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A A AN S wEsa, S48 ANgel o8 2t FH AF 74 el

A4 AW (sequential covering) HA HolHAE sk oArdA AS AYsty] sl MEHo= &
A THHE WA Sges At by = AAd oA 2Us AdE Sk LRF Ro] g
T, N RFO) grH A MY Aol 7|8kl oAb Al winH o Agd 5 vt

Gl S2002, & 3 % & 4ol =AE niel Z2 UELTAA 54 2d=md #eolo (A WA #Helo)E ALl A
2701g HelolgRFEH FdE & Ak, o7IAE, YA P22 FA4E (LRFY oAEA ZRAATE
7 ZRA2 F, 54 7ele 37t 2 FastA G 31E AAE Fd olwA did F deA RYE &
ATt

LMRFS] 7]+ 9] &, oAbdd Efl= AFas 2Asks dArdd Ayt 89 =27 Uehls if-then £
ol jEatr] el 33 7|k Rz ket Ede] RdA A e 7 A2 d-ho] A 78t
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[0172]

[0174]

[0176]

[0178]

[0180]

[0182]
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[0185]
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=SIEL

/é]é‘—] 1
FU2E F IRF 29 34 2 weds dlatn, 598 el +F A g
W Ao A8 wjo] g vwssitt. AS Fa weshE iLMRFE, dE LMRFRERE

[<}
== Ke) 5 >~ o O
s AAT & Adss &
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i
A

RF = DNN 7]
oluygl DNN 7]ut <o

Aol AWML Ql=alm whestE/EE LMRFE A FsAS 2Aleky] el 5719 dolE AEZ AL&sh
o HAEE 9353},
CK+ dlolH s} Cohn-Kanade dlo]E AE=ZA, FER(¥= ¥ <12, Facial Expression

AEE g3
il

Recognition)S 93+ &7 #WXu}=3 do]g A Eo|t}. MNIST(Modified National Institute
Technology) Hlo]E AEX, 47
Ex, M9 A FF % 4249 EA ““'37} xR, 150709
Diagnostic Breast Cancer) HloJE AHEXE, $JAF4 thstu HYY
Orivetti Research Lab) Hlo]g /‘ﬂ#b, AT & T Laboratories Cambridgecllx] &3 A=

s},

MZg LAY,

A3 Fell, CK+, IRIS, WDBC dHlolg HME= A=
& AR&skar, MNIST, ORL HlolE] MEE 54 F&5 913

27 olzg golojo] o]ux| 7}

it AAe EEde A
OBy GLRR) 7 E4] | Ay ZallAE 7k gl

olm|A & EFstH WAl Fokel Hrbo dE ARgE).
WDBC(The Wisconsin
Y Ag A5 AT,

1 elolol (3 A glolel) glo] The @ 54 W
OEEIC

of Standards and
IRIS dlolE] Al

ORL(The
ojwj A AEZ} EF

i

| 918, 32 < vl&(ratios of the rules)& 1.0914 0.6704 WAsEA, (1)
(2) gcForest (3) FTDRFE H] 1 3}QlT).

The E 1S CK+ dlolE] AIE, E 2% INIST HlolE AIEE o]8@ A5 vl ARE 27 e AomA,
A3, welo) A1gE TFH 5, vl Wee] &% AW 52 uaste] EAA.
* 1
Rule Accuracy (%) Rules (M) # Param. (M) # Op. (M)
ratio | iLMRF | gcForest | FTDRF | iLMRF | gcForest| FTDRF | iLMRF |gcForest| FTDRF | iLMRF | gcForest | FTDRF
1.0 93.60 89.71 9241 0.12 0.16 0.13 0.53 2.90 2:51 0.0060 | 0.0381 0.0233
0.9 92.86 90.00 92.15 0.11 0.15 0.12 .51 2.78 2.39 0.0060 | 0.0381 0.0232
0.8 92.50 89.92 92.24 0.09 0.13 0.10 0.47 2.59 222 0.0059 | 0.0380 | 0.0231
0.7 91.87 89.92 92.18 0.08 0.12 0.09 0.44 2.38 2.03 0.0059 | 0.0379 | 0.0230
0.6 91.05 89.73 92.04 0.07 0.10 0.08 0.39 2.16 1.83 0.0058 | 0.0377 | 0.0228
# 2
Rule Accuracy (%) Rules (M) # Param. (M) # Op. (M)
ratio | iLMRF | gcForest | FTDRF | iLMRF | gcForest| FTDRF | iLMRF |gcForest| FTDRF | iLMRF | gcForest | FTDRF
1.0 97.98 98.77 98.57 0.08 0.94 0.26 212 26.42 7.17 0.0089 | 0.0852 | 0.0296
0.9 97.77 98.73 98.57 0.08 0.85 0.23 2.00 24.79 6.76 0.0088 | 0.0851 0.0294
0.8 97.41 98.74 98.57 0.07 0.76 0.21 1.86 22.98 6.28 0.0087 | 0.0850 | 0.0293
0.7 96.86 98.76 98.47 0.06 0.66 0.18 1.71 20.98 5.75 0.0087 | 0.0849 | 0.0292
0.6 96.00 98.75 98.39 0.05 0.57 0.16 1.54 18.86 5.19 0.0086 | 0.0850 | 0.0291

B gefet doly AECA dagFel A4S "7l 98, RIS,

WDBC, ORL Hlo]E] A|Eo|A EAd3 A3
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¥ 4(WDBC ©lol¥ AE),

¥ 5(ORL dlo]E] AE)o

Rule Accuracy (%) # Rules (M)

ratio [ {LMRF |gcForest| FTDRF | iLMRF |gcForest| FTDRF

1.0 | 100.00 | 98.00 | 100.00 | 0.0046 | 0.0362 | 0.0137

0.9 |100.00 | 98.00 | 100.00 | 0.0046 | 0.0362 | 0.0137

0.8 |100.00 | 98.00 | 100.00 | 0.0046 | 0.0329 | 0.0136

0.7 | 98.00 | 98.00 | 100.00 | 0.0039 | 0.0287 | 0.0120

0.6 | 100.00 | 98.00 | 100.00 | 0.0033 | 0.0248 | 0.0096

#* 4

Rule Accuracy (%) # Rules (M)

ratio | iLMRF |gcForest| FTDRF | iLMRF |gcForest| FTDRF

1.0 | 96.49 | 95.21 | 97.34 | 0.0063 | 0.0450 | 0.0256

0.9 | 96.49 | 95.21 | 97.34 | 0.0063 | 0.0450 | 0.0247

0.8 | 96.49 | 95.21 | 97.34 | 0.0057 | 0.0385 | 0.0227

0.7 | 96.49 | 95.74 | 97.34 | 0.0050 | 0.0350 | 0.0199

0.6 | 96.49 | 95.74 | 96.81 |0.0044 | 0.0298 | 0.0168

# 5

Rule Accuracy (%) # Rules (M)

ratio | iLMRF |gcForest| FTDRF [iLMRF |gcForest| FTDRF

1.0 | 97.50 | 97.50 | 90.00 | 0.0595 [ 0.0957 | 0.1133

0.9 | 97.50 | 97.50 | 90.00 | 0.0543 | 0.0893 | 0.1045

0.8 | 97.50 | 97.50 | 90.00 | 0.0481 | 0.0786 | 0.0925

0.7 | 87.50 | 97.50 | 90.00 | 0.0422 | 0.0702 | 0.0809

0.6 | 87.50 | 97.50 | 90.00 | 0.0362 | 0.0594 | 0.0696
1WA E 5ol B1E 5= Sl uke o], dAFom A ZHA B B B rES AAsH e ARt
gcForest @ FIDRFE o #A3] iLMRFS & Xt} #H A 1.6(gcForest of ORL)olA o) 7.5% (gcForest of IRIS)
7R Bt AE 23k, e vseetAl vEbt. old g TS, REle] ARste] Axh 2 5 9

o,

oo H©H

ool A& HAS AHHORE Q1A
ottt A% HuE 98 e HH
AgkE 3D CNN 7]k FER A <+% (3DCNN- AP) =ay

w9 B4 FsHE 4%

7 9lg g F
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Inception), FERS 3+ LSTMS 7}& 3D Inception—ResNet (3DIR) (3DIR with LSTM), A|Z% 7}% RF(H-WRF)dl

71%3%+ 314 FER, gcForest, FTDRF, ¥ LMRFE 2 w3} wjushoity,

U5 3 62 CKt dlolH AE, F 72 MNIST dlolE] AEES o] &3 AsS vl A3s ZH2F Yeidl Ao zA
xé S

L W) 4o Ak 8 askel EAISSIT,

J
k1
o

F6
Methods Acc. (%) |# Param.(M) | # Op. (M)

AlexNets [37] 92.2 62.3 720

3DCNN-DAP [38] 92.4 70 174

Multiple Inception [39] 93.2 12.36 23.7

3DIR with LSTM [40] 93.2 10.90 18.9
H-WREF [27] 92.6 0.25 0.0067
gcForest [7] 89.7 2.90 0.0381
FTDRFI[8] 92.4 2.51 0.0233
LMREF (1.0)[24] 93.6 0.53 0.0060
iLMRF (0.8) 92.5 0.47 0.0059
iLMRF (0.7) 91.9 0.44 0.0059

F 7
Methods Acc. (%) # Param. (M) | # Op.(Mm)

ResNet-101[41] 98.3 42 212

ShuffleNetV2[42] 97.0 1.3 2.7
MobileNetV2[43] 98.5 2.24 11.02
MobileNetV3[44] 98.6 1.66 16.59
gcForest [7] 98.8 26.42 0.085
FTDRF[8] 98.6 7.17 0.029
iLMRF (1.0) 98.0 2.12 0.0089
iLMRF (0.8) 97.4 1.86 0.0087
iLMRF (0.6) 96.0 1.54 0.0086
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NOX" ¢="0.)
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Cascade layers
———— e e e

cross validation

D
w
AL
A
i
o
Layer N

sssssees

RF #5
RF #f — 5

RF #1
A
AL
1A
)

AL
i3

)}

AL
““RF
T,

"o

Al

a
hajaye:

#f- Random Forest

Value:45.59
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Initial Rules of dSet (v, 1)

Rué 1:(x, > 2.59) and (x, > 4.75) and (x, <= 6.04) and (x5 >
1.84) = {0} [0, 0, 1]

Rué 2: (x, > 2.59) and (x, > 4.75) and (x, <= 6.04) and (x5 <
= 1.84) = {-0.277} [0, 0.5, 0.5]

Rub 3: (x5 <= 1.75) and (x; > 0.7) and (x; <= 1.55) = {0.55}
[0,1, 0]

Reordered Rules of dSet (v, I)

Rub 1: (x5 > 0.7) and (x3 > 1.55) and (x, <= 4.95) = {0.83} [0,
0.6, 0.4]

Rub 2: (x5 <= 1.75) and (x; > 0.7) and (x; <= 1.55) = {0.55}
[0,1,0]

Rué 3: (x, > 2.59) and (x, > 4.75) and (x, <= 6.04) and (x5 <
= 1.84) = {-0.277} [0, 0.5, 0.5]
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Algorithm 1: Rule elimination based on feature contribution
and feature pattern

Input: The number of layers N, the number of RFs

V, the number of trees 7, random forest RF,
list of dSets Listgget

Start with an empty list of dSets, Listgger = @
Learn LMRF
For each / layer:

For each v RF:

For each 7 tree:
-Split a i-th rule from a decision tree
-Calculate feature contribution of a i-th rule
feat .ontb  (i,*)
-Calculate rule contribution for i-th rule rf
-Add rule and its rf to dSet(v, 1)

End

-Compute feature pattern fre ,l,(x]- = A) by splitting

rules in dSet(v, l)

-Re-compute a new rule contribution r*;

-Sort rules in dSet(v, ) according to r*;

-Add dSet(v, 1) to Listyge of I-th layer
Listgser [[] = Listgse [[] + dSet(v)

End

End

Output: The Listyge [{] consists of / layers

F1

Feature contribution

78

20

15

10

M setosa
m versicolour
M virginica

Sepal length  Sepal width  Petal length  Petal width
Features
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