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PREFACE

In this constantly emerging data-driven scientific society, x86 and ARM based embed-
ded mobile computing platforms ranging from single-threaded single core to multi-threaded
multi-core processors play a distinct role in the computer vision (OpenCV) paradigm. Convo-
lutional Neural Network (CNN) algorithms developed specifically for computer vision appli-
cations need to be optimized for embedded computing platforms with limited computational
resources such as memory and processing power.

This thesis focuses on optimizing CondenseNet, a successor of widely popular CNN:
DenseNet (Densely Connected Convolutional Networks) and explains different techniques
utilized to reduce forward FLOPs and redundant trainable parameters resulting in unprece-
dented computational efficiency during training from scratch as well as during real-time
inference on an ARM based computing platform. This new CNN architecture is named
CondenseNeXt. Furthermore, extensive analyses are conducted on three popular computer
vision benchmarking datasets: CIFAR-10, CIFAR-100 and ImageNet in order to corroborate
the performance of CondenseNeXt CNN.
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"2b2 "+? rQ F M/ 2bmHib BM i?2 bm#b2[m2Mi +? Ti2 b b? HH K MB’

RXR "'B27 Pp2 ' pB2r

AM “2+2Miv2 "b-i?22 bB;MB}+ Mi /p M+2K2Mib ? p2+2M\D;@/ i?2
HQ;B+ H /p MbHBK2Mib K iB+ HHVbHQIBM; /QrM Q7JQQ 26b G rr?|
i?72 T'Q+2bbQ  +Q 2 T2 7Q 'K M+2 rBHH MQr /Qm#H2 2p2 v ky v2 “b-
a+ HBM; i? i ?2 b " 2bmHi2/ BM TQr2 r HH "2bi B+iBM; i?2 T Q+2bt
:>X bBM+2 Kyop@B7i BM +QKTmiBM2BMHIBMbBM i MbBiBQMBM; 7 (
Bx2/ +QKTmiBM; iQ /Bbi'B#mi2/ +QKTmiBWB; @B }2/\i //2pRHIPTK MM it
i?72 A/QK BWMbH? b +QKTmi2  pBbBQM-M im> HH M;m :2 T°Q+2bbBNM
b "2bmHi- "2b2 "+?2°b 27 +2/ rBi? b2'BQmb +? HH2M;2b Q7 /2p-
M2irQ'F H;Q Bi?Kb 7Q " /2pB+2b rBi? +QMbi" BM2/ +QKTmi iBQM H
TQr2 bmTTHv-T2 ' 7Q°'K M+2 M/ bvbi2K +QQHBM;X

h?Bbi?2bBb T QTQb2b MmHi® @2{+B2Mi /22T +QMpQHMiBQM H |
B+ HHv 7Q t3e M/ _J# b2/2K#2//2/ +QKTmiBM; TH i7Q Kb QM i?2:
1. 2M #H2/ :SIbmTTQ i 7Q° "2 H@iBK2 BM72 2M+2 Q7 BMTmi/ i -
1?72 1?2bBb bi i2K2Mi Qz2 2/ #v i?BbrQ FBM i?2 bm#b2[m2Mi +? Ti2
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kX ALh_P.I*hAPL

*QMPQHMIBOQM HL2m > HL2irQ ' Fb U*LLV "2i?2# +F#QM2 Q7 +QKTn
b2+iBQM T QpB/2b MBM@/2Ti? M HvbBb Q7 r? i *LLBb-bi "iBM;r
M2irQ Fb M/ : /m HHvV #mBH/BM; mT iQ i?2 /Bz2 2Mi KQ/mMH2b i? i -

kXR "iB}+B HL2m HL2irQ Fb

“iB}+B HL2m  HL2irQ'FbU LLV-+QKKQMHVFMQrM bL2m > HL2i
BHv BMbTB 2/ #v i?2 TmM+iBQMBM; Q7 ?mK M # BM M/ ?Qr i?2 4
/IBz2 2Mii? M i° /BiBQM H+QKTmi2 X ?nbkQ W78 bBEM BIEIMH B KIZBH v
2 'BM7Q K iBQM T Q+2bbBM; bvbi2KX AiBb + T #H2 Q7 "2Q"; MBxB
2H2K2Mib FM\QZM @MbQ /2  iQ T ° HH2HHV T2 ' 7Q K +QKTH2t +QKT
KmHIB@Q#D2+i/2i2+iBQM M/ +H bbB}+ iBQM- M/ T ii2'M "2+Q;MB
Tmi2® BM 2tBbi2M+2 iQ/ vX 6Q" 2t KTH2- +QMbB/2° ?mK M pBbBQWN
"2+Q;MBiBQM +QKTmi iBQM Q7 T ii2"Mb M/ Q#D2+ib "QmM/ mb B!
M/ T°QpB/2b mb i?2 BM7Q 'K iBQM bQ i? i r2 + M BMi2" +i M/ 2 +i
+QKTmi2 brBi? #mM/ Mi +QKTmi iBQM H "2bQm +2b rBHH biBHH i
bm+? ?B;?2° +QKTH2tBivX

.M BM;i?2 1} biirQv2 b Q7 #B'i?- ?2mK M# BM mM/2 ;Q2b +QMt
Q7 Bib M2m QMb iQ /2p2HQT Bib #BHBiviQ H2 "M M/ / TiiQ b2i Q
r? i Bb +QKKQMHvV BMIQIrBXM>Qr2p2 - i?Bb /2p2HQTK2Mi /Q2b MQi
Bi +QMiBMm2b i? ' Qm;?Qmii?2 2?mK M HB72X h?Bb T?2MQK2MQM Q
bi MiHv +? M;BM; 2MpB QMKR Wi BbGivbQrMThl biB+BivBb BKTQ i Mi
# BMOb BM7Q 'K iBQM 2ti° +iBQM T°Q+2bb-bQ BbBKTQ'i Mi7Q" M
iB}+B HM2m QMbX AM ;2M2° H- M2m H M2irQ F Bb KQ/2HH2/iQ
i?BMF M/ T Q+2bb BM7Q K iBQM BM bBKBH "rvi?2?2mK M # BM
[2p2HQT2/ mbBM; T Q;  KKBM;H M;m ;2 M/ /2THQV2/ QM 2H2+i B-
bBKmH i2/ BM bQ7ir "2 QM /B;Bi H+QKTmi2 X

RN



"iB}+B HM2m ™ H M2irQ Fb 2b2K#H2 ?mK M# BMBM 7QHHQTrB
Ch? Qm;? H2 MBM; T Q+2bb- FMQrH2/;2 Bb 2ti" +i2/ rBi? i?2 ?2

Ch?Bb BM7Q K iBQM Bb i?2M biQ 2/ mbBM; BMi2 @M2m QM +Q|
bvM TiB+ r2B:?ibX

h?Bb T°Q+2bb Q7 H2 "MBM; Bb + HH2/ H2 "MBM; H;Q Bi?K r?2":
M2m> HM2irQ F "2KQ/B}2/iQ ii BM /2bB 2/QmiTmiX M2m QM Bb
MMBi r?B+? Bb M mM/2 HVBM; 7mM/ K2Mi H Q7 H2 "MBM; H;Q Bi
i?2bi'm+im2Q7 M2m QM BM M2m  H M2irQ ' F M/ /Bb+HQb2b i?

RXxvM TiB+ q2B;?ib, 1 +? Q7 i?2b2 bvM Th2b "2 "2T 2b2Mi2/ #v B
bvM Tbh2bBM ?mK M# BM-bvM Tbh2bBM M2m  HM2irQ F K v
M2; iBp2 p Hm2bX

kXamKKBM: CmM+iBQM, HbQ FMQrM b M //2 -BibmKb HH BMTn
+Q "2bTQM/BM; bvM TiB+ bi'2M:i?b Q7 M2m QMX AM i?Bb r v
HBM2 * +QK#BM2 X

jX +iBp iBQM 6mM+iBQM, M +iBp iBQM 7mM+iBQM- 2Bi?2 HBM
HBKBii?2 KTHBim/2Q7i?2QmiTmiQ7 M2m QMX +iBp iBQM 7
FMQrM b b[m b?BM; 7TmM+iBQMbX

"B b
b

X1 o—— W1

+iBp iBQM

\\VI\ 7mM+iBRMIiTmi

AMTm Xa o— Wiz ) - () — Yk
amKKBM;

Xn o—— Wi DmM+|BQM

avM TiB+
r2B;?ib

6B:m 2 KKRMHBM?2 ~KQ/2H Q7 M2BMOMAHN#2HKRirQ FX

Ky



*QKTmi iBQM Q7 i?2 HQn) @7 MB2MIQM “2[mB 2b FMQrH2/;2 Q7 M
7TmMM+i®QMb22M BM 6B:m 2 kXRX M “+(iBP bBIQMZm@MiBOIMQmbHYV /
2MiB #H2X h #H2 kXR T QpB/2b bmKK v Q7 KQbi +QKKQMHvV mb2/
MQMHBM2 ° +iBp iBQM 7mM+iBQMb BM 7TmHHV +QMM2+i2/ KmHiB@

"B b Bb HBF2 M BMi2 +2Ti i? i Bb //2/ 2ti2 M HHv r?B+? 2 b M
Q  /2+°2 bBM; i?2 M2i BMTmi Q7 i?2 +iBp iBQM 7TmM+iBQMX AM b
b?B7iBM;: Q7 i?2 +iBp iBQM 7mM+iBQM #v //BM: +QMbi MiX 6B;m
"2T 2b2Mi2/ #v UKXRV b 7QHHQrb,

Y =" (U + h) UKkXRV

r?2 2

Uk = Wk X D UkXkV
Bl

h #H2 KXRXIiBMmQmbHv .Bz2 2MiB #H2 LQMHBM2 * +iBp iBQ
L K2 6mM+iBQM .2 ' Bp iBp2 6B;m" 2

aBiKQBK) = s ) = FL F(x)? 4/

hM? (x)= 2.2% FUx)=1 f(x)? C
8 8 _/

<0 Bx< O <0 Bx<O

_2G1 f(x)=. fax) =
X Bx O -x BI7 O
i = 2 = pZ H2)?
aQ7iK ft(x) P—BZ f Ax) 5
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kXk JmHIB@H v2 622/@7Q'r '/ L2m  H L2irQ Fb

JMHIB@H v2'  722/@7Q'r "/ M2m > H M2irQ'Fb 2 QM2 i?2 KQbi TQ
M2m™ H M2irQ ' F "+?Bi2+im 2bX AM i?Bb ivT2 Q7 M2irQ " F- M2m QN
i?2H2 "MBM; H;Q Bi?K miBHBx2/iQi> BMi?2 M2irQ'F7Q" ;Bp2M/
TTHB+ iBQM M/ BKTH2K2Mi iBQMX

h?2°2+ M#2 QM2 Q"  KQ'2 ?B//2M H v2'b r?Qb2 +QKTmi iBQM MQ
M2m QMb M/ i?2 MmK#2> Q7 ?B//2M H v2 b /B+i i2 i?2 /2Ti? Q7 M2
?2B//2BMQi2bi? i T iQ7i?2M2m" HM2irQ'FBb MQi pBbB#H2 /B 24
Q QmMiTMi MQ/2b Q7 i?2 M2irQ ' FX "v //IBM; KQ 2 ?B//2M H v2'b-i?2
2ti° b2ib Q7 bvM TiB+ +QMM2+iBQMb r?B+? rBHH ?22HT i?2 M2irQ F :
/i 7°QK i?2 BMXn6iB;m 2 kXk #2HQr T°QpB/2b pBbm H 2T 2b2Mi
722/@7Q°r */ M2m" H M2irQ ' F +QKT Bb2/ Q7 QM2 BMTmi H v2 - QM2
Hv2 b 7QHHQrbD,

AMTmi >B//2M PmTmi
H v2" Hv2" Hv2"

6B;m 2 k¥kHHV +QMM2+i2/ 722/@7Q r '/ M2m H M2irQ F rBi?
Hv2 M/ QM2 QmiTmiH v2 X

k k



+QMp2MiBQM H K2i?Q/7Q i BMBM; KmHIB@H v2 7mHHv +QMI
rQ"Fb- HbQ FMQrM b KmHIB@H v2 T2 +2Ti QMb-Bb i?2# +F@T Q
BM+HmM/2bi?27 KQmb GJa H;Q Bi?K b bT2+B H+ b2X h?2°2 "2ir(

R¥Q'r '/ S? b2, AM i?Bb T? b2- BMTmib "2 T QT ; i2/ 7Q'r [ i?
M2irQ'F Hv2 #v H v2 r?2 2 bvM TiB+ r2B;?ib "2 }t2/ mMiBH B
Hv2 X

kX' +Fr '/ S? b2, AMi?Bb T? b2- M2 °Q bB;M HBb ;2M2" i2/ #v +
Q7 i?2 M2irQ F rBi? i?2 ;"QmM/ i'mi? U/2bB 2/ "2bTQMb2VX h?
T QT ; i2/# +Fr /i?2°Qm;?i?2M2m> HM2irQ ' FH v2 #vH v2 /D
r2B;?ib Q7 i?2 M2irQ FX

“"Hm2 HBM2b BM 6B:m 2 kXj #2HQr +Q "2bTQM/iQ 2°°Q  bB;M Hb Q7

Wi3 Wi3
FONCNO VoNeNC p;
o o o o o o
") ") ;
, < , <«
Y O
B dlra.,
\ \
\ < <o 3
\
[o] [o] [o] [o] [o] o]
v @O @ 2 @ @
1 2 3 1 2 3

6B;m 2 kXBXM H@~Qr Q7 # +F@T QT : iBQM H2 "MBM: H;Q Bi?
M2+i2/ 722/@7Q r "/ M2m> H M2irQ F rBi? QM2 ?B//2M M/ QM2

K]



AM Q' /2 iQ K i?2K iB+ HHv 2T 2b2Mi i?2 # +F T'QT ; iBQM H;
T2 +2TijQM2 ¢BHH +QMDbB/2° 7QHHQIBM: irQ + b2b,

* h2 R@ q?2M M2m QM D Bb M QmiTmi MQ/2- ;"QmM/ i'mi? U/2bE
p BH #H2 7Q  i?2 MQ/2X >2¥n32M2HQ¥ B ;MBI BWI K i?2K iB+ HHv
2T 2b2Mi2/ b 7QHHQrb,

%n) = dgn) ygn) UkXjV

r?2°@n) Bb i®22BH2K2Mi Q7 i?2 /2bB 2/ ®@HTRKDRBERBBEQM H :2M2" 2/
i i72QmiTmi Q7 M2m QM D BM i?22 QmiTmi H win)rBIPHB2PR2HI?Q7 b
BMTmi H v2 X h?2M- i?2 $hRD+ M #2/BQKTmi2/ b 7QHHQrb,

gn) = 2n)" dvn)) UkX9V

r?2°2§vgn)) /2 Bp iBp2 +Q "2bTQM/b iQ i?2 "2bT2+iBp2 +iBp iBQM 71

* b2 k@ q?2M M2m QM D Bb ?B//2M MQ/2-i?2°2BbMQ ;"QmM/ i mi? |
i i?2 ?B//2M MQ/2X >2M+2- M2 °Q bB:M H? biQ #2 + H+mH i2/°
7 b?BQMX 1[m iBQM kX9 + M #2 “2/2}M2/ b 7QHHQrb,

),
="y ) o
222
() _ 2(n)" K QVi(n)) i §n)
y &n) k
_ X (MW 6n) UkXeV

k

6°QK 2[m iBQMb kX8 M/ kXe-i?2 # +F T°QT ; iBQMMQAT@Mi? BHQ " H(
+ b2 Bb K i?2K iB+ HHvV 2T 2b2Mi2/ b 7QHHQrb,

gn) = QV&n))x k(M) wic §n) UkXdV
k
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kXj *QMpQHmMIiBQM H L2m  HL2irQ Fb

*QMPQHMIBQM H L2m' H L2irQ ' Fb U*LLV ‘2 DbT2+B H +H bb Q7"
722/@7Q°'r "/ M2m~ H M2irQ Fb /2bB;M2/ bT2+B}+ HHvV iQ BM72" ir(
BK ;2 7° K2 rBi? ?B;? /2;°22 Q7 "2bBbi M+2 M/ bi #BHBiv iQ bF2r
Qi?2°7Q Kb Q7 /BbiQ iBQMbX h?Bb +QKTH2ti bFBbi> BM2/BM bnm
;QmM/ i 'mi? H #2Hb /m " BM; i?2i° BMBM; bi ;2X 6QHHQrBM; "2 i?°
+ "B2/ Qmi #v *LL,

R%2 im 2 2ti° +iBQM, 1 +? M2m QM BM i?2 M2m" H M2irQ F Q#i BI
HQ+ H M2m QMUDbYV 7Q K i?2 T 2pBQmb H v2 X h?mb- +QKT2HF
i* +i HQ+ H 72 im 2bX 7i2 72 im 2 2ti’ +iBQM Bb T2 ' 7Q K2/- F
BKTQ'i Mi- T°'QpB/2/ B7i?2 "2H iBp2 TQbBiBQM iQ Qi?2 72 im"

kX62 im 2 K TTBM;, H v2 Bb +QKTQb2/ Q7 KmHIiBTH2 72 im 2 |
M2m QMb 2 *2[mB'2/iQ b? 2 +Q2[m Hb2i Q7 bvM TiB+ r2B;?i
b?B7i BMp "B M+2 b r2HH b 2/m+iBQM BM i?2 MmK#2" Q7 7 22

jXam#b KTHBM;, h?Bb QT2  iBQM “2bmHib BM "2/m+iBQM Q7 "2t
r?B+? 22HTb BM #mBH/BM; 2bBbi M+2 iQ b?B7ib M/ Qi?2  7Q K
#27Q 2X

k9!193t93
3'Rk3tRk3 Rtk8e

3!'e9te9

*QMpPQHMIiBQM am#b KTHBM; *QMpQ

6B;m 2 kXBX H2p2H pB2r Q7 +QMpQHMIBQM H M2m > H M2irQ F

k8



6B;m 2 kX9 T 'QpB/2b pBbm HBx iBQM Q7 +QMpQHmMIiBQM H M2m
+QKT ' Bb2b Q7 QM2 BMTmiH v2'-irQ ?B//2MH v2'b M/ QM2 QmiTmi
im 2 Bb /2bB;M2/iQ T2'7Q°KBK ;2 T'Q+2bbBM; i bFb bm+? b BK ;2
Hv2 228 128 b2MbQ v MQ/2b UM2m QMbV r?B+? "2+2Bp2b BMTmi E
#22M + QTT2/- +2Mi2 2/ M/ MQ K HBx2/ BM i2 ' Kb Q7 /IBK2MbBQMI
bm#b KTHBM; M/ i?2M ; BM +QMpQHmMiBQM H QT2 iBQMb 2 T2'7
7QHHQTrb,

RXQMpPQHMIiBQM Bb T2 7Q K2/ #v i?2 } bi ?B//2M H v2 K /2 mT |
+QMDbBDb6BMEAQI2 M  QMb X

kXam#b KTHBM; QT2  iBQMBb + B2/ #vi?2b2+QM/?B//2MH v2°
h?Bb H v2 Bb K /2mT Q7 k9 72 im 28K 4BbVH2QrVI © BIhiB M ; «P7M 2 m "
HbQ ? b i° BM #H2 +Q2{+B2Mi-#B b M/ M +iBp iBQM 7mM+il
Q  MOQM@HBM2 VX

X I M H+QMpQHmMIBQMBb T2 7Q K2/ #vi?2QmiTmiH v2 K /2mT
BM; Q7 k8e M2m ' QMb r?2 2BM-2 +? M2m QM Bb bbB;M2/2Bi?2"

*QMPQHMIBQMH v2 +QMi BMb M "> vQ7 MmK#2 bi? irBHH 2t2+
QT2 iBQM QM / i "2+2Bp2/ 7' QKT 2pBQmbH v2'b M/ T bbBi7Q r "
kX8 T°QpB/2b pBbm HBx iBQM Q7 6 Q#2MBmb AMM2" S Q/m+i Q7
"2T2 02/ 7Q 2p2 v }HiI2 BM i?2 +QMpQHmMIiBQM H H v2 X

SELLE b — ENEL
AR Ry R RK 9]
VTR Ry Y RY. = | .RKij|l9 R
Y. Ry R Rilj|R R
YYRRY Y'Y ' iliTHAY
RRy Yy
| K I K

6B;m 2 kX8X%QMpQHMIiBQM H QT2 iQ  r?2°2 i?2 F2"M2H K i B
+°Qbbi?2i :2i BK :2 M/ 2H2K2Mi@rBb2 T Q/m+ib "2 2+Q /2

ke



kX9 1pQHMIBQM Q7 i?2 2bL2i *LL 6 KBHvV

}bi 7TmHHV +QMM2+i2/ /22T 722/@7Q r '/ KmHIB@H v2 M2m  H I
BM; r b BMi Q/m+2/ #v H2t2v : X Ap F?M2MFQ9YMPBX?XT GQP BBAM RN
mM/2 HvBM; T'BM+BTH2b 7Q° HH /22T M2m™ H M2irQ ' F "+?Bi2+in

KmHIiB@/Bb+BTHBM "v }2H/ Q7 b+B2M+2 r?2 2 2b2 +?22 b b22F il
i2+?MB[m2b iQ HHQr +QKTmi2'biQ T2'7Q 'K BMi'B+ i2 QT2 iBQME
Q#D2+i/2i2+iBQM M/ BK ;2b2;K2Mi iBQM- bBKBH " iQ ?2Qr ?mK M #

H2tL2i- /22T *LLBMi Q/m+2/#v H2tE Bx?2pbFvBM +QHH #Q" i
M/:2Qz 2v >BMiQM)BBIkQRIR(Q7 i?2rQ H/6b KQbi BM~m2MiB HrQ F
? pBM; rQMi?2 AK ;2L2iGao_*UG ";2a+ H2oBbm H_2+Q;MBiBQM *
a2Ti2K#2 kyRkX AiBMbTB 2/ K Mv A "2H i2/rQ Fb miBHBxBM; *LLI|
/22T H2 "MBM; X

AM kyRe- : X 2m NEMi Q/m+2/ _2bL2i "+?Bi2+im 2 iQi BM *LL
KQmMib Q7 /i 7Q° +QKTmi2 pBbBQM Tm ' TQb2bX T QKBM2Mi 72
iBivb?Q i+mi +QMM2+iBQMb i? i HHQr bFBEFBB @A 7HHM 2 T " RQ2 R
#v 6B;m 2 kXe #2HQrX .m2 iQ i?Bb MQp2H B/2 Q7 bFBTTBM; H v2'b
# b2HBM2 H;Q Bi?K #v K Mv '2b2 "+?22°biQ #mBH/ KQ 2 +QKTH2t

— =

YB
>B//2M GHy2"

_2bL2I "HQ + /—> ~L
>B//2M GHy2"

Yout J’

Yout

6B:m 2 kXKEXMiBiv b?2Q i+mi +QMM2+iBQMb BM _2bL2iX
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AM kyRd- : X 2m HBMi " Q/m+2/ .2Mb2 *QMpQHMIBQM H L2irQ F-TQ
2Mb2LAIX( h?Bb rQ"Fr b "2+BTB2Mi Q7 i?2 "2bi S T2 r '/ BM i?2 k)
+QM72 2M+2-r?B+?2 T°QTQb2b MQp2H B/2 Q7 /2Mb2 +QMM2+iBQM
T K2i2°b M/ MBM+'2 b2BM ++m” +v +QKT "2/iQ 2bL2iX

i i?72 +Q°'2 Q7 .2Mb2L2i HB2b i?2 +QM+2Ti Q7 /2Mb2 #HQ+Fb- ;
+QMM2+iBpBiv-r?2'22 +? Hv2 Bb+QMM2+i2/iQ 2p2 v Qi?2 bm#b.
7 b?BQOM b b?QrM BM 6B;m 2 kXdX AM Qi?2  rQ /b- T ' Q+22/BM; H
K TbiQ HHbm#b2[m2MiH v2'b M/i?2M +QM+ i2M i2bBibQi? i2 +°

+QHH2+iBp2 BM7Q K iBQM 7°'QK T 2pBQmb H v2'bX h?Bb 7 +BHBI
#vH v2'bBMi?22 "Hv bi ;2b M/ "2 /B 2+iHv miBHBx2/ #v /22T2 H

1tT2 BK2M)bbBRQ(i? i BMi?2}M H+H bbB}+ iBQMH v2 -r2B;?ibi2
IM H72 im2K TbQ7i?2 M2irQ ' FX h?Bb ?2HTbh BM KQ/2" iBM; i?2p
2M+Qm” ;BM; 72 im 2 "2mb2-bi 2M;i?2MBM; 72 im 2T QT ; iBQM-
MmK#2 Q7 i° BM #H2 T ~ K2i2 bX

6B:m 2 KXBEM H 2T 2b2Mi iBQM Q7 /2Mb2 +QMM2+iBpBiv B
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AMKYyR3- :X2mHMi Q/m+2/ MBKT Qp2/p2'bBQM Q7 .2Mb2L2i +
@)X h?2 mi?Q b T°QTQb2 "2TH +BM; ai M/ '/ *QMpQHMiBQMb BM .
POHMIBQMb- bT2+B H + b2 Q7 bT "b2Hv +QMM2+i2/ 8 QBMQH mMIB
kyRk M/ i?2M ; BM BM) PMLkYRd- "2bmHib BM “2/m+iBQM BM +QKT]I
T 'iBIiBQMBM; BMTmMMK#2 20 BMQmMTb r?B+? "2 Kmim HHv 2t+HmbE
Bib QrM QmiTmib- pBbm HHv 2T 2b2Mi2/ #v 6B;m 2 kX3X

h?2 "2/ m+iBQM BM +QKTmi iBQM H +Qbi+ M#2 K i?2K iB+ HHv "2
2[m iBQM €22BB +QKTmi iBCRVIBH MQK#2' Q7 BMTOnBEF MmK2b> Q7
QmiTmi 72 inGBb MMK#2 Q7 :"QmThb,

R O
G

Cc = UkX3V

h?2 mi?Q'b HbQ T'QTQb2 BM+Q TQ  iBM; }Hi2  T°"mMBM; K2i?Q
+QMpQHMIBQM M/ +QHH2+iBp2HvVv + HHi?Bb KQ/mH2 bH2 "M2/; Q
i2+?MB[m2-}Hi2 brBi? HQrK ;MBim/2r2B;?ib "2T mM2/} bi M/i?2
[2}M2/ }Hi2 ;" QmTbX h?2B  2tT2 BK2Mib /2KQMbi™ i2 bm#bi MiB H
*2bQm +2b "2[mB 2/iQi° BMi?2 M2irQ'F 7' QK b+ i+?2- +QKT “2/iQ

6B:m 2 kKX®M/2Mb2L2i6b ;°QmT +QMpQHMIBQM QM i?2 “B:?i i
.2Mb2L2i6b bi M/ / +QMpQHMIBQM QM i?2 H27iX

k N



iX S PSPal.IGh_ @166A*A1Lh *LL _*>Ah1l*hl_1,
*PL.1Lall1lsh

*QM/2Mb2L2si Bb M mHi® @2{+B2Mi M/ M BKT Qp2/ p 'B Mi Q7 *
[2bB;M2/ 7Q° _J@# b2/ +QKTmiBM; TH i7Q Kb rBi? +QMbi> BM2/ -
bm+? b _J M/ rBi?Qmi*l. 2M #H2/ :SI bmTTQ iX *QM/2MN2L2si "2
/IBK2MbBQM Q7 +RYMBM HEIVQ F r b "2+BTB2Mi Q7 i?2 "2bi S T2 1
+i2:Q°vQ7 "iB}+B HAMIi2HHB:2M+2 M/J +?BM2 G2 "MBM; ii?2kyl

iXR S'BQ  qQ Fb

6QHHQrBM; T'BQ" M/ "2H i2/ rQ Fb ? p2 +QMi B#mi2/ iQ i?2 "2¢t
T 2b2Mi2/ rBi?BM i?Bb i?2bBb,

C*QMPQHMIBQM H L2mRHRY2iTQIBEMH "Hv *QR)/2MIQPEYi2( M
mM/2 HVBM; 7QmM/ iBQM 7Q" i?2 *LL H:Q Bi?K T°QTQb2/ #vi?

C.2Mb2 #HQ+Fb M/ /2Mb2 +QMM2+iBpBiw)} b? 222 W BNB @rivith 212
+m 2MiH v2'b "2 +QMM2+i2/iQ bm#b2[m2Mi H v2'b BM 722/@
i?72 °2@mb2 Q7 +? MM2Hb M/ M2m QMb iQ +? * +i2 'Bx2 BM7Q"
/22TM2bb-? b #22M BM+Q TQ  i2/ BMiQ i?2 /2bB:M Q7 i?2 T'QT

C.2Ti?rBb2b2T ~ #H2 +QMpQH A B-CBbG YD DF2i2d BNBM 7mM/ K2 M
F2v+QM+2TibBM+Q TQ  i2/BMiQi?2/2bB;M Q7 *QM/2Mb2L2si *
bT iB HHv b2T ~ #H2 +QMpQHmMiBQMb + M #2 / i2/ # +F iQ kyRK
BMRBE? b #22M bm++2bb7mHHV BKTH RE2 Mil2¢ BN iBUABKE 2L 2 (
“+?Bi2+im 2bX

C: QmT@rBb2 }JHi2RFKkWMB8M2 Q7 i?2 p2 v TQTmH " KQ/2H +QKT"
MB[m2b-? b HbQ #22M BM+Q ' TQ" ™ i2/ BMiQi?2/2bB;M Q7 *QM/?2
iQbB;MB}+ MiHVv BKT Qp2 2{+B2M+v #v /IBb+ "/BM; 2/mM/ Mi 2H
i?72 Qp2°  HHT2 ' 7Q°'K M+2 Q7 *LL H;Q Bi?K T QTQb2/ #v i?Bb i?

jy



h?2 irQ K BM ;Q Hb Q7 i?2 T'QTQb2/ *LL H;Q ' Bi?K- *QM/2Mb2L?2
IM HKQ/2H bBx2 Ur2B;?ibVi  BM2/ QM *A6 @Ry / i b2iiQ H2bb i?
HQbb BM ++m  +v M/ iQ "'2/m+2 i?2 +QKTmi iBQM H "2bQm +2b "2
7°QK b+ i+? b r2HH b 7Q° "2 H@iBK2 BM72'2M+2 QM HQr +QKTm
LsS "Hm2"Qt- LpB/B C2ibQM- _ bT#2 v SB BM +QKT "BbQM iQ i?
*QM/2Mb2L2iX 6QHHQrBM; b2+iBQMb T QpB/2 /2i BH2/ BM7Q K iE
i?72@ i 72 im2b Q7 *QM/2b2L2siX

iXk *QMpQHMIBQM G v2 b

2Ti?2rBb2 b2T °~ #H2 +QMpPpQHMiBQM T BK "BHvV /2 Hb rBi? bT iB
M/ ?22B;?2i br2HH b /2Ti? Q7 M BK.2TiMQ "'RDTMRNHYD iQ i?2 MmK#2"
+? MM2Hb BM M BK ;2X 6Q 2t KTH2- /2Ti? rBHH #2i?°227Q " _:"U_;
Q7 MBMTmiBK ;2X .2Ti?rBb2 b2T *~ #H2 +QMpQHMIBQM i F2b M B
QMHV QM+2 M/i?2M 2HQM: i2b i?Bb i’ Mb7MQMKRKBX 70?2 MM 2HB
b?QrM BM 6B;m 2 kXN #2HQrX >2M+2- 7i2  [2Ti?rBb2 b2T ~ #H2 +C
Q' B:BM HHv rBi? i?°22 +? MM2Hb- rBHH MQr ? p2 KmHiBTH2 +? MM
2Mi b? /2 Q7 i?2 Q'B;BM H +? MM2HX 6Q" 2t KTH2- i?2 Q"' B;BM H E
i° Mb7Q K2/ M/ i?2M 2HQM; i2/ HQM; Rk3 +? MM MHD X qRiQiBHHi ? 21
i?2 /2MbBiv Q7 i?2 "2/ +QHQ  /2}M2/ #v 2 +? Q7 i?2 Rk3 H2p2Hb Q7"
"2K BMBM; irQ +? MM2Hb Q7 i?2 _:"BMTmi BK ;2 b r2HHX .2Ti?rBb
"2TH +2b ;°QmT +QMpQHMIiBQM 7 QK *QM/2Mb2L2iX

.2Ti?rBb2 *QMpQHMIBQM PT2" iBQM SQBMirBb2 *QMpQHmMIiBQM PT2" iBQM

t Rk3

6B:m 2 jXRBXHHmMbi® iBQM Q7 i?2 Qp2° HH T Q+2bb Q7 /2Ti?rBb2 b



2Ti?2rBb2 b2T ° #H2 +QMpQHMIBQM BM+Q TQ" i2b 7QHHQIBM; ir

C.2Ti?rBb2 *QMpPQHmMIiBQM, AMbi2 / Q7 T2 7Q KBM; +QMpQHmMIiBC
MBMTmiBK ;2T ~ HH2Hv- /2Ti?rBb2 +QMpQHMIiBQM H v2 T2 7
QM 2 +? +?2 MM2H BM/2T2M/2MiHvX h?Bb #2? pBQ}HiMBEE; bbQ -
BM H vK Méb i2 ' KbX amTTQb2 i?2 2 BBX MXB MT mM /B2 M DH bb B x
UIHiX b7 bBXE 1- r?2NBb i?2 MmK#2 Q7 +?2 MM2Hb Q7 M BN
i72M i?2 QmiTmi Q7 /2Ti?rBb2 +QMpQHMYB QINK r B R 12 i@ 7Hb B x_
/IBK2MbBQMb ? p2 MQr b? mNFP?BMN2HLT??pQH#22M T 2b2 p2/ U"
MM+? M:2/VX h?2 +QKTmi iBQM H +®%iF37 N?28 h TBIR2Q TRQ VBERLHMV
+ M #2 K i?2K iB+ HHv 2T 2b2Mi2/ b 7QHHQrb,

X .
Qk;l;m = K‘ Bon Xk+ BLl+ DLm UjXRYV
BD
C SQBMirBb2 *QMpQHMIBQM, aBM+2 /2Ti? Q7 i?2 BMTmi BK ;2 ?
TQBMirBb2 +QMpQHMIBQM Bb T2 7Q K2/iQBM+ 2 H2 1?72 MmK#:
F2 " M2HX >2M+2-bBx2 Q7 F2 M2H IQI iIRBIMQOIBRXx2BQM>rBE M A2 |
rBHHY#2Y Z 7QZ F2 MRMNbh?Bb #2? pBQ + M #2 bbQ+B i2/iQ i
+QK#BNMBIMH VK MOb i2 ' KbX h?Bb QT2 iBQM + M #2 K i?2K iB+
7TQHHQTrb,
X .
Yictn = K'min QK ;1 1Lm UJXkV

m
hQ Tmi i?Bb BM iQ T2 bT2+iBp2 M/ iQ T ' QpB/2 p HB/ +QKT "'Bb
#H2 +QMpPQHMIBQM- 2[m iBQMb jXR M/ jXk + M #2 K i?2K iB+ HHv
2[m iBQM 7Q° bi M/ "/ +QMpQHMIBQM,

X - -
Yiin = Keann X+ B11+ D1m UjXjVv
BDn

AM+Q TQ  iBM:; /2Ti?rBb2 b2T * #H2 +QMpQHMIBQM i? i bTHBIb
M2Hb 7Q  }Hi2 'BM; M/ +QK#BMBM: bi :2b- b 7Q 2K2MiBQM2/- “2b
BM7Q'r "/ 6GPSb "2bmHiBM; BM M Qmibi M/BM; +QKTmi iBQM H 2{

jk



iXj JQ/2H *QKT 2bbBQM

L2irQ"F T"TmMBM; Bb QM2 Q7 i?2 T'QTBiBQmb i2+?MB[m2b BM i?
BK2/ i "2/ m+BM; +QKTmi iBQM H +Qbib bm+? b 6GPSb M/ _J mil
"2/mM/ Mi M/ BMbB;MB}+ Mi 2H2K2Mib i? i 2Bi?2° "2 B "2H2p Mi Q
K M+2 Q7 i?2 M2irQ " FmTQM /BbTQbBiBQMX 6B;m 2 jXk #2HQr T Qp
Ki'B+2b mM/2" /IBz2 2Mi H2p2Hb Q7 +Q "b2M2bb Q7 M2irQ'F T mM
T mMBM; /Bb+ "/br2B;?ibi? i? p2KBMBK HBM~m2M+2 QM ++m" +vV
im 2b r?2°2 b +Q 'b2@;°  BM2/ T"mMBM; /Bb+ /b 2MiB 2 }Hi2 i? i -
++m > +v 2bmHIBM; BM "2;mH "~ bi m+im 2b #mi K v "2bmHi BM bB;
M2irQ ' F Bb ?B;?HvV +QKT 2bb2/X AMQ /2 iQ K BMi BM # H M+2 #2
/I2Mb2L2si miBHBx2b k. ;QmT@H2p2H T mMBM; TT Q +? BM //BiB
TmM+iBQM M/ + '/BM HBiviQ 2 b2 M/ 2/m+2i?2 M2; iBp2 BKT +i C

iXjXR :"QmT@rBb2 S " mMBM;

"QmT@rBb2 T"mMBM:; Bb BMi2M/2/ iQ 2tQ +Bb2 BM+QMb2[m2Mi
T Q+2bbr?B+? Bb  #Bi@i2Q K iPBXR @M P2 ®/2MQi2b M BM/BpB/m
"QmT-B /2MQi2b i?2 BMTmi M/ D /2MQi2b i?2 QmiTmi Q7 i? i :°QmT

a2H2+i2/ gq2B;®IimM2/ gq2B;?i

A "2;mH ° _2;mH
*2 MM2H*R MM2H k *? MM2H*R MM2H k *? MM2H*R MM2H k

*2 MM2H j *2 MM2H j *2 MM2H j

UV6BM2@:  BM2/U#V k. :'QmT@G2p2B+V *Q b2@:" BM2/
6B;m 2 | ¥RE:?i K i'B+2b 7Q" /Bz2 2Mi M2irQ ' F T"mMBM; TT (

j]



hQ 7 +BHBi i2i?2 :°QmT@rBb2 T "mMBM; P BO+23042 /2?2 WTH' 2D TQ K2
r?B+? HHQrbi?2 M2irQ FiQ miQMQKQmbHvV /2i2 " KBM2 i?2 “2[mB" 2
iQ "2KQp2 #27Q 2 T ' Q+22/BM:iQ T2 7Q K /2Ti?rBb2 b2T * #H2 +QM

iXjXk *H bb@" H M+2/ 6Q+ H GQbb 6mM+iBQM

hQ bQHp2 i?2 Bbbm2b + mb2/ /m2 iQ BK# H M+2/ r2B;?ib- r2B;?i
TQ iBQM HiQ i?2 MmMK#2' Q7 b KTH2b Bb BM+Q ' TQ" i2/ BMiQ i?2 /2
i2+?MB[m2 Bb FMQrM b *H bb@" H M+2/ 6Q+kl))G@bH GMAR+KBIQR@ *
KiB+ HHv 2T 2b2Mi2/ #v i?2 TQHHQrBM; 2[m iBQM,

X
*"6GRY)= 1 p; log pj Ujxov
Bl

r?2°2Bb i?2 :"QmM/@i nBil? iR 8B:KQB/ * Qbb@1Mi'QTv GQbb M/

p= 2z = 1
B B 1+exp( ZY

jXjXj * “/BM HBiv

M2r /BK2MbBQM iQ i?2 2tBbiBM; bT iB H /BK2MbBQMm-+ HH2/ *
Bb BM+Q 'TQ  i2/ BMiQ i?2 /2bB;M Q7 *QM/2Mb2L2si H;Q 'Bi?K iQ 7
++m> +v /m BM; i?2 T"TmMBM; T°Q+2bbX 1tT2 'BK2Mib M/ 2bmHib
T Qp2i? i BMbi2 / Q7 ;QBM; /22T2° M/fQ  rB/2° BM i?2 M2irQ F BM
Qp2° HH ++m > +vr?2M T2 7Q°'K M+2 2im Mb bi ib /BKBWMBb?BM;-
Bb KQ'22z2+iBp2r v Q7 +?B2pBM; i?Bb ;Q HX

*QMbB/2> ;"QmT +QMpQHMEGB QUM TIKOFBHRY 3,7 Gy r?2°2

Gx =% MGy =(X h?2 iQi H MmK#2° Q7 i'BpB H }Hi2 b UF2"M2HbV i
T Q+22/BM; iQ T2 7Q K /2Ti?rBb2 b2T ~ #H2 +QMpPpQHMIBQM + M #2
b 7QHHQrb,

G Gy=X D p X UjXx8V

j9



iX9 +iBp iBQM 6mM+iBQM

AM “iB}+B HM2m  HM2irQ ' Fb- M +iBp iBQM 7mM+iBQM Q7 MQ
i? 1 /2}M2b i?72 QmiTmi Q7 i? i T "iB+mH >~ MQ/2 #v HBKBiBM; i?2 K
+iBp iBQM 7mM+iBQMb 2 HbQh+ QKKQMGIWMNIQOMbi 2@ Q7@i?22@
*LLb K F2 mb2 Q7 MQM@HBM2 ° +iBp iBQM 7mM+iBQMb iQ ?22HT i?
ivT2b Q7 / i b2ib-iQ ?22HT H2 "M +QKTH2t T ii2 Mb Q7 i?2 BMTmi / i
#2ir22M i?22 QmiTmi +H bb2b rBi?Qmi "2[mB BM; 2tQ #Bi MiHv H ;2

*QM/2Mb2L2si miBHMBx2b-iBRI@I GBM2 ~ IMBnbm-MBTBY Ji bi b22M BN\
kj) iQ B/ BM H2 "MBM; Q7 +QKTH2t T ii2 "Mb Q7 i?2 BMTmi /i rBi?
"2 i2° ++m°> +vX AMi?BbMQM@HBM2 ° +iBp iBOM 7mM+mB QM- mM|
MMBibiQ ++2H2  i2 M/2M+Qm’ ;2i?2M2irQ ' FiQH2 "MbT “b272 il
iQ "2:mH > _2GI| +iBp iBQM 7mM+iBQMX nABb*Q MTZM B2/ L2ZM+ 22 G |
+ HH2/ 6X®mM i?2 ' KQ @-HQ®I; rBi? # i+? MQ K HBXx iBQM Bb 2t2 +Bb
+QMPQHMIBOM BH+M %2 RAGP2K iB+ HHv /2}M2/ #v 2[m iBQM jXe M,
“2T 2b2Mi2/ #v 6B;m 2 jXj b 7QHHQrb,

f (x) = m B(max(0; x); 6) UjXeV

—  2Gl Output i
—_ZGIe 6 |

Input
10 5 0 5 10

6B;m 2 XX ?B+ H 2T 2b2Mi iBQM/2KQMbi  iBM;/Bz2 2M+2 #2
M/ 261 +iBp iBQM 7TmM+iBQMbX

j8



9X _J@" al. *PJISIhAL: SG h6P_J, LsS "GI1"Ps

h?Bb i?2bBb /2KQMbi® i2b M 2{+B2Mi /2THQVK2Mi Q7 *QM/2Mb2L?2
_J@# b2/ MiQMQKQmb 2K#2//2/ +QKTmiBM: TH i7Q K rBi? +QMbi"
bQm +2b /2bB;M2/ 7Q" miQKQiBp2 TTHB+ iBQMb bm+? b b2H7@/"

9XR "'B27 Pp2 pB2r

S'Q+2bbQ'b# b2/QM _J “+?Bi2+im'2 "2p2°'vTIQTmH ° M/ rB/2H\
bm+? bbK "iT?QM2b M/i #H2ib br2HH b BM 2K#2//2/ +QKTmiBM; I
"Hm2"Qt- LpB/B C2ibQM M/ _ bT#2 'vSB7Q +QKTmi2 pBbBQM Tm
# b2/ QM _2/m+2/ AMbi'm+iBQM a2i *QKTmiBM; U_Aa*V T?BHQbQT?
AMbi*m+iBQM a2i “+?Bi2+im 2 UAa V /m2 iQ Bib HQr TQr2  +QMbm
+QKT "2/iQ *QKTH2t AMbi'm+iBQM a2i *QKTmiBM; U*Aa*V  +?Bi2+i
bi?2 AMi2H t3e@7 KBHvVX

1pQHMIBQM Q7 _J T 'Q+2bbQ'b + M #2 / i2/ # +F iQ RN3R r?2M
i*Q/m+2/ ""* JB+ Q U"'BiBb? ""Q /+ biBM; *Q TQ  iBQOM JB+ Q+QKT
Q7 KB+ ' Q+QKTmi2'b M/ “2H i2/ T2 'BT?2" Hb- T'Qp2/iQ #2 2ti'2K2
7Q0 K2/ HKQbiirB+2 bi? iQ7 TTH2 AA3@#Bi T2'bQM H +QKTmi2"
Q7. JU.vM KB+ _ M/QK ++2bb J2KQ vVX

b Q7 kykR- _J>QH/BM;b- ""BiBb? b2KB+QM/m+iQ +QKT Mv- ?
R3y #BHHBQM _J@# b2/ +?BTb rQ H/rB/2- ++QmMiBM; iQ Qp2 e
iQ/ v M/ i?Bb K "F2i@b? 2 Q7 _JBb 2tT2+i2/iQ ;"Qr 2p2M 7m’i??2
/Ip M+2b BM i?2 }2H/ Q7 b2H7@/ BpBM; p2?B+HP% 2K#2//2/ bvbi2K

h?2°2 "2 HbQ ;"QrBM; +QM+2 " Mb "2; "/BM; /i T Bp +v M/ mb ;2
/i BbT ' Q+2bb2/ M/ biQ 2/ Q|BM2 QM +2Mi> Hb2'p2 X JQ 2Qp2"-
i?2 i "2HV QM +2Mi° H T'Q+2bbBM; BM+'2 b2 2tTQM2MiB HHv- Bi +°
M2irQ'F M/ +QKKmMB+ i BQM BM7  bim+im 2 2bmHIBM; BM T2 BC
hQ Qp2 ' +QK2 i?2b2 Bbbm2b- /Bbi"B#mi2/ A +QKTmiBM; QM 2/;2 Ukt
TT2 HBM; M/ ? p2 +? HH2M;2/ "2b2 "+?22 b iQ + 2 i2 2p2 KQ 2 2{+
TmMiBM: TH i7Q Kb rBi? HBKBi2/ +QKTmi iBQM H 2bQm +2bX

je



9Xk avbi2K .2bB;M Q7 LsS "Hm2"Qt :2Mk 6 KBHvV

LsS "Hm2"Qt Bb M 2K#2//2/ +QKTmiBM; TH i7Q K /2bB;M2/ M/ i
a2KB+QM/m+iQ b- .Mi+?@ K2'B+ M b2KB+QM/m+iQ " +QKT Mv- 7
HBF2 b2H7@/ BpBM; + "b- im+Fb M/ alobX Ai Bb M miQKQiBp2 >
U>S*VTH i7Q Ki? iQz2 bT 2 2[mBbBi22MpB QMK2Mi M/ T2 7Q"
2M:BM22'b iQ /2p2HQT mMiQMQKQmb /°"BpBM;- b2MbQ" 7mbBQM M
TTHB+ iBQMb BM //BiBQM iQ T'QpB/BM; 2bb2MiB H pBbBQM ++2
MiQKQiBp2 BMi2'7 +2b 7Q° 7mM+iBQM Hb 72iv TTHB+ iBQMb b r:

LsS a2KB+QM/m+iQ b BMi'Q/m+2/ "Hm2"Qt :2MR-i?2 }'bi ;2M2" i
BM bmKK2" Q7 kyRe i i?2 kyRe LsS 6h6 h2+?MQHQ;v 6Q mK ?Qbi2
h2t bX gBi? M2p2 @; QrBM; /2K M/ M/ _ .BM }2H/ Q7 +QKTmi2 pB
["BpBM;i2+?MQHQ;B2b-"Hm2"Qt:2MR QT2M2/ p2Mm2biQ ?Qbi T
/2p2HQT2 b iQ /2bB;M-/2THQV M/ i2bii?2B" TTHB+ iBQMbX a?Q il
"Hm2"Qt :2Mk-i?2 b2+QM/:2M2" iBQM Q7 "Hm2"Qt7 KBHv rBi? i? 22
# b2/ T°Q+2bbQ b, ajkokj9 7Q° +QKTmi2  pBbBQM T ' Q+2bbBM;- Ga
+QKTmiBM; M/ ajk kd97Q" 2 H@iBK2 T ' Q+2bbBM; Q7 / "BM7Q K

9XKkXR ajko *QKTmi2 oBbBQM S Q+2bbQ"

h?2 ajkokj9 +QKTmi2 pBbBQM T Q+2bbQ 2?2 b [m /+Q 2 _J*Q’i
QT2 iBM; mT iQ Ryyy J>x 7 2[m2M+v +Q/B}2/ rBi? M _J *Q i2t@.
7mMM+iBQM Hb 72ivr?B+? Bb# b2/ QM M _Jp3@ e9@#Bi BMbi m+
>QH/BM;bd * K# B/;2 /2bB;M +2Mi 2X h?Bb T Q+2bbQ  Bb +QmTH2/
HQM: rBi? jk@#BiGS.. jK2KQ v +QMi'QHH2 iQ bmTTQ i 2ti2 M
iQ #2 M QM@ +?BT AK :2 aB:M H S Q+2bbQ  UAaSV /2bB;M2/ 7Q"
TTHB+ iBQMb M/? b#22M QTiBKBx2/iQ Q#i BM miKQbi T2 7Q K M-
9XR T QpB/2b /2i BH2/ pBbm HBxXx iBQM Q7 i?Bb T Q+24Q  BM i?2

jd



9XkXk Gak >B:? *QKTmi2 S°Q+2bbQ"

h?2 Gaky39 ?B;?2 T2 '7Q°'K M+2 +QKTmiBM; T°Q+2bbQ " ? b M Q+i
e9@#Bi *SI QT2 iBM; imTIiQkXR:>x7'2[m2M+vX AiBb# b2/ QM _J
b2i /2p2HQT2/ #v _J >QH/BM;bd mbiBM /2bB;M +2Mi 2X h?2 2B;?i
*SI Bb " M;2/ BMiQ 7Qm° +Hmbi2 b-2 +? +Hmbi2" +QMi BMBM; irC
Gk + +?2 K2KQ 'vX Ai Bb +QKTH2K2Mi2/ rBi? irQ e9@#Bi .._9 a._ JK
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" hJ Tb bQ7ir "2 Bb p BH #H2 QM #Qi?- gqBM/Qrb M/ GBMmt QT2
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"BT?2 H/2pB+2b bm+? b b+ 22M- KQmb2 M/ F2v#Q /iQ i?2 2K
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C SvVi?QM p2 bBQM jXdXNX

8Xk h” BMBM; M/ h2biBM; _2bmHib 7Q  AK ;2 *H bbB}+ iBQM

*QM/2Mb2L2si *LL “+?Bi2+im 2 ? b #22M /2bB;M2/ M/ /[2p2HQT?2
RXRXy 7" K2rQ FX SvhQ +?r b BMi"Q/m+2/ #v 6 +2#QQF&éb A _2b2 °
#2° kyReX Ai Bb 7°22 M/ QT2M bQm +2 K +?BM2 H2 "MBM; HB#"
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