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?v# B/ K +?BM2 H2 MBM; 7 K2rQ F7Q DQBMi a
2biBK iBQM Q7 HBi?BmK@BQM # ii2 B2b bbBbi2/
K2 bm 2K2Mib

uB?m M*GB M; GBsm M &EBmB M#GBB w?-M mMQ 2M@M; 4&mM
E2MM2i? ho :/ii M

a+?QQH Q7 *QMi'QH M/ *QKTmi2® 1M;BM22°'BM;- LQ i? *?BM 1H2+i'B+ SQr2°  IMBp2 'bBiv- "2
#2a+?QQH Q7 1H2+i"QMB+ M/ 1H2+i'B+ H 1M;BM22 " BM;- IMBp2 bBiv Q7 G22/b- Gak N
*a+?QQH Q7 J2+? i'QMB+b M/ miQK iBQM- a? M;? BIMBp2'bBiv- a? M;? B kyyydk- *?
’a+?QQH Q7 a+B2M+2 M/ h2+?MQHQ;vc *Biv- IMBp2'bBiv Q7 GQM/QM- GQM/QM 1*Ro y

#bi® +i

++m’ i2ai i2 Q7 *? ;2 UaP*V M/ aii2 Q7 >2 Hi? UaP>V 2biBK iBQM Bb +'m
M/ "2HB #H2 QT2  iBQM Q7 # ii2 v bvbi2KbX *QMbB/2'BM; i?2 BMi'BMbB+ +
aP>- DQBMi 2biBK iBQM 7" K2rQ"F Bb T 272 "2/ BM "2 H@HB72 TTHB+ iB(
Qp2 iBK2X u2i-Bi7 +2b 72r +? HH2M;2b bm+? b HBKBi2/ K2 bm 2K2Mib Q-
bi> BM M/ i2KT2  im 2 /Bbi'B#miBQMb- /B{+mHi 2ti° +iBQM Q7 bmBi #H2 72
mM+2'i BMiB2b "BbBM; 7°'QK #Qi? i?2 K2 bm 2K2Mib M/ KQ/2HbX hQ // 2bl
T T2 } bi mb2b 6B#2" "" ;; :" iBM; U6":V b2MbQ b iQ Q#i BM KQ 2 T°Q+2bb
ii +?BM; i?2KiQi?2 +2HHbm 7 +2iQ+ Tim2KmHIB@TQBMibi® BM M/i2KT
Im2iQ # ii2 v +? ";BM;f/IBb+? ";BM; QT2 iBQMbX h?2M ?v# B/ K +?BM2 H2
DQBMi 2biBK iBQM Q7 aP* M/ + T +BivU F2v BM/B+ iQ Q7 aP>V Bb /2p2H(
pQHMIBQM H M2m™ H M2irQ ' F +QK#BM2/ rBi? i?2 : mbbB M S Q+2bb _2;°2b
#Qi? K2 M M/ p "B M+2 BM7Q 'K iBQM Q7 i?2 bi i2 2biBK i2b- M/ i?2 DQBM
Bb BKT Qp2/#v miQK iB+ 2ti° +iBQM Q7 mb27mH 72 im 2b 7°'QK i?2 2M ' B+?
rBi? 6": b2MbQ bX h?2 i2bi "2bmHib p2°'B7v i? ii?2 ++m” +v M/ 2HB #BHB
iBOQM + M #2 bB;MB}+ MiHv BKT Qp2/ #v mT/ iBM; i?2 + T +Biv 2biBK iBQM

K2 bm 2K2Mib- +?B2pBM; mT iQ 38X83W 2°"Q" "2/m+iBQM M/ 9kXdW “2/m-

*Q  2bTQM/BM; mi?Q"

1K BH //°2bbBBEm M!M+2TmX2/BPX+ MEXESBR!H22/b X BEMI B RNEHIH22/bX +XmF
Usm M GBMVMHBY9YR!QmiHBGFM+ XEV{22!RejXHtGEKW? MXV2Mi2!BKT2 B HX +XmF
U mMQ _2MIBMM!+BivX UHQWE anEMWXpX;® ii MI+BivXUERMM2i? ho : ii MV

S'2T°'BMi bm#KBii2/ iQ 1Hb2pB2"



bi M/ “//2pB iBQMX
E2vrQ /b,ii2 v + T +Biv-ai i2 Q7 +? “;2- GBi?BmK@BQM # ii2 " B2b- CQBMi 2k
QTiB+ b2MbQ"

RX AMi"Q/m+iBQM

hQ7 +BHBi i2HQr@+ "#QMi° MbBIiBQM Q7 i?22+QMQKvBbMQr T 'BQ Biv
Q7K Mv+QmMi'B2b M/ 2;BQMb rQ " H/rB/2iQ KBiB; i2i?2 +HBK i2 +? M;2 (R
MQHQ;B2biQ # B/;2 + "#QM M2mi> H7mim 2Bbi?2# ii2°vi2+?MQHQ;vr?B-
Q7 KQ'2 "2M2r #H2 2M2 ;v BM i?2 TQr2" ;"B/ M/ "2/m+2b i?2 ;°22M?Qmb2 ; |
i MbTQ i iBQM b2+iQ X h?2 HBi?BmK@BQM # ii2°B2b ? p2i?2 K2 'Bib Q7 H
/I2MbBiv- HQr b2H7@/Bb+? “;2 " i2- 2MpB " QMK2Mi H "2bBHB2M+2- M/ +QMil
BM; +Qbib-r?B+? K F2 i?2K Qp2 ' r?2HKBM;Hv ii° +iBp2 7Q" 2H2+i'B+ p2?B+
biQ® ;2 TTHB|+ iBQMb (k)X GBi?BmK@BQM # ii2"'B2b ? p2iQ#2 QT2 i2/rBi?
Q7i2KT2 im 2-+? ;BM; M//Bb+? ";BM; +m " "2Mib-2i+- M/ pBQH iBQMb Q7
rBHHH2 /iQ T2 7Q°K M+2/2;" / iBQM-i?2"K H mMrv M/2p2M 2tTHQbBQN
K2Mib ? p2 #22M BKTQb2/ QM i?2 b 72ivbi M/ /b M/ 2;mH iBI[QMb Q7 # ii2" v
hQ 2Mbm™2 i?2 QT2 iBQM b 72iv M/ "2HB #BHBiv- M/ 2M? M+2 i?2 /m" #BH
72+iBp2 M/ 2HB #H2 # ii2’vK M ;2K2Mi bvbi2K U"JaV Bb "2[mB 2/ 7Q  BMi2
+? ;2f/Bb+? ;2 +QMi'QH- M/ TH MM2/IK BMi2M M+2- 2i+ (9)(8)X
h?2 BMi2°M H bi i22biBK iBQM Bb biBHH M +? HH2M;BM;i bF BM "Ja- M/ i?
bii2 Q7 +? ;2 UaP*V M/ bi i2 Q7 ?2 Hi? UaP>V- ? p2 #22M 2ti2MbBp2Hv °
v2 'bX aP* "2~2+ibi?2 "2 H@iBK2 "2K BMBM; + T +Biv Q7 i?2 # ii2 'v- M/ ?
/IvM KB+bX aP> "2~2+ib i?2 ;BM; Q /2;" /| iBQM H2p2H Q7 i?2 # ii2 v- M/ ? &
/IvM KB+bX 6m i?2 - # ii2°v ;BM; rBHH /2;" /2 i?2 aP* 2biBK iBQM ++m > +v-
BbQM2 Q7i?2F2v M/ rB/2Hvmb2/BM/B+ iQ b Q7 i?2# ii2°vbii2Q77?22 Hi?L
bb2bb i?2 # ii2°v ;BM; H2p2HX h?2°'27Q 2-Bi Bb pBi H7Q i?2 "JaiQ ++m"
BM "2 H@iBK2 M/ + HB#  i2 i?2 # T +Biv "2;mH "Hv (j)X LmK2 Qmb aP* M/
K2i?Q/b ? p2 #22M T°QTQb2/ BM i?2 HBi2  im 2- r?B+? + M #2 "Qm;?Hv + i
# b2/ K2i?Q/b M/ K +?BM2 H2 "MBM; UJGV@# b2/ K2i?Q/bX h?2 T2 7Q K M+
2biBK iBQM K2i?Q/b Bb ?B;?Hv /2T2M/2Mi QM i?2 KQ/2H ++m’  +v-i?mb M 2



i? i+ Mr2HH /2b+ " B#2 i?2 bvbi2K/vM KB+b Bb T '2°2[mBbBi2X >Qr2p2 -i?2
BMi2 "M H T T?vbB+Q+?2KB+ H 2 +iBQMb M/i?2 mM+2'i BMiv Q7 2ti2°M HQT
Bi /B{+mHi iQ #mBH/ ++m” i2 # ii2°v KQ/2HbX h?2°27Q 2-JG i2+?MB[m2b ~
2KTHQv2/ iQ 2biBK i2 i?2 # ii2°v.aP* M/ + T +Biv/m2 iQ i?2B" ~2tB#BHBIiv-
/ Ti #BHBiv M/ ;2M2° HBx #BHBivX

h?2 K BM #2M2}i Q7 i?2 JG@# b2/ K2i?Q/bBbi? i T BQ'B FMQrH2/;2 Q7 i?
BbMQ HQM;2" "2[mB 2/X "2bB/2b-p "BQmb "2 H@rQ H/ QT2 iBM; +QM/BiB(
i?72 KQ/2H i° BMBM; #v [//BM; //BiBQM H BMTmib iQ i?2 KQ/2H- M/ i?Bb 1
bmBi #H2 7Q° HH ivT2b/ Q7 # ii2'B2b (e)(d)X h2+?MB[m2b bm+? b /22T M2
“2+m " 2Mi M2m® H M2irQ ' Fb U_LLbV (N)- M/: mbbB/M T°Q+2bb “2;"2bbBQM
K Ti?2 K2 bm™ 2/ bB;M Hb U2X;X +m "2Mi-i2"KBM H pQHi ;2- M/ bm 7 +2 i2K
AM ;2M2° H-i?2 /B 2+i K2 bm 2K2Mib "2 Q7i2M mb2/ b i?2 KQ/2H BMTmib
bi?2 KQ/2H QmiTmiX 6Q[ 2t KTH2- BM (RR)-i?2 # ii2°vaP*r b 2biBK i2/ mb
2tT2°BK2Mi H "2bmHib +QM} K i? ii?2 .LLrBi? 7Qm” ?B//2M H v2'b ? b i?2 4%
+ T #BHBiv + Qbb b2p2° H /' Bp2 +v+H2bX AM (Rk)-i?2 aP*r b 2biBK i2/ mbB
+m  2Mi mMMBi-r?B+? + M 2tTHQBi BM7Q K iBQM Q7 i?2 T 2pBQmb aP*b M/ K
#2ii2° 2biBK iBQM "2bmHib i? Mi® /BiBQM H 722/@7Q°r "/ M2m™~ H M2irQ FEk
rQ'Fr bmb2/7Q" aP* 2biBK iBQM mM/2  i?°22 /Bz2 ' 2Mi K#B2Mi i2KT2  im"
i?72 7Q'2K2MiBQM2/JG i2+?MB[m2b r?B+? QMHvV T ' QpB/2 i?2 TQBMi 2biBK
+ M MQi QMHv 2biBK i2 i?2 aP* mbBM; K2 bm 2/ [m MiBiB2b- #mi HbQ [m Mi
i?72 aP* 2biBK iBQMbX h?2 mM+2'i BMiv[m MiB}+ iBQM + M bb2bb i?2 "2HB
“2bmHib-i?2mb T QpB/2b KQ 2 mb27mHBM7Q K iBQM 7Q"i?2 /2+BbBQM K FE
bm+? bbmTTQ i p2+iQ K |[+?BM2 UaoJV (R9)- "2H2p M+2 p2+iQ" K +?BM2 U
i2°K K2KQ'v UGl|ahJV (Re)- M/ +QMpQHmMIBQM | H M2m"> H M2irQ F U*LLV (Rd
? p2 #22M bm++2bb7mHHvV TTHB2/BM # ii2°v+ T +Biv 2biBK iBQMX *LLb ?
miQK iB+ 72 im 2 2ti~ +iBQM M/ HQr Qp2 }iiBM; "BbF- M/ ? p2 /I2KQMbi" iZ
BM # ii2°'v+ T +Biv 2biBK iBQMX AM (R3)-i?2 # ii2°'v+ T +Bivr b 2biBK i2/
i? 1 +QK#BM2b i?2 +QM+2Tib Q7 i° Mb72  H2 "MBM; M/ 2Mb2K#H2 H2 "MBM
KQ/2H + M #2 TTHB2/iQ "2H iBp2HvbK HH/ i b2ir?BH2i?2 2biBK iBQM +
QM mMb22M / i b2i 2 HbQ BKT Qp2/X AM (RN)- *LL@# b2/ + T +Biv 2biBk



BM+Q ' TQ  i2/ rBi? i?2 +QM+2Tib Q7 i° Mb72° H2 "MBM; M/ M2irQ"F T"mMB|
2biBK iBQM ++m” +v QM bK HH /i b2ir?BH2i?2 bBx2 M/ +QKTmi iBQM H +
T2 #Qi? ;72 iHv "2/m+2/X
JQbi Q7 i?2 2tBbiBM; "2b2 "+?22b BM+HmM/BM; i?2 7Q 2K2MiBQM2/ QM2b 2bi
bi i2b bm+? b aP* M/ aP> mbBM; i?2 i /BiBQM H 2ti2M HHv K2 bm 2/ bB; M
pQHI ;2- M/ bm 7 +2i2KT2  im2Q7 T 'iB+mH " HQ+ iBQMX h?2b2 2ti2 "M
Bi2/ M/ + M ? "/Hv "2~2+ii?2 # ii2'v 2H2+i"Q@+?2KB+ H@i?2 'K H #2? pBQ"
F2v T ~ K2i2'bbm+? b # ii2°vi?2°K H/Bbi' B#miBQM T ' Q}H2- ?22M+2 HBKBIE
++m° +v M/ H2 /BM; iQ Qp2 " @+QMb2 p iBpR mb ;2 Q7 i?2 # ii2°v (ky) Q™ T
m 2 |(kR)X 6B#2° QTiB+ b2MbQ b U6PabV (kk)- r?B+?- BM bmKK “v- "2 BKK
BMi2 ' 72°2M+2 U1lJAV- "Q#mbi iQ +Q "QbBp2 2MpB " QMK2Mib- ? p2 KmHiBTF
IBK2MbBQMb- "2 ii° +iBp2 bQHmMiBQMb 7Q" /Bbi 'B#mi2/ # ii2 v b2MbBM;
2bi i2+?MQHQ;v+ MK F2 Bi TQbbB#H2 iQ BMb+ B#2 ?mM/ 2/b Q" i?Qmb M/
U6":V b2MbQ b BMiQ bBM]H2 QTiB+ }#2" (k9)- HHQrBM; bBKmHi M2Qmb K
rBi? Km+? bBKTH2 rB'BM; /B ;> KX JQ '2Qp2 - QTiB+ H }#2°b "2 Km+? bK H
2H2+i"B+ HrB'2b M/-1iQ;2i?2  rBi? i?Bb KmHIiBTH2tBM; + T #BHBiv- H ;2
+ M #2 BMbi HH2/ 7Q" H ;2 bi'm+im 2b Ubm+? b H ;2 # ii2°’v2M2 ;v biQ" ;
H2bb + #H2 K bb M/ pQHmMK2X h?2b2 /BbiBM+iBp2 72 im 2b Q7 }#2  QTiB+ b
/2p2HQT p2'vVHQr@+Qbi b2MbBM; K2+? MBbK 7Q" /2Mb2Hv BMbi " mK2MiBM
#Qi? i?2 +Qbi M/ rB'BM; +QKTH2tBiv Q7 }#2  QTiB+ b2MbBM; M2irQ Fb + M #
/IBbi'B#mi2/ +QMp2MiBQM H b2MbQ b (k8)X 6m~i?2 - i?2 //BiBQM H K2 bm"™
"B+?2°b2iQ772 im2b7Q KQ 2 ++m’ i2# ii2 °vBMi2 M Hbi i2 2biBK iBQN
mM/2 bi'QM; 2H2+i QK ;M2iB+ BMi2' 72 '2M+2 i? M 2H2+i'B+ bB;M HbX 6Q°
M/ /Bb+? ;2 T°Q+2bb2b-i?2 +2HH 2H2+i'Q/2 pQHmMK2 +? M;2b /m2 iQ GB@E
+ HiBQM T°Q+2bb2b BM i?2 2H2+i"Q/2 K i2°B Hb- r?B+? K MB72bib b i?2 -
i?72 +2HH bm 7 +2X h?2 bi #BHBiv M/ b 72iv Q7 i?2 # ii2'v+ M #2 z2+i2/ #v i
T 'iB+mH "Hv BM ? "b? QT2 iBQM +QM/BiBQMb- M/ Bi K v #2+QK2 QM2 Q7
iQ TQi2MiB HK i2°'B H7 BHmM 2 M/ Qi?2  7Q' Kb Q7 T2'7Q°'K M+2 /2;" [/ iBQ
+2°i BM H2p2H Q7 {? 2b?QH/b (ke)X "2bB/2b-i?2 +2HH i2KT2  im 2 HbQ +?
IBb+? ;2T Q+2bb2b /m2iQi?2 2H2+i'Q+?2KB+ H 2 +iBQMb- "2bBbiBp2 ?2



(KR)X h2KT2" im 2 Bb Q7i2M KQMBiQ 2/ iQ T°QpB/2 2 "THvr "MBM; Q7 TQi2
reB+? ;2M2° HHv K MB72bi b i?2i?2°KH mMrv M/ K v+ mb2B "2p2 bB#H
+2HHb r?2M Bi 2t+22/b +2°i BMi?'2b?QH/X h?2b2 T ~ K2i2'b?2M+2 + M ?22HT
i?72BMi2°"M H/vM KB+b Q7 i?2 # ii2 'v- M/ "2 °2; /2] b+QKTH2K2Mi "vbB;M
+m "2Mi M/ pQHi ;2 K2 bm 2K2MibX

6": b2MbQ'b "2 b2MbBiBp2iQbi° BM M/i2KT2  im 2 M/i?mb i?2B" TTHB+
i +i2/ BM+°2 b2/ ii2MiBQMb BM "2+2Miv2 "bX hQ /2KQMbi® i2i?2 TQi2MiB F
bi i22biBK iBQMBM "Ja- adQKK2" 2i HX (kd) ii +?2/ T B Q7 6":b2MbQ b 2ti
BOM TQm+? +2HHb iQ KQMBIiQ  BMi2 '+ H iBQM bi i2i° MbBiBQM TQBMib +
“i2bX a? ‘T M/ "2T2 i #H2 72 im"2b +Q "2H i2/ rBi? BMi2'+ H iBQM bi i2 i’
b2 p2/r?B+?2M #H2 #2ii2" bi i22biBK iBQMXL b+BK2MiQ 2i HX (k3) T"2b2NM
Q7bm’7 +2i2KT2 im2KQMBIQ BM; T2 ' 7Q K M+2 #2ir22M i?2i?2 KQ+QmTtF
I2KQMbi™ i2/i? ii?26": b2MbQ b r2 2 #2ii2° +?2QB+2b 7Q bm 7 +2 i2KT2" in
/12 MQ'K H M/ #mb2 QT2 iBM; +QM/BiBQMb M/ 7 BHmM 2 /2i2+iBQMX 7i2" Z
#2ir22M i?2 2ti2°M H 6": b2MbBM; bB;M Hb M/ /BzmbBQM|T"Q+2bb2b (ky)- _
#2//2] i?2 6": b2MbQ b BMbB/2 TQm+? +2HHb iQ /B '2+iHv KQMBIiQ" i?2 BMi
2H2+i"Q/2 bi®” BM-i?2 "2bmHib ? p2 "2p2 H2/i? i# ii2"'B2b rBi? 2K#2//2/ 6": |
+QKT ~ #H2 iQ i?Qb2 rBi?Qmi 6": b2MbQ b BM i2°'Kb Q7 b2 HBMi2; Biv- + T A
D2+i2/ +v+H2 HB72X/ $2M; 2i HX (kN-jy) /2bB;M2/ b2MbBiBpBiv@2M? M+2,
i?72K QMiQ i?2 +2HH bm™7 +2-i?2 "2H iBQMb?BT #2ir22M i?2 bi® BM M/ aP*f,
BMp2biB; i2/X : M;mHB 2i HX (jR) 2biBK i2/i?2 aP* M/ aP> mbBM; /vM KB+
E HK M}Hi2'BM; H;Q Bi?Kb# b2/ QM i?2BMi2°"M Hbi® BMbB;M Hb Q#i BM2,
i /Bz2 2Mii2KT2  im 2 +QM/BiBQMbXaBKBH “Hv- _2Mi2 2i HX (jk) +?B2p2/
"2bmHib mbBM; /vM KB+ iBK2r "TBM; H;Q Bi?K#v +Q "2H iBM; i?2 +2HH bm
7°QK 6": b2MbQ b rBi? i?2 aP*-i?2 "2bmHib BM/B+ i2/i? i BMbi HHBM; 6": L
bm'7 +2 Bb 72 bB#H2- +Qbi@2z2+iBp2 M/ MQM@BMp bBp2 TT ' Q +? 7Q" &
G2p2° ;BM; i?2H i2bi/2p2HQTK2Mib BM K +?BM2 H2 "MBM; TT Q +?2b M/}
MQHQ;B2b BM # ii2°v +QM/BiBQM KQMBIiQ BM;-i?Bb T T2  T'QTQb2b ?2v#"
rQ'F7Q DQBMi 2biBK iBQM Q7 i?2 # ii2°vaP* M/ + T +Biv-i?2irQ F2v BMi2"
KM ;2K2MiX h?2 K BM +QMi'B#miBQMb Q7 i?Bb T T2  BM+HmM/2, URV h?2 D(



i F2b BMiQ ++QmMi Q7 i?2 BMi'BMbB+ +QmTHBM; “2H iBQMb?BT #2ir22M :
"2:mH "Hv mT/ i2/ + T +Biv BM7Q K iBQM 7Q" aP* 2biBK iBQM- i?2 aP* + M
++m> i2HVi? MbBHQ2/2biBK iBQM K2i?Q/bX UkV h?2 }#2  QTiB+ b2MbQ" b

bm 7 +2 i2KT2  im 2 K2 bm 2K2Mib 7Q " # ii2 v aP* 2biBK iBQM iQ 7m i?2 B
Q7 aP* 2biBK iBQMX UjV :S_Bb mb2/ 7Q  # ii2 v aP* 2biBK iBQM- r?B+? MQi
2biBK i2 Q7 i?2 aP*- #mi HbQ [m MiB}2b i?2 mM+2"i BMiv Q7 i?2 2biBK iBG
38X83W _Jal "2/m+iBQM BM aP* 2biBK iBQM M/ 9kXdW "2/m+iBQM BM i?2
/2pB iBQMX hQ i?2 #2bi Q7 Qm  FMQrH2/;2-i?Bb Bb QM2 Q7 i?2 } bi ii2KTib

iQ 2ti° +i BM7Q K iBQM 7 QK 6": K2 bm 2K2Mib 7Q° KQ 2 ++m’ i2 bi iBbiB
aP*- 2M #HBM; KQ 2 i'mbi7mH K M ;2K2Mi Q7 # ii2 v 2M2 ;v biQ" ;2 bvbi2Kb
"2HB #H2 # ii2°v QT2 iBQMbX

h?2 "2K BM/2 Q7 i?Bb T T2 Bb Q ; MBx2/ b 7QHHQrbX a2+iBQM k /2i BHb i
iBQM 7" K2rQ'F M/BMi"Q/m+2bi?2:S_ H;Q Bi?Kmb2/7Q  aP* 2biBK iBQMX
i?72 2tT2°BK2Mi H b2imT M/ i?2 M2r bB;M Hb K2 bm 2/ #v 6": b2MbQ bX a2+
/Bb+mbb2b i?2 2tT2 BK2Mi H "2bmHibX 6BM HHv- a2+iBQM 8 +QM+Hm/2b i?:

kX J2i?7Q/QHQ;vVv

AMi?Bbb2+iBQM-i?2/2i BH2/# ii2 vaP* M/+ T +BivDQBMi2biBK iBQM 7
6B biHv- i?2 T°"QTQb2/ DQBMi 2biBK iBQM 7" K2rQ F Bb BMi Q/m+2/X a2+QN
mbbB M S Q+2bb _2;°2bbBQM U:S_V i?2Q v Bb BMi'Q/m+2/ M/ i?2 BKTH2}
'S _@# b2/ # ii2 vaP*2biBK iBQM K2i?Q/Bb /2i BH2/X 6m i?2 -i?2*LL@# b2
2biBK iBQM K2i?Q/-r?B+?2r b T°'QTQb2/BM Qm 2 "HB2 rQ F (RN)- Bb # B2

kXRX h?2 DQBMi 2biBK iBQM 7" K2rQ ' F

GB;mDZ R b?Qrb i?2 ~Qr+? i Q7 i?2 T°'QTQb2/ # ii2°v + T +Biv M/ aP* D(
7° K2rQ FX h?2 K BM bi2Th Q7 i?Bb 7° K2rQ'F "2 BMi"Q/m+2/ b 7QHHQrb,
# ii2°v+m "2Mi- pQHi ;2- M/ 6": bB;M Hb "2} bib KTH2/BM "2 H@iBK2-i?2]
M/i?2+? “;2+ T +Biv "2 MQ 'K HBx2/ M/i° Mb7Q K2/iQ i?'22@/BK2MbBQ
i?72 bBXI®5 Q15 3 M/ BMTmii2/ iQi?2 S*LL@hG UT " mM2/ +QMpQHMiBQM M2m"
i Mb72"H2 "MBM;VKQ/2Hi° BM2/BM (RN)7Q  QMHBM2 2biBK iBQM Q7 i?2 #



i?72 2biBK i2/ + T +Biv Bb mb2/ BM i?2 :S_ KQ/2H iQ +Q "2+i i?2 BKT 2+Bb2
pHm2- M/i?2mT/ i2/+ T +Biv HQM; rBi? Qi?2° MQ K HBx2/ K2 bm 2K2Mib
i?72 aP* QMHBM2X 6BM HHv- i?2 +? ;2 + T +Biv + H+mH i2/ #v BMi2;" iBM; i
iQiBK2Bb "2TH +2/ #vi?2 +? ;2 + T +Biv+ H+mH i2/ mbBM; i?2 2biBK i2/ al
BMTmi ;2M2" i2/ rBi? i?2 mT/ i2/ +? ;2 + T +Biv Bb 72/ BMiQ i?2 S*LL@hG K
i?72 + T +BivX

/ Real-time measurements of battery \
Current Voltage FBG signal

4 GPR model for SOC ) /CNN model for capacity\

estimation estimation LV
Normalized input
LV, FBG Q © ® @
W C Jole
( Trained GPR Model ) (ralned PCNN-TL Model
Y ]
(Output SOC estimation with') (" Capacity estimation  \
95% confidence interval
— A =,
SOC

6B:m 2 R, h?2 ~Qr+? i Q7 i?2 T°QTQb2/ # ii2’v+ T +Biv M/ aP* DQBMi 2biBK iBQM 7" K:

h?2 DQBMi 2biBK iBQM 7" K2rQ ' FBb T  +iB+ HHvKQ 2 ii° +iBp2BMBM/mbi’



T'QpB/2 KQ 2 ++m’ i2 2biBK i2b i? M i?2 i /BiBQM H bi i2 2biBK iBQM K2i
i72+QMTHBM; "2H iBQMb?BTb #2ir22M i?2 + T +Biv M/ aP*X"v QMHBM2 mT
BM i?2 aP* 2biBK iBQM- i?2 BKT +i Q7 # ii2 v /2;" /| iBQM Bb i F2M BMiQ ++
T27Q K M+2 Q7 aP* 2biBK iBQM 7Q" ;2/ # ii2'B2b + M #2 7m i?2  BKT Qp2/

kXkX aP* 2biBK iBQM
kKXKXRX : mbbB M T Q+2bb “2;°2bbBQM

: mbbB M T Q+2bb “2;°2bbBQM U:S_V- r?B+? Bb T 'Q# #BHBbiB+ M/ MC
H2 "MBM; K2i?Q/- Bb mb2/ 7Q  # ii2 v aP* 2biBK iBQM BM i?Bb T T2 X h?2 :S
Q7 [m MiB7vBM:; i?2 mM+2 i BMiv Q7 i?2 2biBK iBQM " i?2 i? M Dmbi T QpB/
aP*- M/ ?2M+2 T QpB/BM; KQ 2 BM7Q K iBp2 QmiTmib i? M i?2 E HK M 6B|
M/ Bib p "B MibX AM 2bb2M+2- # b2/ QM i?2 :S_ K2i?Q/- i?2 2biBK iBQM "2
BM i?2 7Q K Q7 T Q# #BHBiv /Bbi'B#miBQM- r?B+? +QMbBbib Q7 i?2 K2 M C
+QM}/2M+2 BMi2 p HbX
G2D = f(xi;yi)gY, /2MQi2 H #2HH2/i° BMBN b KbRRbBi®@2%2? BbD
@ /IBK2MbBQM HBMymi<9pBhiQ?2 Y 2bTQM/BM; QmiTmiX amTTQb2 i? ii?2
Hi2Mi 7mM3)iBEQN T BMT imQbQmiymib

yi = () + " URYV

r?2°2 N (0; 2 Bb M BM/2T2M/2Mi M/ B/2MiB+ HHv /Bbi'B#mi2/ MQBb2 +QMi
AM i?2 :S_-i?22 7Ti(M+BBQMomK2/ iQ 7QHHQr KmHiBp "B i2: mbbB M /Bbi B
+ M #2 /2b+ B#2/ b,

f(x) GP (m(x);K(x;x)) UukvV

r?2°@P /2MQi2b : mbbB M T Q+2bbX hRR)KMM-DPMBi BIGRIK (RM}~i B QM
r?B+? + M 7mHHV /2b+ B#2)+?2 27 heWHQ B2Q MV ,

m(x) = E(f (x)) Ujv



K(x;x)= E[(f(x) mO))(f(x) mx]

2
(x1;X1) (x1;x2) (X1;Xn)
_ (X2;X1) (x2;%2) (X2;XN) Uav
(XN X1) (Xn3X2) i (XN XN)

h?2 K2 M 7mM+iBQM “2~2+ib i?2 2tT2+i2/AmM+iBQWM BEA M2 iMBMMAM#iBQM BEL
Q7i2M b2iiQ x2°QBM Q' /2 iQ pQB/2tT2MbBp2 TQbi2 ' BQ  +QKTmi iBQMb M
7mMM+iBQM BbBM72 2/ (jj)X h? X&) - BHMG 2 THHRY iBQM2 M2H Q7 i?2 : mbb
T Q+2bb- "2~2+ib i?2 /2T2M/2M+2 #2ir22M i?2 7TmM+iBQM;p Mm2b i /Bz2 2
x; X HH i?2 bbmKTiBQMb QM i?2 T°QT2'iB2b Q7 i?2 7TmM+iBQM iQ #2 KQ/2}
M/ T2 BQ/B+Biv- 2 °2~2+i2/ BM i?2 +Qp 'B M+2 7TmM+iBQMX h?2 b[m "2/ 2t
+QKKQM M/ BiBb/2}M2/ b,

!
kXi Xik2

(xi;xi) = fexp 52

usv

r?2°22 /2MQi2b i?2 bB;M H p "B M+2 i? i [m MiB}2b i?2 p "B iBQM Q7 i?2 H i
Bib K2 M- Bl i?2 +? * +i2 BbiB+ H2M;i? b+ H2i? i /2i2 ' KBM2b i?2 "2H iBp2 |
BMTmip B #H2b BM 2biBK iBM; i?2 i *;2i QmiTmiX

' b2/ QM 1[m [[BOQM[JURV M/ UkV-i?2 DQBMi /Bbi BymiBIQA2 QUTi2Db2BMBM; C
b,

y N O;K(x;x)+ 2I) UeV

r?2 RBbN N mMBi K i'BtX :2M2" HHv-i?2 mMMFMQ*i & 2)TQ7 K222 b
+Qp "B M+2 7mM+iBQM M22/iQ #2 QTiBKBx2/ BMi?2 i  BMBM; T'Q+2bb #v K
i?72 K ";:BM HHBF2HB?QQ/ 7ynMh7B QI QK QBIMI iHiHBF2HB?QQ/ Bb ;Bp2M #v,

HRYix )= yTKe0+ 21l SHAM+ 2 5

HQ: udv

7i2° Q#i BMBM; i?2 QTiBK H ?2vT2'T °~ K2i2'b mbBM; i?2 ;" /IB2Mi@# b2/ K:

i2biBM; / Db2f(x j;y i)g; - i?2 DQBMi KmHiBp "B i2: mbbB M /Bbi'B#miBQM Q°

N



QmiTymiM/ i?2 i2biBM;yQmiMm42 r Bii2M b,
2 3 0 2 31

§YL N Bogllr T K ge U3V
y K ix) KX ix)

r?2°R(x;x ) Bbi?2 +Qp "B M+2 K i'Bt #2ir22M i?2 i2biBM; BMTmib M/ i?2 i Bl
K(x;x )T = K(x ;X)- MK(x;x) Bbi?2 +Qp 'B M+2 K i'Bt Q& iXbhiBRN BMTmib

T 2/B+iBp2 TQbi2"BQ  /Bbi'B#miBQM Bb /2 Bp2/7Q  i?2 XbiBRBIBQM QM i?2 \
+ M #2 +QKTH2i2HvVv bT2+B}2/ #vi?2 K2 M M/ +Qp "B M+2,

y jx;x;y N ¢ ;K) UNV

r?2°2i?22 2 Q7 i?22 T °2/B+iBp2 /Bbi ' B#miBQM-r?B+? ;Bp2b i?2 TQBMi 2biB
QmiTmi- Bb ;Bp2M #v,

y = K(x:x) Ke:x)+ 21ty URyV

M/i?2 +Qp 'B M2 KiQpB/2b K2 bm 2 Q7 mM+2 i BMivBM i?2 2biBK i2Q7i?
(j9)- M/ Bi Bb ;Bp2M #v,

K = K(Xx:x) K(X:x) Ko:x)+ 21 "Kx:x) URRYV

kKXKXkX :S_@# b2/ aP* 2biBK iBQM

AM i?Bb T T2 -i?2:S_Bb mb2/iQ 2biBK i2 i?2 # ii2 v aP* 7Q  ;Bp2M K2 b
b b?QrM BM BB;m 2 k- i?2 BMTmip "B #H2b iQ i22(k)S pRENZ@®) "2 +m  2Mi
M/t p2H2M;i? /i Q7 i?2 6FBG2MbQIBKRBM i?2@i? +v+H2- M/i?2 + T +Biv
BM7Q 'K iBQM Q7 i?2 +Q "2bTQM/BM: +v+H2 Bb mT/ i2/ #v i?2 2biBK iBQM ¢
KQ/2H U b i° BM2/ BM (RN)V iQ BKT Qp2 i?2 aP* 2biBK iBQM “2bmHibX >2"2
Q#i BM2/ 7 QK i?2 }#2 QTiB+ b2MbQ b- M/ irQ BKTQ i Mi T ~ K2i2 b UBX2X
M/ i2KT2  im 2V + M #2 /2+Q/2/ M/ 2ti> +i2/ 7°QK i?2r p2H2M;i? 7Q  i?2 +?
i?2 HBi?B iBQMf/2HBi?B iBQM T Q+2bbX h?2 KQ/2H QnkiTh2iMBDi 2?2 2biBK i2

Ry



#VSOC(K) X

Current Ii(k) \

Voltage Vi(k)  ———,  Trained
Wavelength FBG,(k) —*  GPR Model

Capacity C; —

——»  50G (k)

6B;m 2 k, :S_@# b2/ # ii2°vaP* 2biBK iBQM

h?2 :S_@# b2/ aP* 2biBK iBQM K2i?Q/ K BMHv +QMbBbib Q7 irQ T “ib- Q|B
KQ/2H M/ QMHBM?2 2biBK iBQM Q7 aP* mbBM; i?2 i’ BM2/ KQ/2HX h?2 bi2"
KQ/2H M/ i?2M T2 7Q KBM; aP* 2biBK iBQM [[2 BHHmbi> i2/ BM 6B;m 2 j- r-
i?72 H27i "2T 2b2Mib i?2 Q|BM2 i’ BMBM; T Q+2bb- M/ i?2 Q" M;2 T i QM i
i2biBM; T°'Q+2bbX h?2 /2i BH2/ bi2Th + M #2 /2b+ B#2/ b 7QHHQrb,

Step 1: 4 Step 5: I
Data normalization Model evaluation

[ Normalized testing input }
y
Step 2: ) Q@;ﬁg

Select kernel function

MY

» Trained GPR ModeD

Y

Y

95% confidence interval

Set the initial
hyperparameters O of G

Step 3: /Output SOC estimation with\
PR

(T )

Y

Step 4.
Train the hyperparameters

6B;m 2 j, 6HQr+? i Q7 i?2 :S_@# b2/ # ii2°vaP* 2biBK iBQM

R




h> BMBM; T Q+2bb,

ai2T R @ .2i2°KBM2 M/ MQ K HBx2 iT2= T®MBYL; / i 222 +QMi BMb
+m " 2Mi- pQHi ;2 M/ r p2H2M;i? K2 bm 2K2Mib b r2HH b i?2 2biBK i2/ + T
bTQM/BM; +vy HBD-i A2/ 272 2M+2 p Hm2 Q7 aP*X

ai2T k @ a2H2+i F2 M2H 7mM+iBQM i? i + M r2HH 2T 2b2Mi i?2 mM/2 HVB
ai2T j @ a2ii?2 BMBiB Hp Hm2b 7Q  i?2 ?2vT2 T ° K2i2 b BM i?2 bT2+B}2/ F2
i72 MQBb2 p "B M+2X

ai2T 9 @ PTiBKBx2i?2?2vT2'T * K2i2 b rBi? i?2i° BMBM; /[i #v K tBKBxBM;
HQ; K “;BM H HBF2HB?QQ/ 7TmM+iBQMX

h2biBM; T°Q+2bb,

ai2T 8 @ qBi? i?2 QTiBK H?vT2 T ° K2i2 b-i?2:S_KQ/2HBb 272 °2/iQ b i?
h?2M BM i?2 i2biBM; T°Q+2bb- i?2 MQ K HBx2/i2biBM; BMTmib 2 72/ BMiQ
M/ i?2 i “;2i aP* Bb QmiTmii2/ BM i?2 7Q°K Q7 K2 M M/ +Qp "B M+2- r?B+?
aP* 2biBK iBQM “2bmHib M/i?2 mM+2 i BMiv K2 bm 2K2MibX

kXjX *LL@# b2/ + T +Biv 2biBK iBQM

h?2 # ii2°v ;BM; /m"BM; Bib miBHBx iBQM rBHH H2 /iQ + T +Biv/2; [ iBC
i?72 ++m° +v Q7 aP*2biBK iBQMX *QMbB/2'BM; i?2BKTQ i M+2 Q7 iBK2HV K
K2Mi Q7 ;2/ # ii2"'B2b- M/ i?2 "2[mB 2K2Mi 7Q" BKT Qp2/ aP* 2biBK iBQM
K2 MBM;7mH iQ mT/ i2i?2 +im H+ T +BivBM "2 H@iBK2X
AM i?Bb b2+iBQM- i?2 S*LL@hG KQ/2H /2b+ B#2/ BM Qm T 2pBQmb rQ F (R
+ T +Biv 2biBK iBQMX b bHQrM BM6B;m 29- *LLKQ/2H i? i +QMbBbib Q7 k
M/ Kt TQQHBM; H v2'b- 7TQHHQr2/ #v irQ +QMb2+miBp2 +QMpQHmMIBQM H
}M HHv irQ 7TmHHv@+QMM2+i2/ H v2 b-r b +QMbi ' m+i2/ } biX :2M2" HHv- b
i BM2/rBi? H ";2b2i Q7 H #2H2/i° BMBM; /i iQ QTiBKBx2 Bib T ~ K2i2'b-
T2'7Q°K M+2 B7i° BM2/ QM BMbm{+B2Mi/ i b2iX h?2°27Q°2-i" Mb72"  H2 "M
iQ *LL BKBM; i 2/m+BM; i?2 "2[mB 2/ bBx2 Q7 /i b2ib #v H2p2" ;BM; i?2 |
7°QKi?2bQm +2i bFrBi?H “;2/ 1 b2iiQ [/Bz2 2Mi#mi 2H i2/i bFrBi? Km+
b BHHmbi" i2/ @M 6B;m 2 9-i?2 *LL KQ/2H r b} 'biHvT 2@i° BM2/ QM H °;~
H2+i2/ 7°QK HBi?BmK B QM T?QbT? i2UG6SV +2HHb-2 +? Q7 r?B+?2r bi2bi:

Rk



+? “;2f/Bb+? ;2 +v+H2bX h?2M i?2 H2 "M2/ FMQrH2/;2 UKQ/2H bi'm+im 2 N
rbi> Mb72°°2/iQ Qm" "2H iBp2Hv bK HH i “;2i /i b2i +QHH2+i2/ 7 QK +2Ht
jy "272°2M+2 +v+H2b- M/ i?2 H bi irQ +QMpQHmMiBQM H H v2'b M/ irQ 7mH
IM2@imM2/ QM i?2 0 “;2i/ i b2iiQ :m > Mi22 KQ/2H T2 '7Q K M+2X >2'2 i?2 |
IM2@imMBM; Hv2 br b /2i2°KBM2/ #v i'B H M/ 2 Q"X 6BM HHv- 7 bi "2+
M2irQ'F T"TmMBM; i2+?MB[m2 r b mb2/ BM i?2 H bi irQ 7TmHHV@+QMM2+i2/
/ Mi M2m QMb-r?B+? + M bB;:MB}+ MiHvV "2/m+2 i?2 KQ/2H bBx2 M/ +QKTmi
K F2b Bi TQbbB#H2 iQ BKTH2K2Mi i?2 "2bmHi Mi KQ/2H BM i?2 QM@#Q "/ "J
Bb/2MQi2/ bS*LL@hG M/ + M +?B2p27 bi M/ ++m” i2+ T +Biv 2biBK iBQ
JQ 2 /2i BHb Q7 i?Bb KQ/2H +QMbi m+iBQM + M #2 7QdmM/ BM T 2pBQmb T1

' Feature maps Pooled Feature maps Pooled o Rt
Lupudlayey 14x14x16 feature maps 6x6x32 feature maps o = Renrons Nearoes
15x15x3 7x7x16 3x3x32 yae yae 144 50

(2) Transfer the structure and parameters of the pre-trained CNN model to the
target dataset, the last two convolutional layers and two fully-connected layers
are fine-tuned.

0 0 —m 0

Convolution Max Pooling Convolution Convolution Convolution Flatten

16@2x2x3 2x2 32@2x2x16 2x2 16@2x2x32 16@2x2x16

(1) Pre-train the CNN model on the source dataset

6B;m 29, S*LL@hG KQ/2H +QMbi"m+iBQM

h?2 BMTmip "B #H2b Q7 i?2 S*LL@hG KQ/2H +QMbBbib Q7 +m "2Mi- pQHi ;:
T iBH+? ;BM;+m p2b-r?B+? "2+QMp2i2/BMiQ |j/BK2MBBGX HBK ;2b rB
q?BH2 i?2 KQ/2H QmiTmi Bb i?2 K tBKmK p BH #H2 + T +Biv Q7 i?2 /Bb+? °;
/B i2HV 7QHHQrb i?2 +? ;2 +v+H2i? i ;2M2  i2b i?2 BMTmib KTH2X h?2 + T
S*LL@hG KQ/2H Bb i?2M mb2/ b MBMTmiiQi?2:S_KQ/2HBMi'Q/m+2/BM
rBi? # ii2° v +m "2Mi- pQHi ;2 M/ 6":r p2H2M;i? /i iQ mT/ i2i?2 aP* 2biBK |

jX 1tT2 ' BK2Mi H a2imT

AM i?BbrQ F-9 +QKK2 +B H +VHBM/'B+ HG6S +2HHb rBi? MQKBM H pQl
BM H+ T +BivQ7 RXe ? "2mb2/BMi?2 2tT2 'BK2MiX h?2v "2 i2bi2/ BM T °
# ii2 v i2bi bvbi2K K /2 #v L1q _1- M/ i?2'KQ+QmTH2b rBi? K2 bm ' 2K2Mi 2°
yXR "2 ii +?2/iQK2 bm 2i?2 +2HH bm 7 +2i2KT2 im 2X HH +2HHb "2 i2b

Rj



i2KT2® im 2 Q7 k8/ i?2 # ii2°v +m "2Mi- pQHi ;2 M/ bm 7 +2 i2KT2" im 2 "2
/Im"BM; i?2 +? “;BM; M/ /Bb+? ;BM; T Q+2bbX >B;? +? ";BM; +m "2Mi "~ i2b

i?72 ;BM; bT22/Q7i?2b2 +2HHb- M/ "272°'2M+2 +v+H2Bb i2bi2/2p2 'vjy +v+
M/ ** [Bb+? ";BM; T'Q+2bbX h?2 ** +? “;BM; M/ /Bb+? ";BM; +m "2Mi Bb R

M/ HQr2 +miQz pQHi ;2 Q7 jXe o M/ kXy o- "2bT2+iBp2HvX h?2 +miQz +m’
+? “;BM; T°'Q+2bb Bbd8 K X h?2b KTHBM; 7°2[m2M+v 7Q° HHi?2 2[mBTK2M|
rbb2i bR>xX 6m’i?2 - 1#2 @QTiB+ b2MbQ b- T QKBbBM; M2r b2MbBM; i2
KQMBiIQ BM;- "2 mb2/BMi?Bb 2tT2'BK2MiiQ +[mB 2KQ 2T Q+2bb 2H i2/|
i?2 aP* 2biBK iBQM ++m” +vX b E?QrM BM 6B;m 2 8- 1?22 6B#2" "  ;; ;"  iB
}1#2 @QTiB+ b2MbQ b "2 /B 2+iHv ii +22/iQi?2bm’ 7 +2 Q72 +?2 +2HH rBi?C
M/ BMi2;"BivX h?Bb MQM@BMp bBp2 BMbi HH iBQM TT'Q +? /Q2b MQi + mt
i?726": b2MbQ'b+ M #2 2 bBHv KQmMi2/ QM i?2 # ii2'v +2HHbX

6B;m 2 8, *2HHb rBi? 6": b2MbQ  BMi2;" i2/X

h?2 6": b2MbQ'b ‘2 b2MbBiBp2 iQ bi° BM M/ i2KT2' im 2 p "B iBQMbX h?2t

R9



K2i2°'b "2 /B 2+iHv "2H i2/iQ i?72 +QKTH2t T'Q+2bb2b BMbB/2 i?2 +2HHLI
BM+'2 b2 M/ K2+? MB+ Hbi'2bb rBHH + mb2 + T +BivHQbb M/ TQi2MiB H
#ii2°vbm 7 +2 i2KT2 im 2 Q" bi° BM +? M;2b-i?2 "2~2+i2/ r p2H2M;i? +? |
r p2H2M;iiQ s- i?mb i?22 r p2H2M;i?B®?BZH i2/ iQ #Qi? bi> BM M/ i2KT2  im":
p B iBQMb (kj- ke)X b i?2i?°22 6": b2MbQ'b "2 +Q@HQ+ i2/ rBi?BM bK F

bHB;?iHv /1Bz2 '2Mi Q"' B2Mi iBQM-i?2 "~ /B Hbi° BM bB;M H+ M#2 /2+QmTlI
K2 bm 2K|2Mi (jk)X AM i?Bb b2+iBQM- i?2 r p2H2M;i?b i? i +QMi BM #Qi? bi
BM7Q K iBQM "2 /B 2+iHv mb2/ 7Q aP* 2biBK iBQMX
h?2 p2° ;2r p2H2M;i? b?B7i Q7 i?2i?°22 6": b2MbQ b M/ i?2 pQHi ;2 Q7 +
*@*o +? ;BM; M/ ** /[Bb+? “;BM; KQ/2 Bb ‘ﬂ‘ZbZMiﬂ BM6B;m 2eX AM 6B;m
bTQM/b iQi?2 +? “;BM; T? b2rBi? +QMbi Mi+m " "2Mi Q7 R - M/ bi2T UkV B
pQHI ;2 +? ";BM; T? b2-r?BH2i?2}M HDbLi2T UjV +Q "2bTQM/biQ i?2 /Bb+? °
bi Mi +m " 2Mi Q7 R X
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0 2000 4000 6000 8000 10000 12000
Time(s)

6B;m "2 e, q p2H2M;i? b?B7i Q7 **@*0 +? ;BM; M/ ** /[Bb+? ;BM; +v+H2

aBM+2 bBKTH2 7mM+iBQMb + MMQi/2b+ ' B#2i?2 '2H iBQMb?BT #2ir22M aP*
b?B7i TT QT B i2Hv-i?2°27Q°2-i?2: mbbB M S Q+2bb _2;"2bbBQM H;Q Bi
aP* mbBM: i?Bb M2r b2i Q7 bB;M HbX

R8



9X 1biBK iBQM _2bmHib M/ .Bb+mbbBQMb

h?2 T2 7Q°K M+2 Q7 i?2T°'QTQb2/aP* M/ + T +BivDQBMi 2biBK iBQM 7°
i?72 7Q 2K2MiBQM2// i b2iXh?2 "QQi K2 M@b[m 22 "Q  U_JalV Bb mb2/iC
iBQM ++m” +v M/ i?2 bi M/ *//2pB iBQM Bb mb2/iQ +? * +i2°'Bx2i?2 2biBK
h?2 # ii2°v+ T +BivBb } bi+ H+mH i2/ mbBM; i?2 r2HH@i" BM2/ S*LL@hG |
KQ/2HBMTmib "2 +m "2Mi- pQHi ;2- M/ +? ;2 + T +Biv+ H+mH i2/ #vBMi2;
"2bT2+iiQ iBK2X h?2M i?2 aP* Q7 +2HH R Qp2  /Bb+? ;2 T'Q}H2b Q7 272 2N\
M/i?2 "2bmHib "2 b?QHM BM6B;m 2dX AiBb2pB/2Mii? ii?22biBK i2/aP*rE
BM7Q K iBQM U|6B;m 2 dU#VV ‘2 Km+? +HQb2  iQ i?2 274 2M+2 aP*i? M r
h?Bb Bb bmKK ‘BXZEM 6B;m 2 dU/V-r?222i?2/Bz2 2M+2 #2ir22M i?2 +m'p
BHHmbi  i2/ GB;m‘Z dU+V-i?2Qm;?i?22 Q' bb?QrMBM #Qi? };m 2b +QM
aP* 2biBK iBQM rBi? mT/ i2/ + T +BivBbrBi?BM kW-r?BH2i?22 "Q Q7 aP*
mT/ iBM; i?2+ T +BivBbrBi?BMeWX 6m i?2 -i?2 Jal Q7i?2 aP*2biBK iBQ
i?72 mT/ i2/ + T +Bivp Hm2 "2 yXekW M/ jX8NW- "2bT2+iBp2HvX h?Bb ? b -
i?7 i ++m> i2 + T +Biv 2biBK iBQM Bb BKTQ'i Mi 7Q" aP* 2biBK iBQMX AM
6B;m[28 du[ V] M/ dU#V-i22 N8W +QM}/2M+2 BMi2 p H BM #Qi? };m 2b ? p2
K2 Mbi M/ "/ /2pB iBQM Q7 i?2 2biBK i2brBi? M/ rBi?QmimT/ i2/+ T +Biv
"2 RXykWX h?2°27Q°2-Bi Bb b?QrM i? ir?2i?2° Q" MQii?2 + T +BivBM7Q K
MQi z2+ii?2 2biBK iBQM mM+2'i BMivX
g?BH2 2biBK iBM; i?2 aP*- # ii2°v+ T +Biv Bb bBKmHiIi M2QmbHv 2biBK i2/r
S*LL@hG KQ/2H- M/ i?2 2biBK iBQM ‘2bmHﬂ) "2 b?QrM BM 6B;m 2 3X h?2
HBM2b "2T 2b2Mi i?2 "272°2M+2 M/ 2biBK i2/ + T +Bivp Hm2 Q7 +v+H2 Ry-
GB;rrﬂZ 3-i?2 2biBK i2/ + T +BivBb +HQb2 iQ i?2 "272°2M+2 p Hm2- r?BH2 |
iQi? iQ7i?2 aP*2biBK iBQM 2“Q‘/HBM2 BM6B;m '2dU+VV-r?2Mi?2 2
+QMp2 ;2biQ x2°Q-i?2 2biBK i2/+ T +Biv HbQ +QMp2 ;2biQ i?2 272 2M+:
kk8 +QMb2+miBp2 TQBMib 7' QK i?2 +m > "2Mi- pQHi ;2 M/ aP*+m p2b Q7 2 +7?
iQ 2biBK i2 i?2 + T +Biv- M/ i?2 2biBK i2/ "2bmHib 7Q" i?2b2|:]+v+H2b "2 BH
h?2 #Hm2 HBM2 "272'biQ i?2 "272°2M+2 + T +Biv- M/ i?2 "2/ HBM2 2T 2b2N\
mbBM; i?2 +m "2Mi- pQHi ;2- M/ +? “;2+ T +Biv+ H+mH i2/ #vBMi2; iBM; i?
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6B;m 2 d, aP* 2biBK iBQM "2bmHib Q7 +2HH R, U V aP* 2biBK iBQM “2bmHib rBi?Qmi mT/ i2/ +
aP* 2biBK iBQM “2bmHib rBi? mT/ i2/ + T +BivBM7Q K iBQMX U+V aP* 2biBK iBQM 2°°Q X U,
*2bmHib rBi?frBi?Qmi mT/ i2/ + T +BivX
iQ iBK2X h?2 Jal Bb yXyRke ?X q?BH2 i?2 vV2ZHHQr HBM2 272 b iQ i?2 + T
+m " 2Mi- pQHi ;2- M/ i?2 +? ;2 + T +Biv + H+mH i2/ 7°QK i?2 2biBK i2/ aP
Bb yXyye9 ?X Ai Bb 2pB/2Mi i? i mbBM; i?2 2biBK i2/ aP* BM7Q K iBQM + N
+ T +Biv 2biBK iBQM ++m~ +vX
hQ BMp2biB; i2i?2 2z2+i Q7 mbBM; 6": r p2H2M;i? bB;M Hb b KQ/2H BMTmi]
iBQM-i?2/ i +QHH2+i2/ 7°QK +2HH Rr b miBHBx2/ 7Q  i2biBM;X hrQ /Bz2" 2]
7Q aP* 2biBK iBQM- QM2 iQQF +m "2Mi- pQHi ;2 M/ + T +Biv b i?2 KQ/2H
mb2/ +m " "2Mi- pQHi ;2-6":r p2H2M;i? bB;M H- M/ + T +Biv bi?2 KQ/2H BM
*2bmHib QM +v+H2 Ry Q7 +2HH R| "2 b?QrM BM 6B;m" 2 Ry- [M/]7°QK i?2 2MH
M@U+V— BiBb 2pB/2Mii? ii?2i?2b? /2/ #Hm2 "2 Bb rB/2  r?2M i?2 6": b
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6B;m 2 3, h?2 2biBK iBQM "2bmHib Q7 # ii2°v+ T +Biv7Q  "272°2M+2 +v+H2 Ry Q7 +

6B;m 2 N, * T +Biv 2biBK iBQM "2bmHib i /Bz2 '2Mi "272°2M+2 +v+H2b Q7 +2HHR

MiBHBXx2/- r?B+? K2 Mb i?2 2biBK iBQM mM+2'i BMiv Bb ?B;?2R X 6m i?22 -
+QM}'Ki? ii?2 aP*2biBK iBQM Bb KQ'2 ++m" i2r?2Mi?26": bB;M HBb miB|
i22 2biBK iIBQM KQ/2HX Zm MiBi iBp2Hv- r?2M mbBM; i?2 mT/ i2/ + T +Biv B
Q7 i?2 aP* 2biBK iBQM rBi? M/ rBi?Qmi mbBM; i?2 6": bB;M Hb b BMTmi 2
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“2bT2+iBp2Hv- M/ i?2 K2 M bi M/ //2pB iBQM Q7 i?2 2biBK iBQM rBi? M/ r
"2 RXykW M/ RXd3W- "2bT2+iBp2HvX

uv U#V

Uu+Vv u/v

6B;m 2 Ry, aP* 2biBK iBQM “2bmHib Q7 +2HH R, U V aP* 2biBK iBQM 2bmHib mbBM; 6": bB;M
2biBK iBQM mbBM; 6": bB;M HbX U+V aP* 2biBK iBQM “2bmHib rBi?Qmi 6": bB;M HbX U/V 1°°Q
rBi?Qmi 6": bB;M Hb
h?2 Jal M/ bi M/ *//2pB iBQM Q7 aP* 2biBK iBQM mM/2" /Bz2 2Mi BMTmi +
K "Bx2/BMh #H2 RX hrQ Q#b2'p iBQMb + M #2 +QM+Hm/2/ 7°QK h #H2 RX 6B
+ T +Biv+ M ;"2 iHv BKT Qp2 i?2 aP* 2biBK iBQM ++m’ +v U 2/m+2b i?2 _.
RX93W- Q" 7°QK jX8NW iQ yXekW- +?B2pBM; e8X83W M/ 3kXdjwWw "2/m+iB
/Q MQi z2+ii?2 2biBK iBQM mM+2"i BMivX a2+QM/Hv- mbBM; 6": bB;M Hb |
aP*+ M MQi QMHv "2/m+2 i?2 2biBK iBQM _Jal Ui?2 _Jal /2+ 2 b2 7°QK 9X
7T"QK RX93W iQ yXekW +?B2p2/ ReX8RW M/ 83XRRW "2/m+iBQMb- "2bT2+iE
2biBK iBQM mM+2'i BMiv U +?B2pBM; 9kXdW "2/m+iBQM QM i?2 2biBK iBQI

RN



RXd3W iQ RXykWvX AM bmKK “v- mbBM; i?2 mT/ i2/ + T +Biv M/ 6": K2 bm™

i?2 2biBK iBQM _Jal #vmTiQ 38X83W U7 QK 9XjW iQ yXekWV M/ 2/m+2i?2
/2pB iBQM #v 9kXdWX

h #H2 R, aP* 2biBK iBQM "2bmHib rBi?frBi?Qmi mT/ i2/ + T +Biv M/ rBi?frBi?Qmi 6": K2 bm"

gBi?Qmi 6": bB; gBi? 6": bB;M Hb
bb2bb gBi?Qm qqBi? gBi?Qm gBi?
mT/ i2/ mT/ i2/ mT/ i2/ mT/ i2/ Z
_Ja1l IXjW RX93W J X 8y kW
J2 M ai M/ 7/ .2pB iBQM RXddW RXd3W RXyKRWKykW

hQ p HB/ i2i?2 ;2M2° HBx iBQM #BHBiv Q7 i?2 T ' QTQb2/ K2i?Q/-i?2 KQ/
/IB'2+iHv TTHB2/iQ 2biBK i2i?2 aP* Q7 +2HH k- M/ b iBb7 +iQ v aP* 2biBK
+?B2p2/Xh FBM; "272°'2M+2 +v+H2 Ry Q7 +2HH Kk b M 2t KTH2- bb?QrM BM
"2bmHib + M biBHH r2HH i° +F i?2 "272°2M+2 p Hm2b-i?Qm;?i?2K t2°"Q " B
iQ x2°Q ii?22M/ Q7 i?2 +v+H2X DbBKBH " i'2M/ + M #2 Q#b2 ' p2/ 7°QK i?2
"2bmHib b?QrM BM 6B;m 2 Rk-r?2M i?2 aP*2biBK iBQM 2 "Q " Bb H ";2-i?2 +
BbH ";2-r?BH2 i?2 2biBK i2/ aP* +QMp2°;2/iQ i?2 272 °2M+2 aP*-i?2 2biB
+QMp27;2/iQ i?2 "272'2M+2 p Hm2X 6m i?2 - i?2 _Jalb 7Q  i?2 /Bb+? “;2 T°
"272°2M+2 +v+H2b Q7 +2HH k "2 bmKK "Bx2/ BM 6B;m 2 RjX b b?QrM BM ¢
aP* 2biBK iBQM Bb Hr vb HQr2 r?2M i?2 + T +BivBb 2biBK i2/ M/ mT/ i2/ B!
r?B+? Bb H2bb i? M kW 7Q" i?2b2 i2M 272 °2M+2 +v+H2b- r?BH2 i?72 _Jal Q
rBi72Qmi mbBM; i?2 mT/ i2/ + T +Biv Bb rBi?BM 8W-i?2 "2bmHib ; BM +QM}
DQBMi 2biBK iBQM 7° K2rQ'F + M 2biBK i2 i?2 aP* KQ'2 ++m’ i2Hv #v mT/
p Hm2X

6BM HHv- i?2 T QTQb2/ K2i?Q/ Bb HbQ i2bi2/ QM ** [Bb+? “;2 +v+H2 Q°
+? ";BM; " i2X b b?QrM BM 6B;m 2 R9-i?2 2biBK i2/ aP* + M i +F i?2 272
i?72 Jal Q7 jX93W- M/ i?2 K tBKmK 2°°Q° "QmM/ eWX h #H2 k bmKK “Bx2b
bi M/ *//2pB iBQM Q7 aP* 2biBK i2/ mM/2  /Bz2 2Mi BMTmi +QM/BiBQMb- i?:
i? 1i?72mb2 Q7 mT/ i2/+ T +Biv+ MBKT Qp2i?2 aP*2biBK iBQM ++m™ +v U
7°QK RYX9KkW iQ 9X3NW-Q 7' QK dXd9W iQ jX93W- "2bT2+iBp2HvVV- M/i?2m
BKT Qp2b i?2 2biBK iBQM ++m" +v U 2/m+2b i?2 Jal 7°QK RyX9kW iQ dX
iQ jX93W- "2bT2+iBp2HvV- #mi HbQ "2/m+2b i?2 2biBK iBQM mM+2 i BMiv

ky



uv U#V

6B:m 2 RR, aP* 2biBK iBQM “2bmHib Q7 +2HH k mbBM; KQ/2H i BM2/ QM +2HH R, U V aP* 2b
mT/ i2/+ T +BivBM7Q K iBQMX U#V aP* 2biBK iBQM 2 °Q X

uvVv U#V

6B;m 2 Rk, * T +Biv 2biBK iBQM "2bmHib Q7 +2HH k U V* T +Biv 2biBK iBQM "2bmHib mbBM; Q
h?2 "2H iBp2 2°°Q" #2ir22M 2biBK i2/ M/ 272 °2M+2 + T +BivX

kR



6B;m 2 Rj, "~ +? i Q7 i?2 aP* 2biBK iBQM _Jal 7Q  i?2 /Bb+? ;2 T°Q}H2b Q7 i2M "272 2M+:
T2'7Q K M+2 Q7 i?2 KQ/2H i* BM2/ QM +2HH R Bb 2p Hm i2/ QM i?2 /i “2+Q"/2/ 7" QK +
“2/m+iBQM QM i?2 2biBK iBQM bi M/ '/ /2pB iBQM 7 QK 9XjjW iQ kXjOWVX J
2biBK iBQM "2bmHib Q7 jy /Bb+? ";BM; +v+H2b rBi? R* +m "2Mi "2 BHHmb]
+H2 " i? ii?2 v2HHQr HBM2 Bb +HQb2 iQ i?2 "272°2M+2 + T +Biv- r?B+? BN\
2biBK i2/ mbBM; i?2 +? ;2 + T +Biv+ H+mH i2/ #v aP* Bb KQ 2 ++m” i2i? |
+ T +Biv + H+mH i2/ #v +m "2Mi BMi2;" iBQM-r?B+? QM+2 ; BM +QM} Kb i?
+ MBMim "M BKT ' Qp2i?2 + T +Biv 2biBK iBQM "2bmHibX

uvVv U#V

6B;m 2 R9, aP* 2biBK iBQM “2bmHib QM /Bb+? ;2 +v+H2 rBi? R* +m "2Mi U V aP* 2biBK iBQM
+ T +BivBM7Q K iBQMX U#V aP* 2biBK iBQM 2 °Q X

kk



h #H2 k, aP* 2biBK iBQM "2bmHib QM R* /Bb+? ;2 +v+H2 rBi?frBi?Qmi mT/ i2/ + T +Biv M/ rB
K2 bm 2K2MibX

gBi?Qmi 6": bB; gBi? 6": bB;M Hb
bb2bb gBi?Qm qgBi? gBi?Qm qgBi?
mT/ i2/ mT/ i2/ mT/ i2/ mT/ i2/ Zz
_Jail Ry X9kWwW 9X3NW d X9 3w
J2 Mai M/ °/ .2pB iBQM 9IXjjW jX89W k X KRKW\O W

6B;m 2 R8, * T +Biv 2biBK iBQM "2bmHib Q7 jy /IBb+? “;BM; +v+H2b rBi? R* +m "2 Mi

AM bmKK “v- i?2 T'QTQb2/ DQBMi 2biBK iBQM 7 K2rQ F ? b b?QrM iQ b
i?72 aP* 2biBK iBQM ++m’ +v #v mT/ iBM; i?2 BKT 2+Bb2 # ii2’v+ T +Biv BM
aP* 2biBK iBQM + M BM im M BKT Qp2i?2 ++m  +v Q7 + T +Biv 2biBK iBQM-
2biBK iBQM K2i?Q/b rBi?Qmi+ T +Biv+ HB# iBQM + MMQi 2HBKBM i2i?2 B
+ T +Bivp HmM2X 6m i?2 KQ 2-i?2 6": K2 bm 2K2Mib + M T°QpB/2 KQ 2 BM 7
i2°v /M KB+b- i?2°27Q 2- mbBM; 6": K2 bm 2K2Mib iQ bbBbi aP* 2biBK iB
mM+2 i BMiv+ M #2 /2+°2 b2/ M/ 2biBK iBQM ++m’ +v + M #2 BKT Qp2/X

8X *QM+HmMbBQMb

h?Bb T T2 2 b T°QTQb2/ ?v# B/ K +?BM2 H2 "MBM; 7° K2rQ ' FiQ +?B2p
Q7 i?2 # ii2 v aP* M/ + T +Biv- bbBbi2/ rBi? i?2 BMbi ' mK2Mi iBQM Q7 6": b

K]



KmHIB@TQBMibi> BM M/i2KT2 im 2p B iBQMbB:M Hb /m2iQ # ii2 v +? "
iBOMbX h?2 7" K2rQ ' FmT/ i2bi?2+ T +BivmbBM; r2HH@i" BM2/ *LL KQ/2F
2biBK i2bi?2 aP* M/ [m MiB}2b i?2 2biBK iBQM mM+2'i BMiv mbBM; :S_ K
bBQMb + M #2 /> rM #2HQr,

C 6B biHv-i?22z2+iQ7 # ii2°v ;BM; QM aP* 2biBK iBQM Bb +QMbB/2 2/- #
Biv '2;mH "Hv-i?2 aP*+ M #2 2biBK i2/ KQ 2 ++m” i2Hv- +?B2pBM; mT i
QM i?2 JalX AMim M i?2 ++m’ i2 aP* 2biBK iBQM + M 7m’i?2° BKT Qp
i?72+ T +Biv 2biBK iBQMX

C a2+QM/Hv- M2r b2MbBM; i2+?MQHQ;v 7Q" # ii2'v +QM/BiBQM KQMBIiQ
i?72 K2 bm 2K2Mib 7°QK i° /BiBQM H b2MbBM; i2+?MQHQ;B2b 7Q" # ii2
i2+?MQHQ;v Qz2'b MmMmK#2 Q7 /BbiBM+iBp2 72 im 2b- bm+? b KmHIiBT
+QKTH2t rB'BM;- M/ BKKmMBiv iQ 1JAX h?2 2tT2 ' BK2Mi H "2bmHib +Q
b2MbBM; K2 bm 2K2Mib + M 7m i?2° BKT Qp2 i?2 aP* 2biBK iBQM ++m
2biBK iBQM mM+2"i BMiv- rBi? mT iQ 83XRRW "2/m+iBQM QM i?2 _Jal
QM i?2 2biBK iBQM bi M/ “//2pB iBQMX

C h?B ' /Hv- i?2 :S_ H;Q Bi?K Qz2'b mMB}2/ 77 K2rQ'F iQ BM+Q ' TQ" ™ i2
K2 bm 2K2Mib 7Q  bBKmHi M2Qmb 2biBK iBQM Q7 i?2 aP* M/ [m MiB}+ i
MmM+2'i BMiv- ?22M+2 i?2 BM~m2M+2 Q7 i?2 mT/ i2/ + T +Biv M/ 6": K2 b
aP* 2biBK iBQM + M #2 bb2bb2/ bvbi2K iB+ HHvX

h?2 2tT2°'BK2Mi H "2bmHib ? p2 mM/2MB #Hv p2°'B}2/ i?2 T2 ' 7Q K M+2 Q7
iBK iBQM 7° K2rQ'F M/ i? i i?2 mb2 Q7 6": bB;M Hb Bb #2M2}+B H iQ aP* :
"2bmHib +QM}'Ki? ii?2 + T +Biv 2biBK iBQM Bb pBi H7Q" ++m’ i2 aP* 2biB
BMi " Q/m+2/6": bB;M Hb + M 7m i?2  BKT Qp2i?2 aP* 2biBK iBQM ++m" +v
K i BQM mM+2"i BMivX qBi? i?2 K bb "QHH@Qmi Q7 2H2+i B+ p2?B+H2b 7Q" i
# ii2°v biQ ;2 bvbi2Kb 7Q° ++2TiBM; H ;2 TQ iBQM Q7 "2M2r #H2 2M2 ;v
+QMiBMmMQmb- ++m" i2 M/ 2HB #H2 # ii2°v aP* M/ aP> 2biBK iBQM "2 M
"2 H@HB72 TTHB+ iBQMb 7Q b 72- "2HB #H2 M/ 2z2+iBp2 QT2 iBQM M/
BM7Q K iBOQM 7Q  r?QH2 HB72@+V+H2 K M ;2K2Mi Q7 # ii2 ' B2b-2M #HBM; 7
M2bb BMMQp iBQMb iQ K tBKBx2 i?2 p Hm2 +? BM Q7 # ii2"B2bX h?Bb T T2"

k9



?QHBbLiIB+ TT Q +? iQ BMi2;  i2 MQp2H 2biBK iBQM 7° K2rQ F rBi? M2r b2\
bi?2 6": b2MbQ'b + M //"2bb MmK#2" Q7 Bbbm2b "BbBM; 7°QK 2tBbiBM;
‘2 H@HB72 TTHB+ iBQMb- # BM;BM; MmK#2 Q7 TQi2MiB Hi M;B#H2 #2N
#2 +?2B2p2/ #v +QMpP2MiBQM H TT ' Q +?2bXPm  7mim '2rQ ' FrBHH BMp2biB
M KB+ +? ";BM; M/ /Bb+? ";BM; b+2M "BQb mM/2  /Bz2'2Mi QT2  iBQM +QM/
TTHB+ iBQM M/ #2M2}i TQi2MiB Hb Q7 i?2 MQp2H b2MbBM; i2+?MQHQ;B2b
# i1i2°vK M ;2K2Mi b+?2K2b M/ H;Q Bi?KbX

6BM HHv-r2 rQmH/ HBF2 iQ 2KT? bBx2 i? i 6B#2° PTiB+ a2MbQ b U6Pab\
i?72 KQbi bmBi #H2 K2 Mb iQ HHQr //BiBQM H T® +iB+ H K2 bm ' 2K2Mib iQ
#22M +?Qb2M UBM //BiBQM iQ +QMp2MiBQM H- ivTB+ HHv 2H2+i'B+ HHv@
2Mi /p Mi ;2b i? ii?2v ? p27Q° TTHB+ iBQMb bm+? b i?Bb # ii2 v bi i2 KQ
2biBK iBQMX h?2 bT2+B}+ #2M2}ib Q7 i?2 mb2 Q7 bm+? 6Pab ? p2 #22M /B/|
mi?Q b BM /2i BHBM Qi?2° Tm#HB+ iBQMb (kk) #mi BM bmKK “v- 6Pab "2 T
i?2b2 bBim iBQMb- bm+? b r?2M 2H2+i'B+ HKQMBIQ 'BM; Bb mMb 72 b i?2
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