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Abstract:

approximately.

Approximation sets of rough sets use existing knowledge granules to describe the uncertain concept
However, the cost information contained in data have not been considered when constructing the

approximation set of the uncertain concept. Therefore, the necessity of considering cost information is analyzed when

constructing the approximation sets of rough sets firstly.

Then an approximation set model of rough sets of

misclassification cost is constructed from the perspective of cost-sensitive, and some properties of this model are

discussed in detail. In order to find a suitable granularity space to describe the uncertain concept approximately that can

minimize the sum of misclassification cost and test cost as far as possible in multi-granulation spaces, the contribute rate

of attribute cost is defined, and the cost-sensitive granularity optimization algorithm is proposed. The experimental

results show that the proposed algorithm can be used in existing cost cognition scene. And a reasonable hierarchy

granulation space and the approximation set of the uncertain concept can be obtained under the given cost scene.
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3 R PR A A T IR R 5 K D Ji P 2 A 24 DAL PE
6], b id ORI E Y N pi, & P = PU{pi},C =
C — {p:}, FIWT C RN, MBA 2L, W 4k 4k
£ C 3 B AR DR 26 A KI5
6], B 5 C 5. 85 1L RN R PEAR I N p, 2R



%9 H A S A TF RN EBRGREERME 55 E FREL L 2075

2 Y L JE AR IC A po., MK IR SEHE, LIS W] AR 35 &
PEER P A 3k U 1t 1) 26 i U 4t — A J2 IR 25 R 45
MLEPPy — P, — ... = P, X P = {},P, =
{p1}, P = {p1,p2,- - ,pn}. H Costp, (X) RIRTER
J 7% ) Hh g U 1 P A+ e A AN AR 2 X 3
AR IR 7 AR 2 F. )5, 3R Costp, (X)) 1E &%
NI L FRTRE 5 5 B AR g e UL 2 [A], 1% 2 [
N A H B IR 2 A B I AL B R R
BARP IR PR, IR W B 2 .

NI SE
S=(U,CUD,V, f.35 %)
I H bR X

| iHioP,a),i=i+] |

| P ={a, \max((,o(P a))} |

|C C-p, P PUp,, ]++|

| P=0}.P={p} s PEAPoPe D} |
;
R=A{P}
cost, (X) = min(cost, (X), cost, (X), ...
v
SRR 0 P~ P P
SAR BB R (X)

,cost, (X)), 0 <i<n

S
2 RNHRMREIMEERE

BE1 AU ARL R T

NS = (U AV, f, ) EHEEME X,

B - J2 UKL L 2% T 25 46 AR RE e B8 X AR Ao
£ R(X).

step 1: FIUtL P = {},5 = 1.

step 2: FIWr C 275 7, W A7, MARAT step 6;
753 WHAT step 3.

step3: fori =1:|C|

WP, a;);
end for
step4: p; = {a;|max(w(P,a;))},P = PUpj,

C=C—pj++

step5: FlWr C 2 &N T
step 3; WIS 25, W AT step 6.

step6: 1FE|EIEFIN Py = {}, P = {p1}, P =
{p1,p2}, .- P ={p1,p2, ..., Pu}-

step7: R = {P;|Costp,(X) = min(Costp, (X),
Costp, (X),...,Costp, (X))},0<i<n

step 8: 13 IR UCKLEE W] Py — Py —
MIM43FE] R(X).

FETH S SLI I TA) 52 2% P2 I, AR 4T DA IR A 1L

URAS g, M HAAT

.'%P/L'7

T 5, RIR 3 R B S 0 RAE 2% 1F T A AT D 3 e 1k
TG LLX 3. 8 A SR R S S )

AT, B R () 52 2% B 32 2 H step 3 step 4 LA K&
step 7 5l #EH. 7E step 3 it a; K w(R, a;) 1 7 23K
3 Ar(x)~ Ar(x) BA I BNDR(X)|, 7 20 il 5K & 1
ERULRT m¥ﬁﬂﬁsmﬂﬁgﬁ%Kﬁkﬂ
I, step 3 BN 1815 22 2 4 O(ICI(IC] — RI)((R| +
|IR'N|U? + 2|U| 4 |BNDg(X)||U])). 7E step 4 H 5 %
K C — R w(R, a;) BRI N a;, BRI
KA AR 24 E 8 O(|C — R)), T BH63K |C| IR,
BRI, step 4 HIB (B 2 28 FE A O(|C|C — R|). fEstep 7
H SR ERRLE = A |C) + 1 2, BER S
AR F /IS FRTRE P55 225 ), G B () (8] S22 BE SR O (|C) +
D). — BT RS U KT RS C|. 4
b PR, AR R R R B A0 SR R I TR R R R
O(|U?|CP).

T T AN SR B A SRR I T BT AR

B2 2558 ik 2 From A RAN A 2 B

R2 ROEKNMPRKEERS

U ay as as ag as ae
d \°
A 0.1 1 2 3 4 10
z1 1 1 2 25 1 0 0 275
zo 1 1 2 25 1 1 0 21
T3 1 1 2 28 3 0 1 35
N 1 1 2 28 4 1 1 325
x5 1 1 1 3 1 0 0 55
z6 1 1 1 3 2 1 1 45
x7 1 1 0 0 0 0 0 180
zg 1 2 5 4 5 1 1 110
Tg 1 2 1 3 3 1 0 45
Z10 1 2 1 3 2 1 0 625
z11 1 2 1 4 2 0 1 14
Z12 1 2 1 4 2 1 1 15
Z13 1 2 2 3 1 0 1 175
Z14 1 2 2 3 1 0 0 16
Z15 1 2 2 4 3 1 0 60
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BRRERRAES = (U, AV, £ N). U = JF HAA Bs 88 PR AS 7] 19 A4 PR 45 R R AT 52
{1'1,.%'2, cee ,3715}, C = {a1,(12, cee ,ae},D = {d} AJ gﬁ ﬁﬁl?f?&%ﬁ‘]ﬁ%%%ﬂﬂi@3ﬁﬁ% ;&tf%ﬁﬁﬂgﬂ‘%*ﬂa

HUJ/IND(D) = {{x1,72,75,%7,%9,T10,T14,T15},
{$3,374,£U6,l"8,9311,$12,£U13}},1E§&X = {37371'473567
T3, T11, T12, 13}, VIER P = {}, LIS U/IND(P) =
{U}, R P(X) = @, Costp(X) = 269.

TR SR, T B & v LA AB AL 2 R
77 ). 3R I Sk B 1A @ A, I T R T AR w (P,
a1) = 0,w(P,as) = 0,w(P,a3) = 3.67,w(P,ay) =
3.26,w(P,as) = 2.57,w(P,ag) = 0.09. RIFHIL1,
FUGEI RN as, BB P = PU{as} = {as},
U/IND(P) = {{z1, x2, %3, T4, T13, T14, T15 }, {T5, T,
Ty, T10, 11, T12}, {27}, {2} }, R P(X) = {xs},
Costp(X) = 189. # FRER 24N @ 1, Wil 1+ 5
AR w(Pay) = 0,w(P,az) = 4.5,w(P,ay) = 2.51,
w(P,as) = 0.84,w(P,ag) = 0.13. IEF L1, 521k
LI JEIEN as, B P = PU{as} = {as,aq},
U/IND(P) = {{z1, %2, 73,24}, {5, 26}, {77}, {8},
{$9,$10,$11,$12}, {5513,3714@15}}, RA3 P(X) =
{z1, x2, 23, T4, Ts5, Ts, T }, Costp(X) = 143.5.

M HEAT TE B, FR ] B TE SRR AN B, W AR
Je TR IR BB N ass asy ars ae. IEFEIHIJE
WHRLE RN Py — P, — P, — Py — Py —
Ps — Ps. H¥: Py = 9, P, = {a3}, P> = {az,a3},
Py = {ay,a3,a4}, Py = {az,a3,a4,a5}, Ps = {a1, az,
as,aq, a5}, Ps = {ai,aq,as,a4,as,a6}. BILTHE AT
3 Costp, (X) = 269, Costp, (X) = 189, Costp, (X) =
143.5, Costp,(X) = 103.5,Costp,(X) = 114,
Costp. (X) = 114.2,Costp(X) = 134.2. H
T min(Costp, (X), Costp, (X),...,Costp, (X)) =
Cost p, (X)), BV 2400 B2 2 8] 4046 31 i Py 35 3 HH R
J& 2 (R, e AR AR S5 /N. T B Py B O 2 3R 1 i
MRRE B =5 [, HL BT 46 3t R 1) J2 KL FE 72 8] 1) Ja
FNFI N {as} — {az,as} = {as a2 a0}, 12
Py T RAF R R TN Py(X) = {as,
154,1’5,376,%87331172512,3713,3714}

I 51 2 /] LU, WA SO A R, AT
DARR S ILA {5 B — N 2 UORL I 7 (A 45 44, JF B
FEIXA J2 UORE 2 75 18] 46 # vha] PSR AR 5
R R AR /N AR 2 2% [8], I 3R HA 2 40 AR
FRAH RS SR AR
4 EWRIHT

N T S A B AR T T SR I A AR,
S UCT Hits 5 Hh Bl AL a6 3L 3 4> K dfs £ kAT SRR,

T {3455 M : N7~ 8 G, CPU A Intel(R) Core(TM)i5-
4590 3.30 GHz. #3135 8 Windows 10, 64 17 #:/F &
4¢, LS R 48 Matlab2014 7 4. H A Post-
Operative Patient Z(# 5 #1453 /4N 0T R ANl & e AR
2%, DAL AE S 06 i AR B T 3% 3 AN X 5, IF HaX 3 AN X 4
£ I B A R e S 6 ) 3R AT

*®3 BREEREEX

no. dataset |U| |C| classes
1 Post-Operative Patient 90 8 3
2 Liver Disorders 345 6 2
3 Nursery 12960 8 5

FERLFE AR I R v, A E AN S HCE 5 A
IF] 1Y 23 UK B 25 ). AT, 786 BA B 3 AN s B2 47
SR I, A SOR A R AN S 80 K, - 4008 N 25
SERM 550 B3 BRLFE 2 (8], HFAE 120K RE ¥ /]
R H BRI R 7 A (T SR,

DA 2 HH B SR B0 58 P AR 1T 7= 2R 1), R
Iy AN B IR A& T — 2R R0 R R R R 4y 2
KM A LS, WA AT DL 4Bk I8 (8]
G2 PR, 10 24 AT 2 BE Bk 2 I, 24756 1ML {5
WM AR R IR I B PR (R, R 75 ZEAE 2 — e ok
FH, 16 3 B DA T 8 AR AR 12 i 7R o,
SRR AL 45 TR N A2 75 SO 2R AT 7, 0 N SR
A IR R R N ARIZ D B0, T R A4 B sk
i RS2 IRYT 1R YT IR AL 9 10 9 FH RO 270 284K
M iy — i AT IS v, AT DR 4B ke i HG At TR 2K
XA S 8. BT HE S IR 4 E T R
R 73 RART LA L& P B R ACAN, 2E BEAT U8 I, %
T RAR I B S BB, AR I BENLA T
1, I AR R AR R FH 2L A 8] i AR S 50tk 4T
S5, B £ b ) B AR T SR A T BLRI A A
[ (1) 2 01, 7 S 6 o 5 v, K 126 BCHRC A 4 O 2 — 28
BAAE N H AR,

TR 25 A (R B s AR AT SIS IR AR 24k
{5 K. Post-Operative Patient £} £E . Liver Disorders %{
P 4E . Nursery 4 4 0 19 V0S5 A 2 8070 il
R RS Frn. Ho BAHARRN 1 AL
FEART R R 5 AN S HIY IO ~ 50 2 [8] () BE L
BHUE, 50 2 IR R R 7 RN S HIY I
0 ~ 200 Z 8] ) BFE LA B8, SEE0 1 B 2 ok — A
I R 2 () LR A5 45 € H ARE S IO AL, T
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ANV DA BB AR, DR, A2 SR AR 45 R
R FR s %R RE 2 8] SR A5 H AR B iR 20 AN
IR ARLER R R 20 AR, 15 2IZREE 22 1R XA A
PR AR AR 53R 7 AR Z AL i FAE S b, H
PR O SRR, AR I LA —— 5126 H AR
I R LSRR H AR S AN BUR L AUER
HH R R, SR8 53 4 B8 R A A5 38 4 J2 R 1 ]
LERI LA R AR R 2 8] T, 3RA5 H AR AU UK
AU AR R AR AR AR 73 S

%<4 Post-Operative Patient IIEE R NS H

Ja a; a2 a3 a4 as as ay as

MR 05 05 06 09 15 1.1 25 1
BRI 0~ 50 Z [A] I B ML B

WA 1 2 3 1 10 12 6 1
o AN 0~ 200 2 [8] 1) BEALHE 0 E

%5 Liver Disorders IIEEER NS

J&PE ay a2 a3 a4 as Gag

TR 4 5 3 6 5 2
WA RAN 0 ~ 50 2 [A] A B AL R 5 fE

T 10 8 9 7 10 6
WA RARN 0~ 200 2 [F] fBE M LA H Al

6 Nursery HIBERNBH

JE M a; a2 a3 a4 as ag a7y as
MR 1 2 4 3 5 2 3 1
R EAAMN 0~ 50 Z [A] I BE AL 2 AE

MR 2 05 6 4 3 8 9 1
R RARAN 0~ 200 Z A BE LA E S

T8 I A A BB B R T AE A R
M ST T 518 Wk FE 25 8], LIS 2
AR 5 R 2 A 2 B R AL AR ) B 1. £ 5
Post-Operative Patient £ 42, SE36 25 R an sk 7 f K 3
Fros. ISEER 85 R vT DUE Y, 7255 1 AN S 40T, b
JEE 25 6] 1 R 2R { a1, az, a3, ag, as} 5155 H kB
JEHERINT Nag — ag — as — a — as B, KHEH
T MR 1A AR UK PR A0 BL SR IR S AR B /N, 623,15
R 2HRBSEH T, ERBTEINT Nas — a1 —
ay = as — az — a7 I, A3 H AR A BURH)
I USRI SR B /N, 9 1435.

£ Xt Liver Disorders #4842, 5256 45 5 3% 8 Al
Kl 4 Fros. ATLUE M, 7R 28 T AANY S 50T, I BUE %
IRFE N as — ag — ar I, ¥ 38 H AR LS A B

R AER I AR B/ N 2 188, TE 2R 2 ZHAR B S 44
NEBESENFE Nas — a4 — ag — as i, #EH
PR AN BB U AL AR I 2 A e /0N, 2 5 088.

%7 Post-Operative Patient #{#EEE T HISLIELER

RN o ag ag a2 a1 az a4 a7 as

SR 666 638.7719.7749.2 691.7 623.1 647.2 669.2 644.2

WA 0 95.7 181.7224.2265.7307.1 360.2 480.2 519.2

1
R 666 543 538 525 426 316 287 189 125

RIS IERAZER 0.724 0.736 0.747 0.759 0.781 0.804 0.828 0.897 0.931

EEUBENT @ as a1 a4 a2 a3 ar ag as

BT 222221802206 21252007 1730 1435 1613 1800
WA 0 87 173 257 411 594 894 1218 1478
R 222220932033 1868 1596 1136 541 395 322

RIS IERIZER 0.724 0.736 0.747 0.759 0.781 0.816 0.885 0.897 0.931

R/ 10°
o N N (@) [ole]

[~ R ~.e e

- KR S

— BRI | e ~

¢ a, a, a, a a, a, a, das
RUGEHF R

(a) SBIARGSETRORE T

25
hol === .

= .
SRR ) TS ~. Y
& 10 L| == B ~e
P — afkm el
~ TN
st e R _
0 i L L . " " L
1} ag a, a, a, a, a, a; ds
A3k B ) SR

(b) ZE24HAUN SECT HORLE T
3 Post-Operative Patient {#E&E T
KNSR ESHER

=8 Liver Disorders #{#E5& THISLIR LR

ﬁm)ﬁﬁﬂlﬁf? z as ag ai a a4 as

S 3553 3394 2544 2188 2200 2200 2200
MR 0 1035 1627 2135 2200 2200 2200
1
WM 3553 2359 917 53 0 0 0

RIS IEHZE  0.580 0.675 0.870 0.982 1 1 1

ERUR N o as ay ag as a; as

BAUR 15031 11008 5927 5191 5088 5088 5088
AR 0 2760 4797 5043 5088 5088 5088
R 15031 8248 1130 148 0 0 0

R4 IERZR 0580 0.733 0.945 0.994 1 1 1
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4 — B I BN B/, R 74 7745 16 58 2 LARKL S HUT,
- === YT
= 3t \'\.\ - Ezﬁﬁm iﬁﬁﬂjﬁ‘ﬁﬂ]ﬁ}?% ag —» a; — g — a5 — @7 — Q4 —>
= 2l N, = az — ag N, I EE B BRI AN SO K T AL EE )
€0 s R /N, #9188 128,
0 ?I; als ‘Ilé .ax a, a, as . 12 1
[ws]
R ) P S
(a) S LALIRU B IRRLEE F 48 S
~ 4 r
20
i 0 —— ;
ERREN AN — G $od @ @ 4 d
< 10t MR B S 1k
E il (a) FB1IHARMSECT RE IR
5
oL e ————— e WA
; as a, as o 41 TR —-= §§{§4E1fr
ik YR = 3t E — i
(b) F2HAMNM SECT BRI % 2 F N
&l 4 Liver Disorders 8{#E&E T fH b -\k '''''''' ~——
RINSEEORIE SHER O e e o 4 e e @ m
U B ) vk

B X Nursery £ 45 48, 5256 45 R a0 & 5 M 2E 9 iy
. AT AR WL 7RSS T AR S 20T, 1 B 14 1 I
Nasg — ay — ar B, 1% B FR & A0 UK i

(b) ZE2AN S ECT WP A1
5 Nursery HIEETHEMRNESHONEIMNER

9 Nursery BIBETHILINER

IR NG 12}

ag as al ar a4 as as ae
AR 109982 111129 85191 74774 93314 105 161 113916 120869 114820
WRAAA 0 12960 30240 38880 60480 78336 95232 113052 114820
1
R 109982 98 169 54951 35894 32834 26825 18684 7817 0
oy IERR 0.671 0.710 0.832 0.892 0.901 0.919 0.942 0.966 1
B P g as a as as ar ay as ag
AR 428172 393576 347014 214963 226205 242549 234513 212201 188128
WAL 0 12960 30240 73440 95040 149472 167136 181056 188 128
2
5 A 428172 380616 316774 141523 131165 93077 67377 31145 0
R IEHR 0.671 0.710 0.758 0.892 0.901 0.930 0.942 0.966 1

ML L 3Kl SR K Se 36 45 R mT LUE Y, B R
JEE 22 8] R AL, I RARA B 25 1 K, TR 2 RAX I
B BEAR, IF HLAE R R 23 FACHT (R AR I, R 2 IE
B R S R, X S LS A P R R LAY & T
BEXS R — Bt SR AN F — H A, HE B F A
SR, AR B JE U T A — € M TR, BIAE 2 22
— MU S H 7T BE 51 A2 ORLE 5 (8] 5K )
52, B A5 2 H R R 20 A BT SR AT
REB A —FEH. XA LR % 3 7ok i 5
T PR 2 A R AR SC AR BUR RO AR T, E N FF
EPESNI

AR SCHR Y O R BB AR P 00 50—
KA F IR ARIHZ LT DR RN G5 R
19 24805 R BR L B AR BRI FORLE 25 18], 4%
LI 2 1A ) T M2 42 R (3 4 AR
RS AELI AN A GRALE TSRS FOORLE 22 18 T 44 2 i
UL A4 TR AR 510 AR 2 A
LR,

5 4 w

MRS R 20T 2 4 1R ., T8 R 72 L

SO S bR LR LSRG TV % 1 R B A
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P DTHR 2 B S, R T ZE XA T — AR
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IREE N B — AN 608 J2 O BE 2% (A1 45 44, I HLRE7E 24 1T
INENIRSE T e B B R RS 25 (a0 H AR ME & 47 1
A IR, IX 7 30 SR A I FR A7 AATTI) I 800 oK A o
W&, f% i, A UCLEHR SR X1 04T 1 50 F, S250
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