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Abstract: Recently, we have been increasing interest in ensemble learning. In particular, Boosting is
a useful learning method in which multiple classifiers construct multiple layers with maintaining mutual
dependencies, and its expressive ability is high. We have proposed pdi-Boosting, which virtually generates
interpolated data and adds them to the training data to improve the accuracy of classifiers. However, in
this method, the area for generating the additional fuzzy rule is not directly related to the misidentification
data and virtual data. Therefore, the discrimination rate is not high. In this paper, we propose a new
“pdi-BoostingG” that also regularizes the additional region G of fuzzy rules. In pdi-BoostingG, fuzzy rules
are additionally generated around the misidentification data, and virtual data is generated in this area
G. In addition, the individual learning of the additional fuzzy rule and the whole learning of the whole
space are alternately learned to form the multi-layered structure. As a result, pdi-BoostingG improves the
discrimination rate and robustness. In addition, since virtual data and fuzzy rules are inherited between
multiple layers, deep inference of fuzzy rules is realized. We formulate here how to generate additional
fuzzy rules and virtual data, and how to inherit whole fuzzy rules and virtual data between layers. In

addition, we compare the discrimination rate of pdi-BoostingG with other methods in order to discuss its
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usefulness.
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1: pdi-BoostingG

2. pdi-BoostingG
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pdi-BoostingG T, $5¥lhl#e LTHBM T 7o 1 #
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cpp, (Tn) ZEET S, TV HEERORER 2 &0
FACIFRAPSKRD 5.
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Generation of Virtual Data

2t and Fuzzy Rules in Region G
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3: Inheritance Mechanism of pdi-BoostingG
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4: Training Data and Testing Data

pdi-BoostingG D#il G DL~V X 2 B{L X754

DHAIRAMMFIEE OLEEE R 1 IRT. K1 TE, 344
AT — 2 B3R E TR LA N GE, DL —
VDFE LBINSE, RO, N—=F v )LF—ROHEHKE
DFik%E 5 B TARE L THIRLU 2. BRIIIX, #p
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2 (VD) ZERET 2, HdWVIE, FEFELTS
D% 5 FEIC U TR Z2RD 7. KX D
RETNTY XLETFRRTR U OV—Iufkk, L—)
FEBIN, VD ERAE) THD. 7z, KD pdi-Boosting
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#* 1: Discriminant Rates Comparison between pdi-BoostingG and Other Methods
pdi-BoostingG
WP G | V= GIHE | v — Uik L — VK =V | L — LA pdi- pdi- Adaboost Adaboost
A V= VIEEN | V—IVIEEM | )V—)VIEEM | V= VB | )L—)VENN | Boosting | Bagging J48 RandomForest
VD B¥¢E | VD IEMSEAE | VD B¥AE | VD ERFEE | VD ERE
0.025 90.90 90.85 91.45 91.55 90.95 89.25 90.55 83.00 83.00
0.05 91.65 92.40 92.60 92.40 92.20 89.25 90.55 83.00 83.00
0.075 90.80 90.45 90.40 90.80 90.75 89.25 90.55 83.00 83.00
0.1 90.69 90.60 91.30 90.55 90.60 89.25 90.55 83.00 83.00
Yy 91.00 91.08 91.44 91.33 91.13 89.25 90.55 83.00 83.00

1) pdi-BoostingG *° pdi-Bagging, pdi-Boosting D/ —
F¥IVT —REFKET HFEE Adaboost % RS
LY, N=F¥NVT—REFRET HFEDFHD 5%LA
LELHFAENEN. ZORR2S, N—F v LT —
ZDFEDHENBENT VD L NVWRS.

2) pdi-Bagging *° pdi-Boosting & pdi-BoostingG D
VIRl % Wik $ % &, pdi-BoostingG @ /5 A3 5l
RIFED. ZOKRE» S, #iPH G TOL—IVOFE
EN—=F ¥ )T — RDOFEDPFHEDM EIZHHAT
HBLWAD. REMDT 7V 1 fERTIE, RTOY
Br—X2HWTFET 5720, RHEAOFYHT—
APEESINDMALH S, —F, P G DERKIC
& o T, BHRIT— X ELDIERARNCR R RS
75 AEMIT 5 I LR IRo Tz, RFEEIE, B
JEMIE T Z o 0 2 O G & 22 EOFE )
REIZKEVEEI N Z DT, fHx DFHRT — 2 A%
DL THAIEENRM ELZE WA 5.

3) pdi-BoostingG OHITIL, #ifH G NOFH T — &
PRJETH FERHN &R T - 5E, H®iFHG N
D7 7Y 4 =)V eI L THAET 556 D
i\ =0.05 DERIZ 91.65% L kL7 0, HifED
V=)L &K T BI5EIE, A = 0.05 T 92.20%24 E
Lo TWb., LEdoT, MKT 5 HRD G0
AlRFEWNEWZ S, i, #HFE G NTORKEN
RV —IIVEBIPRRDOFAR 2 M LI T WS &F
Zohb.

4) pdi-BoostingG OHI T, #iH G ANOFH T — &
PRE T H HERHR &3 S =56, ®E G
T77 V14— ZfkBIL TRESI ' L5812
&, SEYRRIERIE 91.13% ~91.33% £ 8o 72hY, T 7
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T N=IVEBIURWEEIZIE, #51%91.08%
~01.44% & 720, FEF, L—ILEEBMLBWAERD
FHOGERBIRITE .

V=V JEEIN] TON—F ¥ L TF—XOEHRE L JE
HAEEOMALREZHKT DL, IZEN—F ¥ LT —
ZHEFEDFHRFHRIIE D, —F, IN—=F v )T —
RIEFFE | TOIL—IVEN &IV —)VIEEN % LhEg
TEHL, TOHARIIIKE RETRN, —T, Db—
NI+ NN—F v L F—XF\HE] & TL—LE
M+ N—=F ¥ V7 —XF{RE] 2RI EL, V—
VIEE MO FHAGEMRITE . ULh>T, b—ib
WEMNMET, XS—F vy LT —XDOAZEHEFLEIES
HANRRWEEZZONS., Z0HRFARRXTOR
ETNVIV)XLTH 5.

5)

6) pdi-BoostingG OHT, &b \WVEAIEIE A = 0.05
D V= VK, N —IVIEEIN, N—=F ¥ LT — X
FE) D 92.60%TH D, ZOMAGELEIL, A
DIRET NIV XLTH 5.

#HPH G LRV D N DAL BRI R IZLE LT
W5, Lo T, #nlRIZHEM G DOKRE SITEKF
LTWaZehbnd.

INsDELNS, pdi-BoostingG dMIFiE LD HF
HATHY, #ilH G OERIPFEIRIZKESEEELZGZT
WBZ bbb, 72, pdi-BoostingG Tlk, i G
WIZ T 7 V4 V—)UIRB IS T RIE» S k&L, N—F v
VT —RDAEFEIEDHAVPREEHANLFIETS
5ZeNbipotz. —AHT, WIIRE, #HEGOKREI
ZRT ANDEMIZH U TEHT S, LiehioT, 2T
1%, H®F G LA\ OZIT T S IR ETEOMA R %

a4 5.
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512, #iFH G LNV XD 0.01 <\ <0.1DZEAIC
W BREFEOHMAMEZRT. 2T, RBET VT
U A LD RE ERTRL, HEEDRD, OL—I 41
b - V= VBN - VD ) QAR % SRR TR U7z,
(V=L - Vv —VIEE NN - VD FEF84E) DRI,
A =0.04 TE—2 %R UKl # 92.00% % 1572 DIt
LT, ETIVITY LD Ob—IVfkK - L—LIEENN -
VD f¥4) Tk, A = 0.05 TY—2 %R URAHIE
92.60% % f5:7=.

95.00 —-— RET7ITIX LA

94.00

- JL—)LIEAE - )L—ILIEB N - VDB R E
93.00
92.00

#  91.00

Z

0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.10

90.00
89.00

88.00

#HE G OLANILA
5: Discriminant Rate due to Size Change in Range G

5. B YIC

AHSL T, ZREETN—=F Y VT —RET 71—
7% kK4 B HERTL D pdi-Boosting (ZMAT, 77«
V=)L DEIEF G % BRI U 72 %77 72 pdi-BoostingG
2ENMLL, TOEHAMEZFERL . Rz, BRI —
ZDIFEAE U T-35E6 O G OFE L Z O G AD
77 V4 N—IVDBINFIEL N—F ¥ )T — X DI Sk
WIZoWTiEam L, 2 B3 O#{ERIZ & D pdi-BoostingG
DAFM%H#H L7z, pdi-BoostingG 1%, #if G & /¥N—
F YN T — ZDFAEIZ K DIELITKT 20 /82 MR E
NTWBY, 5, HIKROEEHEZ EI® 5720,
& 0 SRR HP G OFAEFERN—F v LT — X DF
i, ) VT HE, RKEOPRE, TV —
N ORPAIEIZ D W TR T DBEND 5.

nE, AMFEO—IRIL, BEEFTEAESERI (C)
— M IN—=F Y VT —RFERT 7 V4 NF VT %W
7= HGE UG D s BRI FELS R — N DR (No.20K 11981,
2020 £~2025 1), BAPKFIFEHSIE R R [Har-
monized Fitness : TXEBD T VW > T X B EED
<HDAT—MME] (2021 F£~2022 /) , KO, 2021 4F
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