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Incremental Updating Algorithm for Appreximation Sets on
Semi-Monolayer Cover Rough Sets
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(School of Computer Science and Technology , Henan Polytechnic Univetsity4Jiaozuo , Henan 454003, China)

[ Abstract] A one-to-one mapping relationship exists between the'semizmionolayer cover rough sets and the set-valued
information system.When an object set in a set-valued information system is dynamically added or removed, the information
unit that corresponds to the semi-monolayer cover rough sets also changes.This leads to the change in the approximation sets
on the semi-monolayer cover rough sets.To address the dynamic updating problem of approximation sets on semi-monolayer
cover rough sets, an incremental updating algorithm for approximation sets is proposed by combining semi-monolayer cover
rough sets with incremental learning. The updating algorithom , comprising a centralized information unit with semi-monolayer
coverage, is designed to analyze the changes(in,the information unit. The updating algorithms of relevant reliable unit sets
of approximation centralized reliable and controversial units are constructed. An incremental updating algorithm that
corresponds to the updating algorithms of reliable and controversial units is designed , and then its time complexity is analyzed.
The experimental results on the UGIhdataset indicate that compared with the static algorithm, the update efficiency of the
approximation sets with the addition and removal of the object sets is improved by 21.5 and 29 times, respectively. Therefore,
the incremental updating algorithm can effectively improve the computational efficiency of the approximation sets.

[ Key words] rough sets ;§emi-monolayer cover;set-valued information system ;incremental learning ; approximation sets
DOI:10. 19678/j. issnx1000-3428. 0062982

RGeS AR
H R ARG T RE A Bk R R . PR
BRI T A 22 6 R AR X AR OC R BRI P

0 ik
25 i phy BLRE S 78 A A AT S 56 R0 A A B0

A T R R R B E B A, RE S Ak PR
HA AR ENE A — B S5 R nl p i 2 o MRS 4R
AR N T RO R e R Tl

ELWH:EXAKB %S (61972134,11601129)

FRRY BRAELE TR RN XK
F A2 Al )RR 2 58 Y E 8 b BRAE (RS B R 4t -
SCHRL10-11 45 i 480 50 2 4 5 MRG58 57 T — B B i

EZ R RIEVL(1981—), 55 IR 1, 007 m g HURE 28 RS ikE 77 ik 3 MRk 4 K B A .

5 B #9:2021-10-18 f& B B #1:2021-11-23

E-mail: wuzhengjiang@hpu.edu.cn



Fast ol L AT | S

FL A AU B B SRR B rP U D4R A B R TR Rk 201

HRI5r 2 ) 2 — DR R AR R G 1T L
i — AR A AR v, SCHR [ 12 DR 00 90 2 2 o5 R R
LM THEERE RS T IFEHI B E Lty
S, UE W T A R A AT DL 5 AR M B AR T T 4
TR Z KR ARRTPRAILSE AR (PR PE 4 22 5 &R LA
Lo fg RAE R H R B R T 1 0 T s S R (15
BR%

Bt I 18] B 4 RS £ R R R S RS AN BT M
AR o SRR AT AL AR ) 0RO 1 S e R DU 2 BB A
JEAE LR P RCR . H AR B R G U I PR AR
YU 7 2% 8 v ) 30 ) 4 A R A R 14 X

R o SR AR S8 U B Y 45 BT HL k5 A
SIFAREF, AT I8 B 4R T3 AR B H Y . A
2 ) R s T 2l 4505 B AR G0 Pl U4 1R Al
DAL 3 3T HOH AR . RERRE I sh &2 1L
PSR S DR (AN R X (=R D R (A Y3
R KT RE K EZELREL, X
R [ 18 J 25 T ABEAH] L 4 208 SR A £ 412 1) 20 25 DX o] {E AT
P R A R AR e B T ik . R = B IR AT
B MapReduce, SCHK [ 19152 1 28 MRS 45 (9 9F- 17
FEEBH T R R BRI B T LA . X R
b R A AR A, SCHR L 20 142 H— b <8 35 e 56 OR RS
R AR k. IR EG AR RS,
SCRRE21 T35 Hh 2 7 400 ol ke SR e 4 R I 7 ik 114 3
ACHFT L o SCHRL 22 T4 208 a2 J38 R A 4 A6 7Y
4 B AL T 3 O e T E T AR R A B R EORT O AL T
FEOBTE S B i B Sk (23 ]85 T AR
RS S A7 i 8l 25 e s 0 3 T P 2 R D vk

R SCHR AU B2 A i MR AR o 1T D)5 A 1Y R
WA XN 2 R R G s — %)
RN IR R GRS BRI, o M 40 B R A T AR D
5 T AR AL DL, ARG 1 B BT 1 A2 1 X #500E
UL 4R AT 5 B 5T A 1805 T B4 AR OC AT SE PR T AR 95
IS i D VA S 0 T 7 RO ¢ P g A <)
iy L AR i VSR T 3232 F SN/ =8I Ve
PECEVE

1 EAXER
P15 B R G S= (U AL WE= T4 3t
L UR— NS H R XT RN IS ;4 & AR

() Ja PR 5 v ok e M ) (S W = UA Vifi UxAd—2"

U x A3 Vi S T b

EX1 4 S=(UAVf)NEMELRS, Hh
A= (al,az, ~-~,a,,)o X% xe UNMTE BERRZE— 14
fHm s, REXX=<f(x.a,)./(x,a,), . f(x.a,)>, T
Frixa)REE.

EXN2 4 S=(UAVS)WEMREB RS,
Cell, =(y € Ux=y) /& S Fi—MFE 570, H x e Cell,,
X=Cell.. 15 Cell, i fi 5 A 24 2401, W% A5 B,
PRITHEFR R AT R T . WS Cell, th A e 448, W% A5
BEHTTHFRN I ATC, Cell, (AT SE A TEEIC N

RS(Cell, ), H: /1 RS(Cell, )=(Cell, e RC|Va,e 4,x € Cell,
yeCell,f(x.a)cf(y.a,))
A 5 BT AN 4 LR IT 43 32 Sk Cell, A Cell,, I
H A Al SE T Ot i 4R 5 40 iic h RCHTCC,
BE1 45=(UAVf)HEMEGEER. RC
M CC o 54 & S v At A A9 AT 58 900 A4 IR T
SAEE X U,S I XH DAOFI DEOE I T .
C,.,(X)=(Cell, e RC[Cell, e C__ (X)U
(Cell, € CC[RS(Cell, )N C , (X)# D)
Chao (X)=(Cell, e RC|Cell, € C, (X)U
(Cell, € CC|RS(Cell, )= Cey (X))
Cppo (X)=(Cell, € RC|Cell, € Cyey (X)HU
(Cell, € CCIRS(Cell, )N Cyey (X) % D)
Hrp.C , (X)=(Cell,e RC|Cell,c X); Coeo (X)=(Cell,
RC|Cell, N X # D).
2 IEERNEBEEEMN
MR IR R A AR AR B FU PR 2 A R A Y S
IR S KA . 1550 W F S T DSk TF iR Tt
ST 4R B K Y I A Sl Y x4 gk
7 Ak Bsf 0L B 22 B T R R A S B SRR vk a0
FHC 25 3 g3 32w T RCR M H 19 .
2.1 X &R I AL £ BhES T
L S =UT AN R R R AR B RS, S =
(AU A V) sl s B A28, b U BRI 4
£ AU TR AL BRI RS S" M S T {5 B
JCAr Witk Cell: e CELL" 1 Cell* € CELL®, & 4t S*
SR OT IRAESC 1] HE ST AR I RS(Cell? ) X —4>
Y RAUBIR IR RS " I8 W E B 5 RS
BRGL S =(U "UAU A, V.1), e R G S 115 B
JCRGRE AT SEATTAE N Cell" € CELL" FIRS(Cell" ). [F]
B X AT RERG N AX 2 X, o AXc AU, BIE  TEXT S
RNt R rh R G S MUK C o (X).CrL (X,
Crono XA Crig (X)W C ] (XN (X ) Cro (X 1)
I Creo (X 7)o
EE2 2 S"=U"AV.)REGEEMEFEER
5,8 =(AUA V. ) RFIGEESERG, L Ul
RIS S E AU I HWI 256, FTEE -1
Cell* e CELL*, N R /7€ Cell” e CELL", Cell* € CELL®
I H Cell® = Cell, W 7 T R 45 S" b 8% 17 15
Cell" = Cell® = Cell" H. Cell"=Cell"UCell>. 13-4 75
Cell" e CELL", Jf FL{F % Cell* € CELL" fili {& Cell" »
Celld J 57, WU ¥ 37 28 4 8™ 1 % SR A7 4 Cell' = Cell"
H Cell"=Cell", 413771 Cell* e CELLY, I H AT 7
Cell" e CELL"f#i Cell* = Cell" 7., )1 Cell" = Cell®.
JERA 4 5" S 4 FLE Cell” € CELL", Cell* €
CELL*ffif% 3Cell" € CELL",Cell* = Cell",Cell" = Cell"
AT AR E X 2 Cell BY5E X ,Cell"=Cell"U Cell*; 24
¢ §" v #£ 7F Cell" e CELL" fifi 1% 3Cell" € CELL",
Cell® = Cell" Bis7 , W Cell” = Cell"s [7] 145 3 A i it
WS




202 Computer Engineering

AL TR 202246 H 15 H

EE3 A S=U"AV.)NEREMEER
4,8 =(AUA V. ) N A B R, L s"
S* I AE B BT R Cell” fl Cell*, XF T VX, 24 S f
() T A Xt G 98 N & 8" AR, B X AX & X,
FEA 6FEN : DI Cell"e ¢ (X), H 3Cell* fifi

— GCO
5 Cell® = Cell” fil Cell*c AX Ji% 57., | Cell”UCell*=
Cell'e C" (X");2) W Cell"e C» (X), H BCell*

— GCO0 — GCO0
#75 Cell* = Cell” i 57, W Cell"=Cell"e C" (X');

— GCo

3) W4 Cell* e CELLY, Cell* c AX, H ACell* #i15 Cell* =
Cell"fi, 57, I Cell*=Cell" e C" (X');4) W Cell” e

— GCo
Cliey (X), H 3Cell* {15 Cell’ = Cell", ] Cell"UCell*=
Cell" € Ciiy (X )3 5) MR Cell” € Cl (X)), HACel ffif5
Cell* = Cell" i 7., M Cell“ = Cell" € Cliy (X7); 6) & it
Cell* € CELL®, Cell* N AX % &, H ACell® ffi 1% Cell* =
Cell" e 37, M Cell* = Cell" & Cloy (X ')

ERE TSt Cl (X BT AR SO T 3 R
BUHATIFE . PR LR IB T R e B 2 P A5 1 Rl ol
H  Cell"e C! (X), Ji LI Cell"=Cell"UCell*,
Cell'c X, 1T Cell*cAX, X '=XUAX, [N It Cell"c X",
Cell"e Cp, (X" [FIHE, 55 2 FHANER 3 b B0 AT HIE .

KT S oo (X RITTE AR SO )5 3 A 150 ik
e, WE Cell” e Co, (X), N Cell'NX=D. KN
ICell* 5 Cell® = Cell" J37 , JJF L Cell” = Cell"U Cell*
HCell'NX'=D. HItCell" eCliey (X ") [RIFR, 555 Fh
FIER 6 Fh A L AT HIE o

PO BE 1 A[ A, AR Cell, e € (X), WU Cell, e
C o por X UER Cell, € Coo (X), M Cell, € Cppyprg) (X))o
PRI, B 2 fff e T AT BT A B IR B, Y AR (E

R RG RGBT, th T T SE RIS,
I 0 R B 2R S8 8" i RS(Cell! ) 7T /i J5 16 & GyS™
o) RS(Cell? ) B8 45 21 . AR 45 o 22 2, A% SC i
GE R [ Y el R SN SR TR 7 &
15 B 5ot SO B R .

EIE4 A RSCell! ) HIFhH R LS  HEINERITHY
AH 56 AT ¥E BG4 | H CELL® 4 & RC*ALCC?, H
Cell} e RC*HICell? € CC* N R LS I AT SE I
iy B EAE L N5 3Cel A E. Coll” = Cell’, Nl
RS(Cell" )=(Cell” e RC"|Cell" &R S(Cell” ), ACell" e RC",
Cell" = Cell')U (Cell" e REY3CeII®, Cells = Cell A

ACell’, Cell? = Cell} AW.ape 4,x € Cell*,y e Cell’,

fea)ef(na,)): WA ACell* e CC* H Cell” = Cell’,
I RS(Cell? )=(Cell" e RC"|Va,e A,a,e A,x € Cell!,y
Cell}.f(x,a,)f(y:a,))-

{EBE 24 3Cell" e CC" H. Cell” = Cell” B, £ 1
RS(Cell?), R IR R SE S Hh4F & RS(Cell, ) LAY 1] 5
FITCARE], A SUUF RIS RS 55 RS(Cell, )
SESCHTTEE AT, P FE 2 AT, AR 3 Cell?, Cell =
Cell" H ACell" {5 Cell” = Cell? 37 , 1l Cell"=Cell?,
I, Va, ed,xeCell’,yeCell,f(x,a)c f(y.a,) 55

T Va,ed,xeCell!, yeCelll f(x,a,)cf (y.a,). I
RS(Cell, ) i 5 L1, Cell” € RS(Cell” ), 4 ACell” e
CC", Cell” = Cell” B , 4 1 S35 B AT

22 XMNEBBREFIEMUENSENR

L S"=U" AV RIEHREMEG L RS, S =
(AU.AV.f) B RS B R4, Hoh U IR i6
R AU MR 2, RBERS S St
H15 E BT HIiE K Cell" € CELL" #1 Cell® € CELL®,
SR RITIARDC AT HEFITHEIE N RS(Cell? ), —1>
XG4 AU S° B BRI, BB R MRS B RS
S"=U" - AU A, V. EEIERL, IE S" 15 B 20 KA
] 45 BT AE 4> 9 Cell" e CELL" HI RS(Cell” ), [
B X BB AX 2 X, T AXc AU, IRt 7EXT 4
ERER T, S P IE R H Ch (X),Ch (X)),
Cno ORC iy (XVERAC (X, Cy (X, Gfigg (X 1)
FCh, (X,

EES5 4 S'=U"AV.f)NFEIREHERBE R
85, S =(AU, A, V,f) 0 85 5% Bk 1 45 (B B gt , v
U" R GG X 55 AU 958 B I 0 28 O X T4
B — > Cell® e CELL", £ /£ 3R IF L . 1) an K A7 1
Cell" e CELL", Cell* = Cell" 3 H. Cll* = Cell", ] 7£
TR B R G S" AR AN 17 AE @€l e CELL", fifi 15
Cell" = Cell* = Cell®7 32) lir% /7 /& Cell* e CELL",
Cell* = Cell* #f: H Qelldg Cel" , 11l 75 57 37 55 ) 5 5 S
IEAE Cell"—Cell*=Cell" e CELL", {#45 Cell” = Cell® =
Cell" i 5% ; 3 U7 16 Cellc CELL" {H ACell* €
CELL# Cell= Gell”, Il 7 T 7 Jii 1 7 %5 S" WP 47 15
Cell"=Cell"& CELL",f#f3Cell’ = Cell B .

WE BB T Cell* AL BR 015 B 50T, AT &
Cellé “#2771E Cell" € CELL" i/ Cell® = Cell". .
Cell® = Cell", T 158 Wi {7 B BT i A T A7 6 2 ¥ 9 7%
bR o PG 5 B B IR FELE S" 1 CELL" o, an2g
Cell* ¢ Cell”, W15 B A5 18 BT v (438 40 X 2 35 9 %
o DAL 3Cell" € CELL" i /&£ Cell" = Cell”— Cell* H.
Cell" = Cell’ = Cell". 453FMHHLII Cell" x4k
e IS | BRI Cell” = Cell® € CELL" H.Cell” = Cell

EIE6 4 S"=U". A4 V) NEGEMEERS,
S*=(AU, A, V. f) IR bR A5 B &g, Hrp s Fn $*
o {E BB TT R Cell Fil Cell®, XF T VX, 24 S (4 fir
HXTGIN S R BRIT B XFEBR AX 2 X AFAELATR
5l B0« 1) BT 5 3Cell {f 74 Cell* = Cell” L Cell* =
Cell" {37, W ACell” e CELL" {5} Cell" e C.. (X ")l
Cell" € Cgeo (X VAL ;2) IR Cell" e C! (X)H 3Cell*
W2 Cell’ = Cell 1 Cell* C Cell’, ] Cell"— Cell*=Cell" €
C" (X");3) W% Cell'e C"_(X){H ACell* e CELL®,

—GCo —GCo

Cell* = Cell", I Cell"=Cell"e C} (X ");4) W Cell" e
Cco (X) H. 3Cell* i /£ Cell* = Cell" il Cell*C Cell”, ]
Cell"=Cell"- Cell 5 W Cell"NX 2B, Cell" € C ey (X )
5) 4 Cell” e Cl, (X){H ACell* € CELL*, Cell* = Cell"
H.Cell"NX =D, Cell"=Cell" € Cgey (X )



Fast ol L AT | S

FL A AU B B SRR B rP U D4R A B R TR Rk 203

ERA fE 3 S AT, W 3Cell® ff 45 Cell* =
Cell” F Cell* = Cell" j 57, W] 8" 03 8k A7 1E Cell”
CELL". [H b, 55 1 Fp g & ol uEAS o W 2i 3Cell* fifif5
Cell* Cell" fil Cell*CCell i 57 , Wl 3Cell" € CELL",
Cell" = Cell"— Cell* H. Cell' = Cell® = Cell'. [
Cell"e CP (X),TLhCell"c X, HITF Cell"NAX=Cell",
A Cell” — AX = Cell” - Cell*c X— AX, Bl Cell" c X ',
B Cell" e C (X))o [RELE53FPIEFALATUE, 45 4 Fh
S S FhiE ARG 2 B 1 Cuy (X)) A0 E BN AT HEFS .

EIT A RS(Cell?) NGRS S" 4 BUATTHY
TR TR IS 3Cell" € CC, Cell- = Cell', il
RS(Cell" (Cell’[Cell"eRS(Cell" ), 3Cell"eRC", Cell =
Cell!).

WERR A B S A, — b5 B T RE RS bR, BT
DA G AT T AEBERS R . WIS 3Cell! € CC",Celll =
Coll’, 1] Cell" B b AX I A3 Cell K 25 . [, 4
HL3Cell* e RS(Cell” ) HAF7E Cell" e RC", Cell” = Cell’,
W Cell! BBk AXRASE] Cell) RN7%s . HAERS(Cell, )i
E AT AL, Cell” € RS(Cell” ),

3 AXEHEZE

ENS' @ I R TR R SR = R i < X
2 2 RN 3 43 I R R G A 3 0 ek U D B A 3 i
OB AL
3.1 EBSEE

TEE 2 FE B 1 B FEab b, A SCIR T AR N

A AR .
BRI 2 B SRR A P R AR A S

Bk

BN HHERRGES= (U A V.f)MARES X

Wil C,,,(X), €, (), Coy (X)F1 Cppy (X)

1R 5 S 2 M3 13 B 206 343 S T S 200 A4 8L

2 AR SE T 1 T T O R X 2 B S R
C o ) FI C ey (X0

3.4 RS (Cell, ) B ST ORI fE T4

4 MRS C L (X0, C 4y (X0, Gy O C gy (X)

BEvE 1 FZA3 Ry A0 B - 1) K T B B T Y e i)
Z2pE R 0(|U)), Kb | U | WM B R S b et
MECH 52) 1155 C ., (XQFIL Copp (X) T I ] 52 2% i Sy
O(IRC|) St [RC W AIGERTCATR 3150 RS ( Cell, )Y
il 2k O (| CC| x |REY), For [CC| AL BTt Yy
BHOHHC L (X).C Ly (X)) Crg (X)FT Cropy (X) B
il & Z4)% 4 O (|CELL|), or [CELL| {5 KL St 4L
H, BT poc 54 occ H Z M. B 5 B RoT
ST HANAHAZ R GAR | TR H R /N 5 3 A 24> H0r
LT A Z W o VA LR R R T ] & % B Ol O(U L+
[RC[+|CC|x [RC|+|CELL)~ O(U| +|CC| x [RC)).
32 MEREFMAHEMNERIEEEREE

MFLR RGP I — A% R R MR 2.1 5 2
HR A 5 YR T TR R A R

HiE2 WIM—"1XRENSEHLRZEE
TR RE 45 v T U4 B 1 Rk

WA\ JFREEGERES =U" A, V)T EH$
JC Cell"e CELL", C! ., Cico LA B RS(Celll ), H 11 Cell? e CC",
S B R G S =AU, A, V., f), BT N A 2 AX DL R
YR R HE S X

Bl Cp (X, Col (X)), Chag (X Crgy (X1)

L Af S 1 P 3 15 B BT i HE Cell® e CELLY

2 M E L 2, At SY S AR B AL OT I I B H R 4G
AR B LT, BT B 2R e R B T EE PR T A 0 B 3 K IR
HET)ETF Co, (X)) Cley (XN

3. MR S B 4, 0 G 8T IR AR R 4 R & R AE AE Celly, fil
PR HH RGP AEAE Cell) 5 HAR B B ARSE SR O[] 1y 77 =X
54 RS(Cell! );

4HEEILHFEC ], (X)L L (X),Chag (XDHIC, (XN

BR2 B AN LR DGR R E B
BATT RN ] 52 A% BE O O(A U 2) 1 8 37 22 48 TS
BRICHITEE Cl L (XY Chey (X ) AL i JTEGELLY,
H B} 8] &2 2= % & O(CELL*); 3) Q3R R iR R 48 P A7 1+
Celll, f#15 B8 22 G0 H A7 1E Cell! 5 HAS B R AR 45
W3k 7 RC*, A & 7% 0 O(€C ™% [RCH)), 75 W77 2L
T RC™, )5 298l O(CC| x [RC™);4) i ] &2 4
B i O(CELL").  HiE 533 1k 2 WA i) 0] 52 2% B o
O(AU|+|CELL"|+|CC"|%fRC"|+{CC*|x|RC")~ O(AU|+
|CC"| x [RCY| +4@€~[ % RC" )< O(AU| +(CC"| + |[CC"]) x
IRC") = O(U |+ [CCUYx IRE) , PH L5 2 Y I ] 52 7%
FEAK T 5 1 B R A
33 WHEBKRMEUENIEEEHREE

LI IRER U B bR — A X G AR AR 2.2 T R
M ) O 1 I TR 0L A B e R R

HiE30 B — X R ER S S E PR )EE
T FDREAE rh T (L 4R 10 34 1 5k

WMAN BIBEEGERE S =U" A4, V,NHHP G B HR
JaCell”e CELL", C? ., Cico LA B RS(Cell?), Horh Cell? e CC",
R BRI EER B R G S =AU, 4, V, 1), B B BR W 1 & AX
VLK T I M X

W CpL (X)), (X, Ch (X ) FTClyy (X1)

L 1 PR v 5 B e iy Jy 5115 Cell® e CELL®;

2 MR E B S, T TR AR S R 45 BT, B X B R
e R RE oG, 3F — 20 e B e I W R w R F
Q‘G]Cﬂ(xr)*l] C‘cl,co(x');

3. E IR RGP AE AR Cell, i 45 W 3 & 4 AT AE
Cell" . Cell” = Cell", WAL 7 B 7 17 #1155 RS(Cell )5

AR C L, (X),C p (X),Ch (XDHIC gy (X))o

PR 3T BR 1 R R 52 2 O(AU). %R 2
HREH RGP E BRI CL (X)), Caco (X )T
i Jj CELL®, A i FL i ] &2 2% B2 2 O(CELLY). AR 48
EF 7, B 34 RS(Cell” ) YIS E] B 2% B Jy O(CC)).
L 3P BR ART R &2 42 8 O(CELL")., HFHIE3
A9 B 0] &2 2% i O(AU|+|CELL*|+ |CC"|+|CELL"))
H/NTF O(U" |+ |CC"| x [RC")), PH 1H B 8 3 14 I ] 42 2
FEAR T3 1 AR a] B 4R

AR SC a3 X6 L A A T R T A G e B ) 5[]
S22 BEVTAL, JeIe X R AR B TS A SR A BR L 4
T 1 Bof R A 2 R AR T i A R Y B TR) AR 2



204 Computer Engineering

AL TR 202246 H 15 H

4 LRERSHW

S S 3 7 SR AR b B — R A S 0 Y
A AR . R RS R R R — BUN AR T
AR SO SR 0L )2 B S LR 4R b A LA BT T AR B9
(1], X L 285 B0 v R Rk R

AR S H I3 R R G TN XS G A% Bk A O
X PRI B R B9 X S8 2 AR UCT R 4 14T .
B A 9 AR IR I3 1 TR o

F1 HIESEMHIE
Table 1 Data sets description

B4R WL o A x

wdbc 569 30 2

Anuran calls 7195 22 4
Magic Gamma Telescope 19 020 10 2
Letter recognition 20 000 16 26
Sensorless 58 509 48 11
Covertype 581012 54 7

AR SOM U B AT TRIAL T X IO 1Y) B A5 R R
G¢, o3 S A T A B B/ IMEL R ORAE CF B R R

= 0.045] =021 ¢

= =2

£ 0.030 A 8o | | B0

= 000 oy = O e g
0.015 |- 0.07 F

OOOOLM 0.00 ] 1 1

A7 850, 85 FH NN R HES 7= A= 34 RN B . dn SR iz 51 (1)
FEASJEEAEAL T4 1A (BB, W2 & P (R 0T B - B
P0SE o AR LA TEE 34N ) B, D0 32 a8 M 6 T 5
I AN TR ) BAEL T 53 , 705 D2 1 X6 197 iy 1 5 & i 1)
EMHIC %

S0 B B A B /E &R 48 8 Windows 10, CPU H
Intel® Core™ i7-9750H, N 7%~ 16 GB. 7 3¢ f#i
Java i 215 75 78 IDEA V& [ S B A8 M s 8k,
Horp Java lERIHLARAS R JVM 1.8

MNF R AE K AR AR A SO AR R IR R B AR
PN GBS AT HE T AR U3 i & A= AR b (i v in 2]
SRR RGN E IR R GRS R ) X G5k, X R S
T R e A A B IS TRD L T A R EE R X S
AT R

X F— X R AEGR I B IREES B R R
B 7 SO B SEEA TR AL L 1) B AT SO Rt 4
VE R TR AR B 5 2) B 5 50% A% 42 3 04 104
IR 10% ,20% , =+, 100% 7 1 Z2 J5 5 it s &1 ok
PR LRI 2, AR SO FH DA b7 AR B0 ZH A w5 %
AR A RCHE AT S0 . e AS ) B B 4 Tl 2% 4 0
JIES B33 1 ANk 2 1 F A0 (Rl skt Bt 101 T 7w

0.075 035 0.35
T - ;/E/E/EMI/E/E/E/E 0.28
i

= 021k

E >

g | SR

=0 —A— 2
0.07 |

I} 1 1 1 ] 000 Zi—_ﬁ——%—é—_é—é——é—_‘%—_%—_%

10 20 30 40 50 60 70 80 90 100

10 20 30 40 50 60 70 80190 100

10 20 30 40 50 60 70 80 90 100

G INF % BRI % G INF %
(a)ywdbeXii4E (b)Anuran calls# 54 (c)Magic Gamma Telescope${(#i 4
0.440 - 4.175 - 7.875 ¢
OSSZM/B/Z/E 3.340¢ 6.300 ;/E/E/»_W/Z/Z/B/E‘
=z 2 ” g
= 0.264 | = 2.505 = 4725
2 - = = -
§ S & o ?ﬁ ok
20176 b | Ay S I6T0N | —a g2 23050 | Ak
0.088 - 0.835 1.575
4 ~ J,_é__#__#—-A—-A
0000 L—— 1 1+ 1 1 0.000 A—t—t o = 0.000 Lt
10 20 30 40 50 60 70 8090 100 10 20 30 40 50 60 70 80 90 100 10 20 30 40 50 60 70 80 90 100
RIS IMEL o G INZ Y% MLIRIMFE %
(d)Letter recognition® 54 (e)Sensorless# 4 (DCovertypei it

1 YnSEmEEX1NE R 20T EREXTL

Fig.1

M LR LA H Bl B 0 EE b A A e
SOBCH RO N, B LR 2 AT A [R) T A 3
FER I R BOA HES A IUF S iy N S E R = NI
322, WL, B TRBCRIE TR 2, 45
P 45 v AL 6 g st £ B BT (] S PR TR 4
HOD) A H B . RS LA 28
Fsf B 42 2% S8 T 2R, 2 A4 B vk B Xk 5 4 04 14 n i 7 1)
T I ) s 2 390, B 1Y 4 R e 1R A 2

Computation time comparison of algorithm 1 and algorithm 2 when objects are added

o BT PR — 2K

MXF G R INZE R 10%.50% F1 100% I, #8540 1
AR R P 2 3T B B4 BT 7 2 A B IE) Y R
F2MiR . IR 20T LLE W, BEE XS0 A4 1
D)L S W = W S v i N T O [ 217 LA N €
Sensorless B3R 4E |, 24 %F 2 IS 2R3k 2 100% B}, 54
B 1B AT B TR K 4.155 s, T B vE 205 0.224 s, Hif
HA )G E R 1845,



Fast ol

FAEVL, GR M, 5K

E"%:?ﬂ

LiyE & ik kU b VE SINE b R T R 205

®2 HF15HE2ETHENILE

Table 2 Running time ratio of algorithm 1 and

algorithm 2

18 FT I i e B

XT3 AR R IR SRS B R G h BB i1
L, AR SO RO R AT TR AR B 1) 7 A 1 B di SR AR
R JEAREAE ;2) KI5 50% BTG58 53R 104035 3) 4K
UK 10%,20%, -+, 100% MR B B0HE R B o X5

HHE 4R 4R TR S FEE ; N \ "
oo v %10m D LRI 3 ASCH L L7 69 10 LTSI 1 S
— e P N [ Ot /18 2 S s R P NC LG ¢/ ISP X
Anuran calls 12.36 996 603 945 o 238 Bk AR 1RGSR 3 A8 T AR A )X L ] 2 BT
Magic Gamma Telescope  20.90 1286 11.00  14.92 o MWEI2WTLLE th, B B R s, ik 1 2
Letter recognition 10.82 698 520  7.66 TR MR L 32 EIHER A RRE 3L R
Sensorless 90.71 39.58 18.00 49.61 TEEE IR T . WL, 4igs b x4
Covertype 55.80 22.81 11.83 30.14 %*g%ﬁﬂ‘ﬁ% 3 E@&ﬁ%%% .
0.070 g 0.325 0.320
0.056 | 0.260 - 0.256 |
= 0.042 20195 20192t
= = =
—B- 5k —B- 5k —B- 5k
ﬁ 0.028 | —A—gw Foasot —A—giﬂ Fonst _A_g%
0.014 0.065 0.064
0‘000Z 1 1 1 1 1 1 1 1 4 1 1 1 1 1 1 1 0'0001 1 1 1 1 1
10 20 30 40 50 60 70 80 90 100 10 20 30 40 50 60 70 80 90 100 10920 30 40 50 60 70 80 90 100
MERBERE % MEBERE % XRBERE%
(a)wdbcH 4 (b)Anuran calls¥(#i4E (c)Magic Gamma Telescope B #i4:
0.420¢ 4.0 75
0.336 |- 321 6.0 |
= 02521 2 24r 245t
0168 | A gy K S N F0f [agius
0.084 0.8 - 1.5 F
OZ 1 1 1 1 1 1 1 0.0 A—A—Ax T T 1 0.0 1 1 I 1 ]
10 20 30 40 50 60 70 80 90 100 T10 20 304050 60 70 80 90 100 10 20 30 40 50 60 70 80 90 100
K REEBRE % AR EEBRRE % KRB %
(d)Letter recognition# 4 (e)SensorlessE ik (HCovertype$i i
B2 UK BREEE I ME 3T ErR At
Fig.2 Computation time comparison of algorithm 1 and algorithm 3 when objects are removed
NG RBR R A 10% .50% FIL00% I , #4573 1 M3 AT, X R AL BRAHT I, SR04 1
A 1 5k 3 1H T A A8 A T TN B 1 40 2% 3 BT . RN 1 50 3 T H A T A8 A7 I 1] Y LU (B Bk B/ . 7E
%3 Hi31 5893 ETHE N E Sensorless 4 I, 9% Q8 PR R 1K F 100% I, 53k

Table 3 Running time ratio of algorithm 1 and algorithm 3

RIS AT I ) HE A

Hoir g MEBE MEBR WeBk THH
10% HE50% R 100%

wdbce 29.95 12.04 7.11 16.37

Anuran calls 29.63 18.60 11.16 19.80

Magic Gamma Telescope 37.83 18.15 10.39  22.12

Letter recognition 25.87 11.86 6.58 14.77

Sensorless 147.55 35.14 11.26  64.65

Covertype 82.51 18.65 8.16 36.44

1 FRAT IR [R] 4y 2.489 s, T B3 37T 0.221 s, Bl & /&
Ja BB 11.261% .

TEA 6] B 48 46 b, X R B R F6 10% Fl 100% Hif
|AU|+|CELL®|+|CC"|+|CELL"| % 4 fir 7% . M 1E %
HIE B RETBEE— WG EAUR, HTEHG R
Gerp 48| U" | NG BT (AT E BT RCY R U
J6 CC") A H Bl =2 sk /D, PR3 1 0% 31 53 B[] 0
o MRS B A G 4E AU IS KR, JAU|+|CELLY| 28
K ,|CC"|+|CELL"| 28 /N HHT # B3 &8 K FIa & m
W, TR I R PR S R A RS AR R
S vk 3 5 BT, IF HLE 2 i 45 1 45 i [e) &2 4%



206 Computer Engineering

TR TR

202246 H 15H

J& 1 o3 B DA — 2

F4 ERBXNEKHBZET AU +|CELL® +|CC"|+|CELL"|
&R

Table 4 Result of |[AU|+|CELL®|+|CC"|+|CELL"| under

different object removal ratio

|AU|+|CELL"|+|CC"|+|CELL"|

XSGR ER A 10% JTEBERR K 100%
wdbc 697 895
Anuran calls 6 048 8 786
Magic Gamma Telescope 6733 15 096
Letter recognition 14 361 22 496
Sensorless 75 196 94716
Covertype 85769 349 697

5 #5RiE

DR AL £ L R 8 T B4 % G R Bt 1] 114 4 A% T 494
e B B, S B R R A R R A P i AR R
AR o AR SCES S I ) 5 U R S R A 2
T LR B O RO . @ R B o AT
LT AN U T Y SR T L LIRS IR R AL
A A S RS R AR D A B R O
ST LR R 2% B . AE UCLEUHE 4 b kAT S50, 45
R, 0 R AR K A AR A, AR SCRE AR T # 25
RPNIBURIPE Sapc R v T N S LR Vs & i
it 4 38 B OO SRR S ORBUIR HE R AR 25 5, O X AR 3
B RS R W R AT AL I R E AT BIE Y A L RE B S
I Ack B2 767 9

£ % Uk

PAWLAK Z. Rough sets [J]. International Journal of
Computer & Information Sciences, 1982,11(5):341-356.
BT R . AT ARG B 19 3 S 42 G4 [T,
A MLT A ,2019,45(9):211-215.

LI S Y,LIU Y. Classification rule mining ‘algorithm for

[2]

weighted fuzzy rough sets[J |. Computer Engineering 2019,
45(9):211-215. (in Chinese)

FG KTy, A e . AR T T R HE A AR
BEAMEACHERET]. T B P FE02018 ,44( 1) :219-225.
JIANG Y,ZHANG D FyDIAO Z L. Similarity personalized
recommendation of user matrix model based on click stream[ J |.
Computer Engineering;2018,44( 1) :219-225. (in Chinese)
FaAE  BRACR SO 5 e TR R A D RE L 4R 1E
B R I 5 0 M [T ], B ML TR, 2020,46(7) : 36-42.
WANG JH,CHEN Y L,ZHANG Z Z, et al. Same origin
attack analysis based on features of industrial control system
function code[ J]. Computer Engineering ,2020,46(7) :36-
42. (in Chinese)

FIE U] R R, A T R DR H e 1 6 T
LRI L8 H ANBERESTVE T ] LA, 2019,45(11) :107-
111,120.

WANG Y M, CHEN B,ZHOU M, et al. Heterogeneous

wireless network access selection algorithm based on

[10]

[11]

[12]

[16]

[17]

[18]

subjective and objective weight judgment[J]. Computer
Engineering,2019,45(11):107-111,120. (in Chinese)
KRYSZKIEWICZ M. Rough set approach to incomplete
information systems|[ J ]. Information Sciences,1998,112(1):
39-49.

STEFANOWSKI J, TSOUKIAS A. Incomplete infor-
mation tables and rough classification[ J ]. Computational
Intelligence,2001,17(3) :545-566.

WANG G Y. Extension of rough set under incomplete
information systems| C ]//Proceedings of IEEE International
Conference on Fuzzy Systems. Washington D. C. ;USA;
IEEE Press,2002:1098-1103.

GUAN Y Y,WANG H K. Set-valued information systems[ J |.
Information Sciences,2006,176(17):2507-2525.

WU Z J,CHEN N, GAO Y. Semi-monolayer cover rough
set: concept, property and g-ranular algorithm [ J |. Information
Sciences,2018,456.:97-112.

SAETL XGRS 28 T b A A AR TR
IR R 24 (FR2A R L, 2014,49(8) 1 6214,

WU Z J,LIU Y L, GAO Y. Cover rough sets on a'semi-
monolayer cover[ J]. Journal of Shandong University ( Natural
Science),2014,49(8):6-14. (in Chinese)

WU Z J,WANG H,CHEN N et al. Semi-monolayer covering
rough set on set-valued information systems and its efficient
computation [ J | Tnternational Journal of Approximate
Reasoning, 2021130 83=106¢

HUANG QQ,LLT R,HUANG Y Y, et al. Dynamic dominance
rough set approach for processing composite ordered data[ J |.
Knowledge-Based Systems,2020,187.1-17.

SEZ R ATE ) E BEEL TR i AN T 2 (VR A i vk 24
Jik [0 B AL TR, 2016,42 (11):213-218.

WU J, LTANG Y,MA Y. Attribute reduction method of
concept lattice based on infimum irreducibleness [J].
Computer Engineering,2016,42 (11):213-218. (in Chinese)
YANG X, LIU D, Yang X B, et al. Incremental fuzzy
probability decision-theoretic approaches to dynamic three-
way approximations[ J]. Information Sciences,2021,550;
71-90.

HU C X, LIU S X, HUANG X L. Dynamic updating
approximations in multigranulation rough sets while
refining or coarsening attribute values [J]. Knowledge-
Based Systems,2017,130.62-73.

Bk NES O PN T R (R Fi D R R i i AR
INEIRORI L R B8, 2020,41(10) : 2063-2067.

LIU F L,LIN G P. Updating optimal scale in multi-scale
decision systems under environment of attribute value[ J].
Journal of Chinese Computer Systems,2020,41(10):2063-
2067. (in Chinese)

SANG B B,CHEN H M, YANG L, et al. Feature selection
for dynamic interval-valued ordered data based on fuzzy
dominance neighborhood rough set[ J]. Knowledge-Based
Systems,2021,227.1-10.

SREE Ko R, BT B N AT HUBE R 1R T
B AR, B4R, 2015,26(5) : 1064-1078.
ZHANG J B,LIT R,PAN Y, et al. Parallel and incremental
algorithm for knowledge update based on rough sets in
cloud platform[ J . Journal of Software ,2015,26(5) ; 1064-
1078. (in Chinese)

(FHH212750)



(F3E5 206 77)

[20]

[21]

PNEFEE . JET XA A MU A S A OB LT ).
BHE R Y, 2021, 16(4) . 746-756.

SUN H X. Dynamic updating algorithm of neighborhood
decision-theoretic rough set model based on object change[ J].
CAAI Transactions on Intelligent Systems,2021,16(4) .
746-756. (in Chinese)

AL R LT Afl A BT R R R A AR S O
HUREARR AL ) ). 5 H 50K, 2022,37(6) :1621-
1631.

YUAN H X, ZHUO X X, ZHU D, et al. Incremental
updating algorithms of neighborhood decision-theoretic
rough set model for hybrid data based on matrix[J]. Control

[23]

and Decision,2022,37(6):1621-1631. (in Chinese)
R IV RE , AR . AT I 2 RS B i TR R e B
L] ANELROR S SE ML AR 48,2020, 41(5) :908-918.
XU Y,SUN W K, WANG Q. Incremental algorithm for
knowledge updating of neighborhood multigranulation
rough set[ J]. Journal of Chinese Computer Systems, 2020,
41(5):908-918.
SANG B B, CHEN H M, YANG L, et al. Incremental
attribute reduction approaches for ordered data with time-
evolving objects[ J]. Knowledge-Based Systems,2021,212;
1-13.

iR TR





