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Abstract

Deep learning methods often face challenges due to unbalanced or non-representative
data, and in many cases, data scarcity limits model effectiveness. We advocate that
improving data quality can lead to significant performance enhancements. This thesis
presents new methods for data augmentation. Our first method involves randomly create
filters to remove certain rows and columns from the original image to generate smaller,
more informative images. This method was applied to the Cats vs. Dogs dataset to train
the Basic CNN and ResNet50 models, showing improved results compared to the original
dataset. However, random filter generation can sometimes produce images that are too
similar to the originals, reducing diversity. To address this, we developed a secondary
technique incorporating a random optimization algorithm to select optimal generated im-
ages based on entropy, yielding promising results when applied to the VGG16 model.
Nevertheless, image selection remains dependent on filter quality, potentially limiting
diversity. Therefore, our third method employs a genetic algorithm to enhance filter
generation and ensure greater diversity. Additionally, we improved the architectures of
the VGG16 and VGG19 models. When applied to the Cats vs. Dogs and Chest X-ray
datasets and used to train a set of seven models (VGG16, VGG19, their enhanced ver-
sions, EfficientNet-B0, Inception-V3, and Vision Transformer), we observed promising
improvements in model performance compared to the second method. Since optimization
techniques require considerable time and resources, we proposed an alternative method
to enhance model performance without increasing data size. This approach leverages the
unique capabilities of each model to extract features by merging their outputs into a uni-
fied representation used to train a single classifier. The integrated models using VGG16,
VGG19, EfficientNet-B0, and Inception-V3 showed clear performance superiority com-

pared to each model’s individual performance.

Keywords: Deep Learning, Optimization, Image Analysis, Image Classification, Data

Augmentation.
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Résumé

Les méthodes de deep learning rencontrent souvent des défis liés & des données déséquili-
brées ou peu représentatives, et dans de nombreux cas, la rareté des données limite 1’ef-
ficacité des modeles. Nous proposons que I'amélioration de la qualité des données peut
entralner une hausse significative des performances. Cette these introduit des méthodes
innovantes de 'augmentation des données. La premiere méthode repose sur la généra-
tion aléatoire de filtres pour supprimer certaines lignes et colonnes de 'image originale,
produisant ainsi des images plus petites et informatives appliquée au dataset "Cats vs.
Dogs” pour entrainer les modeles Basic CNN et ResNet50, elle a montré une amélioration
par rapport a la base de données d’origine. Cependant, la génération aléatoire de filtres
peut parfois produire des images trop similaires aux originales, limitant la diversité. Pour
y remédier, nous avons développé une deuxieéme technique intégrant un algorithme d’op-
timisation aléatoire pour sélectionner les images optimales en se basant sur leur entropie,
montrant de meilleurs résultats sur VGG16 par rapport a notre premiére proposition.
Cependant, la dépendance de cette méthode a la qualité des filtres générés peut encore
limiter la diversité. Ainsi, notre troisiéme méthode utilise une optimisation par algorithme
génétique pour améliorer la génération de filtres et garantir une plus grande diversité. Par
ailleurs, nous avons amélioré les architectures des modeles VGG16 et VGG19, et notre
approche a montré des resultats significatives sur les bases de données "Cats vs. Dogs” et
"Chest X-ray”, en entrainant sept modeles (VGG16, VGG19, leurs versions améliorées,
EfficientNet-B0, Inception-V3, et Vision Transformer). Comme 'optimisation demande
du temps et des ressources, nous avons proposé une nouvelle méthode combinant les sor-
ties de plusieurs modeles et alimentant un classificateur . Cette approche a surpassé les

performances individuelles de chaque modeéle, démontrant ’efficacité de nos contributions.

Mots-clés: Apprentissage Profond, Optimisation, Analyse d’Images, Classification

d’Images, Augmentation des Données.
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/i b2iBbi> BM2/ rBi? p "BXQMbXKR/MREKbHBX X X X XR¥8& X X X

8XR *QKT ' iBp2 M HvbBb Q7 +H bbB}+ iBQM T2 7Q 'K M+2 +
#BM2/ *LL KQX2MDBXX X X X X X X X X X X X X XRR& X X X

sAAA
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GBbi Q7 H:Q Bi?Kb

¥ 2 iBM: MRIXEG2A X X X X X X X X X X X X X8X X X X
'2M2° iBQM Q7 M2r BK ;2b nFbd®&MX X;XpXMX}KiX 83X X X X .
P OHQOBEAKX X X X X X X X X XXX XXX X Xe¥ X X X X
IMiQTv + HEMHXIBEQMX X X X X X X X X X X X &dX X X X
'2M2° iBM; M2r BK ;2b rBi? i?2 XPX.XKRiRQUX XdX X X X X
2M2iB+ HKQUBIXKX X X X X X X X X X X X X Xd¥X X X X X
* H+mH iBM; i?72 XMCEDXDXQX2KX X X X X X X X 8K X X X .
hrQ@SQBMi + QbbRPCX M;R BIZKK X X X X X X38 X X X X
Jmi iIBOQM BCR BIXKX X X X X X X X X X X X X KyX X X X

8XRY 02+iQ b +QMX M MBEAM X X X X X X X X X XRR& X X X
8XRR *QK#BMBM; *LL QmiTmib 7Q X8 K X X H bb K} X RREM X X .
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GBbi Q7 ## 2pB iBQMb

"iB}+B H "22 *QHQMvV

Mi *QHQMV PTiBKBx iBQM

/| TiBp2 AMbi M+2 LQ K HBx iBQM
*QHQ™ M/ "' B;?iM2bb /DmbiK2Mib
*QQ ' /BM i262 im26mbBQM L2irQ F
*QMpPpQHMIBQM HL2m™ HL2irQ F
*miQmi M/ JBtmT

i m;K2Mi iBQM

.Bz2'2MiB H1pQHmMIBQM

.VM KB+ S'Q;° KKBM;

6B 2~v H;Q Bi?K

6mMHHV *QMM2+i2/

6 bi:"  /B2Mi aB;M J2i?Q/

6 Hb2 L2; iBp2b

6 Hb2 SQbBiBp2b

:2M2iB+ H;Q ' Bi?K

:2M2° iBp2 /p2°b "B HL2irQ Fb

T /B2Mi *2MiT HBx iBQM

:QH/2M C +F HPTIiBKBx iBQM
:2M2iB+ S°Q;° KKBM;

:2QK2i'B+ h” Mb7Q K iBQMb
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GBbi Q7 ## 2pB iBQMb

AS
GP ,
GS
JQ*Q
L Lb,
L a,
P*h,
s"
S:. ,
SaP
_2bL2i

ar o ,
hL,
hs,
o1,
oBh

q"*b

AMi2;2° S'Q;  KKBM;

GBQM PTiBKBx iBQM H;Q Bi?K
GBM2 " S'Q; KKBM;

JQK2MimK *QMi~ bi

L2m" H m;K2Mi iBQM L2irQ Fb
L2m  H "+?Bi2+im 2 a2 +?

PTiB+ H*Q?2 2M+2 hQKQ;"  T?v
SQTmH iBQM@" b2/ m;K2Mi iBQM
S'QD2+i2/:  IB2Mi .2b+2Mi

S 'iIB+H2 ar KPTiBKBx iBQM
_2bB/m H L2irQ Fb

_2/-:"22M- M/ "Hm2

_ M/QK AK ;2 *"QTTBM; M/ S i+?BM;
_2BM7Q +2K2Mi G2 "MBM;

_ M/QK PTiBKBx iBQM

_ M/QK PTiBKBXx iBQM M/ 1Mi"QTv@" b2/ .

_ M/QK a2H2+iBQM

aiQ+? biB+ :" /B2Mi .2b+2Mi
a2H7@bmT2 pBb2/ G2 "MBM;

ar TTBM; bbB;MK2Mib #2ir22M oB2rb
h m2 L2; iBp2b

h m2 SQbBiBp2b

o BiBQM H miQ2M+Q/2°b

0BbBQM h® Mb7Q K2"

oBbm H :2QK2i'v:'QmT

g?Bi2 "HQQ/ *2HHDb
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GBbi Q7 Sm#HB+ iBQMb

AMi2 M iBQM HCQm' M HS T2°

C"Qm/Qm? LQm * -"BH HJQF?i 'B- M/ a2#iB6Qm7QmX 1M? M
BK ;2 +H bbB}+ iBQM mbBM; /i m;K2Mi iBQM M/ ;2M2iB+ H
QTiBKBx iBQMX AMi2°™M iBQM HCQm M HQ7 JmHIBK2/B AM’
RjUjV,je- kyk9X

AMi2 M iBOQM H +QM72 2M+2 T T2°

C"Qm/Qm? LQm > M/ JQF?i 'B"BH HX _ M/QK TBt2H b2H2+iBC
+ QTTBM; 7Q /i m:K2Mi iBQM M/ +H bbB}+ iBQMX AM kykk
avKTQbBmMK QM BLMQp iBp2 AM7Q K iB+b Q7 "BbF' UAaLA"V

C"Qm/Qm? LQm ~ - M/ JQF?i 'B"BH HX 6_ M/QK PTiBKBx iBQN
IMi'QTv@" b2/ .i m;K2Mi iBQM 7Q  AK ;2 *H bbB}+ iBQM M
6 P1l. 6X6 kyk9 AMi2 M iBQM H *QM72 2M+2 QM /p M+2b BM 1!
*QKKmMB+ iBQM h2+?MQHQ;B2b UA* 1*PhVX A111- kyk9X

C*QM+ i2M iBM; .22T 62 im 2b, M /p M+2/ h2+?MB[m2 7Q" AK
mMbBM; 1Mb2K#H2 .22T G2 "MBM; US 2b2Mi2/ BM AMi2 M iBQM
AMMQp iBp2 M/ AMi2HHB;2Mi AM7Q K iBQM h2+?MQHQ;:B2b L

SOAA



2M2° HAMiI'Q/m+iBQM

R S Q#H2K ai i2K2Mi

AM 2+2Miv2 "b-i?2}2H/ Q7 BK :2 M HvbBb? brBiM2bb2/ bB;MB}
H “:2Hv #v i?2 BMi2;  iBQM Q7 /22T H2 "MBM; i2+?MB[m2bX AK ;
2ti° +iBM; K2 MBM;7mH BM 7Q K iBQM 7 QK /B;Bi H BK ;2b- TH v
/IQK BMbbm+? bK2/B+ HBK ;BM;-bm p2BHH M+2- "2KQi2 b2MbB
2bTBi2 T Q; 2bb-+? HH2M:2b biBHH 2tBbi BMi2 Kb Q7 ++m’ +v-
T iB+mH "Hv r?2M /2 HBM; rBi? +QKTH2t Q' ?B:?@/BK2MbBQM H
Bbbm2b- "2b2 “+?2°b ? p2 BM+'2 bBM;HvV im M2/ iQ /22T H2 "MBM
bTQr2 7mH iQQHb 7Q" 2M? M+BM; BK ;2 M HvbBbX

22T H2 "MBM;- bm#b2i Q7 K +?BM2 H2 "MBM; # b2/ QM ‘iB}+
"2pQHMIBQMBxX2/i?2r vBK :2b 2T °Q+2bb2/ M/ BMi2 T 2i2/X *
rQ Fb U*LLbV- BM T “iB+mH - ? p2 /2KQMbi  i2/ bi i2@Q7@i?2@
bm+? b Q#D2+i /2i2+iBQM- BK ;2 b2:K2Mi iBQM- M/ +H bbB}+ il
H2 "MBM; KQ/2Hb iQ miQK iB+ HHv H2 "M ?B2" +?B+ H 72 im 2
i72 M22/ 7Q° K Mm H 72 im 2 2ti° +iBQM ? b K /2 i?2K BM/BbT2Mb
>Qr2p2 - /2bTBi2 i?2B  bm++2bb- /22T H2 "MBM; KQ/2Hb Q7i2M °
#2H2// i 7Q i° BMBM; M/ "2T°QM2iQ Qp2 }iiBM:- 2bT2+B HHV E
/Bp2 bBivX h?Bb ? b H2/iQ i?2 2tTHQ  iBQM Q7 p "BQmb bi  i2;B2
iBQM U. V M/ QTiBKBxXx iBQM i2+?MB[m2b- iQ BKT Qp2 KQ/2H T2"

PTiBKBx iBQM TH vb 7mM/ K2Mi H "QH2 BM 2M? M+BM; #Qi? i

Ry



:2M2° H AMi"Q/m+iBQM

Q7 BK ;2 M HvbBb i bFbX PTIiBKBx iBQM H;Q Bi?Kb "2 2KTHQV?Z
IM2@IimMBM; i?2T ° K2i2'bQ7/22TH2 "MBM; KQ/2HbiQ b2H2+iBI
7Q° BKT ' QpBM; +H bbB}+ iBQM Q"  b2;K2Mi iBQM "2bmHibX h /Bi
bm+? b ;" /B2Mi /2b+2Mi- ? p2 HQM; #22M mb2/ BM i?2 i° BMBM;
>Qr2p2 -i?2 'Bb2 Q7 K2i ?2m ' BbiB+ QTiBKBx iBQM i2+?MB[m2b- |
T 'iB+H2 br "K QTiBKBx iBQM- M/ > M/QK QTiBKBx iBQM- ? b Q
bQHpBM; +QKTH2t BK ;2 M HvbBb T Q#H2KbX h?2b2 H;Q Bi?Kl
Bi2® iBp2 b2 "+? T°Q+2bb2b iQ 2tTHQ 2 #°Q /2> bQHmMIBQM bT
/IBp2 ' bBiv M/ [m HBiv Q7 i?2}}M H "2bmHibX

h?Bb i?2bBb BKb iQ 2tTHQ 2 i?2 BMi2 b2+iBQM Q7 /22T H2 "ML
+QMi2ti Q7 BK ;2 M HvbBb-rBi? T 'iB+mH *7Q+mb QM 2M? M+B
b2;K2Mi iBQM i bFbX "v +QK#BMBM; i?2 TQr2 Q7 /22T H2 "MBM;
iBQM i2+?MB[m2b- r2 b22F iQ BKT ' Qp2 i?2 ++m’ +v- 2{+B2M+v-
#BHBiB2b Q7 BK ;2 M HvbBb bvbi2KbX h?2 T°QTQb2/ TT ' Q +?22]
2ti2MbBp2 2tT2 ' BK2Mib-/2KQMbi® iBM; i?2B  TQi2MiB HiQ Qp2 +
Tmb? i?2 #QmM/ "B2b Q7 +m "2Mi BK ;2 M HvbBb K2i?Q/bX

g?BH2 i?2b2 /2p2HQTK2Mib "2 p2'v2M+Qm  ;BM;- +? HH2M; 2]
"2; '/IBM; 2z2+iBp2 M HvbBb bBKBH "'Biv M/ +H bbB}+ iBQM Q7
rBi? BM+ 2 bBM; i?2 MmK#2 Q7 BK ;2b-i?2[m HBiv M/ T 2T Q+2|
BM; BK ;2 M HvbBb KQ/2Hb bm++2bb7mH "2 + BiB+ HX >B;?@[m
72 im'2b "2 HBF2HViQ ?2HT KQ/2H H2 "M #2ii2°-r?BH2 MQ K HE
"2bBxBM; "2bQK2Q7i?2T 2T Q+2bbBM; i2+?MB[m2b ?2HT7mH E
2{+B2Mii° BMBM;X S'QT2 T 2T ' Q+2bbBM; 2Mbm 2b i? ii?2 KQ/:
ii2MiBQM iQ K2 MBM;H2bb T ii2"Mb- #mi > i?2° K2 MBM;7mH QM?2
BM BK :2 [m HBiv- HB;?2iMBM;- Q° MQBb2X h?2°27Q'2-# H M+BM
/i ;i?2°BM; Bb Q7 T'BK2 BKTQ'i M+2 7Q  QTiBK HKQ/2H T2 7Q"

a2p2° H TT Q +?2b + M #2 2KTHQvV2/iQ 2M? M+2 i?2 T2 ' 7Q K
KQ/2Hb BM BK ;2 M HvbBbX h?2b2 BM+HmM/2 i2+?MB[m2b HBF2
/i IBp2 bBiv M/ 2/m+2b Qp2 }iiBM;- M/ i> Mb72  H2 "MBM;- r?E

RR



:2M2° H AMi"Q/m+iBQM

KQ/2Hb 7Q  BKT ' Qp2/ 2{+B2M+vX //BiBQM HHv- QTiBKBx iBQM |
+2H2 i2 KQ/2H i  BMBM;- r?BH2 /p M+2/ M2irQ ' F bi'm+im 2b 2M
Tmi iBQMX _2;:mH "Bx iBQM i2+?MB[m2b T 2p2Mi Qp2 }iiBM; #v E
i BMBM;- M/ 2Mb2K#H2 H2 MBM; 2M? M+2b "Q#mbiM2bb #v BMi:
KmHIBTH2 KQ/2HbX *QHH2+iBp2Hv-i?2b2 bi” i2;B2b +QMi B#mi2
i2°;2M2° HBx iBQM BM BK ;2 M HvbBb i bFbX

1tBbiBM; . K2i?Q/b-r?BH2 BMbi mK2Mi HBM 2tT M/BM; i  BME
bB;MB}+ Mi +? HH2M;2b BM K BMi BMBM; BK ;2 [m HBivX h™ /BiB
i iBQM- ~BTTBM;- M/ b+ HBM; K v+'2i2p ‘B iBQMbi? i 7 BHIiQ
rQ"H/ b+2M "BQb- "2bmHiBM; BM H2bb BM7Q 'K iBp2BK ;2b7Q" KC
+ MBM /p2 i2MiHV BMi"Q/m+2 “iB7 +ib Q  /BbiQ i 2bb2MiB H 72 i
BM; i?2 Qp2° HH [m HBiv Q7 i?2 m;K2Mi2/ /i X aBM+2 /22T H2 "N\
QM ?B;?@[m HBivH #2H2/ BMTmib- Mv BM /2[m +v BM i?2 [m HB
H2 /iQ /IBKBMBb?2/ T2 '7Q 'K M+2 QM mMb22M / i X

hQ //°2bb i?2b2 +QM+2 " Mb- Qm™ T°QTQb2/ K2i?Q/ 7Q+mb2b C
Q7 i?72 *LL KQ/2H UAK ;2bV #v b2H2+iBp2Hv +?QQbBM; bT2+B]
Q'B;BM H BK ;2 7Q° m;K2Mi iBQMX h?Bb TT Q +? 2KT? bBx2b
BM7Q K iBQM r?BH2 KBMBKBxBM; B " 2H2p Mi /2i BHbX g2 7m i?z
T Q+2bb #vBMi2;  iBM; _ M/IQKPTIiBKBx iBQMU_PV M/:2M2iB+
+QHH #Q' iBp2HV BKT ' Qp2i?2 b2H2+iBQM Q7 i?2 #2bi@;2M2" i2/
/IBp2 bBivX h?2 QTiBKBx iBQM Q7 ‘+?Bi2+im 2b HBF2 0::Re M/
bB;MB}+ MiHV iQ i?Bb T2 ' 7Q'K M+2 #QQbiX

h?2 T°"QTQb2/ K2i?Q/ +2Mi2°b "QmM/ i?2 +QM+ i2M iBQM Q7 7
KmHiBTH2 KQ/2Hb-r?B+? b2 p2b b MBMMQp iBp2bi® i2;viQ2M?
BK ;2 M HvbBbX "v H2p2  ;BM; /Bp2 b2 "+?Bi2+im 2b-i?Bb TT"
bi*2M;i?b Q7 2 +? KQ/2H- HHQrBM; 7Q° 'B+?2° M/ KQ'2 +QKT 2
i?72 BMTmi/ i X

*QM+ i2M iBM; 72 im 2b 7 QK p BQmb KQ/2Hb 2z2+iBp2Hv K2°
M/ BMbB;?ib ; BM2/ /m BM; 72 im 2 2ti° +iBQM- H2 /BM; iQ KQ°

Rk



:2M2° H AMi"Q/m+iBQM

Q7 i?2 mM/2"HVBM; /i T ii2"MbX h?Bb 2M'B+?2/ 72 im 2 2T 2bz
BKT Qp2 i?2 +H bbB}2 6b #BHBiv iQ /Bz2 2MiB i2 #2ir22M +H b
/i b2ibr?2 2 bm#iH2 p B iBQMb 2 + BiB+ H7Q ++m  i2 T 2/B-

h?2b2 BKT Qp2K2Mib #v Qm™ > T ' QTQb2/ K2i?Q/b ? p2 "2bmHi2/
i2° T2 ' 7Q°'K M+2 K2 bm™2b i? i vB2H/ BKT 2bbBp2 T2 ' 7Q K M+2 Q
i bFbX h?2 BM+Q TQ iBQM Q7 bi i2@Q7@i?2@ i i2+?MB[m2b- |
M/ QTIiBKBx iBQM bi™ i2;v-7m i?2 BKT Qp2/i?2[m HBiv Q7 ;2M2
M/ b?Qr2/ #2ii2° ;2M2° HBx iBQM + T #BHBivQM mMb22M /i X 1t
i?72 bB;MB}+ Mi BKT Qp2K2Mi BM ++m" +v M/ 'Q#mbiM2bb b +QK
TT Q +?2b- r?B+? bB;MB}2b i?2 bm++2bb7mH BKTH2K2Mi iBQM
}M/BM;b HB;M rBi? 2+2Mi HBi2 im 2 2KT? bBxBM; i?2 BKTQ i M
b2ib BM KQ/2H T2 7Q K M+2 2M? M+2K2Mi- T 'iB+mH Hv BM /22
T Q +? +QMbiBimi2b bB;MB}+ Mi bi'B/2 BM i?2 }2H/ M/ T QKBb
KQbi T"TQKBbBM; p2Mm2b 7Q  7mim’2 *2b2 “+? M/ TTHB+ iBQMb

K 2b2 “+? *QMi'B#miBQMb

h?2 T'BK v +QMi'B#miBQMb Q7 i?Bb "2b2 “+? BM+Hm/2,
C .2HBp2'BM; i?Q°Qm;? HBi2  im 2 "2pB2r Q7 i?2 KQbi T2 iBM
M/ QTiBKBx iBQM K2i?Q/b BM BK :2 M HvbBbX
CS'QTQb2 MQp2H . i2+?MB[m2i? i BMpQHp2b > M/QKHv + QT
7°QK i?2 Q'B;BM H BK ;2iQ :2M2" i2 m:;K2Mi2/ BK ;2bX

C1M? M+2i?Bbi2+?MB[m2 #vBMi'Q/m+BM; _PK2i?Q/iQb2H2-
i22 b2i Q7 m;K2Mi2/ b KTH2bX

C6m’i?2° BKT ' Qp2 i?2 BMBiB H +QMi'B#miBQM #v miBHBxBM;
m;K2Mi2/ BK ;2 bT +2 M/ + Tim 2 i?2 KQbi 2z2+iBp2 BK ;2b-
0::Re M/ 0::RN "+?Bi2+im ' 2biQ BKT Qp2 +H bbB}+ iBQM ++n
#2M2}ib Q71?2 m;K2Mi2// i b2i M/ QTiBKBx iBQM bi" i2;B2b

Rj



:2M2° H AMi"Q/m+iBQM

C1M? M+BM; KQ/2H T2 7Q°K M+2 Bb +?B2p2/ #v +QM+ i2M iBM
7 QK i?2b K2 BK ;2b mbBM; /Bz2 2Mi KQ/2Hb- i?2M 722/BM;
b2i BMiQ +H bbB}2 X

j h?2bBb P ; MBx iBQM
h?2 bi'm+im 2 Q7 i?2 i?2bBb Bb QmiHBM2/ b 7QHHQrb,

C:2M2° HAMiI'Q/m+iBQM, QmiHBM2b i?2 "2b2 +? KQiBp iBQM
T Q#H2KX AiBb 7QHHQr2/#v T 2b2Mi iBQMQ7i?2i?2bBb +Q
Q7 i?2i?2bBb bi"m+im 2X

C*? Ti2 R, Qz2'b ;2M2  H Qp2'pB2r Q7 BK ;2 M HvbBb- rBi?
BK ;2 +H bbB}+ iBQM M/- 7TQHHQr2/ #v +QKT 2?2MbBp2 "2pE
2tBbiBM: K2i?Q/b- HQM; rBi? 7mM/ K2Mi H +QM+2Tib Q7 QTi
i?2B° TTHB+ iBQMb BM i?Bb }2H/X //BiBQM HHv-i?22 +?2 Ti2"
7Q BK :2 +H bbB}+ iBQMi bFb-/2i BHbi?2 /p M+2/*LL “+?B
72 im 2 2ti° +iBQM M/ +H bbB}+ iBQM- M/ /Bb+mbb2b i?2 p°
mb2/iQ bb2bb KQ/2H T2 7Q K M+2X

C*? Ti2  k, QmiHBM2b i?2 T°QTQb2/. K2i?Q/-r?B+? BMpQHp2b
Q7 "Qrb M/ +QHmMKMb 7°QKi?2 Q' B;BM HBK :2iQ :2M2" i2 M2
Bi /2KQMbi® i2b BKT Qp2K2Mib +?B2p2/i?2°Qm;? +H bbB}+ il
KQ/2HbX

C*? Ti2 j, /IBb+mbb2b i?2 2M? M+2K2Mi Q7 i?2 T°QTQb2/ K2i7?
i2°Qm:? i?2 TTHB+ iBQM Q7 M _P K2i?Q/X

C*? Ti2 9, 2M? M+2b i?2 T'QTQDb2/ K2i?Q/ 7°QK *? Ti2  k i?°Q
iBQM Q7 : M/ 2p Hm i2bi?2 222+iBp2M2bb Q7 i?Bb 2M? M+2K
M/ b2p2M KQ/2HbX //BiBQM HHv- Bi 7Q+mb2b QM BKT QpBN
"+72Bi2+4im ' 2biQ 7m’i?2  QTiBKBXx2 T2 ' 7Q K M+2X

R9



:2M2° H AMi"Q/m+iBQM

C*? Ti2 8, T'2b2Mib M TT'Q +?iQBKT QpBM; KQ/2HT2 ' 7Q K
i?2 72 im 2b 2ti° +i2/ 7°QK i?2 b K2 BK ;2b mbBM: /Bz2 2Mi K
i?Bb +QK#BM2/ 72 im 2 b2i BMiQ +H bbB}2 X

C*QM+HmMbBQM M/ 7mim 2rQ Fb, +QM+HmM/2bi?2i?2bBb M/ QI
7Q 7mim 2 "2b2 +7?X

R8



*?2 Ti2 R

oemM/ K2Mi H*QM+2Tib M/ _2F

Re



*2 Ti2° RX 6mM/ K2Mi H *QM+2Tib M/ _2H i2/ qQ F

RXRAMi“Q/m+iBQM

AK ;2 M HvbBb Bb +'BiB+ H "2 Q7 "2b2 "+?i? i TTHB2b +QKT
im +imb27mHBM7Q K iBQM 7 QK pBbm H/ i X qBi?i?2BM+ 2 bBI
BM HH }2H/b-bm+? b K2/B+BM2- ;"B+mHim 2-b2+m Biv- M/ 2Mi
2K2 ;BM; M22/7Q bi"QM; M HviB+ Hi2+?MB[m2bX Ai +Qp2 b p I
7°QKi?2bBKTH2 QT2 iBQMb Q7 }Hi2'BM; M/ 2M? M+2K2MiiQ i?2
BM; b2;K2Mi iBQM- 72 im 2 2ti° +iBQM- M/ +H bbB}+ iBQMX AM
? b 2pQHmMIBQMBx2/i?2 }2H/ Q7 BK ;2 M HvbBb #v /" biB+ HHvV -
222+iBp2M2bb Q7 +H bbB}+ iBQMi2+?MB[m2b-2M #HBM; "iB}+B
/i b2ib M/ K F2i'2K2M/Qmb BKT Qp2K2Mib BM i?2B T2 7Q K M-

AK ;2 +H bbB}+ iBQM Bb M BKTQ'i Mi BK ;2 M HvbBb i bFX |
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