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Summary

A knowledge acquisition method Ripple Down Rules (RDR) can directly acquire and encode knowl-
edge from human experts. It is an incremental acquisition method and each new piece of knowledge is
added as an exception to the existing knowledge base. Past researches on RDR method assume that the
problem domain is stable. This is not the case in reality, especially when an environment changes. Things
change over time. This paper proposes an adaptive Ripple Down Rules method based on the Minimum
Description Length Principle aiming at knowledge acquisition in a dynamically changing environment. We
consider the change in the correspondence between attribute-values and class labels as a typical change
in the environment. When such a change occurs, some pieces of knowledge previously acquired become
worthless, and the existence of such knowledge may hinder acquisition of new knowledge. In our approach
knowledge deletion is carried out as well as knowledge acquisition so that useless knowledge is properly
discarded to ensure efficient knowledge acquisition while maintaining the prediction accuracy for future
data. Furthermore, pruning is incorporated into the incremental knowledge acquisition in RDR to improve
the prediction accuracy of the constructed knowledge base. Experiments were conducted by simulating the
change in the correspondence between attribute-values and class labels using the datasets in UCI repository.

The results are encouraging.
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10 can_not skin 4legs Penguin
| 95 R 1% #: Cat,Dog,Penguin Monkey || @ RDRED
B VES  \mmn—
Swim : can, can_not ' @if Swim=can

Breath : lung, gill, skin} then Penguin
Legs :2legs 4legs | - NO YES

J—RODOEEE—BRE ‘@if Breath:Iung‘ ‘@if Leg$4legﬁ
7 can_not, gill, 2legs:

8 can_not, gill, 4legs :Monkey
9 can_not, skin, 2legs:Penguin
10 can_not, skin, 4legs:Penguin

/—FRn Rtz

HEERISAD/ —FQ%E
BiBTEEHDES
1 can, lung, 2legs:

SN oS NORE) 2 can, lung, 4legs:Penguin
Breath : lung(2) (0), skin(2) 3 can, skin, 2legs:Monkey
Legs :2legs(2), 4legs(2) 4 can, skin, 4legs:

02 DLOOOOOOOOOOOOOOOO

oooooooooobooooobooooboooooon
RDROOOOO DLO 1) 0000O0ORDROOODO
000000 DLO2)00000000O0OOoOoOO
gooooooboooobobooobooboooobooOoon
O0DLOO0O0ODOOO0OO0DOO0O00O0O000O0O000
00000000 [00 01b, Wada 0la] 000000
001)000000000000000000000O0
If-ThenOOODOOOODOOOODODOODOODOODODO
coobooobooooboooobooOoOoooboooon
cooboooooooboooooooobooooOooon
00000 RDROOOOOOMDLOOOOOO RDR

OoO0bD20000000C0000C000CO0O0OO
00000 LSNOODOOO0OoOOooooooo2)0oo
000000000000000000000 LSNO
gobooboobboooboobbobbooboo
gobogooboaon

MDLOOODOOOODOO DLOOOOOOO0O0O0OO
O00000O0000000ORDROOCOOOOCO DLO
oooboooboooobooooboooooooboooon
cooboooboooobooooboooOooooooon
000 DLOOOOO0OO0O0O0D00O000O0O0000
0000 [Quinlan 9300 0000RDROOODOOO
0O DLO

000DL= (000000 DL)xXw
+(000000000000 DL) (1)

gboogboboobooboobooboob w=
0300000000

MDLOOODOOOO RDROODOOODOOOOCOOO
goooo

coobooooood 000 RDROOOOOD-List
gooogoolgooboboooobouoooooog
0000000000000 000000 If-Then
goboooooooo

gooboooboooog D-List00 00000000
O00000000000000 RDROOOOOO
O0DLOOOO0OO0OOO0O00O0OO0OO0OOOOOOo
00000 [0 olb)DOO0OO0O0ODODOOO
goobboobboobooboboobboon
goboobooboboobooboboon

gobooboboobooon gboobogobo
O00000oOoo0oooooo D-List0OooOoOo
gboboooooboboboboooooogoog
O0o0UooooooooooMDLOODOOCOO
goobooboobbooboobooooboon
gobogoogon



Algorithm deleted_RDR(RDR, node)
RDR: RDROOOO
node : RDROOOOODOODOODO
wq = 0.3;
NDLgyy == ndi(RDR, wg);
cases := cases(node);
classlabel := classlabel(node);
casesqipy = cases.dif f_label(cases,classlabel);
RDRe; = delete_node(RDR,node);
distribute(RD Rger,casesqifs);
NDLdel = ndl(RDRdel,wd);
if NDLyrg > NDLge
then return RDRg.;;
else return RDR;

—_ =
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00 delete_node(RDR,node)

1:RDR’' := RDR \\ copy RDR into RDR’

2:if has_child(node, YES)

3:then

4: parent := parent(node);
if edgelabel (parent, node) = YES
then

child(node, YES) O parent 0 YESOOOO;
node’ := child(parent, YES);
else
10:  child(node, NO) O parent 0 NOODDOO;
11: node' := child(parent, NO);
12: repeat while (has_node(node , NO))
13:  add_cond(node,node’);
14: node’ := child(node , NO);
15: add_cond(node,node’);
16: if has_child(node, NO)
17: then child(node, NO) O node’ 0 NODODOO;
\\node O YESOOOODOOOOODOOOOO

18:else if has_childe(node, NO)
19: then
20: parent := parent(node);
21: if edgelabel(parent, node) = YES
22: then child(node,NO) O parent0 YESOOOO;
23: else child(node,NO) O parent 0 NOO OO DO ;
24:return RDR’;
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Algorithm pruned_RDR(RDR, case)
1. wy, == 0.7;

2: nodes := pr_nodes(RDR,case);
3: NDL := ndi(RDR,wp);
4: repeat while nodes # ()
5: ND Lpest := 00;
6: for each node’ € nodes
T cases := cases(node');
8: RDR' := delete_node(RDR,node');
9: distribute(RDR' cases);
10: NDL' := ndl(RDR jw,);
11: if NDLpess > NDL'
12: then
13: NDLpes; := NDL'
14: RDRyes := RDR’
15: nodepest = node’
16: if NDLpest < NDL
17: then
18: NDL := NDLpeg;
19: RDR := RDRpest;
20: nodes := nodes - nodepest;
21: else return RDR,;

22: return RDR/;

pr-nodes(RDR,case): RDROOO case 100000
gobooooooobooo
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Car 1728 4 Nom.” 6 PageBlocks 5473 5 Num. 10
Nursery 12960 5 Nom. 8 PenDigits 10992 10 Num. 16
Mushrooms 8124 2 Nom. 22 Yeast 1484 10 Num. 8
Krvkp 3196 2 Nom. 36 Pimalndians 768 2 Num. 6
VotingRecord 435 2 Nom. 16 GermanCredit 1000 2 Mix.*** 13/7
BreastCancer 699 2 Nom. 9 Cmc 1473 3 Mix. 7/2
Splice 3190 3 Nom. 60 AnnThyroid 7200 3 Mix. 15/6
Image 2310 7 Num.™ 19
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Data Set ood NDL RDR C4.50 good NDL RDR C4.5 C4.5
0 (Cooo) (Cooo) | (oOoD)
Car 92.8% | 16.1% 7.7 % 9.3% 92.1% | 16.2% | 8.0°% 9.1% 11.6%
Nursery 91.4% 6.2% 6.2*% 5.3% 91.5% 5.3% 5.9"% 5.2% 8.7%
Mushrooms 92.7% 9.6% 6.6"% 5.2% 91.2% 8.6% 4.5*% 4.4% 12.2%
Krvkp 88.1% 8.1% 5.0% 5.2% 87.3% 9.4% 5.4*% 5.3% 10.9%
VotingRecord 85.1% | 16.5% 8.0% 5.2% 86.1% | 19.3% 6.7"% 6.0% 7.3%
BreastCancer | 89.9% | 12.2% | 4.8% 4.9% 89.5% | 12.0% | 5.5"% 4.5% 9.1%
Splice 87.6% | 10.1% | 11.1"% 10.3% 89.1% | 11.6% | 12.4™% 11.4% 17.4%
Image 90.7% 6.6% 4.9% 5.1% 89.7% 7.0% 4.9% 5.1% 14.1%
PageBlocks 84.5% | 19.3% 5.6°% 6.8% 84.9% | 21.1% | 6.0°% 6.0% 9.4%
PenDigits 90.1% 5.5% 5.9°% 5.8% 90.6% 4.5% 6.1"% 5.9% 14.2%
Yeast 60.4% | 28.4% 39.1% 34.4% 61.8% | 27.2% 38.9% 34.1% 17.7%
Pimalndians 44.9% | 39.5% 28.8% 24.4% 45.5% | 45.8% 29.8% 24.6% 16.7%
GermanCredit | 63.7% | 42.3% 24.2% 23.7% 73.8% | 43.0% 21.0% 17.9% 13.0%
Cmc 46.3% | 49.8% 49.0% 43.9% 33.5% | 52.9% 50.2% 48.6% 23.3%
AnnThyroid 87.8% | 17.2% | 2.4% 3.7% 86.3% | 17.8% | 3.5% 4.4% 10.3%

**RDROUOODOO < C450000000000,0000
04 0D0O00ODOO0OODOOOOOOODOOO

O0: RDROODOOO < C4500000000000

goooooad ogoooad
Data Set ooo NDL RDR C4.50 aooo NDL RDR C4.5 C4.5
O (00OD) (0ooo) (0oo)
Car 95.8% | 23.8% 13.0% 10.0% 95.8% | 29.9% 13.9% 10.3% 11.6%
Nursery 95.8% | 13.2% 10.4% 7.1% 95.2% | 14.2% 9.7% 6.5% 8.7%
Mushrooms 93.0% | 10.8% 4.3% 5.2% 94.6% | 12.9% 4.9% 6.9% 12.2%
Krvkp 91.1% | 11.7% 4.8% 5.8% 90.7% | 13.2% 6.0"% 5.4% 10.9%
VotingRecord 89.6% | 24.8% 9.9% 6.2% 88.6% | 25.4% 8.2% 5.5% 7.3%
BreastCancer 91.2% | 15.8% | 5.4*% 5.4% 92.0% | 16.0% | 5.4"% 5.4% 9.1%
Splice 85.4% | 16.3% | 12.5"% 12.8% 83.3% | 25.9% | 16.7"% 13.0% 17.4%
Image 95.3% | 36.1% | 12.1"% 10.3% 95.7% | 38.0% | 12.7"% 11.1% 14.1%
PageBlocks 95.4% | 32.3% 8.0% 8.2% 95.2% | 34.8% 8.2% 8.6% 9.4%
PenDigits 95.3% | 22.3% | 12.4*% 11.4% 95.4% | 22.1% | 12.5"% 12.0% 14.2%
Yeast 96.6% | 35.6% 18.3% 17.5% 96.8% | 36.2% 18.9% 17.8% 17.7%
Pimalndians 81.4% | 46.2% | 16.4*% 15.9% 80.8% | 45.9% | 16.3*% 16.1% 16.7%
GermanCredit | 83.7% | 45.4% 15.7% 16.0% 83.8% | 46.6% 15.8% 15.0% 13.0%
Cmc 87.9% | 43.3% 26.0% 24.6% 89.3% | 44.9% 25.5% 23.6% 23.3%
AnnThyroid 92.9% | 30.1% 8.0"% 6.7% 93.0% | 32.8% 8.2*% 6.5% 10.3%
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Data Set oooood ogoooao ogoooao ooooao C4.5

NDL RDR NDL RDR NDL RDR NDL RDR (ooo)
Car 23.5% | 13.6*% | 27.9% | 15.3% | 23.9% | 13.8°% | 34.0% | 16.3% 11.6%
Nursery 11.2% | 11.4*% | 16.8% | 13.6% | 11.1% | 11.4*% | 18.0% | 13.9% 8.7%
Mushrooms 19.6% | 11.5"% | 20.2% | 11.8% | 19.5% 12.2% 20.5% | 11.5% 12.2%
Krvkp 23.1% | 12.8°% | 24.7% | 16.0% | 23.3% | 13.9°% | 27.0% | 15.7% 10.9%
VotingRecord 34.2% 11.8% 38.0% | 11.7% | 34.0% 12.1% 38.6% | 12.1% 7.3%
BreastCancer | 27.8% | 12.3% | 30.2% | 11.8% | 27.7% | 11.9"% | 31.7% | 12.1% 9.1%
Splice 19.1% | 17.7% | 32.3% | 20.0% | 19.4% | 17.4*% | 37.5% | 21.0% 17.4%
Image 11.4% | 16.0*% | 40.3% | 18.0% | 11.6% | 16.7"% | 44.0% | 17.9% 14.1%
PageBlocks 30.4% 11.4% 40.7% | 11.2% | 30.3% 11.3% 41.7% | 11.2% 9.4%
PenDigits 9.1% 15.7% | 26.7% | 17.5% 9.0% 15.3*% | 26.4% | 17.6% 14.2%
Yeast 26.4% 26.3% 38.0% | 20.7% | 26.3% 25.0% 38.6% | 20.8% 17.7%
Pimalndians 45.8% 21.6% 53.2% | 16.4% | 45.4% 18.3% 53.1% | 17.5% 16.7%
GermanCredit | 45.4% 18.8% 53.5% | 14.0% | 45.7% 18.2% 54.6% | 14.1% 13.0%
Cmc 49.7% 35.5% 49.3% | 27.5% | 49.3% 34.1% 50.7% | 27.1% 23.3%
AnnThyroid 39.1% | 10.9*% | 42.4% | 11.5% | 38.8% | 10.1"% | 44.5% | 11.1% 10.3%
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0o0000ooooog 000000000000
ooooo C4.5 ooooo C4.5

000D |0D0O0D | (0oD) | (0Do0) (0000 |oooo | (@oo) | (oooo)
Car <0.01" | <0.01" | <0.01T | <0.01" <0.017 | <0.017 | <0.01" | 0.0844T
Nursery <0.01" | <0.017 | <0.017 | 0.0408 <0.01" | <0.01" | <0.017 | 0.1554
Mushrooms <0.017 | 0.0106~ | <0.01" | <0.01~ <0.017 | 0.3625T | <0.01"7 | 0.4474~
Krvkp <0.01%" | 0.4207" | <0.01" | 0.3638" <0.017 | 0.23467 | <0.01" | 0.3880™
VotingRecord | 0.0338% | 0.1285% | 0.3346~ | <0.01~ <0.017 | 0.21607 | 0.3250" | 0.2790™
BreastCancer | <0.017 | 0.1630" | <0.017 | 0.4615% <0.017 | 0.4450 | <0.01" | 0.0955~
Splice <0.01" | 0.1408" | <0.017 | 0.0519~ <0.017 | 0.0109" | <0.017 | 0.1203~
Image <0.017 | <0.017 | <0.01F | 0.2717" <0.017 | <0.01t | <0.01" | 0.3297"
PageBlocks <0.01" | <0.01" | <0.017 | 0.0215" <0.01" | <0.017 | <0.017 | 0.4439"
PenDigits <0.01% | <0.017 | <0.017 | 0.4845~ <0.017 | <0.01% | <0.01" | 0.2105~
Yeast <0.01~ | <0.01- | <0.01~ | <0.01 <0.017 | <0.01~ | <0.01~ | <0.01"
Pima <0.01~ | <0.01- | <0.01~ | <0.01~ <0.01~ | <0.01~ | <0.01~ | <0.01"
GermanCredit | <0.01~ | <0.01~ | <0.01~ | 0.3662 <0.017 | <0.01~ | <0.01~ | 0.0384
Cmc <0.01- | <0.01- | <0.01~ | <0.01~ <0.01- | <0.01- | <0.01~ | 0.1854~
AnnThyroid <0.01" | <0.01" | <0.01" | 0.0261" <0.01" | <0.01" | <0.01T | 0.1361"
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