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A fast algorithm for optimal scale selection of
generalized multi—scale decision tables
ZHANG Xiaoyan, HUANG Yuyang

(School of Artificial Intelligence, Southwest University , Chongqing 400715, China)

Abstract: Each attribute of generalized multi-scale decision tables has multiple scales, whether it is a
conditional attribute or a decision attribute. The optimal scale combines the coarser condition attri-
butes with the finer decision attributes, so as to achieve a balance between efficiency and accuracy.
However,the existing optimal scale selection algorithms lack computational efficiency. In this paper,
a fast algorithm for optimal scale selection is proposed. First, some properties of the optimal scale
and the variation of boundary region are discussed. Second, the conditions for judging the equality of
boundary region and the equivalent definition of the optimal scale are given. Then a fast algorithm is
proposed. Finally, numerical experiments show that the algorithm is faster than the existing algo-
rithm and can effectively solve the optimal scale selection problem. The algorithm has achieved a sig-
nificant improvement in computational efficiency. And it achieves the goal of obtaining the best re-
sults in a relatively short time.
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E X1 0 S=(UATUD) R A — AT X 2 REJRK R, Hd (UAT)=
(U@ k=1,2, 1 13j=1,2, o m | ) =D ZRIERE R . D= {d}R— A2 A B R 14 5
HH A n AR eE{d]t=1,2, -, n}.

TR, TSN S= (U, ATOD) =(U @ k=1,2, -+, 1j=1,2, -+, m | U{d'1=1,2, -, n} )
KRR L REPRE

S/ S= (U, ATUD) = (U {allk=1,2, -+ 13j=1,2, -, m| O {d]=1,2, -, m} ) 4>
JIXERERAR AD,= (' L= (1D, - 1) € £oLo= (18, -+, 1) € £ DU PR

1)L, <L,=BND(AT", D,) cBND(AT", D,),t=1,2, -+, n;

2)t,<t,= BND(AT*, D, ) 2BND (AT, D, );

3)#EALy=(1,1,-,1), 4 BND(AT", D,) cBND(AT*, D,), t=1,2, ---,n, L € L
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MH#AL= (1,1, - 1,), M4 BND(AT*, D,) oBND (AT, D,), t=1,2, ---,n, L e L.

2 RMREZRZFEREREE AL

AN T I R 0 — e PE 5, 4t T — e D0 R R 0 PR e B vk

EN2 % S= (U ATUD) = ( Aak=1,2, ., 13j=1,2, - m| U {df\t:l,z,---,n})%j—/u\
JUNZ RE R R . 6 R LLT R }ﬁ:l)BND(ATL,D[)=BND(ATL°,D,,);2)5(H‘?1'£%?E<J
H=(h,hy - h,) el F ¢={1,2,---,n}, ¥ L<H H t<¢ &% L=H H t<¢ & , # A
BND(AT", D,) € BND(AT", D, ). WFR Q= (L, 1) = ({l;, Ly, -+, 1}, 1 )R] L2 B e 4 S ) #x
PEREE .

AR R A R W AR AR b . Ay 82 25 0 T 3 B AR AV [ IR R T P AP R

#82 & S=(U,ATUD) = (U{allk=1,2, - 15j=1,2, -, m| U {df\t:1,2,---,n})%3~/|\
U X RFEREEF . 4 UNC=BND(ATY, D,) —BND(ATX, D, ), WA LA F 157 -
1)P < UNCc U;

2)# UNC=U, 4 BND(AT*, D,) =U,BND(AT", D,) =J;

3)# UNC=@, | BND(AT", D,) =BND(AT", D,).

IEEA N8 @ < BND(AT>, D,) c UH @ <BND(AT", D,) c U, Tl @ cUNC c U.

M I BT 1, 24 UNC=U B, BND(ATY, D,) =U, BND(AT*,D,) =@; ¥4 UNC=Q Hf ,
BND(AT*, D,) =BND(AT", D,).

BEE K% AR 183 U B0 0 oo 3R IE S 2 BB &1 s 1 RO H 40 2L 4
SR A B0 2T R Y E B AUE B2 45 T S 0 S R T A A 0 TR BT

DNA(4%,D,,) UNC DNA(4", D)
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Fig.1 The change of the boundary region

21 % S= (U ATUD) = ( Aak=1,2, -, 1:j= 12,--~,m}u{d’\t:l,z,---,n})%j—/u\
7 X & R e % . BND(ATY, D,) =BND(ATY, D,) 24 H Y 24 %t F 1T & 1) x e UNC # A
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[x],.c[x],

if B # BND(AT',D,) =BND(AT",D,), M| %} {£ & xeUNC-BND(AT",D,) %5
[x],.clx],

H T BND(ATY, D,) c U, #1fi4A5 BND(AT*, D,) -BND(AT*, D,) c U-BND(AT", D,).
(it , UNC < U-BND(AT", D, ), N4 {5 x € UNCHE A [x], < [x]..

v 1 7] 01, BND (AT", D,) < BND(AT*, D,) c BND(AT*, D,), \ifii @ < BND (AT, D,) -
BND(AT", D,) cBND(AT*, D,) -BND(AT", D,).

4 BND(AT", D,) -BND(AT", D,) =@ 1fif H. UNC=BND(AT*, D,) -BND(AT", D,), Jif
Pl @ < BND(ATY, D,) -BND(AT*, D,) < UNC.

F O T, X TAE B A x e UNC #8047 [x] < [x],, WX TAERE A x e BND (AT, D,) -
BND(AT", D, )#F [x] . < [x],.

Kt ,BND (AT, D,) =BND(AT", D,).

FE PR 15 T 1 RO S 0 SR AR T R A 1 W i BN AR A5 Y A 43 A

EE2 ®S=(U,ATUD) = (Ufalk=1,2, -+ L3j=1,2, o m} U {a]i=1,2, - n} | y— 4
TN RERER . FAEAEx e UNCifF[x] & [x] , W BND(AT", D,) « BND (AT, D,).

MERR # A7 7E x € UNC{fif5 [x], & [x] . W x ¢ BND(AT>, D,) H x e BND(AT:, D,). I8 I,
BND(AT", D,) c BND(AT*, D,).

AR 3R i AR B AT LA N S 2 A5 i s S 3.

E N3 iﬁsz(U,ATuD)z(U,{a;\k:l,z, e 1j=1,2, e m | U {d"tzl,Z,---,n})%j#/l\
JTX 2 RS i R UL I PR DX THERE M x e UNCHA [x] < [x] 52) % THE
B H=(h, hy - h,) e LAIE={1,2, -, n}, SL<HH<¢sK L=HH t<¢ W, 77 7E x € UNC i

Bx], Ex], WFRO= (L, t) = ({1, by o, L} o) S R Besfe 32 S 1 B bR R

B:1 A BND(ATH, D,)HIBND (AT, D, ) A& 75 1%
Input: — " N ZRERE RS S= (U, ATUD)
Output: #| Wi 45 J Judgement
: it 5 BND(AT", D, )HIBND (AT, D, );
: 4 UNC=BND(AT*, D,) -BND(AT", D, ), Judgement = True;
: for each x € UNC do
if[x],.,& [x], then
Judgment = False;

break;

end

p—

S AN A T

:end
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FRAE 2 SC3, $2 T —FlCH I BND (AT, D,) f1 BND(ATY, D, ) J& 75 M 55 09 B3 i BB vk T
SR IR R B 1 R B0 L BRI 2 2 4 O| UNC [ ). SCRRT125h 4 0 R 1
RSO0 4R O((T7 4 xn) x JU T ), SER BRI GG BRI I AR O(|U 7). A¢
S K 1 T L SR P RS 1 2 2R A O (T 1) < [UNC) 251
A3 TS L BRI ) R A
3 oA

AT VERER A UCTHY 8 A TF R 46 , B0 iE b5 32 Hh A 3k 1 A 8k TRANTE L 3R 1. R
TSR SCRR 1 2] A it ) S22 NOBE SRS A 5 E5 R AR HERIR SR HEAT AL

®1 BB
Tab.1 Description of datasets
%5 VGRS AL Xf R RIFR
1 Iris 4 150 3
2 Wholesale customers(region) 6 440 3
3 Car Evaluation 6 1728 4
4 Nursery 8 12 960 5
5 Abalone 8 4177 9
6 Shill Bidding 9 6321 2
7 Contraceptive Method Choice 9 1473 3
8 Estimation of obesity levels 16 2111 7

P RORE S 13 5 5 SCR[12] L SCHR (1170 SCHR 9] H B de I R e % 580 02 A7 32 A I 1]
W He A, A5 R e 2 FA 2 fir s

F2 HIELE S MNEFEAE L HIIE AT A

Tab.2 The runtime of algorithms on 8 datasets

BT [A]/s

s PR AP SCR[12] SCHR[11] SCHR[9]
1 Iris 1.32 2.52 14.31 13.84
2 Wholesale customers(region) 0.21 0.60 140.86 142.89
3 Car Evaluation 7.24 10.35 82.68 80.56
4 Nursery 24.26 144.84 1 605.35 1188.74
5 Abalone 1.01 4.08 3164.57 3368.16
6 Shill Bidding 13.48 250.04 1185.04 1 097.40
7 Contraceptive Method Choice 0.50 2.05 200.78 229.64
8 Estimation of obesity levels 14.02 23.77 29 118.08 42 730.95
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Fig.2 Percentage histogram of run time
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PRI Sy 1 3R i 0 IR e 498 1 i 7 B e O RUBE 285 SR AR ) T DAAE 361 O 1 SE 50 v vz ] SVM
Iy 4R A CART 73 2885 5 LU B 40 RUBE | b RO A e DI RUBE B89 0 20K B8 O e 240 1) 5% 1 T ik
FRUPE T S L B4 1 508 T P RO 45 B ok B S e 240 RUBE K e ML) 4% 17 i e L8 R e 20 114 DA S s i
FRUBE A B OR BV Ry F dL RUBE . S 45 SR AN 3 3 Rk 4 FT s

SR A RN 4 AR B A B DL RLRE B N TR L e R R JRE A i 2 RO B e X 1
BRUEE PSR R G ) 2 ROE DR RGE I %4, ol DAAE — e BB D4R PR  AE 059 I A5 1F T e
WAHBL A R DR SR AN A e R e P B — i IR 3
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Tab. 3 Classification accuracy of the optimal scale of 8 datasets with the SVM classifier

4% BRI SV :
AR E B E AR
1 Iris 96.33 £ 0.41 89.50+0.85 96.50 + 0.62
2 Wholesale customers(region) 72.33 £0.52 71.36 £0.33 72.33 £0.52
3 Car Evaluation 99.77 £ 0.15 73.47+£0.24 97.55+0.17
4 Nursery 99.95 +0.02 86.17£0.25 99.97 £ 0.01
5 Abalone 88.16 £ 0.13 54.27+0.31 88.16 + 0.13
6 Shill Bidding 98.89 +0.08 98.58 + 0.09 99.49 + 0.08
7 Contraceptive Method Choice 55.43 £0.99 46.83 £1.22 55.43 +£0.99
8 Estimation of obesity levels 92.50+0.26 65.33£0.40 92.65 + 0.24
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Tab. 4 Classification accuracy of the optimal scale of 8 datasets with the KNN classifier

5% B K :
2 R A RE AL RE
1 Iris 96.00 +0.33 90.67 + 1.11 96.17 £ 0.17
2 Wholesale customers(region) 70.80 £ 0.79 70.64 £3.33 70.80 = 0.79
3 Car Evaluation 98.70 £ 0.18 72.66 = 0.58 93.05+0.56
4 Nursery 98.91 + 0.05 84.95+0.29 99.25 +0.09
5 Abalone 88.20 = 0.46 49.90 + 0.93 88.20 + 0.46
6 Shill Bidding 96.86 = 0.08 98.16 +0.09 98.38 + 0.06
7 Contraceptive Method Choice 51.63 £ 0.94 43.51+1.12 51.63 + 0.94
8 Estimation of obesity levels 91.68 £0.25 61.59+0.61 92.16 £ 0.37
4
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