 0.93 0.74
2 6.37 4.23 1.41 1.79 1.38 17.40  11.04 2.29 2.60 2.01 12.81 7.86 2.66 2.93 2.27
3 15. 36 9.56 3.15 3.69 2.53 40.21  24.66 5.04 5.24 3.96 29.22  17.37 5.90 5.78 4.73
4 27.64  16.78 5.47 6.32 4.29 72.60  44.23 9.09 10. 02 6.95 56.76  33.17 11.33 11.18 7.83
5 44.36  27.00 8.78 9.43 6.69 124.84 76.22 15.46  15.15 10.65  97.24  56.54  19.26 17.19 12.48
6 69.45  42.40  14.20  12.67 9.31 193.41 116.14 24.03  19.64 15.09 155.72 90.45 30.81  25.27 17.01
7 99.83  60.78 19.79  17.17 12.88 280.46 168.25 34.94  26.63 19.88 213.28 123.54 41.87  35.04 23.76
8 140.46 85.10  28.25  23.53 16.02  369.90 221.35 45.99  36.90 25.88 277.45 160.63 54.42  43.14 29.60
9 180.51 109.79 36.17  29.85 21.07 467.33 280.53 57.85  44.47 31.60 352.55 204.40 69.24  48.65 37.50
10 222.75 135.91 44.19 37.36 26.25 577.42 346.70 71.45 52.16 38.62 434.26 252.71 85.20 67.65 44.67
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Fig. 2 Comsuming time comparison of static algorithm,static parallel algorithm and incremental algorithm while adding granulation structure
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