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Multi-scale decision model based on partition order product space

XU Yi'?, ZHANG Jie?

(1. School of Computer Science and Technology, Anhui University, Hefei 230601, China; 2. Key Laboratory of Intelligent Comput-
ing and Signal Processing, Anhui University, Hefei 230601, China)

Abstract: Knowledge acquisition in multiscale decision systems is an important research problem. Existing studies on
multiscale decision systems only typically address multiple scales of condition and decision attributes, but they often
overlook scenarios where condition attributes have multiple views. As a new granular computing model, the partition or-
der product space simultancously considers multiple levels and views. Therefore, this paper uses the partition order
product space to describe and solve multiscale decision problems and establishes a multiscale decision model based on
this space, which is referred to as the partition order multiscale decision system. First, the study proposes a partition or-
der multiscale decision system based on the partition order product space, which can describe multiscale decision prob-
lems from multiple views. Second, two different lattice structures within the problem solution space of the partition or-
der multiscale decision system are provided. Third, two optimal problem-solving level selection algorithms are intro-
duced for the two different lattice structures to address the multiscale decision problem from multiple views. Finally, the

effectiveness of the proposed model and algorithms is verified through experiments.
Keywords: granular computing; rough set; multi-scale decision system; partition order product space; multilevel; mul-

tiview; lattice structure; optimal problem solving level
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1152 2% B S OCTTm) X N) . 5 8 36 110, 0l
PODS 7t 4 ij ) @l 5K gt 2 | 2 A5 Wp i) 1 ek ] 52 3%
FERO(UPR xm), Hohm ML f % . H T PODS
UL AR R T/ T R R, PRI B 1 RS
A1 44 O Tm) X N X |UP).

A FE 285 5 T P SRR 56 1 B DG ) K i 2
3 Lo

EX 16 HE—DRIDTFLZRERRRS
Pops=(U, Pops,,,, {d'It=1,2,--- ,N}, V., f), Pd={7T,]j’7TZ,"',
) v R SR 1 ) NS RUBE 5 5 Hh R 93 0
XF L=y, Vo=@ al e ainye b, 7 e Py,
# PODS 7EL, L2 Ppny, FL LT 2 444

) I"=@),n,- 1) e, X FVas e Py, i /2
n<nl, L,=(I",n%), PODS 7E L, I @AM .

2) XFVE =@ nl=, e wiey e £, W R U<,
L, = (I*,7'}), PODS #E L, I B A .

WK L, & PODS 19—~ s fIi 7] K i )22

MRAEE X 16, AT 4 )57 2 ROE PR
RGP LT UL S 10 de G ) RESK i 2 1B 0 s

k2 BT HRRIL S i S 1)K g 2 ik
PERE

WA PHARRI Y 2 REJOK & 5 PODS;

Wit EdL UK g2

1) ¥ 5 AL BA 31 Queue ;

2) for each r € {1,2,--- ,N}

3) 15 %5 Queue;

4) for each i € {1,2,--- ,m}

5) Jjie1;

6) end for

7) ja< N;

8) 4 Ly A Queue;

9) FRic Ly b E i [l

10) while QueuedEZs do

11) M Queue ' HUL = (71'{],72'?,--- ,ﬂ{,';”,ﬂj‘);

12) if PODS7E L [ 133 then

13) iR [ L;

14) else

15) for each i € {1,2,--- ,m};

16) if j; < n; then

17) L (nf,oomlym) ™

18) if LAH1Ji[7] then

Jm gy .
> 70, ’ﬂd )’

19) ¥ Liit A\ Queue;

20) bric LA E il

21) end if

22) end if

23) end for

24) end if

25) end while

26) end for

EIRIE O, 559k 2 530E 1 e R & A%
I, B O[T x NX|UP).
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4.1 RIGBIRERBALE

AWFFEIEI T 9 A~ UCT i S 47 2 50, %L

P LR EANE B W3R 2, Hd, Wine quality

Thyroid Disease >4 % 22 8 4ls 4, 1 JH SCHR [27] /9
S5 G IE X AT B AL

F2 HIEERHER
Table 2 The description of data sets
POE S L 05

Pk

R W5 remor mo
Dermatology DE 366 34 6
SaYoPillow SA 630 8 5
Student prediction Sp 145 31 8
Migraine Classification ~ MI 400 23 7
Occupancy Estimation OE 10 129 16 4
Soybean SN 266 35 15
Wine quality WQ 1599 11 6
Thyroid Disease TD 1947 28 3
Student Evaluation SE 5820 32 3

ARARGER T 1E A B R A AR R RS
130 53y A FR 25 0], B Sl SRR AR R o
aTATEC, BHTFEER—MUA, CCC,
1<i<mo R, B My /)8 g CH R 50
HEANTHEC, CcC,1<j<n, HREC cCc--
cC, U Cl=C. IJE, ETIRENREEFI,
A v, T2 A2 33 4T A 5
LSRR EE L Z 2R Z AR5

FE2% 2 AR AR v, He T 25000 4 10 D 3R s
{34 R B B, T LA 58 4 LA 1925 Rk 4 1
PR R Z A R

D%, MR E PR IR Bt EE S
B D5 T M 1 Jee 2 RUBE Y

2)8RIG, FE b — A o R X IO ) e R I
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EAES T, BT A /SR IEEAR B SO R EES R E 2 A, BB R R

NSRRI, BB BUR AR R R R E S PEREE N E

BRI R — B R 4y T T Bl R o SRR A i U
3HEE L2, HRRKEMGATREX N

R3 HEEEFHREMELNESRERSNANLEN

Table 3 Multilevel multiview granular structure of data sets on conditional attribute set

PGS A ARV LI S 1 AR

vy levell : {a,}level2 : {a,,a,}---level6 : {a,,...,a}

V2 levell : {a;}level2 : {a;,as}---level6 : {ay,...,a;,}
DE

Ve levell : {as }level2 : {as;,az}---leveld : {as,...,as.}

Vi levell : {a,}level2 : {a,,a,}---leveld : {ay,...,a,}
A V) levell : {as}level2 : {as,a¢}---leveld : {as,. .., as)}

vy levell : {a,}level2 : {a,,a,}---level9 : {a,,...,a,}
op V) levell : {a,o}level2 : {a,g,a, }---level9 : {ay,..., a3}

V4 levell : {ax}level2 : {ag, ax}---leveld : {a,...,as}

vy levell : {a,}level2 : {a,,a,}---level9 : {a,,...,a,}
MI 123 levell : {a, }level2 : {a,y,a,}---level9 : {a,,...,as}

V3 levell : {a}level2 : {ag,ay}---levels : {ao,...,a:}

Vi levell : {a,}level2 : {a,,a,}---level5 : {a,,...,as}
OF V2 levell : {a¢}level 2 : {ag,a;}---levels : {as, ..., a0}

Vs levell : {a,s}

Vi levell : {a,}level2 : {a,,a,}---level6 : {a,,...,a¢}

V) levell : {a;}level2 : {a;,as}---level6 : {a,,...,a,,}
SN

Vs levell : {as }level2 : {as,ay)---levels : {as,. .. a5}

Vi levell : {a,}level2 : {a,,a,}---level3 : {a,,...,a;}

V) levell : {a,}level2 : {a,,as}---level3 : {a,,...,a}
wQ

V4 levell : {a, }level2 : {a,y,a,,}

Vi levell : {a,}level2 : {a,,a,}---level5 : {a,,...,as}

V) levell : {aq}level2 : {aq,a;}---level5 : {ag,...,a,}
TD

Ve levell : {ay}level2 : {as, ar }level3 : {a,...,axs}

Vi levell : {a,}level 2 :{a,,a,}---level6 : {a,...,as}
SE V2 level 1:{a;}level2 : {a;,as}---level 6 :{a,...,a;,}

Vs levell : {as }level2 : {ay,,ax)
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Table 4 Number of scales for the decision attribute in data sets
pIGTES DE SA SP MI OE SN wQ TD SE
R T M i RO B 5 4 7 6 3 14 5 2 2

42 SLWHIE

A HEAT T 3 20 S0 R 5 iE BT R A5 U AR
AR

51 AR TR 15, A RAE AL
i 5 B AR GS E — A UK g 2, % 080K i R TR
JI A LA R R R 2 IR, TR DR e Pk B 2
ROBEJZW; R T5 , HB A B0 SR AE A~
AR JE R B FNGE E )OR 2 B KGR . K
A T 28 S UE A D SRR AR Sy SR ] A 2
ar R MR A s AR 7R B A K B, Rl
JH 22 WL 1B 53 2 i ke B8 46 7 40 0 [R)A0K fifk )2
R EKEE . RS 2 —
J& 3T 3 43 43 M1 ( principal component analysis )
) 223 i) 2 ) Bk 81, 5 3k AR IO A 90 AR L ir i
JBYEREG A REEHATE, B —F20MAT
(B HE fil 5 o 25 8 5 02 B T i KA ( maxim-
um rule) AR 2% 21 43 2505 16, @i fir A LA 1
FEATHE L) 3 e e R AT <4 500 2, & — A
ZOMA T RG2S BT i, A
WE SR 3R 2 Fh 22 00 8] 43 25 4% 23 0l 1872 i SUB
FI MRF

B2 S AT B, HIRR B A
TE 2 RUEE JZ2 RN P 5 & MU A — > RUEE 2R

M2 FE L SRS, B XTIX 2 R AL, 43 )l A
1L 2 B R B0 4 ) A AL TR) K A
2 B, Wi 2 R OL R 2 iRk BT B R) R
fRIZTEZ B 288 LR G . fEX — 45
g b, YO 4R ) U SR R PR AU 7 — A RO,
B DR B T U ROBE 2K,

&, 5 3 HELI NS R : FE DR B YRR AE
ZAREZREL T, AR R A L 1.5
222 LLRCDATR 4 Bh sk BT 4 B n) SR At )2 7 2 R
Bl 2eas Brg o 0GR

1) A 0 £ B 20 T2 IR, D 3R D P B LR
J& )2 YK (First-Level ) ;

2) B A A0 A B 2 )22 TR, RO i R B 4 R
J& )2 ¥R (Second-Level ) ;

3) Fin A R A R 2 I, R e M B LR
J# 2K (Third-Level) ;

4) T A AL B R JE UK, 0 5 s 1P BB 4 R
J# JZ X (Fourth-Level ) .

43 KWERSHW

TESS 1 s, AW e AL T T A 4k
WAELE AR Lo 20K B, HORPPA, T TR
B AR T 25 72 IR R A 2 L i or FHE B, SE e 4%
RIS,

x5 LHWHER

Table 5 Experimental result %
AR S LI SUB MRF
Vi V) V3 vy Vs Ve
DE 63.70 67.87 62.85 64.53 70.99 55.30 65.30 67.65
SA 99.36 99.36 100 99.36
SP 19.31 15.17 13.10 20.68 23.96 21.27
MI 63.75 74.50 64.00 76.75 78.35
OE 83.90 84.96 86.93 85.60 86.29 91.12
SN 43.59 38.72 46.61 58.68 56.77 29.32 67.66 71.41
wQ 39.14 38.96 37.96 44.52 47.84 45.15
TD 94.55 94.55 94.55 93.73 93.52 94.55 94.76 95.27
SE 54.17 56.76 56.58 57.90 57.57 61.73 63.00 62.86

TEZR 5, MLAKS R BCF R B — AT ROk
{EHo I THI0 72 JROE SR R Ge ] L 24P A
XS )RR AT A, BT LLZR SE 1Y ) R i J2 AR R
R KR AR bl DUFRAS B o i 20 RS B, X T

TSR AT S

TR 2 e s b, B0k 1 FIGEak 2 78 2 il
LT 38 R w1 LR i VR B O o3 SN T AL
%6,
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Table 6 Optimal problem solving level and its classification accuracy in two cases
—_— RRBIEAAE LD IRE PR B AT — D RUE

[N SUB MRF ALK fif = SUB MRF
DE (), 75, U3, 70y, UL, T, TT) 99.44 94.41 (m}, 705, 3, 4, L, U2, 7)) 99.44 94.41
SA (7}, 73,7 100.00 97.46 (3,7}, 7l) 100.00 98.27
SP (m}, 75, 703, 70, 70 88.27 88.27 (m;, 7y, 3, 7y, 7)) 88.27 88.27
MI (7}, 7y, 3, 3) 90.75 92.75 (), 7y, 5, 70) 98.75 97.75
OE (m}, 7, 75, 70, 703) 85.60 88.57 (m), 75,73, ), 7)) 95.52 91.36
SN (), 7y, 3, 7, UL T, ) 95.62 96.24 (7}, my, 3, G, L, L, 7)) 95.62 96.24
wQ (m}, 7y, 703, 70, 702) 85.61 86.42 (m},my, 103, 04, 70) 87.23 86.36
TD (m}, 7y, 3, 70, ok 7 7)) 99.48 99.64 (7}, 7y, 0y, 0y, M3, 7y, 70) 99.48 99.64
SE (), 75, U3, 704, UL, T, TT) 86.68 86.68 (7}, 705, 3, Uy, L, UL, L) 86.68 86.68

36 AT LUE t, B9k | MGk 2 755 1 Fp
5 0T 0 B A ) AR A 2 2 A [ A, X TR T
A BG5S A ) BBR A 2 e ME— Y . FEER
2 RIS, o T AT B SR 4 £ RO
ARG s R e A R Y, B DLREE 1 Rk
2 VRIRAY F) SR i 2 R A R Y . B e, TE 2 Fib
O, 2 PR TE SR 4 DE. SP. SN, TD DA ¢
SE _b 36 B A ) K fige 22 AH ], PR ok iy 32 B ) R oR
fiff )2 1R 43 RS BE AR TR] o vk, 7E 5G4 SA |,
2 FPBREAESS | R B0 R e B In) UK 7 2 1 5
NG BE 1 A 2 b LT BB B ) RR i
JZ, HLHT& e Uk ik - B e RE 2R,
SR ) RS T LA SR A S MR 1 1 b o 2%

TESE 3 AL, 6 R Ay vk F 2k B [n) 0
K ZAE Z K 432528 SUB Il MRF | 143 2 Kk
FE 3 W3¢ 7 ik 8, Hirp, Optimal-Level i

e 1 AR 2 16 B SR A TR) K A )2, L XS R
%6 MR BIEAETEZ A NREBOLT 2 R T
B L ] R )2

Hi#e 7 FI3R 8 W LAE t, W T R ZHHkE 4,
First-Level £ Z #1873 28 4% E - NG #2215
T H At 7y R) K )2, X FEEJEH R First-
Level 75T A A #F B A S 4 1Y 2 ) B AR DR
@k E B s R )RR . X T 2B 4028
#% SUB, %#& 4 DE I SA 1) Optimal-Level 7£ 4328
K FE 5 First-Level AH[A], H %44 4% SA 19 Optim-
al-Level 7ED03 J@ M L HAA T 40 RE 2R, HAE
FRAGHE 150 0 2K B 1 TR B ] D 3RAS BEOA ff 1)
REEH . HOR, 7EF 4 ny A E s 4E I, Optimal-
Level 7677 2505 B 224238 T First-Level . bR 52
B r 25 UL T 2 P A G 1) R A 2 e PR SRE
AR

®7 EBKEETE SUB LRI KEE
Table 7 Classification accuracy of problem solving level on SUB %
Bl itk Optimal-Level First-Level Second-Level Third-Level Fourth-Level
DE 99.44 99.44 65.30 94.72 36.59
SA 100.00 100.00 100.00 80.00 55.76
SP 88.27 85.41 23.96 86.36 22.06
MI 90.75 95.75 76.75 78.24 63.25
OE 85.60 88.95 86.29 88.95 85.41
SN 95.62 96.24 67.66 96.24 19.17
wQ 85.61 86.49 47.84 85.61 45.67
D 99.48 99.33 94.76 99.43 94.19
SE 86.68 87.57 63.00 86.68 61.87
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Table 8 Classification accuracy of problem solving level on MRF %
G Optimal-Level First-Level Second-Level Third-Level Fourth-Level
DE 94.41 95.53 67.65 94.41 31.00
SA 97.46 100.00 99.36 80.00 61.92
SP 88.27 89.65 21.27 88.27 24.13
MI 92.75 98.00 78.35 77.32 61.75
OE 88.57 92.30 91.12 90.49 86.20
SN 96.24 96.99 71.41 96.24 17.29
wQ 86.42 86.42 45.15 85.61 44.84
TD 99.64 99.64 95.27 99.43 94.55
SE 86.68 86.52 62.86 86.68 61.87
éé—,: K ‘i% [8] LI Feng, HU Baoging. A new approach of optimal scale
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