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FRANKFURT AM MAIN
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EH bbB}xB2 mM; pQM JQiBp2M
JCMx2M KBi J bF _@*LL

>mv GmQM;

6° MF7m'i KJ BM
KRXRkXkykk
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S Q72bbm’ 7C" h2tii2+?MQHQ:B2
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1'FH mM; xm™  #b+?Hmbb #2Bi

;2K = j9- #bX Re /2 P /MmM; 7C  /2MJ bi2 ' bim/B2M; M; AM7Q K iBI

>B2 ' KBi 2'FH "2 B+?->mv GmQM;

.B2 pQ 'HB2;2M/2 "#2Bi ? #2 B+? b2H#bibi M/B; mM/ Q?M2 "2MmixmM
#2M2M Zm2HH2M mM/ >BH7bKBii2H p2°7 bbiX

1#2MbQ #2bi iB;2 B+?-/ bb/B2b2 "#2Bi MB+?i- m+? MB+?i mbxm;br
TmM; Q/2  aim/B2MH2BbimM; p2 r2M/2irm /2X

wm/2K p2 bB+?2°'2 B+?-/ bb /B2 pQM KB 2BM;2 2B+?i2M b+? B7iHB
K2BM2 J bi2° "#2BiKBi/2 2BM;2°2B+?i2M2H2Fi QMBb+?2M 02 ' bBQ
2BMbiBKK2MX

6 MF7m'i KJ BM-/2M kKRX .2x2K#2  kykk

>mv GmQM;



AM? Hibp2 x2B+?MBb

[FTQMvK2 0AA
CHQbb - As
R IBMHZ2BimM:; R

RXR _2H2p Mx X X X X X X X X X X X X X X X X X X X X X
[RXk m7; #2Mbi2ZHHmMM; X X X X X X X X X X X X X X X X X
[RX] ai mFim /2" "#2Bi X X X X X X X X X X X X X X X X X

(K h?2Q 2iBb+?72 : mM/H ;2M 8
KXR L2m OMIH2 L2ix2 X X X X X X X X X X X X X X X X X X
[KXRXR _1I2m QM X X X X X X X X X X X
[KXRXK _EH bbB}F iBQM X X X X X X X X
[KXRX] ECMbBIHB+?22 LPm QM H2 L2ix2 X
X
M

KXRX9 J b+?BM2HH2b G2 "M2M X X X
+ Do m 1" /IB2Mi2

kKXRXe *QMpOHmMIBOQMIH L2m™ HL2irQ F X
[KXRXd SQQHBM; X X X X X X X X X X X X
[KXRX3 . JQTQmMi X X X X X X X X X X X X X
[KXRXN_J bF] @*LL X X X X X X XXX XXX XXX XXX
[kXK S BMxBTB2Mf i2Mfh2+?MBF2M /2" "BH/ MMQi iBQM X
[kKXkXR "BH/ MMQIJi iBQMbivT2M X X X X X X X X X X X X
KXKXK_"BH/ MMQI iBQMbi2+?MBF2M X X X X X X X X X |
KX] h2biK2li'BF2M X X X X X X X X X X X X X X X X X X X X
[KXJXRIGQbb X X X X X X X X X X X X X X X X X X X X X
[kKX]Xk S 2+BbBQM- 2+ HH J2|M p2 ;2 S '2+BbBQM X X

[ EQMx2Ti mM/ AKTHZ2ZK2MiB2 mM; k N

[XR 00Q #27 [+?2imM; X X X X X X X X X X X X X X X X X X X
XK 02 12M7Z2iZ2 5] /r "2 X X X X X X X X X X X X X X X X X »
[X] 02 r2M7/2i2 aQ7if "2fhQQHb X X X X X X X X X X X X X X




OXJXR_LoA. A B 2B#2° X X X X X X X X X X X X X X X X X X
[[X]Xk *o h U*QKTmi2 0oBbBQM |[MMQi iBQM hQQHV X X X X
OXJX] _OFF2> X X X XX XX XXX XXXXXXXXXXX X
XJX9 h2MbQ ~Qr X X X X X X X X X X X X X X X X X X X
OXTX8 H2 b X X X X X X X X X X X X X X X X X X X X X X
[X]Xe J bF _I@*LL X X X X X X X X X X X X X X X X X X X X
(X9 AKTHZKZMiB2 mM; X X X X X X X X X X X X X X X X X X X

[XOXR 1 ?2FmMM; mM/ g |?H /2" . i2M
[X9XK _MMBRi iBQM X X X X X X X
[X9X] JbF _J@*LL X X X X X X X X

x X =
s X %
s X
x X
x X %
x X
x X %
s X
s X
x X =
w X

X
X

9 Ip Hm iBQM mM/ 12bmHi i2 9j
[O9XR h2bi2 J2#MBbb2 X X X X X X X X X X X X X X X X X X X

(8 .BbEFmbbBQM eR

e 2bCK22 mM/I6 xBi e8
[eXR_ _mB#HB+F X X X X X X X X X X X X X X X X X X X X X X

M? M: dy

GBi2° im 'p2'x2B+?MBb dj



##BH/mM;bp2 x2B+?MBb

[(RXR IMi2 b+?B2/HB+72 . bi2HHMM;2M /2 1?72M c] GBMFDb,

2X@*L3989 - 2+?ib, +tMIi@+QOBM@jkNNd@T@ 2x*L39Nd

[KXR m7# m 2BM2b L2m QOMBIMDHREX E™ X X X X X X X X
[KXK M;2T bbi2b a+?2K 2BM2 J+*mHHQ+?@SBiib@wW2HH2X
[KX] mM7# m 2BM2bS2 x2Ti'QMb X X X X X X X X X X X X X
[KX9 : M;B,2 FiBpB2 MM,b/mMFIBQM2MX Zm2HH2, (JQm) X
[KX8 1BM 2Fm 2Mi2b L2ix, 1b 2tBbiB2 2M EMQi2M|UL2m QN

FOQTTHMM,; #2bBix2MX|Zm2HH2, (.*ERd) X X X X X X X X

lkXe 1BM 6mHHvV *QMM2+12/ G v2 ' X Zm2HH2, (.*ERd) X X X 3
[kXd IMi2 b+?B2/HB+?2 G2 M i12ZM mM/ B? 2 mbrB FmM;2M >
(kX3 a+?2K iBb+?2 . "biZHHmM; 2BM2b 6BHi2 b-r2H+?2 KB

QT2 iBOMKBi /2K 1BM; #2#BH/- 2BM2M g2 | BM /2" mb;

[KXN . BK #21 +72i2i2M 62Mbi2 xmb ixHB+? xr2B q2B=2 SBt.

bQrB2 mMi2M HBMFb 2tBbiB2 2M- Bbi /2 q2 i BM|/2 62 im

[ 712  6BHi2 r2MB;2 xm /2K "BH] mbb+?MBii T bbiX X X X

y i i r ImM; /m +7; 2 1-bQ/ b

2BM2 62 im 2@J T 2Mibi2iX Zm2HH2, (MQ ) X X X X X X

[KXRR 2.BOM S OTODb Hb r2 /2M KBii2HD aZ2H2+iBg2 a2 " +?

(lFaRj) X X X X X XX XXX XXX XXXXXXXXXX>

[KXRK m7# m/2b _@*LLJQ/2HHDPX Zm2HH2, (: MR3) X X X X
[KXRj a+?2K iBb+?2 . bi2HHmMM, /2b 6 bi _@*LL JQ/2HHbX Zm
[KXRO a+?2K iBb+?22 . Di2HHMM, /2b 6 bi2° _@*LLJQ/2HHbX
[KXR8 a+?2K iBb+?22 . Di2HHMM, /2bJ bF _@*LL JQ/2HHbX Z
[KXRe a2K MiB+ a2,K2Mi iBOM KBij mMi2 b+?B2/HB+?2M EH

[KXRd MMQi iBOQMDbDIVI2M BK 02 ;H2B+?X Zm2HH2, (*GPky) X
[KXR3 EH bbBIXxB2 mMM;bF2MMx ?2H2M X X X X X X X X X X X
KXRN AMiZ b2+iBOM Qp2  IMBQM X X X X X X X X X X X X X

[XR #H m7/B .  KK/B2b2] J bi2 i?2bBb X X X X X X X X X >
XK 02 b+?B2/2M2 miQK iBbB2 mM,b, /272 MMQi iBQMX :

AAA



(X] .Q+F2 *QMi BM2 m7 2BM2K >Qbi@avbli2K Zm2HH2, (MQ k
X9 T 22EmMM 72 . i2MX X X X X X X X X X X X X X X X X X X

[OXk AK :2,2Mb ix xm JCMx2 U V- m7 /2K F2BM JQiBp 2Mi/2+
| rm /2 /B2 a+?H M;2 m7 JCMx2 U#V FQ 2Fi FH bpB}xB2'i-
[ JbF27 bJQiBp MB+2i QTIBK H #/2+FiX X X X X X X X X

OX] wWr2B mMi2 b+’?BZIHB+’?2 JQprZ /12b G°r2M X X X X X X

@ j T @PX KOQMX X 9d

WFWWWWM&Q +Mi@
| 2+2ib, TtMIi@+tOBM@I98SNRN@T@ 2x @*Lkyy3e X X X X X X .

[OXRR HBMFb, +tMi@+OBM@R3y]d@Q@ 2Xx@*LRRYNN KBii2, +Mi(
[ 2+?2ib, tMI@+OBM@RANNe@Q @ 2x@*LRyNe3 X X X X X X

[OXRK HBMFb,.+Mi@Kj98J@*LRRRy3 2+?ib,+Mi@9yRke@*LRkejk

[OXR] GQbb T2 ITQ+?/2 #2B/2MJQ/2HHZ Xxm /2M JCMxbi ii2M S
| S2 BMi?QDb BK|02 ;H2B+?2 X X X X X X X X X X X X X X X X

[OXR9 2+?ib,+tMi@+0OBM@Kkyde@T@ 2x@*LRy3d- HBMFb,+Mi@"

[OXR8 +tMi@+QBM@I9JiR@T@ 2x@*LRj98 X X X X X X X X X X X

[OXRe HBMFD, tMi@+OBM@9dNe@Q @ 2x@*LjydR "2+?ib, +Mi@ +

[OXRd +tMIi@+OBM@RN39I@T@ 2x@*Lkyj8 X X X X X X X X X X >
OXR3I +MIi@+QBM@KRER3@Q@ 2x@*LRj3d X X X X X X X X X X

[OXRN HBMFb, +Mi@+QOBM@Kyje @T@ 2Xx@*LRY3R 2+?2ib,+Mi@ +

[9XKky HBMFb, +Mi@+OBM@9d3N@O@ 2x@*LjRje 2+?ib,+Mi@ +(

[9XKR HBMFb, tMIi@+OBM@NKdd@T@ 2x@*Lk83N "2+?ib,+Mi@ +

OXKkKk HBMFDb., +tM @ +OBM@RIYKS@O @ 2x@*LRRyd3] 2+?ib,+Mi(
L I XX XXX XXXXXXXXXXXXXXXXXXXXXXX

[OXKk] HBMFDb, +Mi@+QBM@RJAIIN@ Q@ 2x@*L9€e8y '2+?ib,+Mi@

n
>

BXR *L *QBM ee9N X X X X X X X X X X X X X X X X X X X X )
BXK *L*QBM e9Nj X X X X X X X X X X X X X X X X X X X X X
BX] *L *QBMIR8dy8 X X X X X X X X X X X X X X X X X X X X X




h #2HH2Mp2 x2B+?MBD

JIXR B2 x2?M ? m};bi2M hB - i bg P

;2HBDi2li bBM/X X X X X X X X X X X X X X X X X X X X )

Xk . i2Mb ix /2  bi2?2M/2M mM/IbBix2M/2M S2 'bQM X X X X
X] . i2Mb ix KBi/"2B mMi2 b+?B2/HB+?2M SQ i Bi "i2M X >
[[X9 . i2Mb ix mb /27 JCMxbil]ii2 S2°; KQM X X X X X X X X :

X8 GBKBIiBZ i2]. i2Mb ix X X X X X X X X X X X X X X X X
[Xe . i2Mb ix mb /2 JCMxbilii2 S2°’BMi?Qb X X X X X X X X

[OXR GObb mM/ K S q2 i2 CFR R81TQ+?22M X X X X X X X X
[OXKk S 2+BbBOM- 2+ HH MM/ 6R@a+Q 272 2BMx2HM2M EH
[OXJHQBEDM/ K S q2 12 72 JQ/2HHZ XV mM/ #XV X X X X X X )

[O9X9 S 2+BbBQM- 2+ HH mMM/ 6R@aaQMIXBR; IBPMMEH bb2

mMaBIiiBM; SZP(b)QMXXXXXXXXXXXXXXXXXX

(9XedQl@bg2 12 M mM|2 b+’)BZ/HB+’72M 1TQ+’?2M XX X X X X

[OXAHQ®Ebq2 12 #2B mMi2 b+?B2/HB+?72 MX ?H M h” BMBM;b#
[9X3 S 2+BbBQM- 2+ HH mM/ 6R@a+Q 2 /2 N EH bb2M /B2

/27 JCMxbi 112 S27; KQM bi KK2MX X X X X X X X X X X X

[9OXMHQbmM/ K S q2 12 /2 #2B/2M JQ/2HH2 xm 1 F2MMmM; /2

bi 112M S2 T KOM MM/ S2°'BMi?Qb X X X X X X X X X X X .

[OXRy S 2+BbBOM- 2+ HH mM/ 6R@a+Q 2 /2 RjEH|bb2M /B

[2- JCMxDbi 112 S2"BMi2Qb bi KK2M X X X X X X X X X X )

[9OXRR EH bbB}xB2 mM;2M /2b JQ/2HHb 2XV m7 "BH/2"M /2" ]







F'QMVK?2

*LL *QMPQHMiBQM H L2m" H L2irQ FX R3
_@*LL2;BQM@# b2/ *QMpPQHMIBQM]H L2m" H L2irQ FX Rd

aoJ amTTQ i o2+iQ [J]+?BM2X R3

0AA






HQbb

"QmM/BM;@Qi2+FB;2b 62Mbi2 - r2H+?2b /B2 SQbBiBQM pQM
K “FBZIiX Rd

I | m | ~ +7 |
*2Mi QBBii2HTmMFi /2 2BM2 E" 2 ?2/2}MB2 iX kR

" QmM/ h" mR2?HBi i m7 /B2 2BM J +?BM2 G2 "MBM; JQ/2H i BN\
?mM;br2Bb2 h® BMBM;bfh2bi/ i2M pQM /2M2M M;2MQKK2M
K iBQMb;2? Hi /2 ;2rCMb+?i2M q[?]?2Bi 2MibT ' B+?iX kR

PFFHMBBIQM2+FmM; pQM[P#D2Fi2MX k]

Pp2 }iiBIMm QM H2b L2ix T bbibB+? xmbi F/2Mh"  BMBM;b/ i
BK ai M/2 xm ;2M2" HBbB2 2M mM/ . i2M xm FH bbB}xB2 2N\
MBM;b/ i2M 2Mi?[Hi{2ZM bBM/X RR- Rd

_2BM7Q +2K2Mi G2?BEMH2 MBM; Mb ix#2B /2K 2BM JQ/2HH
i2.i2Mi° BMB2irB' /- bQM/2°M C#2[12HQ?MmMM;bTmMFi2)

amT2 pBb2/J +?BM2JG2? BWMBRM;2 MBM; Mb ix #2B /2K 2BM JQ/
;2H #2Hi2M . i2Mi° BMB2 'irB'/- mK Mb+?HB2=2M/ 2BM2M

xmxmr2Bb2ZMX RR- Rk-jy

IM/2°}iiBM2m QM H2b L2ix Bbi MB+?i BK ai M/2 2 7[QH; 2B +? xn

IMbmT2 pBb2/J +?BM2 G2BMBM2 MBM; Mb ix#2B /2K 2BM JQ
2H #2Hi2 . i2Mi° BMB2'irB' /- mK Mb+?HB2=2M/ 2BM2M A
xmxmr2Bb2MX RR

As






R 1BMH2BimM;

AM /B2b2" "#2Bii 2z2M /[ b :2#B2i/2° LmKBbK iBF KBi /2K :2#B2i /2"
m72BM M/2 X

.B2LmKBbK iBF #2b+? 7iB;i bB+? KBi /2K h?2K :2H/ mM//2bb2M :2]
/I2b Hi2'b MiBF2 JCMx2M- bBM/ pB2H2 /B2b2° JCMx2M #2BK 6mM/
1?2 HimM;bxmbi M/ Mm™ b+?r2° xm B/2MiB}xB2 2MX 1BM2 b2Bib HB?~
i2°'b#2/BM;i2M EQ "QbBQM /2 JCMx2M mM/ M/2 2 b2Bib M /2" S ;
b2H#biX

JBi?BH72 ?2miB;2" h2+?MQHQ;B2M bi2?2M J°;HB+?F2Bi2M xm™ 02"
LmKBbK iBF2'BMM2M #2B /2" EH bbB}xB2 mM; pQM MiBF2M JCMx2M
b2M/2" . i2MK2M;2 bi2B;i /2" K MmM2HH2 m7r M/- JCMx2M xm FH bbB}
#2M2M7 HHb #2°2Bib pQ ? M/2M2M EH bb2 xmxmQ ' /M2MX .B2 xmM2?
M2m QM H2 L2ix2 BK"2'2B+? /2" EH bbB}xB2 " mM; #B2i2i /IBp2 b2 J¢
iBbB2 mM; /2" EH bbB}F iBQM MiBF2 JCMx2MX

wB2H /B2b2° “#2BiBbi2b KBii2Hb J +?BM2 G2 "MBM; J2i?Q/2M ml
Tmi2  oBbBQM JQiBp2 m7 mMi2 ' b+?B2/HB+?bi2M JCMx2M xm 2 " F2M|
MmH ~ xm FH bbB}xB2'2MX AK G m72 /2" "#2Bir2 /2M mMi2 b+?B2/F
2p HmB2 iX

1BM ;"Q=2""2bi M/i2BH /B2b2" “#2Bi Bbi /B2 MMQi iBQM /2" JQiB]|
rB2/2’mK Hb AMTmi@. i2M 7C" / b EH bbB}xB2 mM;bKQ/2HH ;2Mmix

wm/2K rB'/ /B2 q ?H /2b hQQHb- KBi /2K /B2b2 MMQi iBQM2M /m +
/12 7TQH;2M/2M mb "#2BimM; 2°°7i2°iX

RXR _2H2p MXx

J +?BM2 G2 MBM; H;Q Bi?K2M }M/2M ?2mixmi ;2 BM pB2H2M "2 2B+
MiQMQK2 6 ?°'2M- /B2 :2bB+?ib2"F2MMmMmM;- aT K@6BHi2  mM/ /B2 K:
Mm® r2MB;2 "2BbTB2H2 7C" /B2 2°7QH; 2B+?2 02 r2M/mM; pQM J +?I
(" HR8)(6>uRN)(:*YyN)(>1ky)X

aQKBi #B2i2i bB+? M- J +?BM2 G2 "MBM; H;Q Bi?K2M m+? BK "
iBF 2BMxmb2ix2MX "2bQM/2°b / b 62H/ *QKTmi2  oBbBQM ? i/ b SQi
EH bbB}F iBQM pQM MiBF2M JCMx2M xm mMi2 biCix2MX

.B2 S2°7Q°K Mx /2b JQ/2HHb xm™> 1"F2MMmMM; /2° MiBF2M JCMx2M
AMTmi@. i2M KBi /2M2M 2b i° BMB2 i rB' /X . #2B Bbi M2#2M /2" Zm



R 1BMH2BimM;

/IB2Zm HBi i pQM _2H2p MxX "2 2Bib /B2 S" ;2[m HBi i/2° JCMx2M bi2H]
/2> mM; 7C° / b JQ/2HH / "X .B2 Zm HBi i /2" JCMx2Mr " BM /2 02 ; M;2
i2+?MQHQ;Bb+?2" 1BMb+?" MFmM;2M MB+?i KBi /2 ?2miB;2M S ;2[m F
? H# /IB2 ;H2B+?2 S° ;mM; m7 p2 b+?B2/2M2M JCMx2M 2BM2 i2BHr2Bb
m7r2Bb2M F MMX .2b q2Bi2°'2M HBii2M /B2 K2Bbi2M MiBF2M JCMx2M
EQ QbBQM mM/ # B2#X

bBM/B2b2" "#2Bi 2MirB+F2Hi2 EH bbB}xB2 " mM;bKQ/2HH bQHH /2M
}IxB2 mM; K b+?BM2HH mMi2 biCix2MX .B2 A/22 /2b 1BMb ix2b pQM *QK
/2> LmKBbK iBF Bbi/ #2B F2BM2 L2m?2BiX H;Q Bi?K2M mb /2K "2 2B +"
QM-rB2 #2Bb TR MAB b@ rm /2M #2 2Bibxm 1" F2ZMMmMmM; pQM MiBF2M
p2'r2M/2i (wEwyd)(wEay3)X

RXk m7; #2Mbi2HHmMM;

wB2H /B2b2° “#2Bi Bbi 2b- mMi2  LmixmM; 2BM2b ;22B;M2i2M J +?BM?Z
2BM2 / [m i2 EH bbB}xB2 mM; pQM JQiBp2M m7 MiBF2MIT@MX2M /2" .
LmKKQ mK 2MirB+F2HMX

.B2 EH bbB}xB2 mM; M +? /2" . i2M# MF pQM *Q Tmb LmKKQ mK Bbi i.
;7 MmH "X JCMx2M /B2 ?MHB+?2 JQiBp2 m7r2Bb2M mM/ bB+? Mm™ BM |
U ## RXRV-r2°/2M BM mMi2 ' b+?B2/HB+?2 EH bb2M 2BM;2i2BHiX

##BH/mM; RXiR,b+?B2/HB+?2 . "bi2HHmMM; /2" i?2M - /B2 D2r2BHb M/2 2M |
bBM/X

B2 ?7Q7?2 Mx ?H M mMi2 b+?B2/HB+?2M EH bb2M 2 b+?2r2i/ b h> BM
"MM;bKQ/2HH2MX AM /B2b2° “#2Bi bQHH bXFT @7ilblBY2 2B M2B 2 hX M
JCMx2M- #2xB2?mM;br2Bb2 /B2 m7 B?M2M #2}M/HB+?22M JQiBp2- ; Q#;
bQ/ bb xmFCM7iB;2 “#2Bi2M m7 /B2b2 ;"Q#; MmH "2 1BMi2BHmMM: xm"

b 7C> /B2 J bi2  “#2Bi ;2Mmixi2 6° K2rQ'F J bF _@*LL #B2i2i /B2 J°
JQ/2HH2 KBi mMi2 b+?B2/HB+?2M MMQi iBQMb “i2M xm i° BMB2 2MX |
2B;M2i2M J +?BM2 G2 "MBM; 6" K2rQ Fb- bQHH /B2 mbrB FmM; /2" MM



RXj ai'mFim /2" "#2Bi

S2°'7Q°'K Mx /2" JQ/2HH2 mMi2 ' bm+?i r2°/2MX . xm r2/2M /Bp2 b2 J(
EH bbB}xB2 mM;b2 ;2#MBbb2 Mb+?HB2=2M/2p HmB2 ir2 /2MX
wmb ixHB+? xm™ AKTH2K2MiB2 mM; /2" EH bbB}xB2 mM;bKQ/2HH?:
b ix2 #2M°iB;i-r2H+?2 7C /B2 h" BMBM;bT? b2 /2 JQ/2HH2 2BM;2b?2
.B2 g ?HbQrB2 /B2 K MmM2HH2 MMQi iBQM /B2b2 . i2M bBM/ 2#2M
"#2BiX

RXj ai mFim™ /2" "#2Bi

.B2 J bi2° "#2Bi BbirB2 7TQH;i bi'mFim B2"i,

. bpQ M;2; M;2M2 E TBi2H 7C?°i2 BM /B2 h?2K iBF /IB2b2" “#2Bi
B#2 #HB+F C#2 /B2 _2H2p Mx-bQrB2 /B2 m7; #2Mbi2HHmMmM; /B2b2"

. b 7QH;2M/2 E TBi2H #2b+? 7iB;i bB+? KBi /2M i?2Q 2iBb+7?2M : ™ m
MmM; KBii2Hb FCMbiHB+?2M M2m QM H2M L2ix2MX . 7C  rB°/ m7 /L
M2m QM H2 L2ix22BM;2; M;2M-bQrB2 /2 ; mM/H2;2M/2 K i?2K iBb+
i2iX . > m7 7QH;i /B2 1MirBo-¥V pi@gHim iBIOW H L2mPBM ki’rQMFBM /B2b2"
TH2Bi p2 r2MI2BEM @ * XA b

AK xr2Bi2M #b+?MBii/2b E TBi2Hb 7QH;i 2BM2 B#2 bB+?i p2 ' b+?B
/B2 7C° /B2 "BH/2 " F2MMmMM; p2 r2M/2ir2 /2MX

.2  H2ixi2 #b+?MBii/2b E TBi2Hb #2BM? Hi2i /B2 .2}MBiBQM2M /2
iBQMbK2i"BF2MX

. b/°'Bii2 E TBi2H ;B#i 2BM2M B#2 #HB+F C#2 /B2 aQ7ir "2- r2H+
/2° BK xr2Bi2M E TBi2H #2bT Q+?2M2M J +?BM2 G2 "MBM; EQMx2Ti
rB/;2M m2° m7/ bhQQH2BM;2; M;2M-r2H+?2b 7C /B2 MMQi iBQM
Mmixi2M . i2M-p2'r2M/2i rB /X Mb+?HB2=2M/r2/2M /B2 mMi2 b+?B
m7;2HBbi2i mM/ #2b+? " B2#2M- bQ/ bb BM /2M 7QH;2M/2M E TBi2HN
272 2MxB27ir2° /12MF MMX AKb2H#2M E TBi2H r2 /2M /B2 p2 r2M/2i
/[2}MB2 i2M 02 ' bm+?b " 2B?2M M;2;2#2MX .B2 . i2Mr2°/2M M? M/ /2
m7;2b+?HCbb2HiX

Mb+?HB2=2M/ r2/2M BK /> mzQH;2M/2M E TBi2H /B2 p2 b+?B2/:
bm+?b ' 2B?2M ;2i2bi2i mM/ /2°2M 1 ;2#MBbb2 /QFMK2MiB2 i mM/ 2p
xmpQ  2°r ?Mi2M 1p Hm iBQMbK2i'BF2M p2'r2M/2i- mK /B2 h2bi2 ;2#

1b 7QH;i/ bE TBi2H-BM /2K /B2 1 ;2#MBbb2 M HvbB2 i-bQrB2 S (
mb /2" IKb2ixmM; /IBbFmiB2 i r2 /2MX

wmH2ixi 7QH;i 2BM2 wmb KK2M7 bbmM;- 2BM 6 xBi- bQrB2 K°;HB+"
J bi2® "#2Bi ?2 pQ ;2?2MX



R 1BMH2BimM;




k h?2Q 2iBb+?2 : mM/H ;2M

6C" /B2 G°bmM; /2b ST Q#H2Kb- r2H+?2b /B2b2 "#2Bi Hb h?2K iBF #
#B2i /2" *QKTmi2 oBbBQM pQM 7mM/ K2Mi H2" "2/2mimM;X JBii2Hb
pP2°'b+?B2/2M2 JQiBp2 m7 /2M #2i° +?i2i2M MiBF2M JCMx2M 2°F MN\
[2MX . #2B rB°/ 2BM M2m QM H2b L2ix p2'r2M/2i-r2H+?2b m7 /B2 1°1
bB+? m7 /2M JCMx2M #2}M/2M-i° BMB2 i rB' /X EQMF 2i2  rB'// b E
*LL(>:.:Rd) p2'r2M/2i- r2H+?2b 2BM2 1°r2Bi2 " mM; pQM *QMpQHmMIiBQ
BbiX

.B2 "+?Bi2Fim - bQrB2 /B2 6mMFiBQMbr2Bb2M #2B/2° JQ/2HH2 r2"/
2°2'H mi2'iX .2b q2Bi2°2M rB'/ /2" i?2Q 2iBb+?2 >BMi2 ;" mM/ xm UF
L2ix2M M +? (Jm RK)-(:"*Re)RrB2HEM+?2i2iX

KXR L2m QM H2 L2ix2

6C° 2BM2M J2Mb+?2M Bbi/ b IMi2 ' b+?2B/2M 2BM2  E ix2 mM/ 2BM2t
IK KBiJ b+?BM2M 2#2M7 HHb P#D2Fi2 FH bbB}xB2 2M xm FOMM2M- r
L2ix2 p2'r2M/2iX .B2b2 ? #2M /B2 M2m QM H2M L2ix2 BK K2Mb+?HB
b+?2b 0Q #BH/X

. b K2Mb+?HB+?22 >B M #2bi2?i mb C#2  Ryy JBRIS)X L/2v RM2 M) MM/
C#2  avM Tbhb2M KBii mb2M/2M M/2°2M L2m QM2M p2 #mM/2M mM/ F
C#2 L2m Qi MbKBii2  KBi2BM M/2 X aB;M H2 BMM2 2 H# 2BM2b L2t
i2 ;2H2Bi2iX

KXRXR L2m QM

I1BML2m QM #2bi2?i mb /2K w2HHF° T2  UaQK V-K2?'2°'2M 1BM; M;
mb; M; U tQMVX L2m QM2M r2 /2M /m +? B?" tQM C#2 /B2 .2M/ Biz
p2 " #mM/2M UavM Tbh2MVX



k h?2Q 2iBb+?2 :"mM/H ;2M
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##BH/mMM; KMRE m 2BM2b L2m " QMb

C2/2bL2m QM F MM /m +? b2BM2 .2M/ ' Bi2M L2m Qi MbKBii2°™ m7M2
~2Bx2 mbH°b2MX .B2b2r2°/2M Kw2HHF° T2 FFMmKmHB2 iX AMM2 ? H
/[ Im +? xm 2BM2" ai2B;2 " mM; Q/2° 1°"MB2/°'B;mM; /2b 2H2Fi'Bb+?2M SQi
/B2 YM/2 mM; /2b 2H2Fi'Bb+?2M SQi2MxB Hb 2BM2M a+?r2HH2Mr2 i C#;
FIBQMbTQVY2GMEB Hb tQM r2Bi2 ;2H2Bi2i U;272m2 iV-r1r b #2rB Fi-/ bb
KBii2° mb;2b+?Cii2ir2/2M-/B2rB2/2 " mK/ xm7C? 2M-/ bbbB+?/ b 2H
/12> L2m"QM2M M/2'i- /B2 KBi /2K mb; M;bM2m QM p2 " #mM/2M bBM/X

mb;2H®°birB'// b FIiBQMbTQi2MxB H MB2K Hb i2BHr2Bb2- bQM/2 M ¢
MB+?iX . b FIiBQMbTQi2MxB H rB'/ M /2M avM Tbh2M ;2rB+?i2i- bQ/ bk
aB;M Hp2'bi "FiQ/2 ;2b+?r +?2irB /X

m7 /B2b2 i mM/ g2Bb2 r2°/2M pQK :2?B°"M AM7Q K iBQM2M p2° "#2B
H2 L2ix rB'/ /Im +? M2m2 AM7Q K iBQM2M mM/ 1°7 ? mM;2M BKK2 rB2
.m +? /B2 bi2iB;2 IKbimFim B2 mM; H2’M2M L2m"QM2M BM /2M 2Mib+?
72m2°M Q/2° BM FiBp xm #H2B#2MX .B2 :2rB+?imM;2M /2> avM Tbh2M r2
#:2b2?22M pQM /2" 2°r ?Mi2M MT bbmM; /2 L2m " QM2M mM/ B? 2" 02 #E
L2m"QM2M- ;B#i 2b r2Bi2°2 S°'Qx2bb2-rB2 #2BbTB2Hbr2Bb2 /B2 1Mibi2~
/27 92;7 HH #2bi2?2M/2°-r2H+?2 7C |/ b K2Mb+?HB+?2 G2 "M2M KBip2"

kKXRXk EH bbB}F iBQM

"2B 2BM2° EH bbB}F iBQM ;2%?i 2b ;2M2 21 HmMb "MK 2B M 2 #ABKVE;M# 2

X = fX1;X2; 5 Xn 1;Xng KBii2f1;ing mMiI2 N 2BM2° Byl Irbl®2/2° mb; #2K2M;2

Y = fy1;¥2;55Ym 1:Ymg KBji2fL:;mg mMA2 N xmxmQ /M2MX

"2xQ;2M m7 2BM2 "BH/2'F2MMmM; bQHHiI2 2BM m7 2BM2K "BH/ pQ ? M/
EH bb2 xm;2Q /M2ir2 /2MX

ECMbiHB+?2 M2m QM H2 L2ix2 bQHHi2M /2KM +? BK A/2 H7 HH K°;HB+
[2° mb; #2K2M;2 xmQ /M2MX

6Q K2HH Bbi/ b wB2H 2BM2 6mMFIiBQM xm TT QtBKB2'2M- /B2 /B2b2 v



kKXR L2m QM H2 L2ix2

JMM2?2K2 M-/B2wmQ /MmM; rB/ 7QH;2M/2 K =2M K i?2K iBb+? m
y = f(x) UkXRV

AKh” BMBM;bT ' Qx2bbbQHH/ MM /B2 mM#2F MMi2 6mMFiBQM KBi?B*t
TT QtBKB2 'ir2'/2MX . KBi bQHH/ bJQ/2HH BK ai M/2 b2BM- 1BM; #
B?K #Bb / iQ mM#2F MMir "2MX

kXRXj ECMbiHB+?2 L2m QM H2 L2ix2

AK C ?2°2 RN9j? #2M qgq "~ 2M J+*mHHQ+? mM/ g Hi2  SBiib 2 biK Hb 21
/[2HH 2BM2b FCMbiHB+?2M L2m QMb 2MirQ 72M mM/ #2b+? B2#2M (J!
J+*mHHQ+? @ SB MMM H#HRM "2 aB;M H2 p2° "#2Bi2M-mM/ m+? Mm~
mb; #2 2°x2m;2MX aB2 p2 7C;i C#2" /IBp2°'b2 1BM; M;bH2BimM;2M- |
G2BimM;2MX wm/2K #2bBixi bB2 2BM2M "22HHr2 iB;2M a+?r2HH2Mr2

##BH/mMM; kaXR2K 2BM2  J+*mMHHQ+?@SBiib@ w2 KKIBR22K B i:/2dt 1BW ; M;2M
?2KK2M/2M 1B M MBRERIf1;mg- /2K a+?r2HH2rBQirB2 /2K
mb; MX

1BM2 J+*mMHHQ+?@SBiib@w2HH2 ;2M2 B2 i 2BM2 R Hb mb; #2-r2M
. M;2 RBbi- bQrB2 /B2 amKK2 /2> M/2°2M 1BM; M;br2 i2 /2M a+?2r2H¢t
HH2M M/2°2M 6 HH2M ;2M2'B2'i /B2 J+*mMHHQ+?@SBiib@w2HH2 2B
RN83 Tm#HBxB2'i26 MF _Qb2M#H ii m7 /2  : " mM/H ;2 J+*mHHQ+?b
JQ/2HH (_Qb83)X AK 02 ;H2B+? xm /2M J+*MHHQ+?@SBiib@wW2HH2M
F2BM2 ?2KK2M/2M 1BM; M:2X ai ii/2bb2M #2bBix2M bB2 MT bb# 2 :
1BM: M:br2 i2M KmHiBTHBXxB2 i r2 /2MX

B2 a+?r +?2 /2b S2 ' x2Ti'QMb HB2;i HH2 /BM:;b / "BM-/ bb 2b Mn
;2Mmixi r2°/2M F MM- /2bb2M EH bb2M HBM2 > b2T 'B2'# ~ bBM/ (JS
Xxm C#2 rBM/2M- rm /2M FCMbiHB+? M2m QM H2 L2ix2 p2 r2M/2i- /B
ML2m QM2M #2bi2?22M U2M:;HX, JmHiBH v2  S2°+2Ti"QM (:"*Re)XbX
_Qb2M#H ii Bbi #Bb ?2mi2 :'mM/# mbi2BM FCMbiHB+?2  M2m QM H2



k h?2Q 2iBb+?2 :"mM/H ;2M

Eingaben

Gewichte
@ W Aktivierungsfunktion Ausgabe

n
o= Z XiWij
Waj i=1
@ qp 1 0j

(5 +6)
: WHJ

Schwellenwert

##BH/mM; ky# m 2BM2b S2°x2Ti QMb

[ ## kK] x2B;i /12M b+?2K iBb+?2M m7# m 2BM2b S2 KBT2 QMbX .B2 11
flLu;ng FOMM2M xmK 2BM2M mb 2BM2™ "2Q# +?2imM; Q/2 J2bbmM; 2Mibi K
#2° m+? mb /2M mb; #2M M/2°2  L2m QM2M ;2M2 B2 WwjrQ /2M b2BM.:
UrQ#2BC  / b #2i  +?i2i2 L2m QM bi2?iV p2'bi "F2M Q/& MRMKK2M /B2 1E
r2°/2M M7 M;b xm7 HHB; ;2r ?HiX
6C 2BM2EH bbB}F iBQMrB'/ Hb2 bi2b//R2 1B+ #2i2 ammKK2+?M2i,
X
ji= Xi Wij UkXkV
i=1
.2 mb; #2r@ 2 ;B#i bB+? Mb+?HB222MHiBpB2 mM ;b 7mWHIBQ M
a+?r2HH2Mr2 i

g="0(j* j) UkXjV

6C° /B2 FiBpB2 mM;bFTWMWRIBQWMi2 b+?B2/HB+?2 6mMFiBQM2M p2°r2}
wm mMi2 b+?2B/2M bBM/ HH2 /BM;b MB+?i /Bz2 2MxB2 # "2 6mMFiBQ
6mMMFiBQM2MX 6C" /B2 mb7C? mM; /2b G2 M H;Q Bi?Kmb r2°/2M H2ixi2
> m}; p2'r2M/2i2 FiBpB2 ' mM;b7mMFiBQM2M bBM/ /B2 aB;KQB/7mMFiBQ
GBM2 " IMBiV mM/ /2  h M;2Mp >SVTR #QHB+mb U ## kX9VX



kKXR L2m QM H2 L2ix2

Sigmoid TanH RelLU

e ' flz) :li for z<0

(=]

1 jo tanh{z) =
fiz) et o tanh(z) 1+

r for 220

d ! £

##BH/mMM; KX0;B;2 FiBpB2 mM;b7mMFiBQM2M

.B2L2m " QM2M bBM/ mMi2°2BM M/2  p2 " #mM/2M mM/ r2 /2M BM a+?|
rB/ xrBb+?2M /2B a+?B+?i2M mMi2 b+?B2/2M,

RX .B2 2 bi2 a+?B+?irB'/ AMTmi G v2 ;2M MMi mM/ 2T b2MiB2 i /B

kX .B2 xr2Bi2 a+?B+?i rB°/ >B//2M G v2  ;2M MMi mM/ #2bi2?i mb 2B
b+?2Mb+?B+?2i2MX

jX .B2 H2ixi2 a+?B+?i Bbi /2" PmiTmi G v2'-/2 /B2 mb; #2 2T  b2Mi
FiBQM2 ;2#MBb HB272 iX

L2m QM2M FPMM2M mMi2 b+?B2/HB+? p2 " #mM/2M b2BMX .B2b rB"/ H
M2iX .B2 L2ixr2 " FIQTQHQ;B2 #2b+? 2B#i BK HH;2K2BM2M /B2 Mx ?
rB2 L2m QM2M BK L2ixr2 " F KBi2BM M/2  p2 ' #mM/2M bBM/X

1BM FCMbiHB+?2b M2m QM H2b L2ix H bbi bB+? Hb :> T? / “bi2H
Hb EMQi2M 2T b2MiB2'i bBM/ mM/ /B2 02 #BM/mM;2M /2" L2m QM
ai mFim 2M bBM/ 622/7Q ' r "/@L2ix2- #2B /2M2M 2BM2 a+?B+?i BKK
a+?B+?i p2 ' #mM/2M Bbi- bQrB2 "2Fm "2Mi2 L2ix2- #2B /2M2M 2b 2B
/Im > +? "C+Fr "ib ;2°'B+?i2i2 E Mi2M ivTBbB2 i BbiX

622/7Q°'r "/@L2ix2 x2B+?M2M bB+?/ /m +? mb-/ bb /2> AMTmi Mm
i2°;2;2#2MrB° /X .B2 mb; #2 /2 pQ M;2; M;2M2M a+?B+?i Bbi /B2 1B
a+?B+?iX

AK :2;:2Mb ix/ xm #2bBix2M "2Fm > "2Mi2 L2ixr2°'F2 m7; mM/ [/2  "C-
E Mi2M U ## kX8V wWvFH2MX .B2 J°;HB+?F2Bi2M /2° gq2Bi2"; #2 /2"
bBM/ m+? pB2H7 HiB;2 X aQ Bbi 2b MB+?i Mm™ K°;HB+?-/ bb 2BM L
L2m QM C#2 ;B#i- r2H+?2b bB+? BM 2BM2"  7QH;2M/2M a+?B+?i #2}N
K°;HB+?-/ bb /B2 mb; #2 M 2BML2m QM BM pQ" M;2; M;2M2 a+?B+
Q/2 bQ; " m7/ bb2H#B;2 L2m QM 2 M2mi ;2H M;iX



k h?2Q 2iBb+?2 :"mM/H ;2M

##BH/mM; KB8, "2Fm "2Mi2b L2ix, 1b 2tBbiB2'2M EMQi2M UL2m " QM2MV /B2
#2bBix2MX

1BMr2Bi2°2 rB+?iB;2 6 FiQ BbiM2#2M /2" "i/2 02 "#BM/mM;2M- /B2
ImM;2MX a+?B+?2i2M r2 /2M ? mémpiQHVH QM M2k X/UCGh w2 /2mi2i 2BM
EMQi2M Bbi KBi D2/2K M/2°2M EMQi2M /2" 7TQH;2M/2M a+?B+?i p2 ' #mM
#BM/mM;2M Mm ™ b+?r2" M +?pQHHxXxB2?# ~bBM/X .2 L +?i2BH-r2H+?2"
/IB2 EQKTH2tBi i /2b L2ix2b m7; mM/ pQM "2/ mM/ Mi2M 02 #BM/mM;2M -
/ bb /2" h BMBM;bT Qx2bb p2 H M;b KirB /X

##BH/mM; KB&, 6mHHvV *QMM2+i2/ G v2', C2/2° 1BM; M;bFMQi2M Bbi KBi D2
M +?bi2M a+?B+?i C#2° 2BM2 E Mi2 p2 " #mM/2MX

.B2 G2BbimM;b7 ?B;F2Bi 2BM2b L2ixr2 Fb Bbi bi "F /m +? b2BM2 hQ
q ?H 2BM2° QTiBK H2M L2ixr2 Fbi'mFim" Bbi #? M;B; pQM /2" xm H°bh2M
bQrB2 /2° i mM/ Mx ?H /2" 1BM; #2/ i2MX Abi/ b L2ixr2 F xm FH2BM r
xm bBKT2H- Bbi 2BM2 2°7QH; 2B+?2 EH bbB}F iBQNVIZHidBIMm 2" 2B +"

Ry



kKXR L2m QM H2 L2ix2

i Bii m7XIM/2 }iiBM; F MM ;2H°bir2 /2M- BM/2K /2" h" BMBM;bT QXx:
EQKTH2tBi i /2b L2ix2b /m +? >BMxm7C;2M r2Bi2 2 a+?B+?i2M ;2biz
[Pp2 JiiBWj /2" :2;2Mb ix xmK IM/2 }iiBM;X L2ix2 /B2 xm pB2H2 L2m C
/ Im +? xm FQKTH2t Q/2  xm H M;2 i BMB2'i rQ /2M bBM/- bBM/ MB
"HBbB2 2MX . b #2/2mi2i bB2 bBM/ BK ai M/2 . i2M mb /2K h® BMBM
FH bbB}xB2 2M- F°MM2M HH2 /BM;b/m +? /B2 72?H2M/2 :2M2" HBbE
bB}xB2 2MX . bL2ixH2 MiMB+?i M +? HH;2K2BM2M J2 FK H2M 0Q " ?
T bbibB+?/2M. iZM BK h' BMBM;bT Qx2bb MX 1bH2 Mi/B2h BMBM

KXRX9 J b+?BM2HH2b G2 M2M

. KBi 2BM FCMbiHB+?2b M2m QM H2b L2ix 1BM; #2M FH bbB}xB2 2]
i BMB2'i r2°/2M mM/ H2 'M2M /B2 K°;HB+?2M EH bb2M xm 2 F2MM?2
FCMbiHB+?2M M2m QM H2M L2ix2b #2bi2?i/ "BM- /B2 :2rB+?i2 /2" 02
L2m QM2M Bi2  iBp MxmT bb2M-bQ/ bb/ b L2ix #2B 2BM2" #2HB2#B
T bb2M/2 mb; #2 2 x2m;iX

. #2B ;B#i2b /2B p2 b+?B2/2M2 "i2MrB2 2BM M2m QM H2b L2ix i E

RX .B2 2°bi2 h® BMBM;bK2ZehQl2 pBE2HD +?BM2IX2BMBM2iX : mM/@
pQ " mbb2ixmM; 7C / bamT2 pBbR/J +?BM2 G2 "MBM; Bbi-/ bb 7C
#2r2°12M /B2 D2r2BHB;2M T bb2M/2M mM/ ;2rCMb+?i2M mb; #2r2"i
T bb2M/2 mb; #2r2 i xm 2BM2K 1BMG #2242 Xi2iEB+ ? M2h X
"2BD2/2 Ai2° iBQMrB'/7C 2BM2 1BM; #2 /B2 .BbF 2T Mx xrBb+?2
mM/ /2" mb; #2 /2b M2m QM H2M L2ix2b #2biBKKiX .B2 :2rB+?i2 /2
BM #? M;B;F2Bi /B2b2" .BbF 2T Mx / ?BM;2?22M/ p2° M/2 i-/ bb [/ k
2rCMb+?i2 mb; #2 ;2M2 B2 7iX
wB2H /2bh” BMBM;b Bbi2b-/ bb/ bL2ix m+?BKai M/2Bbi-. i2MFF
KBi /2M2M / b L2ix MB+?ii° BMB2'irm'/2X

[amT2 pBb2/J +?BM2 G2 MBM;@ H;Q Bi?K2M r2°/2M m7; mM/ [2°
/IB;F2Bi #2pQ " xm;iX

kX AK :2;2Mb ix/ xm[PNDMTH pBb2/ J +?BM2B22KIBM: 1BM; #2/ i2M
C#2 :2#2M r2°/2MX . b M2m QM H2 L2ix p2 bm+?i / MM Jmbi2  mM
1BM; #2/ i2M xm 2 " F2MM2MX 1BHA'RIRD THE DH B2 PP p2 - bm+22M mb
2BM2  0B2Hx ?H M . i2MTmMFi2M ?MHB+?22 . i2M KBi2BM M/2  xm

X "2BRBM7Q +2K2M|ir@2/2MBRIK L2ix BK :2;2Mb ix xmK amlT2 pBb2/
[M2 G2 |MBM; MB+?i /2bb2M FQMF 2i2 62?H2" U.BbF 2T Mx2MV KBi
/ bL2ix#2B "B+?iB;2M 1Mib+?2B/mM;2M TQbBiBp2 "2HQ?MmM;bTm
b+?2B/mM;2M M2; iBp2 "2HQ?MmMM;bTmMFi2X . b L2ix Kmbb / MM (

RR



k h?2Q 2iBb+?2 :"mM/H ;2M

/B2 :2rB+?i2 BK M2m QM H2M L2ix MT bb2M-r2b? H# /B2 J2i?Q/2 #2/
Hb [bamT2 pBb2/J ¥?2BM2 G2 "MBM: BbiX

KXRX8 " +FT QT ; iBQM mM/ :" /IB2Mi2M #biB2;

1BM p2 ' #'2Bi2i2b 027 2°2M xmK 1BMH2 M2M"p©OMM MZT: QBMMN2M L2ix2M
rB/ #2BK amT2 pBb2/ G2 "MBM; p2'r2M/2iX "2B /2 " +FT QT ; iBQM rB
b+?2M Abi@ mb; #2 /2b L2ix2b UoQ" mbb ;2V mM/ /2> aQHH@ mb; #2 U/
rb HHQBEBEx2B+?M2i rB /X .B2b2 rB/ Mb+?HB2=2M/ M/ b L2ixr2 F x
Mb+?HB2=2M/r2/2M /B2 :2rB+?i2 BM #7? M;B;F2Bi*/Rp)OR?H2'b M;2T |
.B2 MT bbmM; rB°/ KBii2Hb :" /IB2Mi2M #biB2; mK;2b2ixi- 2BM2" J2i
LmK2'BF 2BM;2b2ixi rB°/ mKPTIiBKB2 mMM;bT " Q#H2K2 xm H°b2MX >B2 #
M2m QM H2M L2ix2b xm QTiBKB2 2MX
6C /B2 Mr2M/mM; /2b " /IB2Mi2M #biB2;b- #2/ 7TE2-br2BM22 6BR2H2 7mM
#r2B+?mM; /2" Abi@ mb; #2 pQM /2" aQHH@ mb; #2 #2 2+?M2iX wm #2}
KmK /B2b2 6mMFIiBQMX .B2 S ° K2i2 r2°'/2M bQ H M;2 Bi2" iBp BM _B+
T /B2Mi2M M;2T bbi- #Bb F2BM2 r2Bi2 2 02 #2bb2 mM; /2> mb; #2 2 xE
1b bRBRBM2 #2HB2#B;2 62?H2 7TmMFIiBQMX .B2b2 Bbi m7; mM/ /2 #?
/2b L2ix2b m+? #? M;B; pQM/2M :2rB+?i2M /2bHE 2BC2B2 b2BK'KIB2Mi
Im +? /B2 T "iB2HH2 EHMB#WMIM,; pQM
E

E = UkX9V
Wij

. b:2rB+?irB°/ BM M2; iBp2  _B+?imM; /2b :" /IB2Mi2M ;2 M/2 iX . #2B 1
M MMi2 G2 M?BiIIxm;2MQKK2M- /B2 /2M :" [/ /2> MT bbmM; BM D2/2" Ai
biBKKiX aQKBi 2 ;B#i bB+? 7C° "/ b M2m2 :2rB+?i,

E

Wij neu = Wij — UkX8V

Wij
. #2B F MM bQrQ?H 2BM2 xm MB2/°'B; Hb m+? 2BM2 xm ?2Q+? ;2r ?Hi2 G
r2 - /2MX Abi /B2 G2°M™ i2 xm ?2Q+? ;2r ?Hi- T bb2M /B2 :2rB+?i2 bB+? X
/ b JBMBKmK MB+?i 2°"2B+?i r2°/2M F MM- bQM/2[M bi2lib C#2 bT mM;2
gB'/ /B2 G2 "M i2 xm MB2/'B; ;2r ?Hi-F MM 2b T bbB2'2M-/ bb 2BM HQF

JBMBKmMK 2 " 2B[F?21 B/ ( ## kXd U#V)X

Rk



kKXR L2m QM H2 L2ix2

loss

>

Wert des Gewichts w

UV >Q?22G2 M i2

loss

o

Lokales Minimum

[Son

°
Globales Minimum

>

Wert des Gewichts w

U#V LB2/°B;2 G2°'M" i2

##BH/mMM; KM, b+?B2/HB+?2 G2 M i2M mM/ B?°2 mbrB "FmM;2]

AK EQMi2ti/2bh” BMBM;b pQM M2m QM H2M L2ix2M bBM/ xr2B "2;"
r2Bi2°2M o2 "H m7 /B2b2° “"#2Bi ;2Mmixi r2°/2MX iB2nM2BQ21Bz2 H m
279271 /2b " i+?22b'Uimx@NWBRP2MB2i-M +?2rB2pB2H2M 1BM; #2M mM/ .
?2°°B;2M mb; #2M /2b L2ix2b-2BM2 MT bbmM; /2 :2rB+?i22 7QH;iXC
Bbi- /2biQ ?°?2  Bbi m+? /B2 Mx ?H M :2rB+?ib MT bbmM;2M BM D2

.27 "2;°Bz 1TQ+?b ;B#i M-rB2 Q7i /2" ;2b Ki2 h® BMBM;b/ i2Mb ix
#Bb /2 " h” BMBM;bT Qx2bb #22M/2irB /X aQ# H/ C#2° HH2 1BM; #2M
Bi2° B2 'irm ' /2-Bbi2BM2 1TQ+? #:;2b+?HQbb2M mM/ 2b #2;BMMi 2BN
C#2° HH2 h BMBM;b/ i2M Bi2' B2 i rB /X

Rj



k h?2Q 2iBb+?2 :"mM/H ;2M

kXRXe *QMPQHMIBQM H L2m  H L2irQ F

*QMPpQHMIBQM HL2m™ H L2irQ ' Fb bBM/ 2BM2 bT2xB2HH2 6Q K /2b K2?
r2°/2M Q7i 7C° /B2 02" "#2BimM; pQM "BH/ mM/ m/BQ/ i2M p2 r2M/2iX
mK Jmbi2° BM /2M 1BM; #2/ i2M xm 2 ' F2MM2M- BM/2K bB2 K2? b+?B+?
*QMPpQHmMIBQM H@G v2'b 2 ; Mx2MX

AK 6QH;2M/2M #2xB2?2M bB+? /B2 "2b+? 2B#mM;2M m7 1BM; #2M /B
/| BM /B2b2" "#2Bi m+? H2ixiHB+? KBi "BH// i2M ;2 "#2Bi2i rB /X .B2b
b+? mHB+?2 AHHmbi  iBQM /2 JQ/2HH2X

1BM; #2M bBM/ xmK2Bbi xr2B/BK2MbBQM H2 " vb M SBt2HM U/ 2B/
6 ##BH/2 #2i° +?i2iX C2/2° 6 #F M H Bbi/ #2B 2BM xr2B/BK2MbBQM |
"2HB+?imM; M /2 D2r2BHB;2M ai2HH2 M;2#2MX

*QMPQHMIBQM H@G v2 b #2bi2?22M mb K27 2 BRI i@ 22 RIi 24MQ2M 6BH i
Q/2E2 " M22HM MMIiVX .B2b2 ? #2M /B2 6mMFIiBQM #2biBKKi2 Jmbi2  xm 2°
"2BbTB2H ?Q BxQMi H2 GBMB2M-p2'iBF H2 GBMB2M Q/2  1+F2MX 1BM ¢
#H2  :"°=2X .B2 q2'i2 /2 J i’ Bt bBM/ #? M;B; pQK xm 2'F2MM2M/2M JIJmtk
H m7i 2BMK H FQKTHZ2ii C#2  / b mb; M;b#BH/- mM/ i bi2i/ b "BH/ Bi2"
/2b 6BHi2 b r2°/2M / #2B KBi /2M q2 i2M /2b mbb+?MBiib /2b 1BM; M;b#
Mm7bmKKB2'i mM/ Mb+?HB2=2M/ /m ' +? /B2 Mx ?H /2> w2HH2M /2b 6B
g2'i rB°// MM m7 2BM2"  M2m2M J i Bt ;2bT2B+?2 WQMROBEMEBQMbb rE
#2x2B+?M2iX

.B2 M2m ;2M2°'B2°i2 J i Bt- m+? 62 im2@J T ;2M MMi- ;B#i KBi B? 2
bi "F/ bJmbi2" /2b 6BHi2°'b M /B2b2" #2biBKKi2M ai2HH2 /2b 1BM; #2:
rB /X

a+?B+?i2M-r2H+?2 bB+? r2Bi2  pQ M2 BK L2ix #2}M/2M-i2M/B2°2M /
Jmbi2° xm 2°"F2MM2M-r1r ?°2M/ 7QH;2M/2 a+?B+?i2M bB+? / ?BM;2?2M/ Z
mM/ bT2xB HBbB2 i2 Jmbi2  xm 2 ' F2MM2M (gmRd) X

R9



kKXR L2m QM H2 L2ix2

' ' ' ' ' ' ' ' '
[ O O = T = W = =Y
' ' ' ' ' ' ' ' '
[T T B O B B T =R Y

##BH/mMM; leX32K iBb+?2 . "bi2HHmMM; 2BM2b 6BHi2 ' b-r2H+?2" KBii2Hb 2
KBi /2K 1BM; #2#BH/- 2BM2M q2 i BM /2" mb; #2 ;2M2 ' B27iX

0.55

-1
1
-1
-1
-1
-1
-1
-1
-1

R e e e e e e e

##BH/mMM; KXBK #2i° +?i2i2M 62Mbi2° xmb ixHB+? xr2B q2B=2 SBt2H Q#2M
HBMFb 2tBbiB2'2M- Bbi/2 g2 iBM /2 62 im2@J T ;2'BM;2 -/
xm /2K "BH/ mbb+?MBii T bbiX

R8



k h?2Q 2iBb+?2 :"mM/H ;2M

B2 *QMpQHMIiBQM Uxm /2mib+? 6 HimM;V rB / KBi 2BM2  pQ ;2;2#2M
/2°?2QHi-bQ/ bbK M K1IM/2 mb2BM2K 1BM[] #2#BH/- 2BM2M ai T2H U #
"BH/2 M 2 2 Hi- r2H+?2 mMi2 b+?B2/HB+?2 62 im 2b 22 pQ 22#2MX

Eingabe Filter Feature Maps

##BH/mM; KX®RiyD2/2K 6BHi2° rB/ 2BM2 6 HimM; /m +?;27C?"i- bQ/ bb 7C" D:
62 im2@J T 2Mibi2?iX

kXRXd SQQHBM:;

.B2 EQKTH2tBi i/2b L2ix2b MBKKi m7; " mM/ /2 J2M;2 M62 im2@J Tb b
2Mi;2;2M xmrB'F2MrB '/ / 5 QQ2BMNBIVMNIZIX "2BK SQQHBM; rB°/ /B2 .BK2N\
bBQM /2 62 im'2@J Th "2/mxB2 iX wmM +?birB'// 7C° 2BM [m /* iBb+"
.B2b2b H m7i ?MHB+? rB2 #2BK Mr2M/2M /2  6BHi2 - Bi2  iBp C#2 /Bz:
6 HH /B2 62 im2@J TbX AMM2 ? H# /IB2b2b 62Mbi2 b rB '/ /2" ;"°=i2 q2 i
2BM2 M2m2 J i'Bt ;2b+? B2#3aM@rSIQ QBN BB ?M2i rB /X

Hb 1 ;2#MBb 2°? HiK M 2BM2 FH2BM2 262 im2@J T-/B2r2Bi2°?BM
2Mi? Hi- HH2 /BM;b pQM /2M .BK2MbBQM2M ?2° FH2BM2  BbiX

o B #H2 :"°=2M bBM/ ?B2° xmK 2BM2M /B2 :°°=2 /2b 62Mbi2 b mM/ xnm
2M MMIi2B/2B2 #2biBKKi BM r2H+?2M a+? Bii2M / b 62Mbi2" C#2 /B2 .
wmb ixXHB+? xmKSRui//B/NMBWIi2 r2Bi2 2 p B #H2 :'°=2X .m +?/ b S //BM; rB
1BM; #2 /m " +? LmHH2M "mM/mK 2°r2Bi2°i- bQ/ bb / b 62Mbi2° K2?  Ai2°
.B2 .BK2MbBQM /2" mb; #2 #2biBKKi bB+? H2ixi2M/HB+? /m +? /B2 1BM;
S //IBM; mM/ /2 :"°=2 [2b E2"M2HbX

mb; #2/BK2MUB.Q My + ph+ Sh)=shCc b (N Ky + pw + Sw)=SwC UkXeV

gQ#2B n, 7C /B2 1BM; #B; kzg2-C /B2 :°°=2 /2b PBRpPMZEBbH-/B2
Mx ?H M S //BM; mb;2/"C+Fi BM w2BHKNssmMNC/"dBHazxM-BniM/°=2 BM



kKXR L2m QM H2 L2ix2

?Q BxQMi H2  mM/ p2'iBF H2  _B+?imM; bi2?iX

KXRX3 ."QTQmi

IK xm p2 ?BM/2 M-/ b #2BK h° BMB2 2M 2BM2b MPm QM H2M L2ix2b
/2M BM /2M h® BMBM:bBi2' iBQM2M D2r2BHb 2BM2 J2M:2 M L2m QM
/2 FiBpB2'i-r b Hb . @TRO®N#Ex2B+?M2i rB /X .B2 ."QTQmi@_ i2 Bb
J2M;2 M L2m QM2M /B2 D2r2BHb /2 FiBpB2'ir2 /2MX

kKXRXN J bF _@*LL

J bF_@*LLBbi/ bJ +?BM2 G2 "MBM; JQ/2HH-r2H+?2b BK r2Bi2'2M
xm® > JQiBp2 'F2MMmMM; p2 r2M/2i rB /X 1b# mi m7 /2K JQ/2HH /2b *LL
/[2HH-r2H+?2b xmK 2BM2M P#D2Fi2 m7 "BH/2 M FH bbB}xB2 i mM/ xn
AMbi Mx2M xmb ixHB+? b2;K2MiB2 iX

AK 6QH;2M/2M rB°/ m7 /B2 1MirB+FHmMM; pQM *LLb ?BM xm J bF _(
bQrB2 2BM 1BM#HB+F C#2 /B2 6mMFiBQMbr2Bb2 /2" mMi2 b+?B2/HE

[@*L1,

AK 2 bi2M 1MirB+FHMM;bT Qx2bb 2Mibi M/2M /m +? q2B@Z1AMirB+FHn
(:..JRj)X .B2b2 ? #2M BK :2;2Mb ix xm ?2 " FOKKHB+?2M *LLb-r2H+?2
x2b FH bbB}xB2'i ? #2M- xmb ixHB+? / b P#D2Fi m7 /2K "BH/ HQF
[[QmM/EM K@ B 2 iX

wmM +?bir2°/2M _2;BQM2M m7 /2K 1BM; #2#BH/ pQ ;2b+?H ;2M- |
M2M7 HHb P#D2Fi2 #2}M/2M B°BIMN2BN Qi B RIBIb?M2i rB /X .B2b ;2b+?E
KBiialH2+iBp2Xa2B+&@2H2+iBp2 a2 "+?2r2/2M m7 SBt2H2#2M2 p2'r
r2H+?2 #2BbTB2Hbr2Bb2 ?MHB+?2 6 #2M Q/2 h2tim 2M #2bBix2M-
Hb 2;BQM xmb KK2M;27 bbiX Mb+?HB2=2M/r2 /2M Bi2  iBp ?MHB
_2;BQM2M FQK#BMB2 i (I:aRj)X

##BH/mMM; KXRBRQM S°QTQb Hbr2'/2M KBii2Hb a2H2+iBp2 a2 "+? ;2

Rd



k h?2Q 2iBb+?2 :"mM/H ;2M

Mb+?HB2=2M/r2°/2M KBii2Hb *LLb 62 im 2b m7 /B2b2M 2;BQM2M 2ti"
M2 abJ (JqyR) FH bbB}xB2 iX wmH2ixirB//B2:'°=2/2""QmM/BM;@"Qt
_2:°2bbBQMbKQ/2HH QTiBKB2 iX

.B2 L +?i2BH2 /B2 bB+? mb /2K _@*LL JQ/2HH 2 ;2#2M bBM/ 2BM2 H
_2;BQM S'QTQb H Kmbb FH bbB}xB2ir2/2M U/m b+?MBiiHB+? + X kyy
1+?ix2BipQ " mbb ;2M K°;HB+?X
m=2"/2K KCbb2M /2B mMi2 ' b+?B2/HB+?2 JQ/2HH2 i BMB2 ir2°/2M,

RX .[B*LL-r2H+?2b /B2 62 im 2b 2 "F2MMiX
kX .BZa0J- /B2 /B2 EH bb2 /2b P#D2Fib 2 F2MMiX

iX . b _2:"2bbBQMbKQ/2HH-r2H+?22b /B2 "QmM/BM;:@"Qt QTiBKB2 iX

Bbox reg || SVMs
Bbox reg || SVMs

Conv Net

Net

##BH/mM; KXRKmbi® iBQM /2b m7# mb 2BM2b _@*LL JQ/2HHb

6 bi _@*LL,
6 bi _@*ULB " R8) rm /2 pQK b2H#2M miQ 2MirB+F2Hi- /2> m+? b+?2QM /
rB+F2Hi2X

"2B 6 bi _@*LLbr2°/2M xmM +?bi KBii2Hb a2H2+iBp2 a2 "+? _2;BQM
Mb+?HB2=2M/rB°// b1BM; #2#BH/ 2BMK H/m +? 2BM *LL ;2b+?B+Fi-r
;2M2°B2°iX .B2 _2;BQM S°QTQb Hbr2/2M/ > m7?BM m7 /B2 62 im 2@
S'QD2FiBQM2M-r2H+?2 Hb _2;BQM Q7 AMi2 2bi U_QAV #2x2B+?M2ir2’
2BMA@SQQHBMEM 2mb; #2/ MM /m +? 2BM 6MHHV@*QMM2+i2/@G v
rB2/2 mK 2BM2@62 im 220b2HE@ X .B2b2 " rBaQ/MmK+tHFBMbbB}xB2 iX
H2B+?x2BiB; r2°'/2M /B2 EQQ ' /BM i2M /2 "QmM/BM;@"Qt2M /m +? 2BM
biBKKiX

Mbi ii /B2 oB2Hx ?H M _2;BQM S'QTQb Hb /m +? / b *LL H m72M xm
*LL #2B 6 bi _@*LL Mm™ 2BMK H 2BM;2b2ixi- mK /B2 62 im2@J Th xm 2°

R3



kXR L2m QM H2 L2ix2

Outputs: bbox
Deep softmax regressor
ConvNet : ' ] ' ]

Rol EC
pooling
layer P
projection
Conv Rol feature
&y feature map vector For each Rol

##BH/mMM; KXRJ2K iBb+22 . "bi2HHmMM; /2b 6 bi _@*LL JQ/2HHDb

AK :2;2Mb ix xmK _@*LL JQ/2HH rB'/ HH2b BM 2BM2K L2ixr2 F i BN
/IB;F2Bi /2b JQ/2HHDb rB'/ /m +? /B2 1 " bi2HHmMM; /2" _2;BQM S 'QTQDb
6 bi _@*LLr2Bi2 2MirB+F2Hirm /2 mM/ 6 bi2" _@*LL 2Mibi M/X

6 bi2° _@*LL,
6 bi2° _@*LL p2 ' xB+?i2i BK:2;2Mb ix xm b2BM2M 0Q " ; M;2°M m7 /B2
Xm 2BM2K r2Bi2 ' 2M :2b+?rBM/B;F2Bib MbiB2; p2 '?BH7iX gB2 m+? #
/ b 1BM; #2#BH/ 2BM *LL- r2H+?2b 2BM2 62 im2@J T 2 bi2HHIiX
Mb+?HB2=2M/rB/2BM b2T "~ i2b*LL;2MmixiU_2;BQM S " QTQb HL
S'QTQb Hb pQ™ mbxmb ;2MX
.B2b2 2;BQM S QTQb Hbr2/2M ;H2B+?2'K =2M m7/B262 im 2@ J
H m72M/ MM 2#2M7 HHb 2BM _QA@SQQHBM;@G v2'-/2bb2M mb; #:
/2K /B2 "QMmMM/BM;@"Qt EQQ /BM i2M #2biBKKir2 /2MX

classifier

Region Proposal Network

feature maps

conv layers ‘
y I

Vo =7 TR 4 A

e

##BH/mM; kXR2K iBb+?2 . "bi2HHmMM; /2b 6 bi2" _@*LL JQ/2HHD

RN



k h?2Q 2iBb+?2 :"mM/H ;2M

J bF _*LL,
JbF _@*LL (>:.:Rd) 2'r2Bi2'i 6 bi2° _@*LL mK 2BM2 TBt2H;2M m2 EH
UAK ;2 a2;K2Mi iBQMVX

. b6 bi2° _@*LLJIQ/2HH rBEmMBMKWVBMMpPpQHMIiBE.RERPr@2Bi2 i-
mK 2BM2 J bF@a2;K2Mi iBQM mb; #2 xm ;2M2 B2 2M-r2H+?2 7C" 2BM
Q# 2b xm 2BM2K P#D2Fi ;2?°BiM) 72 JNBB+?i U

.B2b2b 6mHHV *QMpQHMIBQM HL2irQ"F(Ga.R8)H m7iT  HH2HXxm /2
_2; 2bbBQM /2" "QmMM/BM;@"Qt EQQ /BM i2MX 1b 2 °? Hi 2BM2 *LL 62 in
mM/ ;2M2°B2°i/ >  mb /B2 "BM 'vJ bF Hb mb; #2X

/B2 :2M2°'B2 mM; pQM /2" J bF2 m7; mM/ /2 :2M mB;F2Bi m7 SBt:

b2BM Kmbb Hb /B2 :2M2'B2 mM; pQM"QmM/BM;@"Qt2M-rm /2 / b _QAQ@
_@*LLJQ/2HH Im_@A@bEB ;#M2bb2 iX

.B2IM;2M mB;F2Bi FQKKi xm ai M/2-/ /B2 _2;BQMb Q7 AMi2 2bi BK P
FH2BM2 2M 62 im'2@J Th T'QDBxB2'ir2'/2MX C2 M +? 02 ? HiMBb /2"
M H#BH/b xm /2M FH2BM2 ' 2M 62 im2@J Tbhr2 ' /2M /B2 BM SBt2H ;2K2bb
Q7 AMi2 2bi 62Mbi2°b ;2" mM/2i- bQ/ bb 2b xm ;2'BM;2M mb 'B+?2imM;b7:

_QA@ HB;M Mmixi #BHBM2 "2 AMi2 " TQH iBQM (aKB3R) bi ii xm mM/2
mb B+?2imM; /2b _2;BQM Q7 AMi2 2bi 7C? iX

/

##BH/mM; kXRBK iBb+?2 . "bi2HHmMM; /2b J bF _@*LL JQ/2HHD

Ky



kXk S'TBMxBTB2Mf "i2Mfh2+?MBF2M /2" "BH

kXk S’/ BMxBTB2Mf "i2Mfh2+?MBF2M /2" "BH/ MMQi i

6C /B2 h BMBM;bT? b2 /2b M2m QM H2M L2ix2b #2/ "7 2b M2#2M /
7C°/ bh BMBM; ;2Mmixir2°/2M- MQir2M/B;2 r2Bb2 m+? /B2 / xm;2?
G #2HX

/IB2 STQ#H2Kbi2HHmMM; /B2b2° "#2Bi pBbm2HH2M *? ~ Fi2 b Bbi-

i2Mb ix mb "BH/2 " MX 6C" /B2 1 bi2ZHHMM; pQM :"QmM/ h ' mi?@G #2H
MMQi iBQMbivT2M-bQrB2 MMQi iBQMbi2+?MBF2MX AK6QH;2M/2M
hvT2M 2°"H mi2'i- bQrB2 /2°2M Mr2M/mM;b7 HH2 #2bT Q+?2MX

kXkXR "BH/ MMQi iBQMbivT2M
1b ;B#i M +? (*GPky) mM/ (>"Ky) pB2  mMi2 b+?B2/HB+?2 "BH/ MMQi

*H bbB}l+ iBQM,

"2B /2 *H bbB}+ iBQM UEH bbB}xB2 mM;V rB / /2K AMTmi Hb : Mx2{
Q/2° 2BM2J2M;2 M EH bb2MX 1b Bbi BK 02 ;H2B+? xm /2M M/2'2M "
mM/2i BHHB2 i2bi2X wB2H Bbi 2b H2/B;HB+? /B2 S™ b2Mx pQM EH bb

P#D2+i .2i2+iBQMfP#D2+i GQ+ HBx iBQM,

AK 02 ;H2B+? xmK pQ " ?2 " B;2M hvT2M-r2 /2M #2B /2  P#D2+i .2i2+iE
FZMMmM; /2° m7 /2K 1BM; #2#BH/ pQ"? M/2M EH bb2M- 2BM2 mbb
;217 Qz2MX .2b gq2Bi2°2Mr2°/2M oQ " mbb ;2M/ "C#2  ;2i Qz2M- M r2i
/2K 1BM; #2#BH/ bB+? /B2 FH bbB}xB2 i2M P#D2Fi2 #2}M/2MX .B2 S
bQ;2M MMi2M "QmM/BN;@"Qfi2M Q/2" *2Mi"QB/b M;2;2#2MX

a2K MiB+ a2;K2Mi iBQM,

a2K MiB+ a2:K2Mi iBQM :2?2i 2BM2M a+? Bii r2Bi2° mM/ ;B#i 7C  D2/2]
b2BM2  EH bb2Mxm;2?° B;F2Bi #X . KBi rB/ 2BM2 0Q  mbb ;2 C#2"
EH bb2- bQrB2 2BM2 ;"Q#2 SQbBiBQM-:"°=2 mM/ 6Q K /2  EH bb2 K°;
"2MQKK2M-/ bb F2BM2 mbb ;2 C#2 /B2 J2M;2 pQM P#D2Fi2M 2BM2°
F MMX

.B2b2 “i/2° MMQi iBQM Bbi pQM 0Q i2BH- r2MM P#D2Fi2 ;' mTTB2 |
mM/ /B2 Mx ?H /2> AMbi Mx2M MB+?2i pQM _2H2p Mx BbiX

kR



k h?2Q°2iBb+?2 : mM/H ;2M

##BH/mM; KXRe MiB+ a2;K2Mi iBQM KBi /2B mMi2 ' b+?B2/HB+?2M EH

AMbi M+2 a2;K2Mi iBQM,

"2BK H2ixi2M MMQi iBQMbivT2M r2°/2M-rB2 m+? #2B /2" P#D2+i .2i2-
2BM2° EH bb2- /2bb2M SQbBIiBQM bQrB2 EH bb2Mxm;2?° B;F2Bi pQ  m
mbb ;2 ;2i'Qz2Mr2/2M-rB2 pB2H2 AMbi Mx2M 2BM2" EH bb2 m7 /2K 1
bBM/Xwmb ixHB+?rB //B20Q mbb ;2C#2 :"°=2mM/6Q K/2 AMbi Mx-
pPQM SBt2HM xm 2BM2" EH bb2- rB2 m+? #2B /2" a2K MiB+ a2;K2Mi iB
a2;K2Mi iBQMF MM Hb 2BM2 EQK#BM iBQM mb a2K MiB+ a2;K2Mi iBQN
;2b2?22M r2°/2MX

Types of Image Annotation

Classification Object Detection Semantic Segmentation Instance Segmentation

@ Presence @ Presence @ Presence @ Presence
@ Location @ Location @ Location @ Location
@ Count @ Count @ Count @ Count
Q Size Q Size Size @ Size

© Shape © Shape Shape @ Shape

OUTPUT OUTPUT OUTPUT OUTPUT

Banana exists: There are 4 bananas There is banana in There are 4 bananas
Yes / No these pixels

of this shape, size
and grade

##BH/mMM; KXWRMIQi iBQMbivTI2M BK 02 ;H2B+?

k k



kXj h2biK2i"BF2M

kXkXk "BH/ MMQi iBQMbi2+?MBF2M

"QmM/BM;@"Qt,

qB2 /2° L K2 b+?QM BM/BxB2'i- r2°/2M #2B "QmM/BM;@"Qt2M P#D?2
2H #2HiX :2Mmixi rB '/ /B2 "QmM/BM;@"Qt BM 6 HH2M- BM /2M2M /B
PQM _2H2p Mx Bbi-[BQrB2]r2MM PFFHMbBQM F2BM F BiBb+?2" 6 Fif
:2;2MbiC+F xm "QmM/BM*@#QR2k bBM/

G M/K "FBM;,

"2BK G M/K "FBM; r2°/2M SmMFi2 BM P#D2Fi2 ;2b2ixi- mK /B2 “2H i
"2°2B+?2M BMM2'? H# 2BM2b P#D2Fib mbxm/ C+F2MX 02 r2M/2i rB
/2° 1°"F2MMmM; pQM :2bB+?ib mb/"C+F2M Q/2" #2B /2" M Hvb2 pQM
E°'T2'b BK aTQiX

J bFBM;,
J bFBM; rB'/ C#2 HH / p2r2M/2i-rQ MMQi iBQM m7 SBt2H2#2M2
AK ;2 mM/ a2K MiB+ a2;K2Mi iBQMX

SQHvV;QM,

"2B /2° MMQi iBQM KBi SQHV;QM2M r2°/2M /B2 _ M/2> 2BM2b P#D2
r2°/2M SQHV;QM2 r2MM P#D2Fi2 2BM2 mM'2;2HK =B;2 6Q 'K m7r2Bb
/B2 AMbi Mx2M bQKBi xm mM;2M m 2T b2MiB2 2MX

SQHVHBM?2,

6C° /2M "2 2B+? /2b mMiQMQK2M 6 ?°2Mb bTB2Hi /B2 q 2 "M2?2KmM; /
rB+?iB;2 QHH2 (hGGKR)X .B2 1"F2MMmM; pQM 6 2 # ?MK "FB2 mM
h2BH /B2b2 g 2" M2?KmM:X 6C" /B2 MMQi iBQM pQM h> BMBM:b#BH
G2 "MBM; JQ/2HH2 ;2Mmixi r2 /2M- /B2 6 2 # ?MK "FB2 mM:2M 2 F2N\
HVHBM2b ;2MmixiX SQHVHBM2b bBM/ C#2° KBi2BM M/2 p2 #mM/2M2
BK :2;2Mb ix xmK SQHV;QM2M F2BM2M wvFHmb #BH/2MX

1b ;B#i MQ+? 2BM2 _2B?2 M/2'2° MMQi iBQMbi2+?MBF2M- r2H+?2

Mmixir2 /2MX AK _ ?K2M /B2b2° “#2Bir2/2M m7; mM/ /2 h?2K iBF
"QMM/BM:@"Qt2M bQrB2 SQHV;:QM2 p2 r2M/2iX

kXj h2biK2i " BF2M

6C° /B2 "2m i2BHmMM; /2" JQ/2HH2 rB/ m7 mMi2 b+?B2/HB+?2 J2i [
6QH;2M/2M r2°/2M /B2 ;2Mmix2M J2i BF2M ;2M MMi mM/ 2 " H mi2 iX

K]



k h?2Q 2iBb+?2 :"mM/H ;2M

kXjXR GQbb

2'HQHbbi 2BM J =-r2H+?22b /B2 62?H2°? 7iB;F2Bi /2 0Q ?2'b ;2M 2BM2b
AK G m72/2b h> BMBM:b rB / 2BM KQKBg2? bi MR/ R # X

JbF _@*LL T'QiQFQHHB2'i miQK iBb+? BHK QbBMBM;T? Qk2Pb /2 M
D2/2° 1TQ+?2 2 :B#iX .B2b2 FOMM2M M +? "22M/B;r@aMpQBRR@bB/h° BMBM
#2i° +2i2i r2°/12MX
.2 HH;2KRBM@E2ixi bB+? mb 7CM7 mMHRQIBBEB 22WMB¥MABM K2MX wmK
2BM2M mb /HQ @B i2M /2b _2:BQM S QT Qb MTIVA#Y Tt/ Kb
/2K TMn+H bbrHQWbxmK M/2 BEM-Mbn+H bbiKHQOMN##QtmMQbb
K'+MMnK bRrHOR®)X

kXjXk S'2+BbBQM- 2+ HH J2 M p2 :2 S'2+BbBQM

6C /B2"2r2°imM; /2 S2°7Q°'K MXxpQMEH bbB}xB2 mM;bKQ/2HH2M ;B#i .
i ' BF2M /B2 p2 r2M/2ir2°/12M F°MM2MX AK _ ?K2JK NB 22" ; 242 BHEBQ/ /B 2
bB@®R'r2M/2iX .B2b2 #2 " C+FbB+?iB;i M2#2M /2M pQ" mb;2b ;i2M EH bb2
"Qt mM/ /B2 J bFB2 mM;X .B2J2 M p2 ;2 S'2+BbBQM rB'/ Q7i BK _ ?K
/127 S2°7TQ'K Mx pQM P#D2Fi2 " F2ZMMMM;bKQ/2HH2M ;2MmixiX

IK /B2J2 M p2° ;2 S'2+BbBQM xm #2 2+?M2M- KCbb2M xmM +?bi 2BNM
M Hvb2 2BM2" #BM "2M EH bbB}F iBQM /2}MB2 ir2 /2MX "2B 2BM2 " #B\
2BM2 EH bb2 Hb /B2 TQbBiBp2 mM/ /B2 M/2 2 Hb /B2 M2; iBp2 EH bb2
K M#2BbTB2Hbr2Bb2 2BM JQ/2HH-r2H+?2b >mM/2 mM/ E ix2M FH bbB]
6° ;2bi2HHmMM;- Q# 2b bB+? m7 2BM2K "BH/ mK 2BM2M >mM/ ? M/2Hi-
TQbBiBp2 mM/ /B2 EH bb2 E ix2/B2 M2, iBp2X .B27QH;2M/2M pB2" E2M!I
HB+? /2 0Q ?2°b ;2 2BM2b JQ/2HHb bBM/ 7C" /B2 r2Bi2°'2 M Hvb2 /2" S
"2/2mimM;,

RX " m2 SQbBiBpRBQ/2HH ? i/ b P#D2Fi Hb TQbBiBp2 EH bb2 FH bbB}
? M/I2Hi bB+? rB "FHB+? mK 2BM P#D2Fi /2 TQbBiBp2M EH bb2X

kxhr rm2 L2; iBpRBD2Fi2 /2  M2; iBp2M EH bb2-/B2 m+? Hb M2; iBp2 FH
[2M 7 HH2M mMi2  h'm2 L2; iBp2bX

jX6 Hb2 SQbBM¥HRDFi2 /2" M2; iBp2M EH bb2- /B2 Hb TQbBiBp FH bbB}xl
mMi2° 6 Hb2 SQbBiBp2bX

9% Hb2 L2; iBpP2#D2Fi2 /2 TQbBiBp2M EH bb2-/B2 Hb M2; iBp FH bbB}:
H2M mMi2 6 Hb2 L2; iBp2bX

RN2MbQ #Q /- 2iiTh,ff;Bi?m#X+QKfi2MbQ ~Qrfi2MbQ #Q /

k9



kXj h2biK2i"BF2M

Tatsachliche Klasse

BT

True Positives(TP) False Positives(FP)

False Negatives(FN) True Negatives(TN)

##BH/mMM; KERDbB}IXB2 mMM;bF2MMx ?H2M

Vorrausgesagte

Klasse

.B2 J2i'BBE2MBhBIOM+ HH /2M 7C° #BM "2 EH bbB}F iBQM2M ;2Mm
:Ci2 /2b JQ/2HHDb xm K2bb2MX IK /B2 J2 M p2° ;2 S°'2+BbBQM 7C" /B
FOMM2M- Kmbb/ bpQ ? M/I2M2 JmHIBFH bb2MT Q#H2K BM K2? 2 2 #E
K2 mMi2 i2BHir2 ' /2MX .B2b #2/2mi2i-/ bb7C  D2/2 EH bb2 2BM S 2+
#2 2+?2M2irB /X . 7TCPoBUP®RM2 p2 'bmb _2biV Mb ix ;2MmixiX C2/2 EH
/| #2B 2BMK H /B2 QHH2 /2 TQbBiBp2M EH bb2 2BM mM/ HH2 M/2
; iBp2M EH bb2X

.B2S'2+BbBQMb ;i mb-rB2pB2H2/2° Hb TQbBiBp FH bbB}xB2'i2M
EH bb2 "2T° b2MiB2'2M- HbQ rB2 ;mi/ b JQ/2HH 2BM2 #2biBKKi2 E
.2°q2'iF MM BMi2 T '2iB2"ir2/2M- Hb /B2 g ? b+?2BMHB+?F2Bi "B+
EH bb2 pQ ?2°;2b ;i rB'/X aB2 /"C+Fi bB+? mb Hb 02 °? HiMBb xrBb-
/2 amKK2 pQM h'm2 SQbBiBp2b mM/ 6 Hb2 SQbBiBp2b,

S‘2+BbBE%|§34%S UkXdV

.B2 xr2Bi2 J2i'BF Bbi /2> 2+ HHX 1 #2b+? 2B#i rB2 pB2H2 /2" i ib
b2MBMbi Mx2M FQ "2Fi FH bbB}xB2irm /2MX .2  q2°i ;B#i M- rB2 p!
2°'F MMirm'/2MX 6C" /B2 "2°2+?MmM; rB'// bo2"? HiMBb xrBb+?2M /
/2> amKK2 /2" h'm2 SQbBiBp2b mM/ 6 Hb2 L2; iBp2b ;2#BH/2i,

hs
+
_2 :H#%h& 5L UkX3V

.B2 #2B/2M J2i ' BF2M FORIMREBM2BM2bi2HHi r2 /2M-r2H+?22 /2M h°
XrBb+?2M #2B/2M J2i BF2M m7x2B;iX AKPTIiBK H7 HH bQHHIi2 2BM .
"B+?iB; FH bbB}xB2 ' 2M-r b #2/2mi2i-/ bb/B2J2M;2 M 6Sb mM/ 6Lb K
1BM K°;HB+?bi ?2Q?2" 6H +?2NMBNR?EH mMBDi/27bi 2#2Mbr2°iX .B2 6H
mMi2 /2 Em p2 rB /pBb; BYU2+BRQEMB+?M2iX aB2rB'/ M +? (SL/aky
+?2°r2Bb2 KBIHZBHSQBMi @ AR 2RTRQHSI BRI @ A M 22 2+ 2B-QA2B /2M 2 M
/127 .m +?b+?MBii /2 K tBK H2M S'2+BbBQM@qg2'i2 M/2M D2r2BHB;?2

k8



k h?2Q 2iBb+?2 :"mM/H ;2M

rB /X

6C° /IBRR@SQBMi@ANBHITQH iBQM
1 X
S = 1 PemitR) UKXNV
R2f 0;0:1;:::;0:9;1g

KBi
Pemi4R) = max P(R) UKkXRyV
R:R R

6C  /IBEH@SQBMi@AMBRITQH iBQM

X
Sua  (Rn+1 Rn)PewmifRp+1) UKkXRRV

n
KBi

PemifRn+1)= max P(R) UKXRKkV
R:R Rp+1

IKMmM/B2J2 M p2° ;2S 2+BbBQM 2BM2b JQ/2HHDb xm #2biBKK2M- rE
/127 p2° ;2 S 2+BbBQM C#2 HH2 EH bb2M #2 2+?M2i,
1 Xt
K S:W Si UKkXRjV
N
6C /B2 "2 2+?MmM; /2 J2 M p2° ;2S 2+BbBQM #2/ "72b /2 1BM7C?"
J2i ' BF-AMi2 b2+iBQM Qp2nHdMBQINW X .B2 AQI Bbi2BM2 :°°=2-r2H+?2 /B2
TmM; xrBb+?2M pQ™ mb;2b ;i2" "QmM/BM;@"Qt mM/ i ib +?HB+?22" "QmNM
C2 7?0?22 /2 g2 i Bbi-/2biQ ;2M m2 r ~ /B2 0Q  mbb ;2X
.2° 2+ HHmM//B2S 2+BbBQM bBM/ #? M;B; pQM2BM2K AQl@h? 2b?
r2°i 7C° /B2 EH bbB}F iBQM BbiX C2 M +? 62biH2;mM; /2b :"2Mxr2 i2b r
Hb h'm2 SQbBiBp2 Q/2° 6 Hb2 SQbBiBp2 FH bbB}xB2iX .2 1BM~mbb /-
KBi m+? 2BM2M /B 2Fi2M 1BM~mbb m7 /B2 q2°i2 7C° S'2+BbBQM mM/ _
K SFMMD2M +? AQI@h? 2b?QH/ mMi2 ' b+?B2/HB+? mb7 HH2MX K S'ly
p2° ;2 S 2+BbBQM #2B 02 r2M/mM; 2BM2b AQI@h? 2b?QH/b pQM y-8X 1
K SBbi/B2 "BH/mM; 2BM2b .m +?b+?MBiibr2 ibX .2 gq2°i 7C" K S!(X8,XN
BM/2K /B2 J2 M p2° ;2S 2+BbBQM 7C  mMi2 b+?B2/HB+?2 AQl@h? 2b~?
/[ xm/ MM/ b "Bi?K2iBb+?2 JBii2H ;2#BH/2irB /X 1br2/2M : 2Mxr2°i2 B
PQM y-8 #Bb y-N8 KBi 2BM2  a+? Biir2Bi2 pQMy-y8 ;2MmixiX

ke



kXj h2biK2i " BF2M

loU = Area of Overlap
"~ Area of Union a

##BH/mM; KXRN, b2+iBQM Qp2' IMBQM

AM/B2b2" "#2BirB '/ 7C /B2 "2biBKKmM; /2 J2 M p2 ;2S 2+BbBQ
pPQMy-8;2r ?HiX

1BM2 r2Bi2 2 J2i'BF /B2 BK bT i2°2M 02 H m7 /B2b2" “#2Bi7C /B2

xm' >BH72 :2xQ:2M rB /- Bbi /2  6R@a+Q 2X .2 ' 6R@a+Q 2 FQK#BMB

2°H mi2 i2M J2i'BF2M _2+ HH mM/ S 2+BbBQMX 1" #BH/2i/ b ? "KQM
"2 2+?M2irB //2° 6R@a+Q 2 rB2 7QH:i,

Precision Recall

ax@ 2 — UKkXR9V
Q “Precision + Recall

6R@
IK 2BM2M ?2Q?2M 6R@a+Q 2 xm 2 "2B+?2M KCbb2M bQrQ?H _2+ H

?Q?2M q2'i2 '2B+?2MX .2 " 6R@a+Q 2 "2 ;B2 ib2MbBiBp2 r2MM 2BM
BbiX

kd



k h?2Q 2iBb+?2 :"mM/H ;2M
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] EQMx2Ti mM/ AKTH2K2MiB2 mM;
2" #H m7 /2" "#2BirB'/ BK 6QH;2M/2M a+? m#BH/ / ;2bi2HHIX

Selektion der Daten Annotation mit Training der
Modelle

Versuchsreihe a.)

gggggg

##BH/mM; [ R ,m7/B ;> KK /B2b2"J bi2'i?2bBb

iXR 0Q #2i" +2imM;

AK 6QH;2M/2M E TBi2H r2°/2M mMi2 b+?B2/HB+?2 aQ7ir "2 mM/ hQQ
/B2 IKb2ixmM; /2" EH bbB}F iBQM #2M°iB;ir2 /2MX

AM /B2b2° "#2BirB'/J bF _@*LL xm™  EH bbB}F iBQM p2'r2M/2iX .
E i2;,Q°'B2 amT2 pBb2/ G2 "MBM; 7 HHi-r2/2M MMQiB2'i2 h BMBM;
K2M /B2b2 " "#2Bir "2M /2  :"Q=i2BH /2 p2 r2M/2i2M . i2M Q?M2 MM
2bb2MiB2HH 7C" /2M h® BMBM;bT Qx2bb bBM/- #2/ "7 2b 2BM2~ Mr2]
iBQM2M 7C /B2 h BMBM;b/ i2M 2 ' bi2HHi r2/2M FCMM2MX

lbrm/2M k8 mMi2 b+?B2/HB+?2 MMQi iBQMbiQQHb M? M/ 7QH;?2
FiBpBi ibbi imb-H2ixi2bIT/ i2-0B/2QmMi2 biCixmM;- MMQi iBQMb
;0 /I mM/1ItTQTiI7Q K i2X 1BM2 B#2 bB+?i HH2® hQQHb #2}M/2i bB+7? |

G2ixi2M/HB+®%om /Bb ;22B;M2i2° E M/B/ i ;2r ?HiX

kN



j EQMx2Ti mM/ AKTH2K2MiB2 mM;

jXk 02 r2M/2i2 > "|r "2

AM /B2b2° "#2Bi rB dBBM)KBRY2 B2 2M/2° _2+?M2° p2'r2M/2iX 1 #2¢k
7TQH;2M/2 aT2xB}F iBQM2M,

RX *SI, AMi2H *Q 26B8@eeyy *SI ! jXjy:?x 9@E2 M S Qx2bbQ"
kX :SI, LOA.A :26Q +2 :hs Ndy U9:" _ JV

iX _J,3:"

jXj o2 r2M/2i2 aQ7ir 2fhQQHDb
jXjXR LoOA.A h'2B#2°

6C "/ b h BMBM; 2BM2b FCMbiHB+?2M M2m QM H2M L2ix2b r2°/2M pB
Im +?2;27C?i- r2H+?2 T ° HH2HBbB2 # ~ bBM/ (6a>y9)X IK /B2 S ° HH2
MBM;bT Qx2bb2b Mmix2M xm F°MM2M mM/ /B2 "2 2+?MmM;2M m7 /2 :  }
#2/ "7 2b /2" AMbi HHoiB.AQM*pQNnMLOA. A +m.EL /2 p2r2M/2i2
_2+?M2 2BM2LoA.A @: }FF "i2#2bBixiX.B202 ' bBQM2M KCbbh2M xmK =2
KBi /2 ;2Mmixi2M h2MbQ ~Qr 02 ' bBQM mM/ xmK M/2°2M BM #? M;B;F:
T }FF Ci2;2r ?Hir2°/2MX

6C /B2b2 "#2BLoA A2 *I. BM /2 02 bBQM RyXyXRjyLm2Ar&RM/2i- mM/
+m.LLBM /2" 02 bBQM dX9XRX8X

iXjXk *oh U*QKTmi2  oBbBQM MMQi iBQM hQQHYV

*oh Bbi / b BM /B2b2° “#2Bi p2'r2M/2i2 hQQH 7C" /B2 MMQi iBQM /2"
rB/ pQM AMi2H M;2#Qi2M mM/ Bbi bQrQ?H Hb QMHBM2- bQrB2 Hb C
.B2 02 r2M/mM; Bbi FQbi2MHQb mM/ /B2 Mr2M/mM; Bbi PT2M aQm +2X L
PQM "BH/2 M Bbi 2#2M7 HHb /B2 MMQi iBQM pQM 0B/2QK i2 B H K°;H
/B2 MMQi iBQM 7C" p2 b+?B2/2Mbi2 amT2 pBb2/ J +?BM2 G2 "MBM; |
"2BbTB2H P#D2+i .2i2+iBQM- AK ;2 *H bbB}+ iBQM mM/ AK ;2 a2;K2Mi i

B2 Mr2M/mM; p2 7C;i C#2 2BM2 _2B?2 pQM mMi2 biCix2M/2M 6mMF
bTB2H 2BM2 b2KB@ miQK iBb+?2 MMQi iBQM KBii2Hb .22T@G2 "MBM;
b2 1tTQ i7Q K i2 mMi2 biCixiX

jy



jXj o2 r2M/2i2 aQ7ir "2fhQQHL

. Semi-automated Fully-automated . -
Manual Labelling Labelling Labelling Interactive Labelling

O
. —
Suggesting Labs\hn@ Training
* [

R @ A

O

##BH/mMM; joRb+?B2/2M2 miQK iBbB2 " mM;b;" /2 /2° MMQi iBQM

iXjXj .Q+F2"

.Q+F2 " Bbi 2BM2 Mr2M/mM; xm ™ *QMi BM2°'BbB2 " mM; pQM Mr2M/mM
#2Bi ;2Mmixirm /2- mK/ b 2 bi2HHiI2 J +?BM2 G2 "MBM; JQ/2HH xm"~

.Q+F2 #B2i2i /2M 0Q i2BH-/ bb aQ7ir "2 m7 p2°'b+?B2/2M2M >Qbi
Q?M2 / bb pB2H2 MT bbmM;2M pQ ;2MQKK2M r2°/2M KCbb2MX wmN\
AK ;2 2°bi2HHi- r2H+?2b /B2 Mr2M/mM; Q/2  aQ7ir "2 #2BM? Hi2i- |
bQHHX "2BK mb7C?'2M /2" .Q+F2 @AK ;2b r2'/2M bQ;2M MMi2 .Q+F
/[2M2M /B2 Mr2M/mM;/ MM mb;27C? irB /X . m +?/B2*QMi BM2  bQH

/ bb /B2 Mr2M/mM; m7 D2/2K _2+?M2 Q/2 a2 'p2 mMB7Q KH m7im
HB272 iX

Containerized Applications

Host Operating System

Infrastructure

#H#BH/mMM; jXRj2°2°2 .Q+F2 " @*QMi BM2° m7 2BM2K >Qbi@avbi2K

MxmK2 F2M Bbi-/ bb /2" .Q+F2 @*QMi BM2  xmK w2BiTmMFi/B2b?2

M2 M H m7i /B2 TTH2b JR *?BT Mmix2MX Pz2M Bbi- Q# /B2b2 i2+7?]
WMmFMM7i #2?2Q#2M rB /X

iR



j EQMx2Ti mM/ AKTH2K2MiB2 mM;

iXjX9 h2MbQ ~Qr

h2MbQ ~QrBbi2BMJ +?BM2 G2 "MBM; 6 K2rQ Fr2H+22b p@BNXQQ;H2 21
1b bi2?2i mMMi2T AZ2@kXy@PT2M@¥AQm +2@ GBx2Mx

L K2Mb;2#2M/ 7C  / b 6" K2rQ F bBM/ /B2 bQ;2M MMi2M h2MbQ 2MX h
B/BK2MbBQM H2 “ vbX

AM /B2b2° “#2BirB/ /B2 02 bBQM RXRO9Xy p2 r2M/2iX .B2b2 :B#i 2b
m+? Hb:Slo B Mi2X "2B 2MibT 2+?22M/ FQKT iB#H2  :° }FF “i2 F MM /n
/2> :SI@02 bBQM /B2 "2 2+?MmM;bx2Bi /2miHB+? p2 FC xi r2° /2MX M /
P2 r2M/2i2M _2+?2M2° FQMMi2 2BM :2b+?rBM/B;F2BibmMi2 b+?B2/ pQK 6
12 M X

jXjX8 E2 b

E2 b (*QRS8) Bbi 2BM2 BM SVi?QM ;2b+? B2#2M2 PT2M@aQm +2 "B#HE
E2° b #B2i2i a+?MBiibi2HH2M xm mMi2 b+?B2/HB+?2M J +?BM2 G2 "ME
h2MbQ <IBF QbQ7i *Q:MBiBIMHAD QEQEBBi /2" h2MbQ ~Qr 02 ' bBQM RX9- B
m+? "2bi M/i2BH /2b h2MbQ ~Qr 6° K2rQ FbX

E2° b#2bBixi 2BM 2°?22°2b G2p2H M #bi’ FiIBQM-r b 2BM2 2BM7 +?22 :
+?BM2 G2 "MBM: Mr2M/mM;2M 2 K°;HB+?2M bQHHX J +?BM2 G2 "MBM;
/m +? 6MMFiBQM2M mM/ M; #2M mMi2 b+?B2/HB+?22" S ~ K2i2" /2b ;2r¢
2M2 B2 i r2°/2MX

jXjXe J bF _@*LL

AK ?K2M/B2b2" "#2BirB'/2BM2J bF_@*LL AKTH2K2MiB2 mM; pQM (
.B2b2 Mmixi E2° b mM/ h2MbQ 6HQr mM/ # mi m7 2BM2K _2bL2iRyR (>
6SL (GXRe) m7X

.B2 g ?H}2H m7J bF _@*LL Hb 6 K2rQ F-/ 2b 2BM2b /2 r2MB;2M *
QM 6" K2rQ Fb Bbi-/ b KBih” BMBM;b/ i2M “#2Bi2i-r2H+?2r ?Hr2Bb2 K
Q/2° SQHv;QM2M MMQIiB2'irm /2MX m=2"/2K #B2i2iJ bF _@*LL M2#2|
MmM; xmb ixHB+? 2BM2 AMbi Mxb2;K2MiB2 mM; MX

j X9 AKTH2K2MiB2 mM;
AK 6QH;2M/2M rB / /> m7 2BM;2; M;2M KBi r2H+?2M . i2M ;2 “#2Bi2i r
. i2M MMQiB2irm /2M-bQrB2 KBir2H+?22M mMi2 ' b+?B2/HB+?2M EQM};

G2 "MBM; JQ/2HH i BMB2'irm'/2X HH2 JQ/2HH2r2 /2M Ja7 pQ i° BMB
*P*P . i2Mb ix2b {®R®) i’ BMB2 iX

jk



X9 AKTH2K2MiB2 mM;

IK2BM S°"QQ7 Q7 *QM+2Ti xm 2 ' bi2HH2M- r2H+?2b 2BM2 1B;MmM;
rQ'F7C /B2JQiBp2 ' F2MMmM; m7 MiBF2ZMJCMx2M T C7i-rm /2M BM
mMi2 b+?B2/HB+?2 JQ/2HH2 2 bi2HHi- /B2 2BM2 1B;MmM; bmFx2bbB

AKB6QH;2M/2Mr2 /2M /B2 7CM7 r2b2MiHB+?2M Ai2° iBQM2M #2M MI
E TBi2HM /B2 JQ/2HH2 BM/BxB2 2M xm F°MM2MX AK Mb+?HB2=2M/:
m7 /2M p2 r2M/2i2M . i2Mb ix 2BM;2; M;2MX

XV IK 2BM2M 2 bi2M 1BM/ " m+F /2" 1B;MmM; /2b 6° K2rQ Fb xm™ 1°F
m7 MiBF2M JCMx2M xm #2FQKK2M- rm ' /2M mb /2M . i2M# MF2M
m7 /2M2M hB2 2 xm b2?2M bBM/X .BP2Z2DMF222 E X M) HBDi MB +?i
#2i° +?i2i-/ /B2b2 K2Bbi Mm™ 2BM2M FH2BM2 2M h2BH 2BM2b :2
r2b? H# /B2 a+?rB2°'B;F2Bi /2" 1"F2MMmM; /2b P#D2Fib Hb ?°?2
rm /2M /2B hB2 2 ;2r ?Hi- /B2 mb K2Mb+?HB+?2  mM/ bm#D2FiBr
b+?r2° xm EH bbB}xB2 2M bBM/X

.2b q2Bi2°2M rm /2M xr2B JQ/2HH2 KBi /2Mb2H#2M h> BMBM: b#B
HH2 /BM:b BM 2BM2K 6 HH TQHV;QM H mM/ BK M/22M 6 HH KBi
rm>/2MX 1b bQHHI2 / /m +?2 /B2 S2°7Q K Mx #2B/2° MMQi iBQMb
r2°/2MX

#XV AM /2" M +?bi2M Ai2° iBQM rm /2 /B2 EQKTH2tBi i 2 ?°?2i mM/ 2b
JQ/2ZHH BM /2" G ;2 Bbi- mMi2 ' b+?B2/HB+?2 > HimM;2M 2BM2" S2°
imM; 2BM2° S2 ' bQM rm /2 BM /" 2B E bz %2 BB\VxA MiMHIR B; 120\ /

.B2 E i2;(HB2;2MQMMi2 K M;2Hb . i2M MB+?i #2 C+FbB+?iB;ir2 /21
JQ/2HH Mm™ m7 /B2 2 bi2M xr2B E i2;Q°'B2Mi° BMB2 irm /2X

+XV .B2 M +?bi2 Ai2° iBQM /B2Mi2 / xm bB+? 2BM "BH// "C#2  xm K
/12°G ;2Bbi SQ'i°” BibxmmMi2 ' b+?2B/2M-r2H+?2 M +? HBMFb- M A
b+? m2MX

IXV #1/12 pB2'i2M Ai2" iBQMH ;/2 6QFmb/ > m7-. i2M xm #2i° +?i2N\
bi ii2 bi KK2ZMX 1brm'/2M EH bb2M ;2r ?Hi- pQM /2M2M K°;HB+?bi
i2Mb ix 2Mi? Hi2Mr "2MX wB2H r ~ 2b K°;HB+?bi pB2H2 EH bb2M 2
AK xr2Bi2M a+? Biirm /2 7C D2/2 EH bb2/B2J2M;2 Mh” BMBM;b#
rm /2] m7?BM /B2 S2'7Q K Mx KBi /2K JQ/2HH p2 ;HB+?2M- #2B
"BH/2 p2'r2M/2irm /2M mM/ F2BM2 H2B "2b+?" MFmM; /2b h® BME

2XV AM /2 H2ixi2M Ai2° iBQMrm /2M7C /2Mh” BMBM;bT Qx2bb "BH
i2p2'r2M/2i-/B2 2#2M7 HHb pB2H2 h™ BMBM;b/ i2M 2Mi?B2HiX .B?2
EH bb2M rm /2 BM /2K JQ/2HH r2Bi2 2 ?°?iX
lbrm ' /2 xm/2K ;2T C7i- Q# avM2 ;B2M xm JQiBp2M M/2 2  JCMxbi

j



j EQMx2Ti mM/ AKTH2K2MiB2 mM;

Q# JQiBp2 M/2 2 JCMxbi ii2M m+? 2°F MMi r2°/2M- Q#;H2B+? / b J
/IB2b2Mi° BMB2 irm /2X

jX9XR 1°?22#mM;: mM/ g ?H /2" . i2M

.B2 . i2M KBi /12M2M BM /B2b2" "#2Bi ;2 #2Bi2i rB /- bi KK2M mb /B|
wmK 2BM2M rm /2M mMi2 b+?B2/HB+?2 JC MX2Mn mlbn RKR@2A®Q i H
r2mM/2i- r2H+?2 KBii2Hb 2BM2b aF ' BTib BM EQK#BM iBQM KBi 2BM2" _ .¢€
aZG@. i2M# MF #2xQ;2Mrm /2M-r2H+?22 pQM ."X E "bi2M hQHH2 xm™ 02"
/I12MX .2b gq2Bi2 ' 2Mrm /2M JCMx#BH/2 pQM a2# biB M: KT2 xm 02 7C;r
2Mi?B2Hi2M xmK 2BM2M JCMx2M mb mMi2 b+?B2/HB+?2M JCMxbi ii2M
KBi SQ'i° Bib mM/ B? 2/ xm;2?° B;2M MMQi iBQM2M BK sJG@6Q K iX
JBii2Hb 2BM2b Svi?QM@aF BTibrm'/2M mb /2M JCMx@A.b BM /2" . i2N\
KBi?BH72 /2 2 /B2 JCMx#BH/2 ?2 mMi2 ;2H /2M rm /2MX

~__
—t
====== — train

val | —— OCVAT@

test

##BH/mM; jIX92#mM; /2 . i2M

AK 6QH;2M/2M r2°/2M /BQMR/2BBAMUQiBRK _ ?K2M /B2b2° “#2Bi
'2M m2° /2}MB2 iX

Hb JCMx/2bB;M rB / /B2 S ;mM; 2BM2  a2Bi2 2BM2  JCMx2 /2}MB2" i L
2HH2 aB+?i 2BM2  JCMxbh2Bi2VX

Hb JQiBp rB / 2BM "2bi M/i2BH 2BM2b JCMx/2bB;Mb /2}MB2 iX gq2M1
2BM2° JCMx2 xr2B mMi2 ' b+?B2/HB+?2 hB2'2 :2T" :i bBM/- #2bi2?i / b .
mMMi2 b+?B2/HB+?2M JQiBp2M /2b D2r2BHB:2M hB2 2bX

.B2 . i2M-r2H+?2 7C" /B2 pQ ?2 2 r ?Mi2M Ai2" iBQM2M p2°r2M/2i ri
7TQH;i mb,

R¥Q Tmb LMKKQ mK- 2iiTh,ffrrrX+Q Tmb@MmKKQ mKX2mf- #2bm+?i K y8XRRXkykk
y y

i9



X9 AKTH2K2MiB2 mM;

XV L +?bi2?2M/ bBM/ /B2 mb /2" . i2M# MF 2Mi? Hi2M2M JQiBp2 m7

| hB2® Mx ?H |
>Q b2 dNd
1 ;H2 dd8
a2 ' T2Mi d8R
GBQM e8k
" B{M 9Ny
"mHH iR9
hmMMyv jy3
_ K k83
Qi k88
.QHT?BM k93

h #2HH2 jBR x2?M ? m};bi2M hB2 2- /B2 @K qd#TQRKKBIMRHBbi2i bBM/X

m+? r2MM /B2 J2M;2 M h" BMBM;b/ i2M 2BM2M rB+?iB;2M 6 FiQ"
2BM2b J +?BM2 G2 MBM; JQ/2HHb / "bi2HHi-rm /2M /B2 EH bb2M
/2b 2°bi2M JQ/2HHDb ;2r 2Hi rm /2M- m+? M? M/ /2b a+?rB2 B;F2B
}F iBQM mb K2Mb+?HB+?2" aB+?i mb;2r ?HiX

l1brm*/2M ?B2°7C" /2B mMi2 b+?B2/HB+?2 a+?rB2 ' B;F2BibFH bb
D2r2BHb 2BM2 EH bb2 M JQiBp2M mb /2K . i2Mb ix "2T" b2MiB2"i

RXBM7 +? B/2MiB}xB2 # IMiBB2B2b2 E i2;Q°' B2 7 HH2M hB2 KQiB
. "bi2ZHHmMM; bB+? C#2° HH2 JCMx2M ?BMr2; bi "F ?M2HMX 1b
o B Mi2M /2 JQiBp2X A? 2 :°°=2 bQrB2 SQbBIiBQM m7 /2" JCM>
F mKX
. bJQiBp 2BB7bm /2 7C  /B2b2 E i2;Q B2 ;2r ?HiX

kXa+?r2  B/2MiB}xB2 # ~2Mi22/B2b2M E i2:Q B2M }M/2M bB+? JQi
“2M . "bi2HHMM; bB+? m7 mMi2 b+?B2/HB+?2M JCMx2M i2BHr
.2b gq2Bi2°2M i"2i2M /B2 JQiBp2 i2BHr2Bb2 KBi M/2°2M JQiBp2|
M2K JCMx/2bB;M m7 mM/ C#2 H TT2M bB+? xmK h2BHX
. b JQiBp /@2¢?H MR /2 7C" /B2b2 E i2;Q B2 :2r ?HiX

jXhB2 2 KBi i2BHb b+?2r2° mM/ i2BHb 2BM7 +? B/2MiBXB2i#@2M J
i2E i2;Q'B2Bbi2BM2 EQK#BM iBQM mb #2B/2M xmpQ  ;2M MMi2
"2M JQiBp2 /B2 bB+? bi "F ?M2HM mM/ Q?M2 M/2 2 JQiBp2 m7 2
#2° m+? JQiBp2 /B2 BM M/2 2M JQiBp2M bi2+F2M Q/2° m+? BM
pQ 2?2 M/2M bBM/X
B2 H2ixi2 E i2;Q B2 rB / /m +?2G°b2M)ABp h2MiB2 iX

.B2 . i2M# MF 2Mi? Hi bQrQ?H JCMx2M mb J2i HH Hb m+? :BTb #

i8



j EQMx2Ti mM/ AKTH2K2MiB2 mM;

HB+?2 JCMx2MX 6C / b h BMBM; /2> JQ/2HH2 rm /2M bQrQ?H BTt
JCMx2M mb J2i HH #2 " C+FbB+?iB;iX

wmM +?2birm /2M T Q E i2;Q°' B2 Ryy "BH/2" mb;2r ?Hi- /B2 D2r2BHb
BMh BMBM;b@- 0 HB/B2 mM;b@- mM/ h2bi/ i2Mb2i 2BM;2i2BHirm /:

#XV AK xr2Bi2M 1tT2 ' BK2Mi rm*/2 ;2i2bi2i- Q# / b JQ/2HH BM /2" G ;2
S2’bQM pQM 2BM2" bi2?2M/2M xm mMi2 b+?2B/2MX

h> BMBM; o HB/ iBQM | h2bi
ai M/BM; Ry9 8R 98
aBiiBM; ey iy i9

h #2HH2 jXikRMb ix /2" bi2?2M/2M mM/ bBix2M/2M S2°bQM

+XV 6C / b M +?bi2 1tT2 ' BK2Mirm /2M "BH/2  pQM JCMx2M KBi SQ i" B
POM a2# biB M: KT2 xm 02 7C;mM; ;2bi2HHiX .B2 MMQi iBQM2M H ;
PQ X . #2B ? ii2 D2/2b "BH/ 2BM2 /2/BxB2'i2 MMQi iBQMb/ i2BX 6C
6° K2rQ ' F KCbb2M HH2 MMQi iBQM2M BM 2BM2  CaPL@. i2B ;2b KK

.2b g2Bi2 2M Kmbbi2 /B2 M; #2 /2" "QmM/BM;@"Qt FQMp2 iB2 i r2"/:
bi2HHi2M 6Q K i Bbi /B2 "QmM/BM;@"Qt C#2" xr2B /B ;QM H xm2BM
/2> "QmMM/BM;@"Qt /2YMBRA@GQAK i rB / /B2 "QmM/BM;@"Qt C#2" /B2
Q' /BM i2 /2° HBMF2M Q#2°2M 1+F2 /2" "QmM/BM:@"Qt- bQrB2 C#2  E
/2}MB2iX 6C" /B2 EQMp2'iB2 mM; rm /2 2BM Svi?QM@aF BTi 2 bi2H#t
#2 mMiQK iBbB2'iX 1b Kmbbi2 HH2 /BM;b MQ+? xmb ixHB+? /B2 "HB+
K MM2HH M;2:2#2M 2 /2MX

h BMBM; o HB/ iBQM | h2bi
GBMFb RdAR 8e 8e
_2+?ib RN e e
6°QMi H 9 k y

h #2HH2 jXi2Mb ix KBi /2B mMi2 ' b+?B2/HB+?2M SQ i’ Bi 'i2M

/IXV 6C"/ b pB2'i2 1tT2'BK2Mirm /2M 2#2M7 HHb pQM a2# biB M : KT2
bi2HHiI2 . i2M p2°'r2M/2iX .B2b2 bBM/ M +? Rky mMi2 ' b+?B2/HB+?2M J
1brm /22 ; KQRr ?Hi-/ /B2b2 JCMxbi ii2 /B2 ;°°=i2 Mx ?H M JCMx#
m7r2BbiX AMM2 ? H# /2b . i2Mb ix2brm /2M/ MM rB2/2 mK /B2D2ME
r 2Hi-r2H+?22 BMM2°? H#/2b . i2Mb ix2b 2#2M7 HHb /B2 K2Bbi2M "BH
.B2 EH bb2M bBM/ BM /2KrBaR HT,2Mi2 " T2Mi@iQaBiiBM; S2XbQM
lbrm*/2M KBi /2M EH bb2M xr2B mMi2 b+?B2/HB+?2 JQ/2HH2 i° BMB

je



X9 AKTH2K2MiB2 mM;

HH2M "BH/2"M HH2  #2i" +?i2i2M EH bb2Mi° BMB2'irm'/2 mM/ 2B
"BH/2°"M T Q EH bb2i° BMB2 irm /2X MxmK2 F2M Bbi-/ bb /B2 "B
BKK2  xr2B "BH/2  2BM2 JCMx2 2Mi? Hi2M UoQ /2 @ mM/ _C+Fb:
r-2b m+? MB+?i p2 K2B/# - /> /KB2Z2Z?EHHDD2MBMbi Mx2M BK h
MBM;b/ i2Mb ix 2Mi?B2Hi Hb /B2 M/2'2M EH bb2MX ®7VH2M JCM)>
mMaBiiBM; S2 m@M2  _C+Fb2Bi2r  BKK2 D2r2BHb 2BRMKIQiBp /2"

h BMBM; o HB/ iBQM | h2bi
>2 | iyy Ryy Ryy
PrH Ny iy iy
a2 T2Mi R3y ey ey
a2 ' T2Mi@"Q[tR3y ey ey
aBiiBM; @S2 k@M do do

h #2HH2 jXi2Mb ix mb /2" JCMxbi ii2 S2°; KQM

h BMBM; o HB/ iBQM | h2bi
>2 |/ ey ky ky
PrH jy Ry Ry
a2 T2Mi iy Ry Ry
a2 T2Mi@"Qjtjy Ry Ry
aBiiBM; @S2 h M Ry Ry

h #2HH2 jXBKBiB2"i2" . i2Mb ix

2XV AKH2ixi2M 1tT2 ' BK2Mirm /2M "BH/2 2BM2 r2Bi2 ' 2M JCMxbi ii
"BH/2 /2" JCMX2 B™Mi;2Qb?HiX h™ BMB2'irm'/2M Rj EH bb2M KBi D
"BH/2 MX 1brm /2M pB2 EH bb2M T "r2Bb2 xmb KK2M;27 bbiX

wmK 2BM2M rm* /2 /BaH#B bb2 EH bb2 /2b Kvi? Q@ BIb2?2M

EH bbraHHMb KK2M;27TBbiX2BM ?2BHB;2" aiB2 -r2b? H# /B2 JQIiBj
bi "F /2K JQiBRpilRDDPM2HMX aQrQ?H /2° EQT7 KBi /2M #2B/2M >°'M
/27 E°"T2 -r2H+?2° m7 K M+?2M JCMx2M #;2#BH/2i Bbi- bBM/ J2°
/B2 #2B/2M EH bb2M F mK xm mMi2 b+?2B/2M bBM/X

.B2 M/2°2M xr2B EH bb2M /B2 xmb KK2M;2Zmb/ifBQMM/B ;bBM/- bBM
r2H+?22 xm Ekh BbBxmb KK2M;27 bbirm /2MX "2B/2b bBM/ xr2B" [/
r;2M- r2H+?2 BM /2K'B; B M2 Xr2B mM/ BKZmMHHBRQM pB2° M2@
#2M2BM M/2° ;2?2M/2M wm;iB2°2M ;2xQ;2M r2 ' /2MX .B2 IMi2 b+?;
M? M/ /2> Mx ?H /2 wm;T72° /2 ;2H M; BM 2 bi2M 1tT2 BK2Mi2M M
>BM#HB+F m7 / b wB2H- /B2 IMi2 ' b+?2B/mM; MB+?i xm 72BM;~ M
#2B/2 EH bb2M xm 2BM2" xmb KK2M;27 bbiX

HH2 . i2Mrm /2M ? M/Bb+? bQ iB2 i mM/ mb;2r ?HiX

jd



j EQMx2Ti mM/ AKTH2K2MiB2 mM;

h BMBM; o HB/ iBQM | h2bi
>2 |/ Kjy e e
TBbf"mHH ky e e
Zm /°B; f"B;| ky e e
.Qm#H2 >Q bRy e e
*Hm# Ky e e
G m 2H q 2 %y e e
SQ/BmK ky e e
S'B+2 *"QrM| ky e e
a?BT ky e e
aBiiBM; S2 b@wm e e
ai M/BM; S2]k@M e e
h #H2 ky e e
SQi Ky e e

h #2HH2 jXieMb ix mb /2" JCMxbi ii2 S2"BMi?Qb

i3



X9 AKTH2K2MiB2 mM;

jX9Xk MMQi iBQM

B2 MMQi iBQM /2  JCMx2M rm /2 KBi*oh /m +?:27C? iX *o h #B2i2i
1tTQi7Q K i2M- mMi2> M/2 2K $BI2+ W oBBiPM,: mMUP G K

6C  /B2b2 “#2Birm /2 Hb MA@ RXRZK ?HiX . b 1tTQ i7Q K i Mmixi/ b
CaPL@. i2B7Q K i mM/ Bbi rB2 7QH:i bi'mFim B2"i,

&
I+ i2;Q°B2b(
&
1B/] -
IM K21]1-
JomT2 + i2;Q M

)_
IBK ;2h](
&
1B/] -
1rB/i?] -
1?22B;?i}
]7BH2nM KR}

)_
] MMQi iBQMb]
&
1B/] -
1BK ;2nB/}
]+ i2;Q°vnB/]
]b2;K2Mi iBQM]
(EQQ /BM i2M /2> J bFB2 ' mM;bTmMEi2
XXX
)
D=
]##Qt] (KBMBK H EQQ -/BM?R2" 2Bi2 /2° "QmM/BM; @"Qt
)_

. #2B Bbi MxmK2 F2M-/ bb BM /2K CaPL@6BH2 MQ+? r2Bi2°2J2i @.
/IB2 GBx2Mx- /2" 1"?22#2 mM/ bQMbiB;2 M; #2M xm }M/2M bBM/X wm
/I2M BM /2K Q#B;2M a+? m#BH/ Mm > /B2 7C" /B2 MMQi iBQM "2H2p Mi

l1brm’/2M xr2B MMQi iBQMb "i2M p2'r2M/2iX wmK 2BM2M /B2 "QmM
H2M "BH/2"F2MMmM;b 6° K2rQ  F butBHQx mokrR 83 Bot2T B2MH/2i rB /X wmK
M/2°2Mrm /2M /B2 "BH/2 TQHV;QM H MMQiB2 iX

m7; mM/ /2  BK 02 ;H2B+? xm "QmM/BM;@"Qt2M ?°?22°2M EQKTH2
/IB2b2 MMQi iBQMb "i/2miHB+? m7r2M/B;2° xm 2 bi2HH2MX HH2 /I
i ib +?HB+?2MJQiBp2 m7/2MJCMx2M /2i BHB2 i2 " mM/7Q K;2i'2m2

iN



j EQMx2Ti mM/ AKTH2K2MiB2 mM;

Hv:QM H2' MMQi iBQM- #2/ "7 2b F2BM2b xmb ixHB+?22M K MmM2HH2M 1
"Qt MMQi iBQM-/ bB+?/ b *P*P@1tTQ i7Q K i /B2 pB2  "QmM/BM:@" Q1
/2M J tBK mM/ JBMBK /2 EQQ'/BM i2M /2b SQHV;QMb :2M2 B2 iX P#
#2bb2°2 S2°7Q K Mx BM >BM#HB+F m7 /B2 FQ "2Fi2 1" F2MMmM:; /2 JQ
7QH;2M/2M E TBi2HM 2p HmB2 iX

B2 MMQi iBQM /2" ;2b KK2Hi2M "BH/2 r > 2BM b2?" ;"Q=2" mM/ x2B
/B2b2> “#2BiX 1brm /2M BMb;2b Ki k3yR "BH/2° MMQiB2'i-r b + X 9e a
r M/ 2MibT B+?i U#2B QTiBKBbiBb+?2" 1BMb+? ixmM; pQM 2BM2" JBMn
JQiBpVX

iX9Xj J bF _@*LL

.B2 AKTH2K2MiB2 mM; /2b 6° K2rQ'Fb Q"' B2MiB2'i bB+? M /2M "#2Bi.
(aBMkk)X MT bbmM;2M #2/ "7 2b ?BMbB+?iHB+? /2" Mx ?H-bQrB2 1MiB
2’F2ZMM2M/2M EH bb2MX .2b q2Bi2 ' 2M #2/ "72b2BM2° MT bbmM;/2b 1B
r2H+?2 /2K 6° K2rQ ' F C#2 ;2#2M r2 /2MX "2B/2 xmpQ~ ™ ;2M MMi2M “#2]
oA Uo:: AK ;2 MMQi iQ'V 6Q K i- rQ?BM;2;2M BM /B2b2" “#2Bi / b *P
p2 r2M/2irB/-r b 2BM2 MT bbmM; /2b *Q/2b M°iB; K +?iX

.B2JQ/2HH2 BM /B2b2" "#2Bi# bB2 ' 2M HH2 m7 2BM2K #2 2Bib pQ 1
rm' /2 m7 /2K *P*P@. i2Mb ix pQ i BMB2'iX C2/2b JQ/2HHTr b BK _ ?K2
i BMB2 'irB /- Mmixi bQKBi/ bpQ'i° BMB2'i2 L2ix-r bh®” BMBM;bBi2" iE
m+? HbMb72  H2(WMBMR) #2x2B+?M2iX "2 °2Bib2"H2'Mi2Jmbi2  FOMM2M
r2°/2M- Q?M2 / bb /B2b2 MQ+?K Hbi° BMB2'ir2'/2M KChbh2MX

.B2>vT2'T ° K2i2 -r2H+?27C / bh> BMBM; /2" JQ/2HH2 ;2Mmixirm’/:
7QH;2M/ m7;2HBbi2i,

RXTQ+?bB2 w ?H /2 h" BMBM;b/m +?H m72 rm /2 BK _ ?K2M /B2b2"
MM/ ;2i2bi2iX G2ixiHB+? rm /2 7C / bh> BMBM; /2b H2ixi2M JQ/2HH
pQM jy Hb ;22B;M2i #2r27i2iX

kX' i+?bBxB2 :°'°=2 /2" " i+?2b Bbi/m +? /2M aT2B+?2 /2" :" }FF "i2 H

BM/B2b2" "#2Bi/2  6QFmb MB+?i m7 /2K >vT2 T ~ K2i2 iimMBM; |

7C° | ®iQ+? biB+ " /IB2M@o2b¥2MR2M 2Mib+?B2/2M- #2B r2H+?2K /B2
bBx2 m7 2BMb 72bi;2H2;i BbiX

jXG2 Mp2°7 ?2.2M6° K2rQ ' F Mmixi Hb G2 Mp2°7 ?2°2M aiQ+? biB+ :° /I
b+2MiX . b ?2"FOKKHRHP2.2b@Di17 ? 2M- r2H+?2b BK xr2Bi2M E TI
2°H mi2irm'/2-p2 r2M/2i HH2 . i2MTmMFi2 2BM2b h® BMBM;b/ i2M
rB+?i2 /2b L2ix2b MxmT bb2MX .B2b Bbi #2B ;"Q=2M . i2Mb ix2M b2"

AK :2;2Mb ix / xm- rB*/ #2B aiQ+? biB+ :> /B2Mi .2b+2Mi BM D2/2"
2BM . i2MTmMFi #2i° +?i2i mM/ /B2 :2rB+?i2 M? M/ /2b . i2MTmMF|
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X9 AKTH2K2MiB2 mM;

1b rm /2 /B2 pQK 6> K2rQ F bi M/ /K =B; ;2b2ixi2 G2 M  i2 pQM y
K2MX AK S T2  (>:.:Rd) rm /2 2BM2 G2 M i2 pQM y-yk p2 r2M/2i-
AKTH2K2MiB2 mM: KBi h2MbQ ~Qr xm S Q#H2K2M 7C? i2X

9IXEQbLIZM7TMMHEIBOM/2M mMMi2 ' b+?B2/HB+?2 EQbi2ZM7mMFIiBQM2M |
p2'r2M/2iX 6C" /B2 1 F2ZMMmMM; TBMJ b F2QIBO2 M2 Q2™ /2i- /
/IB2 1"F2MMmM; /2°J bF2 2BM #BM "2b EH bbB}F iBQMbT Q#H2K
r2°/2M- Q# 2BM SBt2H xm™ J bF2 ;2?°i Q/2° MB+?iX

6C /B2 1"F2MMmM; /2  EHT 6b2M iB QB H * Qpd2RM@IX .2°

IMi2 b+?B2/ xmK 22 FOKiRHGH® 2HM* Qbb2RMHiQAIVH2/B;HB+? BM /2
##BH/mMM; /2> EH bb2MH #2HX aT b2 * i2:Q'B H *"Qbb2Mi ' QTv
AMi2:;2 °@q2i2 #-r1 ?2°2M/ * i2:Q B H P\0D®@2Qi @HF QMEBIXm M ;

mK /B2 EH bb2M #xm#BH/2MX

lbrm'/2M BM /B2b2° "#2Bi #b2Bib /2" >vT2 T ~ K2i2 - 2BM2 _2B~
M2M /2b JQ/2HHDb i BMB2 i mM/ /2bb2M 1 ;2#MBbb2 2p HmB2 iX wmN
:2i2bi2i BM >BM#HB+F m7 TQHvV;QM H2  mM/"QmM/BM;@"Qt MMQi
AM /2" M +?bi2M o2 bm+?b 2B?2rm /2 /B2 S2°7Q K Mx /2 JQ/2HH2 N
p2 ;HB+?2M- KBi/2M2M bB2 i° BMB2 irm /2MX
AM /2" H2ixi2M 02 'bm+?b*2B?2 rm'/2M / MM K2?> EH bb2M ?BMxm;?2
L2ixr2 " Fi° BMB2'irB /X aiii m7 /2B EH bb2Mrm'/2/ b JQ/2HH m7
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j EQMx2Ti mM/ AKTH2K2MiB2 mM;
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9 1p Hm iBQM mM/ 2bmHi i2

O9XR h2bi2 ;2#MBbb2

AK 6QH;2M/2M r2°/2M /B2 1 ;2#MBbb2 /2" 2BMx2HM2M 02 bm+?b 2B
/B2 D2r2BHB®@RBIR2 12 /2" JQ/2HH2 m7;2x2B;i- bQrB2 /2°2MJ2 M p2 ;-

XV 6C" /2M 02 ;H2B+? /2b JQ/2HHDb- r2H+?2b KBi "QmM/BM:@"Qt2M
JQ/2HH-r2H+?2b KBi SQHV;QM2M i’ BMB2 iH@b#2B fB" 0 QthAH H 2bii /
P2 ;HB+?2MX qBZ #2 2Bi BM E TBi2H kXjMR Rmb?/Mi-dm2K¥ 0B +? |
PQM 7CM7 p2 b HTE@RMIZWM xmb KK2M X

7C° /B2 MMQi iBQM KBii2Hb "QmM/BM:;:@"Qt2M /B2 J bFB2 mN
rB / /B2b2 J2i'BF 7C" /2M oB QKR+ /MB+?i #2 C+FbB+?iB;i mM,
2b KM@ btbm#i° ?B2 iX

6QH;2M/2° " T? xBER@E2 i2 #2B/2° JQ/2HH2 BK 02" H m7 pQM R8 h
+?22M m7,
Versuchsreihe a.)
1.6 4 — polygon
—— bbox

1.4 1

1.2

@ 1.0

_0.8

0.6

0.4

0 2 4 6 8 0 12 14

Epochs

##BH/mMM; ©ORHb T2  1TQ+? BM o2 bm+? XV

L +? R8 1TQ+?2M r2B=i/ b JQ/2HH- r2H+?2b KBi SQHV;QM@ MMQ
2BMR®@q2 i pQM y-kN m7-r 2°2M// b JQ/2HH-/ b KBi "QmM/BM; @
i BMB2'i rm /HDBIMRMi pQM y-j3 m7r2BbiX AK 02°H m7 /2> 1TQ+"
K M-/ bb /b JQ/2HH- r2H+?2b /B2 SQHV;QM@ MMQi iBQM p2 r2\
1TQ+?2 bi2ib HAP@R2Zi2 2 xB2HiX
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9 1p Hm iBQM mM/ _2bmHi i2

m7 /2K h2bib2i 2°°2B+?i/ b JQ/2HH KBi "QmM/BM:@"Qt MMQi iBQM .
y-99 mM// b JQ/2HH KBi SQHV;QM@ MMQi iBQM 2BM2M K S!yX8 q2"i

I | HQbb | K SlyXx8 |
"QmMM/BM; @ Qtj3 y-9y
SQHvV;QM y-kN y-99

h #2HH2 ®ORb MM/ K S q2'i2 C#2° R8 1TQ+?2M

"2B/2 J2i'BF2M x2B;2M 2BM2 AM/BF iBQM / ?BM;2?22M/- / bb / b JQ
MMQi iBQM 2ir b #2bb2° #b+?M2B/2iX

"2i> +?i2iK M/B2EH bbB}xB2 mM;b2 ;2#MBbb2/2 2BMx2HM2M EH bl
'2M m2°-? #2MbB+?/B21°r "imM;2M /2  EH bb2M ?BMbB+?iHB+? B?" 2
22Bi2iX

SQHV;OM @ JQ/2HH o2 ' bm+? V
S'2+BbBQM+ HH | 6R@a+Q amTTQ i
k8
" B{M y-89 y-N8 y-eN ky
a2 'T2Mi y-8y y-R3 y-kd k k
GBQM y-iN y-9R y-9y k k

h #2HH2 $Xk4+BbBQM- _2+ HH mM/ 6R@a+Q 2 /2" 2BMx2HM2M EH bb2M #2

.BP h #2HH2 9Xk x2B;i- / :bB7BBWH HH2M /2B J2i'BF2M US 2+BbBQM
MM/ 6R@a+Q 2V #2bb2" #;2b+?MBii2M ? i- Hb /B2 M/2°'2M EH bb2M
1°;2#MBb /2b JQ/2HHb KBi /2  bm#D2FiBp2M 1BMb+? ixmM;-/ bb /2" "
aB+?i 2BM7 +?2 xm FH bbB}xB2 2M Bbi Hb /B2 M/2 2M #2B/2M EH b
.27 b27? ?2Q?2 2+ HH@a+Q 2 x2B;i-/ bb/ b JQ/2HH b2?" ;mi/ "BM r
xXm 2 'F2MM2MX .2° /2miHB+? MB2/°'B;2°2 S'2+BbBQM@a+Q 2 /2mi2i

IBM;b/ xmi2M/B2 i pB2H2 JQiBpZ &M &EMHQbO2M- /B2 2BM M/2°2b JQil
2Mi? Hi2MX

2" b2? MB2/'B:2 2+ HH@aaD T2 MPBEH/BMAHB+?- / bb / b JQ/2HH
a+?rB2 B;F2Bi2M ? i/ b JQiBp xm 2 °F2MM2MX .B2b /2+Fi bB+? m+7? k
1BMb+? ixmM;X

[## 9Xk K +2i /2miHB+?- rB2bQ / b JQ/2HH S Q#H2K2 KBi /2" 1 F2M|
a2 T2Ki#2M FOMMi2X . b JQIiBpP BM U V. m7 ## 9Xk rm /2 MB+?i 2 F |
m+? /2miHB+? FQKTH2t2  Hb/ b JQiBp BM U#V r2H+?2b FH bbB}xB:
a+?H M:;2 m7JQiBpU VmKrBM/2i2BM2 S2 ' bQM mM/ rB /i2BHr2Bb2 pg
r 2°2M/ /B2 a+?H M;2 BM U#V Hb 2BMxB;2b JQiBp /2miHB+? 2 F2MM;
JCMx2 #:2#BH/2i BbiX

99



9XR h2bi2 ;2#MBbb2

UV*L*QBM R99NN U#V *L *QBM 8yN8

##BH/mMM; ®XKk,2;2Mb ix xm®> JCMx2 U V- m7 /2K F2BM JQiBp 2Mi/2+Fi rm

a+?H M;2 m7 JCMx2 U#V FQ "'2Fi FH bbB}xB2'i- m+? r2MM /B
MB+?i QTiBK H #/2+FiX

.B2 EH BBZ¥MIM/2i bB+? pQM /2" 1" F2MMmMmM;b;Ci2 rB2 2°r "i2i- XrB
"2Bib ;2M MMi2M EH bb2MX

UV*L*QBM d98R U#V *L *QBM jNej3
##BH/mM; QX2B mMi2 ' b+?B2/HB+?2 JQiBp2 /2b G°r2M

[## 9Xjx2B;i xr2B p2'b+?B2/2M2 . "bi2HHMM;b7Q K2M /2b G°r2M- /
/[2MX "2B/2 JQiBp2 bBM/ HH2 /BM;b BK 02 ;H2B+? xm /2M a+?H M;

FQKTH2tX "2B/2 JCMx2M 2Mi? Hi2M Mm™ 2BM JQiBp Q?M2 bB+? KB
X2MX

#XV .2°M +?bi2 02 °bm+? bQHHI2 x2B;2M rB2 ;mi/ b JQ/2HH 2BM2 bi2
S2'bQM mMi2 b+?22B/2MF MMX . /2  pQ ?2 B;2 02 bm+? #2 2Bib x2
MMQi iBQM 2ir b #2bb2° #b+?M2B/2i- rm /2 Hb MMQi iBQMb i
;2Mmixi2M JCMx2M 2#2M7 HHb /B2 TQHV;:QM H2 MMQi iBQM p2 r:
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9 1p Hm iBQM mM/ _2bmHi i2

Versuchsreihe b.)

Epochs

##BH/mM; @X9H2B+? /2" JQ/2HH2 mb o2 'bm+?b 2B?2 XV mM/ #XV

I | HQbb | K SlyXx8 |
02 bm+? y-3R y-99
02'bm+7? # y-8d y-8

h #2HH2 $XQjbdM/ K S q2°i2 /2> JQ/2HH2 XV mM/ #XV

.2"HQI@bg2 i /2b SQHV;QM@JQ/2HHDb biBKKi MB+?i KBi /2" M; #2 /2"
C#2 2BM-/ xmK 2BMZ2HWQARKBI DEMH2 2+?M2i rm™ /2 mM/ xmK M/2 2M
HQIEbg2 i #2B/2 02 bm+7?2 #2B /2" RyX 1TQ+?2 #2i° +?i2i rm /2-r2b
2#2M7 HHb 2ir b ?°?2  HB2;i BK 02 ;H2B+? xmK pQ '?2 ' B;2M 02 bm+?)

JQ/2HH 02 bm+? #XV
S'2+BbBQM+ HH | 6R@a+Q amTTQ i
ai M/BM; @ SRYbRM y-dN y-38 8e
aBiiBM; @ S2| lyQes y-33 y-dd jk

h #2HH2 SX®+BbBQM- 2+ HH mM/ 6R@ a+Qd 2 MZB 2 BY 2 MEAB ki BV
S2 b®M

"2i° +?i2i K M /B2 S'2+BbBQM@ mM/ _2+ HH@q2 i2- bB2?i K M 2BM
? HiMBb Hb BK pQ'?2'B;2M 02 bm+?X .2" 6R@a+Q 2 Bbi m+? BM #2B
/I2M EH bb2M BK pQ " ?2'B;2M JQ/2HHX

.B2b FOMMi2 #2° m+? KBi xr2B h ib +?22M xmb KK2M? M;2MX 1 bi2Mb
02 bm+?b 2B?2 2BM2 EH bb2r2MB;2 -r2H+?2/ b JQ/2HH 2 ' F2MM2M K
bB+? /B2 EQKTH2tBi i /2b EH bbB}F iBQMbT Q#H2KbX

wr2Bi2Mb mMi2 b+?2B/2M bB+? /B2 JQiBp2 m+? K "F Mi M /2 6Q K
"2BM2X m=2"/2K 2Mi?B2Hi /2" . i2Mb ix F mK JQiBp2 2BM2  EH bb2/

9e



9XR h2bi2 ;2#MBbb2

pQM2BM M/2° mMi2 ' b+?B2/2M ? #2M- rB2 2b #2BBQRM26bHHBb2 #2
r X

UV *L*QBM 839]j

U#V *L *QBM NdNe

##BH/mM; 9XBhTB2H2 /2 aBHi BH2® S M MQMM/BM; @S2 bQM

mz HHB;r " BM /B2b2 02 bm+?b 2B?2-/ bb /B2 "2BM2 /2 JQiBp2
bQM Q7i 7 Hb+? K bFB2 i rm /2MX m7 pB2H2M "BH/2 M bBixi /B2
/2bb2M aim?H#2BM2 K M m7 /2 JCMx2 m+? b2?2M F MMX AM K M
BQX8 "BH/ U#V-rm /2 2BMb /2" aim?H#2BM2 7 Hb+?HB+?2"
K bFB2 iX

HH2b BM HH2Kr bQrQ?H /B2 EH bbB}xB2 mM;
[2ZMbi2HH2M/X

Hb m+? /B2 J b

+XV AK M +?bi2M 02 ' bm+? rm /2 ;2T C7i- Q# 2b K°;HB+? Bbi 2BM JC
+?2b ;2;2#2M2M7 HHb /B2 "HB+F B+?imM; pQM SQ i Bib2'F2MM2
K2Bbi2M 6 HH2M 2BM2 EH bbB}xB2 mM; /2" SQ i° Bib- HH2 /BM;b
Hb M +? "2+?ib #HB+F2M/ FH bbB}xB2 iX .B2b Bbir ?"b+?2BMHB -
h BMBM;b/ i2Mb ix xmK 2BM2M b2? FH2BM mM/ xmK M/2 2M bi °
/I2miHB+? K2?  SQ'i° Bib pQ™? M/2M bBM/- /B2 M +? "2+?ib #HB+F2
i2M 1 ;2#MBbb2br2°/2MBK 6QH;2M/2M Mm ™ /B2 EH bbB}xB2 mM;b:
2BM2 ;2M m2°2 "2i° HQtdM // KbS rB°/ p2 xB+?i2iX

JQ/2HH 02 bm+? #V
S'2+BbBQM+ HH | 6R@a+Q a+Q " 2

G27i y-yy y-yy y-yy N

_B;7i y-3N RXyy y-N9 38

6 QMi y-yy y-yy y-yy k

h #2HH2 $XB8+BbBQM- _2+ HH mM/ 6R@2%¥0QB27i2a MEHQIMI2 M

.2°?2Q?2 _2+ HH@Qq2 i pQM R-yB7TFQRBRIEH Mb®? xmbi M/2-/ bb/ b
JQ/2HH bi2ib /B2BERpO®B2 mbb :iX aQKBi 2°F2MMi bB2 miQK iBb+? |
/B2b2° EH bb2X HH2'/BM:b r2°/2M /B2 M/2°2M EH bb2M MB+?i F
J2i°BF MB+?i mbb :2F" 7iB; BbiX

9d



9 1p Hm iBQM mM/ _2bmHi i2

IXV 02 bm+? /XV #2bi2?i mb K2? 2°2MJQ/2HH2M-/2"'2MS2°'7Q K Mx/B"
+?2Mr2 /2MX HH2JQ/2HH2rm /2M KBi JCMx2M mb /2 JCMxbi ii2 S2
mM/ bBM/ m7 /B2 EH bbB}F iBQM pQM 7CM7 mMi2 b+?B2/HB+?2M EH

1brm' /2 2BM JQ/2HH BM /2K 02 ' bm+? Hb _272 2Mx ;2r ?HiX .B2b2b
HH2M p2 7C;# "2M "BH/2  MBM Ry 1TQ+?2Mi BMB2'iX.B2J2M;2 M1
/2bb2M mb;2r ?HIHQHE®BB/2? M +? Ry 1TQ+?2M MB+?i K2? bQM/2 HB+?
? X

bxm2 bip2 ;HB+?2M2JQ/2HH rm /2 ?BMbB+?iHB+? /2" h" BMBM;b/ |
m7jy "BH/2  T°Q EH bb2 HBKBiB2 i rm /2X

Versuchsreihe d.)

—— 30 Bilder
—— Alle Bilder

o
N
g
[}
©

Epochs

##BH/ MM; Qbbb T2 1TQ+?2 02 ' bm+? /XV

LmM rm™/2M /B2 Mx ?H /2" 1TQ+?2M bmF 2B p 2Q?2 HMiHZBIbB/27?
M;HB+?X .B2brm'/2 M +? jy 1TQ+?2M 2 "2B+?iX

Versuchsreihe d.)

—— Alle Bilder
2.00 1 —— 10 Epochen
—— 20 Epochen
1751 30 Epochen
1.50
7 1.25
o
1.00 {
Y
0.75
0.50
s
0 5 10 15 20 25 30

Epochs

##BH/ MM; Qbbb xm mMi2 ' b+?B2/HB+?22M 1TQ+?2M
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9XR h2bi2 ;2#MBbb2

y 1TQ+?22M H Ry \ ky \ iy H
HQbb@JQ/2HH /[Xy¥-8d y-j9 y-kN
HQbb@ 272 2MXKOQ/RHH

h #2HH2 $XQd@hg2 i2 M mMi2 b+?B2/HB+?22M 1TQ+?2M

wr2+Fb/2b MMQi iBQMb m7r M/brm /2 2BMr2Bi2°2bJQ/2HH 2 bhi2
/2K JQ/2HH rm~/2 /B2 J2M;2 /2> h> BMBM;b/ i2M r2Bi2° m7 ky “2bi’
1TQ+?2Mi° BMB2'iX. #2B/2JQ/2HH2 M? M/ /2 J2i'BF2M ?MHB+
/2 /B2J2M;2 Mh BMBM;b#BH/2 M mM/ /B2 Mx ?H M h> BMBM;b2
02°bm+?b*2B?2 Hb _2722Mxr2'i2 ;2MQKK2MX

| JQ/2HH | HQbb | K Sly-8 |
jy "BH/2" y-kN y-e3
Ky "BH/2" y-j9 y-e8

h #2HH2 $Xdghg2'i2 #2B mMi2 ' b+?B2/HB+?2° Mx ?H M h® BMBM;b#

Versuchsreihe d.)

—— 20 Bilder
2.5 —— 30 Bilder

2.0 4

1.0 A

0.5 4

0 5 10 15 20 25 30
Epochs

##BH/mMM; ©Qb #2B jy 1TQ+?2M mM/ mMi2 b+?B2/HB+?2" J2M;2 M h°

2x2Birm*/2-/ bbb/ b JQ/2HH m+? KBi r2MB;2  h" BMBM;b#BH/
?BM 2B+?2M/2 S2°7Q K Mx x2B;i-rm /2M 7C" / b h2bi2M /2b JQ/2]I
b2M KBi D2r2BHb ky h BMBM;b#BH/2 " M BM /2M h® BMBM;b/ i2Mb i
xmb ixHB+? /BAEH28RZBMKHAMIQFFH bbB}xB2 i r2°/2MX
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91

p Hm iBQM mM/ _2bmHi i2
JQ/2HH 02 bm+? /XV KBi N EH bb2M
S'2+BbBQM+ HH | 6R@a+Q a+Q 2
aBiiBM; @ S2| IRQW y-Ny y-N8 Ry
>2 |/ y-de R-yy y-3e 9d
a2 ' T2Mi#Qt| R-yy R-yy R-yy Ry
PrH R-yy y-Ny y-N8 Ry
a2 ' T2Mib y-3j R-yy y-NR Ry
1 ;H2 R-yy y-33 y-Nj 3
SQ/BmK y-NR y-8y y-e8 ky
"mHH y-d3 y-jd y-8y RN
"Qr y-dj y-dj y-dj RR

h #2HH2 SX3+BbBQM- 2+ HHmM/ 6R@a+Q 2/2  NEH bb2M /B2 mb /2K . i2ML

8y

S2°; KQM bi KK2MX

AK 6QH;2M/2M rB'/ m7 /B2 rB+?iB;bi2M 1"'F2MMiMBbb2 mb /2K h2b
/I2HHb 2BM;2; M;2MX gB2 m+? BM /2K pQ ?2 'B;2M o2BhiBM?- b+?M2B/?
S2 bQMWE2 /;mi #X "2B/2 2°?B2Hi2M BM /2K h2bi 2BM2M 6R@a+Q 2
STQx2MiX SQbBIiIBp ?2'pQ ' xm?2#2M Bbi-/ bb / b JQ/2HH m+? JQiBp.
2°'F MMi ? i- pQM /2M2M 2BM h2BH #;2# Q+?2M BbiX

H#BH/MM; 9XIN@ +QBM@jNN3j@T@ 2x@*LRk8kS

AM #F]9XN Bbi bQH+? 2BM #2b+? /B;i2" :BTb #/ m+F xm b2?22MX "2
/[2MMQ+? 2°F MMiX . b JQiBPpHRbiEM bBMi Fi- r2b? H# 2BM2 2 7QH; 2
EH bbB}xB2 ' mM; MB+?2i p2 rmM/2i- HH2 /BM;b Bbi /m +?2 /B2 "2b+?
/"m+Fb 2BM bB;MB}F Mi2  h2BH /2 22bBRDib2YRBEBEMY D Qix/2K ? i

/ bJQ/2HH / b JQiBp KBi 2BM2° EQM}/2Mx pQM + X N3W FQ '2Fi FH b
m7 /B2 EH a0 TMM i#@t T2MmMML ;H2B / MB+?i BK .2i BH 2BM;2; M;2M-
/ HH2 /’2B EH bb2M 2BM2M ?Q?2M 6R@a+Q 2 m7r2Bb2M- bQrB2 |
mz HHB;F2Bi2M 72bi;2bi2HHi rm /2MX

B2 EH BRZBMK2BM2M p2'? HiMBbK =B; ?Q?2M S 2+BbBQM@q2 i BK
M2K 2+ HH@Qq2 iX "2i° +?i2i K M /B2 FH bbB}xB2i2M "BH/2 - 2 ? Hi
/2> 1"b +?22- /B2 xm /2" .BbF 2T Mx /2" #2B/2M J2i'BF2M mM/ /2K bQK|
xm/2M M/2°2M EH bb2M- MB2/°B;2M 6R@a+Q 2 7C? iX

.B2 "2i° +?2imM; /2 h2bi#BH/2 x2B;i-/ bb/ bJQ/2HH S ' Q#H2K2 ? i 2B



9XR h2bi2 ;2#MBbb2

##BH/mMM; OMRY,b+?B2/HB+?2 0 'B MEBAMBEZ'KEH bb?2

/2" EH I8/Bm 2" F2MM2M- bQ# H/ K2? Hb 2BM2 1MiBi i m7 2BM
BbiX "2i" +?iQT K M] ## 9XRy 2°'F2MMi K M-/ bb/ b 2BMx2HM2 JQiBj
2°'F MMimM/ ;' °=i2Mi2BHb FQ "2Fi K bFB2 i rB /X .B2 KBiiB;2 JCM
rB°/ Hb 2BM2 2BMxB;2 AMbi Mx FH bbB}xB2 iX .B2 /2B AMbi Mx2N\
m7 /2 ##BH/mM; FQMMi2M HH2b Ki MB+?i FH bbB}xB2 i r2 /2M
m+? m7 M/2°2M h2bi#BH/2 "M KBi JQiBp2M /B2b2  EH bb2 m7X

.B2 EH bhRPHIi 2#2M7 HHb JCMx2M m7 /2M2M bB+? K2?° Hb 2BM2
#2}M/2iX m=2"/2K 2tBbiB2'2M mMi2 ' b+?B2/HB+?2 0 "B iBQM2M /2
PQK PTiBb+?2M Hb m+? pQM /2  "HB+F B+?imM; mMi2 b+?2B/2M

##BH/mM; OMRR b+?B2/HB+?2 0 "B MI:nMiH2" EH bb?2

"2B "2i° +?2imM; /2 h2bi#BH/2  H bbi bB+? HH2 /BM;b 2" F2MM2M -
;H2B+? b+?H2+?i2 2 6R@a+Q 2 M/2 21'b +?2M? i HbD2M2-/B2 |/
#2B /2 EHBQbBBRMX m b +?2i ? #2MX

[F#I9XRR p2° Mb+? mHB+?i-/ bb BK :2;29\Q0 BxBNh 2BMBH 2B HH 2\
/2" EH BmMHK +? K22 2 2 AMbi Mx2M FQ "2Fi FH bbB}xB2 imM/ m+"

B2 HBMF2 mM/ KBiiHZ 2 JOMx2 BM ## 9XRR x2B;i-/ bb m+? mMi
2°F MMi r2°/2M F°MM2MX .B2 #2B/2M JQiBp2 bBM/ MB+?2i Mm~ pQl
bTB2;2Hi- bQM/2 M bBM/ pQM /2" . "bi2HHMM;b7Q K mMi2 b+?B2/
G M:2/2b >Q MbX

.2 p2 ;H2B+?r2Bb2 MB2/°'B;2 6R@a+Q 2- 2 ;B#i bB+? / Im +?-/ b
o B Mi2 2°F MMir2°/2MX 1b r2°/2M xmK 2BM2M JQiBp2 MB+?i 2°F
2BM2° JCMx2 m7i m+?22M mM/ xmK M/2°2M rB / i2BHr2Bb2 Mm™ 2E

8R



9 1p Hm iBQM mM/ _2bmHi i2

Q#rQ?H bB+? xr2B AMbi Mx2M m7 /2" JCMx2 #2}M/2MX AK 6 HH2- / [
2BM2b JQiBpb m7 2BM2K 1BM; #2#BH/ ; °=2" Hb 2BMbr "-rm /2 BK :.
SQ/BmxKnKBM/2bi 2BM2 h2BHK2M;2 HH2  #;2#BH/2i2M AMbi Mx2M 2|
mM/ m+? FQ "2Fi K[bFB2]iX AM ## 9XRRr ~#2B /2  KBiiH2'2M JCMx2
AMbi Mx FH bbB}xB2'irm'/2- /B2 J bFB2 " mM; HH2 /BM;b C#2" #2B/2
r X

.B2 H2ixi2 El®@miB2;i KBi B? 2K 6R@a+Q 2 pQM y-dj BK 02 ;H2B+? xm
EH bb2M BK JBii2H72H/X "2i" +?i2iK M/B2 h2bi#BH/2 -BbiTQbBiBp ?
JQiIiBp2'F MMirm'/2- Q#rQ?H 2b BM mMi2 b+?B2/HB+?2M _Qi iBQM2N
Bbi/B2J bFB2 mM; BM /2M K2Bbi2M 6 HH2M m+? b2?" FFm  iX

##BH/mM; 9MRER ,b+?B2/HB+?2 0 "B Mi®M /2" EH bb2

2XV AKH2ixi2M o2 'bm+?rm /22BMJQ/2HH 2 ' bi2HHi-r2H+?2b m7 JCMx
i?Qb i BMB2'irm'/2X . bJQ/2HH rm /2 /  m7i°  BMB2 i RjmMi2 b+?B
2°'F2MM2MX 1brm /2 KBi S * K2i2°"Mi° BMB2'i-r2H+?2 mb/2M 1 F2M
"B;2M 02 ' bm+?2 7?2 pQ ;2; M;2M bBM/X 1brm /2M D2r2BHb ky "BH/2" 7
h> BMBM;b/ i2Mb ix m7;2MQKK2MX . b JQ/2HH rm /2 C#2  jy 1TQ+?2!

Versuchsreihe e.)

1.8 A —— Pergamon
—— Perinthos
1.6
1.4

1.2 A

0.8 A
0.6

0.4 1

0.2 4

0 5 10 15 20 25 30
Epochs

##BH/mMM; 98Rbb T2  1TQ+? /2" #2B/2M JQ/2HH2 xm /2M JCMxbi ii2M S2°; KC
i7Qb BK 02 ;H2B+?

8k



9XR h2bi2 ;2#MBbb2

| JQ/2HH | HQbb | K Sly-8 |
S2°; KQM y-kN y-e3
S2°'BMi?Qb | y-j9 y-e8

h #2HH2 $HXQNWM/ K S g2°i2/2° #2B/2MJQ/2HH2 xm ™ 1"F2MMmM; /2" JCMxbi |
mM/ S2°BMi?Qb

b JQ/2HH- r2H+?2b m7 JCMx2M pQM /2" JCMxbi ii2 S2'BMi?Qb i
?MHB+?2 1°;2#MBbb2 HOX®;HE+X/8®c2 12b Uh #2HH2 9XNV- Q#
JQ/2HH m7 Rjbi ii /2> pQ 2?2 B;2M N EH bb@MW aBMEB 2 imrvh;" /2 U
Mx ?H M EH bb2MVX

S2°'BMi?Qb
S'2+BbBQM+ HH 6R@a+Q 2
aBiiBM; S2 ' b@M9 y-e9 y-e9
>2 / y-NR y-NN y-N8
SQ/BmK y-Ny y-eN y-d3
"mHH y-9]j y-ly y-j8
Zm |/ B; y-8d y-9y y-ed
.Qm#H2 >Q p¥P-d8 y-88 y-ej
*Hm# R-yy y-Ry y-R3
G m2HQg 2 i?y-d8 y-ey y-ed
S'B+2 * QrM y-3j y-j3 y-8j
a?BT y-33 y-e9 y-d9
h #H2 R-yy y-d3 y-33
SQi y-8y y-9y y-99
ai M/BM; S2|yQ3mB y-dy y-d3

h #2HH2 9XRyBbBQM- 2+ HH mM/ 6R@a+Q 2 /2  Rj EH bb2M /B2 mb /2K
bi ii2 S2°'BMi?Qb bi KK2M

8]



9 1p Hm iBQM mM/ _2bmHi i2

AK 6QH;2M/2M r2°/2M /B2 2BMx2HM2M EH bb2M ;2M m2° #2i" +?i2i>
/IBM;b Mm™ m7 /B2 EH bb2M 7QFmbbB2 i-r2H+?2 "2bQM/2 ?2Bi2M m7
b+?H2+?i2° 2°"F MMirm /2M Hb /2 .m +?b+?MBiiX

mz HHB; Bbi /B2 /" biBb+?2 02 b+?H2Bi 7BV M BI2XRQREBER®a+Q "2

Bbi BK 02 ;H2B+? xmK S2°; KQM@JQ/2HH pQM y-N8 m7 y-e9 ;27 HF
/2>h” BMBM;b@ mM/ h2bi@. i2M H2;i xr2B o2 KmimM;2M M ?2- /B2 /B~
#2rB Fi ? #2M FOMMi2M, wmK 2BM2M #27 M/2M bB+? BK h™ BMBM;b/ |
2XV K2? :BTb #/°'C+F2 Hb BK h® BMBM;b/ i2Mb ix mb o2 bm+? /XVX
bB+? pB2H2 :BThb #/ " C+F2 mMi2  /2M h” BMBM;b/ i2M- r2H+?2 pQM /
b+?H2+?i2 r "2M- Hb /B2 :BThb #/‘C+F2‘bm+? IXVUbB2?2 ##

##BH/mMM; OXR®B,:BTb #/ ' C+F2 KBidBiiBM;bB2/BQM2miHB+?2 Zm HBi ibmM@

89

i2°'b+?B2/2 m7r2Bb2M

.2 xr2Bi2 6 FiQ /2 ;2;2#2M2M7 HHb /B2 EH bbB}F iBQMb;Ci2 #22BN\
bBM/ /B2 >BMi2" ;"CM/2 m7/2M6QiQ m7M ?K2MX IMi2  /2M h® BMBM;k
7 ?2 /B2 > H7i2 /2 "BH/2° m7 2BM2K ;" m2M >BMi2 ; mM/ m7;2MQKk
[ i2Mb ix mb o2 bm+? /XVr 2M m+? p2 2BMx2Hi JCMx2M m7 M/2"°
7QiQ; }12°irQ /2M- HH2 /BM;br "2M/ b mbM ?K2M Ul RyWVX

.B2 M +?bi2 mz HHB;2EBHKKHBE26R@a+Q 2 r m+? ?B2  b+?H2+?i2" |
02°'bm+? /XVX m+? ?B2  HB2;i /B2 02" KmimM; M ?2-/ bb /B2 Zm HBi i
/27 " mM/ 7C" /B2 b+?H2+?i2 S2°'7Q K Mx BbiX

##BH/mM; 9XBR®, #/ " m+F KBi /2"rEfHbb 2



9XR h2bi2 ;2#MBbb2

mF_## 9XR8 Bbi 2BM2 JCMx 2 "KEHM2K TEiBRb+? / “;2bi2HHIX . b JQ
Bbi F mK xm 2 "F2MM2MX .2" :"Q=i2BH /2" "BH/2  /B2b2  EH bb2 ? ii
Zm HBi iX

.B2 M +?bi2M xr2B EH bb2M- r2H+?2 mz HHB;F2Bi2M x2B;i2M- bE
Zm /["BmM/ xmK M/2°2M /IBQmEHHRZL2XQ B2 #2B/2M EH bb2M ? #2M 2
:2K2BMb KF2BiX "2B/2 EH bb2M #2BM? Hi2M H.IQ in@iBD $Q@2bL2X .B
X2B;ixr2B KBi2BM M/2  p2 " #mM/2M2B8 72B#R2B.82 HiH2bb2B #Bb pB 2
S72°/2-/B2 Hbwm;iB2 2 ;2Mmixir2°/2MX AKwm;2 /2" EH bbB}F iB
EH bb2M Bbixm b2?2M-/ bb/ bJQ/2HHBMK M+?2M 6 HH2M /B2 #2
1br2°/2M bQrQ?H JQIBpZi2/ BHHOZN#H2 >QHbBbB}xB2 i- Hb m+?
MK;2F2?°1 JQiBp2 /20QEH BD2>HEBERH / BX

##BH/mM; 9X®i®p /2° EHLmb2BBM /2" /B2 EQ#BB2 >Q HR+?HB+?22 r2Bb?2
FH bbB}xB2 i rm /2

1,0:750 94 Wk

##BH/mM; 9XRAQ/2HH }M/2i F2BM2 2BM/2miB;2 EH bb2

"2bQM/2'b m7 /2  HBM[F2M JCMx2 BM ## 9XRe bB2?i K M-/ bb /B2
rB° /- bQM/2°"M > mTib +?HB+? /B2 S72°/2X

.B2 EH bb2- #2B /2" /B2 EH bbB}F iBQM K b+?H2+?i2bH2IK¥¢ #Db+?ME
JBi 2BM2K 6R@a+Q 2 pQMYy-R3 HB2;i/B2 S2°'7Q K MXx /2miHB+? m

88



9 1p Hm iBQM mM/ _2bmHi i2

8e

##BH/mMM; 9XQRMx2 KBi /12K JQiBp /ZHEH bb2

bJQ/2HH ? ii2 ;°Q=2 S'Q#H2K2 /B2b2 EH bb2 xm 2 " F2MM2MX 02 ;H:
/2° EH bb2 KBi/2M M/2°2M JQiBp2M- rB / 2 ' bB+?iHB+?-/ bb / b JQiB
J2'FK H2 m7r2Bbi|U ## 9XR3VX

1#2M7 HHb BK 02 ;H2B+? xm /2M EH bb2M b+?H2+?iIQQA#RDH+?MBii2M
JQiBp2 ?M2HM /ZHEHMbR2Bb2M F2BM2 K "F Mi2M J2 FK H2 m7X

##BH/mM,; OXRB,0 "B Mi2M /25@H bb2

"Bb m7 /B2 S~ Mx2M /B2 mb /2K hQT7 ?2° mb"™ ;2M- *H@Hi /2" hQT7

B2 H2ixi2 EH bb2 /2b JQ/2HHb- r2H+?2 mz HHB ;#2BAJYB X2B:i2- BDhi
/B2 S'2+BbBQM b+?QM M/2mi2i-r "2M /B2 K2Bbia®MBd@+?2mbb ;2M /2
FQ "2FiX

B2 mz HHB;F2Bi2M /B2b2  EH bb2 #2xB2?2M bB+? m7 /B2 h> Mb72 +
7 HH ? ii2 ;2H2Bbi2i r2°/2M F°MM2MX aQ bBM/ m7 2BMB;2M JCMx2M
EH b®#2BA22BM? Hi2M- 2#2M7 HHb MQ+? r2Bi2 2 JQiBp2 2Mi? Hi2M- |
JQ/2HH i BMB2'irm /2X aQ 2tBbiB2'2M JCMx2M m7 /2M2M bB+? MB
EH ba2B&#2}M/2i- bQM/2 M 2b }M/2M bB+? BM 2BMB;2M 6 HH2M xmb i
EH baR2M/BM; S2Q/QSIQ/BmMK7 /2" b2H#2M JCMx2 UpB2?22 ## 9XkyVX



9XR h2bi2 ;2#MBbb2

##BH/mM; 9X&GMx2M /2" Ed?BRBi r2Bi2"2M EH bb2M

AM F2BM2M /2" h2bi7 HH2r ~/ b JQ/2HH BK ai M/2 /B2 xr2Bi2 EH |
FH bbB}xB2 2MX LB+?ib/2biQi Qixr ~2b /2K JQ/2HH xmKBM/2bi K°
xm FH bbB}xB2 2M- Q#rQ?H m+? #2B /B2b2K JQiBp 2BM2 _2B?2
L2#2M /2M xmb ixHB+?2M EH bb2M ; # 2b JQiBp2 m7 /2M2M / b a
#:2#BH/2ir " #2 m+? JQiBp2 m7 /2M2M / b a+?Bz F2BM a2;2H #

##BH/mM; 9XRBR ,Mi2 /2" E&?BEBi 2BM2K a2;2H

-

AM ## 9XKkR bB2?i K M xr2B "2BbTB2H2 m7 /2M2M / b JQiBp 2BM -
6 HH2M FQMMi2 / b JQ/2HH / b a2;2H FQ "2Fi B/2MiB}xB2 2M- m-

MB+?i T2 72Fi BbiX

LmM rm'/2 BK H2ixi2M a+? Bii MQ+? ;2T C7i- Q# / b JQ/2HH BM /2
2°'F2MM2M- /B2 pQM 2BM2° M/2°2M JCMxbi ii2 bi KK2MX . xm rm
S2°; KQM mb /2" 02 bm+?b 2B?2 /XV ;2r ?HiX .B2 a+?MBiiK2M;2
02°'bm+?b 2B?2M #2bi M/ ne2/2aBEB Mb32-8QM mKI'"m HH

>2 / aBiiBM; S2Q@B mK| "mHH
bQM
Oo0Q " mb;2h ki8 N k R
00Q ;2;2#2M k8 Ry Ry Ry

h #2HH2 9KRRbPB}xB2 " mM;2M /2b JQ/2HHb 2XV m7 "BH/2"M /2" JCMxbi

8d



9 1p Hm iBQM mM/ _2bmHi i2

h #2HH2 9XRR x2B;i- / bb /B2>22/B/VAKMBEIHB Mb B2 /MNMHB+? #2b @

b2 #b+?M2B/2M- HIS/(B/BmIIIbhIXM 2BK /B ' 2Fi2M 02 ;H2B+? /2" #2B/z
h BMBM;b/ i2Mb ix2 H bbi bB+? 2BM2 02 " KmimM; m7bi2HH2M- rB2b
b+?B2/HB+? BK h2bi #;2b+?MBii2M ? #2MX

"2B/2M EH>®2b2&iWEBiIiBM; S2BWIMmM 2 ' F2MM2M-/ bbBM/2M h” BMBM; |
#2B/2° JCMxbi ii2M 2BM2 ;°Q=20 B Mx /2 JQiBp2 BMM2'? H# /2 EH
bQM/2 b #2B /2M SQ 'i" Bib ;B#i2b b2? pB2H2 mMi2 b+mBHHB+?2 JQi
Bbi mz HHB;-/ bb /B2 JQiBp2 ? miTbh +?HB+? /2M EQT7 2BM2b "mHH:
"B iBQM2M ##BH/2MX JCMx2M /2  b2H#2M EH bb2 mb /2  JCMxbi iiz
? mTib +?HB+? JQiBp2 pQM "mHH2M- /B2 KBi /2K ; Mx2M E° T2  #;2#

##BH/mM; 9XkkB JCMx2M /2" BHKHDB2 HBMF2 JCMx2 bi KKi mb S2°; KQM mM/ /
"2+?i2 mb S2°'BMi?QbX .B2 "Qi2M h2BH#2 2B+?2 F°MMi2M bB+?
/127 JCMx2M 2B;M2MX

## 9Xkk x2B;i 2BM2 JCMx2 mb /2  D2r2BHB;2M JCMxbi ii2X .B2 "Qi K
+?2 /2 JQiBp2 2B;M2M bB+? ;2;2#2M2M7 HHb Hb K "F Mi2 mbb+?ME
/2" EH bbB}F iBQM-BM T r2H+7?2 #2B/2JQiBp2/2 b2H#2MEH bb2xm;2
G2B/2° FQMMi2 /B2b2 h® Mb72 " H2BbimM; MB+?i pQM /2K JQ/2HH 2 #°

##BH/mMM; O9XkIB JCMx2M /2 'SEHBXhEB2 HBMF2 JCMx2 bi KKi mb S2°; KQM mM
/B2 "2+?i2 mbS2'BMi?QbX .B2 "Qi2MJ "FB2 mM;2M x2B;2M /B2 IN
JQiBp2 ?BMbB+?iHB+? /2" S72BH2 X

## 9Xkj x2B;i /12M IMi2 b+?B2/ /2" #2B/2M JCMxbi ii2M BK >BM#HB +

83



9XR h2bi2 ;2#MBbb2

SQ/BX§ ?°2M/ /B2 " mr2'F2BM /2  JCMxbi ii2 S2°; KQM K2Bbi2Mb |
S72BH2 M HBMFb mM/ xr2B S72BH2"'M "2+?ib / ";2bi2HHi rB /- 12",
JCMx2M mb S2°'BMi?Qb ? mTib +?HB+? KBi/m +?; M;B;2M S72BH:

8N



9 1p Hm iBQM mM/ _2bmHi i2

ey



8 .BbFmbbBQM

AK 6QH;2M/2M #b+?MBiir2°/2M mz HHB;F2Bi2M-/B2r ?2°2M/ /2" "2 ~
m7;2i 2i2M bBM/ #2bT Q+?2MX "2B /2" MMQi iBQM /2" . i2Mb ix2 i’
T Qx2bb 2BMB;2 6 ;2bi2HHMM;2M m7- /B2 2b xm FH "2M ; #X .B2 i
/B2 JQiBp2 MMQiB2 ir2 /2M-Bbi 2BM2 /B2b2 6 ;2MX

##BH/mM; 8MiR; b+?B2/HB+?2 J°;HB+?F2Bi2M /2° MMQi iBQM /2b 6

## 8XR x2B;i/ b JQiBp /2BEHBWMIZ2 xr2B MMQi iBQM2M KBi mMi2 b
HB+?2K .2i BHHB2 mM;b;” /X m7 /2> HBMF2M JCMx2 Bbi xm b2?2M
2BMx2HM2M 62/2°M /2b 6HC;2Hb KBi 2BM#2xB2?iX .B2 MMQi iBQM /
[/ ;2;2M Mm™ /2M 6HC;2H Hb : Mx2bX AK _ ?K2M /B2b2" "#2Birm /2
Hb /B2 mKxmb2ix2M/2 MMQi iBQM ;2r ?HiX 1BM mbbb+?H ;;2#2M/2
/ImM;r " /B2w2Bi2°'bT "MBbX IK/B2J2M;2 M xm 2 bi2HH2M/2M MMQI
rm>/2 /27 .2i BHHB2 " mM;b;" / /2> "2+?i2M o "B Mi2 ;2r ?HiX 1BM r2B
IMib+?2B/mM;r "2M /B2 0o B Mi2ZM BMM2 ? H# /2  EH bb2MX

##BH/mM; 8XIB7KQiBp /2bb2M ##BH/mM; F2BM2 62/2°M M /2M 6HC;?

eR



8 .BbFmbbBQM

## 8Xk x2B;i2BM2o0 "B Mi2/2b JOQBEFFBMHER20M2BM2 62/2°"M m7r2Bbi
JBi/2 g ?H7C /B2 mMT" xBb2 20 "B Mi2/2° MMQi iBQMrm'/2 p2 ' bm+"
2T b2Mi iBQM /2" EH bb2MBMbi Mx2M xm 2 "2B+?2MX

1BM r2Bi2°2b ST Q#H2K- r2H+?2b #2B /2° MMQi iBQM /2" . i2M m7i i
/ bbJQiBp2-r2H+?2 1H2K2Mi2 2Mi?B2Hi2M /B2 bB+? C#2 H TT2M- m7 X
r2°/12M FQMMi2MX wmK 2BM2M Bbi 2b K°;HB+? /B2 6Q K 2MibT 2+22M/ /=
xmK M/2°2M Bbi2b K°;HB+? /B2 aBH?Qm2ii2 /2b JQiBpb #xmi bi2M- Q?
/2b SQHV;QMb F'2mx2MX

UV J° HB+?F2Bi U#V J°;HB+?F2Bi "

##BH/mM; &X2B o "B Mi2M /2° MMQi iBQM pQM 2BM2K JQiBp-/ b bB+? C#2°
K2Mi2 #2BM? Hi2iX

## 8Xj bQHH /B2b p2 ' /2miHB+?22MX M /2" ai2HH2- M /2M2M bB+? /E
S2'bQM F 2mx2M-bB2?2iK M/2M IMi2 b+?B2/ xrBb+?2M /2M #2B/2M MM
x2B;irB2 bB+? /B2 GBMB2M /2b SQHV;QMb C#2 b+?M2B/2MX "2B J°;H
/ b SQHv;QM M /2" aBH?Qm2ii2 /2" bBix2M/2M S2°bQMX P# mM/ rB2 bB
MMQi iBQM m7 /B2 :Ci2 /2b JQ/2HHb mbrB "F2M- Bbi 2BM BMi2 2bb M
XMFCM7iB;2M 6Q b+?2mM;2M #2i> +?i2ir2 /2M bQHHi2X

1BM r2Bi2°2° M2MM2Mbr2'i2° 6 FiQ /B2b2° "#2Bir /B2 o "B Mx /2 .
p2'r2M/2i2M"BH/2 X "2;BMM2M/ pQM/2M FH2BMbi2ZM"BH/2 " MBM /2" m-~
SBt2H- "2B+?i2/B2:°°=2 /2" "BH/2  #Bb ?BM xm 2BM2" m~°bmM; /B2 kyyy
AK _ ?K2M /B2b2" "#2Birm /2- /B2 pQK JQ/2HH pQ ;2;2#2M2 1BM; #2;
"2BK 1BMH2b2M /2" . i2Mr2°/2M /B2 "BH/2" m7 2BM2 :°°=2 pQM Ryk9tF
P#/m +? 2BM2 2BM?2BiHB+?2 :°°=2 /2" 1BM; #2#BH/2°  2BM2 ai2B;2 " mM
2°°2B+?ir2°/2MF MM- #H2B#i xm T ' C72MX

AMO0o2 bm+?22XVIrm /2M /B2 S72°/2/2b JQZBp b-B 2NH,2722 Ji2M-H 2o b 2

ek



EH bb@m#H2 >0Qmh2Q /M2iX 1BM2 b2Bibr " /B2b MB+?i/ b ;2rCMb+?i2
EQK#BM iBQM mb S72°/2M- _2Bi2 " MmM/wm;r ;2M HbJQiBp ;2bm+?i
/IB2b2 h2BHFH bbB}F iBQM /2b JQiBpb m+? J°;HB+?F2Bi2MX C2 M
/IB2b2b 02 ? Hi2M /2b JQ/2HHb m+? rCMb+?2Mbr2 i b2BMX "2BbTB?2
S72/2KQiBp2M m7 JCMx2M ;2bm+?i Q/2° M +? /B2b2M ;2+Hmbi2"i
r "'22BM2 02" HH;2K2BM2 " mM;-bQ/ bb MB+?2i Mm " M +? hB2'2M m7 /2
FMM-bQM/2°M m+? M +? mMi2 b+?B2/HB+?2M P#D2Fi2M /B2 m7 /2
"2B /2" EHaRBZmM /2M /B2 h2BHKQiBpS8Q2BEBGrBE2VM/BM; S2 bQM
MB+?i 2°F MMiX 6C" /B2 2'r ?Mi2 h2BHFH bbB}F iBQM /2  JQiBp2- F°|
2BMx2HM2M EH bb2M 2BM2b JQiBpb xm MMQiB2 '2MX AM /B2b2°
r2MM /B2 h2BHKQiBp2 Mm™ 2BM2M b2?  FH2BM2M "2 2B+? /2b "BH/2b
.2° H2ixi2 2°r ?M2Mbr2°i2 bT2Fi Bbi /2> mMi2 b+?B2/HB+?2 >BMic:
#2Birm' /2 M;2MQKK2M-/ bb/ b #bi®> FIBQMbH2p2H /2b JQ/2HHb BN
i2°;"mM/ MB+?i BM /B2 EH bbB}F iBQM KBi2BM~B2=2M xm H bb2MX
2p HmB2 ir2 /2M-Q#/ b 1Mi72 M2M #2xB2?mM;br2Bb2 02 2BM?2BiH
1BM; #2#BH/2°  xm 2BM2 ai2B;2 mM; /2  S2°'7Q K Mx #2Bi~ ;2MrC /2

ej



8 .BbFmbbBQM

e9



e 2bCK22 mM/ 6 xBi

.B2 “#2Bi ? ii2 xmK wB2H KBii2Hb 2BM2b ;22B;M2i2M J +?BM2 G2 |
K iBbB2'i2 1" F2ZMMmMM; pQM mMi2 b+?B2/HB+?2M JQiBp2M m7 /Bp2°
rB+F2HMX JBi /2> 1"F2MMmM; bQHHi2 2b 2" K°;HB+?ir2°/2M- JCMxbi
M p2 b+?B2/2M2M JCMx2M mM/ JQiBp2M- m7xmi2BH2MX .B2b2 m7
MmH "Bi i /2  EH bbB}xB2 mM; /2" JCMx2M 2Mi;2;2MrB"F2M- mK /2M
"BH/FH bbB}F iQ" b mM/ bQKBi m+? /2M "BH/FH bbB}F iQ b2H#bi- xr

IMi2® /B2b2K >BMi2 ;" mM/ rm™/2 ;2T C7i- Q# bB+? J bF _@*LL Hb
/IB2b2 m7; #2 xm H°b2MX

wmM +?2bi Kmbbi2M 7C~ 2 bi2 02 bm+2?2 ;22B;M2i2 h> BMBM:;b/ i2M-
/[2°"M-;2b KK2Hir2/2MX .B2b2 bi KKi2M mb mMi2 b+?B2/HB+?2M Zm
XxmK h2BH MMQiB2'i mM/ xmK h2BH Q?M2 MMQi iBQM2MX 1BM : Q=i
JCMxbi ii2M m7;2i2BHiX

L +? #;2b+?HQbb2M2° MMQi iBQM rm /2 BM 2BM2K 2 ' bi2M 02 bm+
;2M2°2HH BM /27 G ;2 Bbi JQiBp2 m7 JCMx2M xm 2 ' F2MM2MX . xm rm
FQKTH2t2 JQiBp2 ;2r ?Hi mM/ 2BM JQ/2HH i BMB2 iX .B2 IMi2 b+?B2
:Ci2 /2 2BMx2HM2M EH bb2M 2MibT™ +?22M /2M 1°r "imM;2MX

AKM +?bi2M o2 'bm+?rm /2 ;2i2bi2i- Q#/ b JQ/2HHBM /2 G ;2 Bbi
PQM 2BM2" bBix2M/2M xm mMi2 ' b+?22B/2MX . b JQ/2HH FQMMi2 /B2 n
S2°bQM 2" F2MM2M mM/ C#2 i 7/ b pQ ?2'B;2JQ/2HH BM D2/2" J2i"l

J M;2Hb . i2M #° +?i2 /2" ["Bii2 02 ' bm+? F2BM2 "2H2p Mi2M 1 ;2#M

AM 02 bm+? /IXV rm /2M mMi2 ' b+?B2/HB+?2 JQ/2HH2 ;2T 'C7i- r2H
i2S2°; KQM Hb h” BMBM;b/ i2M p2 ' r2M/2i2MX .B2 JQ/2HH2 mMi2 b+
/2 J2M;2 M h BMBM;b/ i2M- bQrB2 /2° Mx ?H /2  h> BMBM;b/m +?t}
1'F2ZMMiMBbb2 mb /2 02 bm+?b " 2B?2rm /2M ;2Mmixi mK /B2 mMi2 k
M +?bi2M 02 ' bm+?b 2B?2 Mxmr2M/2MX

AKH2ixi2M o2 bm+?2rm /22BMJQ/2HH i BMB2 i- r282"BRWMiPQMX2 M /
FH bbB}xB2'2M bQHHI2X .B2 J2M;2 M h” BMBM;b/ i2M mM/ /B2 Mx
rm /2 M? M/ /2 1°;2#MBbb2 /2b pQ ?2°'B;2M 02 bm+?b 72bi;2H2;iX

wm/2K rm /2 BK H2ixi2M 02 bm+? ;2T C7i- Q# / b JQ/2HH BK ai M
JCMx2M 2BM2° M/2°2M JCMxbi ii2 xm FH bbB}xB2 '2MX 1brm /2M / ;
/12°2M JQiBpFH bb2M BM #2B/2M JCMxbi ii2M pQ " FQKK2MX

1" F2ZMMiMBbb2- /B2 mb /B2b2" "#2Bi ;2rQMM2M rm /2M bBM/,

e8



e 2bCK22 mM/ 6 xBi

RX JQ/2HH2 /B2 KBi TQHV;QM H MMQiB2'i2M . i2M i  BMB2'irm'/2M
M H#2bb2 2 S2°7Q°K MXx BK 02 ;H2B+? xm JQ/2HH2M- /B2 KBi "QmN
rm>/2MX

kX .B2 TQHV;QM H2 MMQi iBQM 2BM2b JQiBpb F MM- D2 M +? 0Q ;27
HB+? mb7 HH2M- bQ/ bb #2BK FQHH #Q  iBp2M MMQiB2 2M /B2 of
72bi;2H2;ir2°/2M bQHHI2X

jX . bJQ/2HH Bbi BK ai M/2 K22 2 2 AMbi Mx2M 2BM2" EH bb2 m7 2B
}1xB2 2MX

9X C2 M +? EH bb2rm /2M m+? mMi2 b+?B2/HB+?2 0 B Mi2M 2BM2b
xB2 iX

8X JQ/2HH2-/B2 m7 . i2M 2BM2 JCMxbi ii2i° BMB2 irm /2M-bBM/ B
JCMx2M M/2 2 JCMxbi ii2M xm FH bbB}xB2 2M-r2MM /B2 o "B Mx /:
2BM2°  EH bb2 BM/2M h” BMBM;b/ i2M ?BM 2B+?2M/; Q=1 X

B2 1 ;2#MBbb2 /B2b2" “#2Bi ? #2M p2 /2miHB+?i-/ bb /B2 2 bi2M 02
F2MMmM; KBii2Hb J bF _@*LL #2 2Bib :mi2 1 ;2#MBbb2 HB272 M FQMM|
h> BMBM;b/ i2M 7C~ /2M "2 2B+? /2  "BH/2 F2MMmM: p2 ? HiMBbK =B F
6C° /2M h> BMBM:bT Qx2bb bQHHi2 / MM HH2/BM:b m7 H2BbimM:bbi
"Bz2M r2 /2M-/ /2  h> BMBM:bT Qx2bb #2°2Bib BM /B2b2" “#2Bi 2BM
MbT m+? ;:2MQKK2M ? iX .2  h> BMBM:bT Qx2bb /2b H2ixi2M JQ/2HHb
2XV / m2'i2 + X bB2#2M aimM/2MX
1BM r2Bi2°2 6 FiQ - r2H+?22" BM xmFCM7iB:2M “#2Bi2M #2i> +2i2i r2°/
K “:BM H2 02 #2bb2 mM: /2b M2m QM H2M L2ix2b #2B LmixmM: pQM "B
MMQi iBQM BK h> BMBM:bT Qx2bb /2M J2?  m7r M/ BK MMQi iBQMbT C
MMQi iBQM /2" "BH/2  KBi "QmM/BM;@"Qt2M “2+?i72 iB;iX 1BM2 EQbi2
SQHV:QM p2'bmb "QmM/BM;@"Qt MMQi iBQM Bbi #2bQM/2 b #2B ;' °=2
2bb MiX . bB+? /B2 S2°7Q K MXx M2m QM H2  L2ix2 KBir +?b2M/2" . i2M
P2 #2bb2i-r 2 2BM 02 ;H2B+? /2" "2H iBp2M 02 #2bb2 mM; /2> JQ/2HF
MMQi iBQMb i bT MM2M/X

eXR mb#HB+F

.B2 1°;2#MBbb2 /B2b2" "#2Bi ? #2M ;2x2B;i- / bb / b SQi2MxB H xm~ L
_@*LL7C /B2 1 F2MMmMM; pQM JCMxKQiBp2M pQ "? M/2M BbiX

.B2 o2 r2M/mM; pQM ;" °=2"2M . i2MK2M;2M-bQrB2r2Bi2 " 2M PTiBKB2"
[2°>vT2 T ° K2i2° K +?22M 2BM2 02 #2bb2 " mM; /2" miQK iBbB2'i2M 1 F.

ee



eXR mb#HB+F

.B2 MMQi iBQM /2  h" BMBM;b/ i2M Bbi pQM ;' Q=2""2/2mimM; 7C"
MM/ bQKBi m+? 2bb2MiB2HH 7C" /B2 02 r2M/mM; pQMJ bF _@*LLX 1
bB+? / KBi 2 ;B#i- Bbi /B2 r2Bi2 2 02 #2bb2 mM; pQM MMQi iBQMbb(
bB2'i2M MMQi iBQM-/B2 2BM2M b+?M2HH2 2M mM/ [m HBi iBp ?2Q+7
2°'K°;HB+?2M F MMX

6C " xXmFCM7iB;2 "#2Bi2Mr "22b/2MF# ~;°°=2"2. i2MK2M;2M KBii2
xm ;2M2°'B2°'2M mM/ / b M2m QM H2 L2ix / MM KBi K2?" . i2M xm i B
M2M7 HHb r2Bi2°2 S2°7Q K Mxp2 ' #2bb2 " mM;2M xm 2'BR2H2MX 1Mib
2'K°;HB+?2M MB+?i Mm /B2 m;K2Mi iBQM /2" "BH/2 -bQM/2 "M T QL
2#2M7 HHb m7 /B2 / xm;2?° B;2M MMQi iBQM2MX . KBi 2Mi7 HHi /:
m7r M/X P# /B2 m;K2Mi iBQM pQM h” BMBM;b/ i2M /B2 1z2FiBpBi i
F MM- KCbbi2 BM M +?7QH;2M/2M "#2Bi2M 2°°7i27ir2°/2MX

R2iiTb,ffBK; m;X 2 /i?2/Q+bXBQf2MfH i2bif

ed



e 2bCK22 mM/ 6 xBi

e3



eN



dy



M? M;

b;2b Ki2 STQD2Fi KBi Zm2HH+Q/2 rB'/ mMi2  7QH;2M/2K GBMF
?21iTb,ff?22bb2M#Qt@ RyX xXmMB@7 MF7m iX/2f;2iIHBMFf}JR/91

dR



dk



GBi2  im p2 x2B+?MBD

( #/Rd) q H22/ #/mHH X J bF _@*LL 7Q Q#D2+i /2i2+iBQM M/ BMt
QM E2 b M/ h2MbQ 6HQr- kyRdX Sm#HB+ iBQM hBiH2, :Bi>r

(" HRS) ai2T?2M " H # MX .22T H2 "MBM; M/ 7 +2 "2+Q:MBiBQM
"BQK2i'B+ M/ bm p2BHH M+2 i2+?MQHQ;v 7Q° ?2mK M M/
SAAN98d,e3 d8- kyR8X Sm#HBb?2", aSA1X

(*GPky) *GPI.6 *hP_uX AK ;2 MMQi iBQM 7Q  *QKTmi2 oBbBQM
G #2HBM:; oBbm H . i 7Q  uQm  J +?BM2?GIbMBMXS QD2+
+HQmM/7 +iQ VX+QKfBK :2@ MM®YKBXQM® m¥Bi2 K Ky X RkXKkyKk

(*QRS8) 6° M+QBb *?QHH2i M/ Qi?2 bX E2" b- kyR8X Sm#HBb?2",

(.*ERd) a B> "b? .mKTH-_mTvM*?F #Q iv- M/ amMBH EmK °
66LL, T BQ BFMQrH2/;2 BM7mb2/622/@7Q ' r "/ L2m  H L2ir

(6>uURN) >B QMQ#m 6mDBvVQb?B- hbm# b >B  Fr- M/ hF vQb?B
H2 "MBM:@# b2/ BK ;2 "2+Q;MBiBQM 7Q hadQMBX Queb / Bp
9jU9V,k99 k8k- kKyRNX

(6a>y9) EX6i ? HB M-CX am;2°K M- M/ SX> M" ? MX IM/2 bi M/BI
:S1 H;Q ' Bi?Kb7Q J i'Bt@J i Bt ImISIBFRBAB MB,Q DX AN *J
aA::_ S>fll_P:_ S>A*a *QM72°2M+2 QM :" T2B*pga /r 2
0y9- T ;2b Rjj Rjd- L2r uQ F- Lu- la - kyy9X bbQ+B iBQM 7¢C
J +?2BM2 vX 2p2Mi@TH +2, :"2MQ#H2- 6" M+2X

(: MR3) _Q?Bi? : M/?BX _@*LL- 6bi _@*LL- 6 bi2° _@*LL- uPGF
2i2+iBQM H:Q Bii?hXiQr /b/ i b+B2M+2X+QKf @+MM@ 7 |
+MM@7 bi22@ @+MM@VQHQ@Q#D2+i@/2i2+iBQM@ H:;Q Bi?
KyR3X "2bm+?2i K kyXRKkXkykkX

(:"*Re) A M :QQ/72HHQr- uQb?m "2M;BQ- MRT KM XEBiMipBHH2X
T 2bb- kyReX

(:*yN) h?B ;Q aX :mx2HH M/ g HKB™ JX * KBM? bX "2pB2r
H2 "MBM; TT Q +?2b iQ aTlKTRHizaBdM2Xb rBi? TITHB+ iBQ
jeUdV,Rykye Rykkk- kyyNX

dj



GBi2° im'p2'x2B+?MBb

(:..JRj) _Qbb :B'b?B+F-C2z .QM ?m2- h"'2pQ . ""2HH- M/ CBi2M/" J HE
?B2° "+?B2b 7Q° ++m’ i2 Q#D2+i/2i2+iBQM M/ b2K MiB+ b2;K?2

(:B"R8) _Qbb "X :B'b?B+FX 6Qi- @bfR8y9Xy3y3j- kyR8X "sBp,
R8y9Xy3y3jX

(> My3) HH M > M#m vX bm ' p2v Q7 K2i?Q/bT@m BWK H2Q ¥ MEX m BH) M X
G M;m ;2b *QKTRMNBUWBV,eRd ekd- kyy3X

(>"ky) #/mH JIJm22/ > }x M/ :?mH KJQ?Bm//BM "? iX bm p2v QM BM
K2Mi iBQM, bi i2 QAMI2 MIXBQM HDQmMm M H Q7 KmHiIiBK2/B BN\
"2iB2pNHjV,RdR R3N- kykyX Sm#HBb?2", aT ' BM;2 X

(>1ky) "2'1 >2BMB+?b M/ aBKQM " 1B+F?QzX uQm  2pB/2M+2\ J
H;Q Bi?Kb 7Q° K2/B+ H /B ;MQbBbmMK/MT #/BMiBKQ MXBM;
9RUeV,R9j8 R999- kykyX Sm#HBb?2", gBH2v PMHBM2 GB#  "vX

(>:.:Rd) E BKBM; >2-:2Q ;B :FBQt 'B-SBQi" .QHH€ - M/ _Qbb:B ' b?B+
AMyYyRd A111 AMi2"M iBQM H *QM72°'2M+2 QM *QKRmi2  oBbBQ
kN3y kN33- kyRdX

(>w_aR8) E BKBM; >2- sB M;vm w? M;- a? Q[BM; _2M- M/ CB M amM)
G2 "MBM; 7Q  AK ;2 2+Q:MBiBQM- kyR8X

(E" R8) _m/QH7 E'mb2-*?"BbiB M "Q ;2Hi- *?"BbiB M " mM2- 6" MF E
JQ2r2b- M/ J ii?B b ai2BNK2m?PABQM H AMi2HHB;2M+2, 1BM2
/IBb+?2 1BM7C? mM; BM ECMbiHB+?2 L2m QM H2 L2ix2- 1pQHn
bmxxv@avbi2K2 mM/ X aZbBM;2ix8 +?K2/B2M gB2b# /2M- qB2b# |
kyR8X

(G MRR) /"B M G M;2X .B ;7 KK 2BM2" J+*mHHQ+?@SBiib@w2F
?2iiTb,ffmTHQ /XrBFBK2/B XQ ;frBFBT2/B f+QKKQMbf f df.B ;°
Q7n nNJ+*mMHHQ+?@SBiHk@RRMHXbm+?i K KkyXRkXkykkX

(G.*Re) hbmM;@uB GBM- SBQi" .QHH€ - _Qbb :B'b?B+F- E BKBM; >2-
M/ a2 ;2 "2HQM;B2X 62 im 2 Sv> KB/ L2irQ Fb 7Q  P#D2+i .2i2+

(GJ*R9) hbmM;@uB GBM-JB+? 2HJ B '2-a2 ;2"2HQM;B2-Gm#QKB" "Q1
C K2b > vb- SB2i' Q S2°QM - .2p _ KM M-*XGr 2M+2 wBiMB+
.QHH€ X JB+ QbQ7i +Q+Q, *QKKQM Q#D2+ib BM +QMi2ti- kyR9>

(Ga.R8) CQM i? MGQM;-1p Ma?2H? K2 - M/ h 2pQ . "2HHX 6mHHvV
rQ'Fb 7Q " a2K MiB+ a2 K3SVMQ4BDYEBM AM7 i?2 A111 *QM72 2M+2
*QKTmi2  oBbBQM M/ S ii2'M _2+QCMBIBRWRBX0S V

do



GBi2° im'p2 ' x2B+?MBI

(J SSR8) J "iQM # /B- b?Bb? ; 'rH-S mH" "?2 K-1m;2M2 ""2p/Q- w
** B;*Bi'Q-:"2;aX*Q " /Q- M/v. pBb-C2z'2v.2 M-J ii?B2m
Dv:?22Kri-A M:QQ/72HHQr- M/ 2r > "T-:2Qz 2v A'pBM;-J
u M;[BM; CB - _ 7 HCQx27QrB+x- GmF bx E Bb2 -J MDmM i
p2M#2° ;- . M/2HBQM J MO- _ D iJQM; - a?2 'vJQQ 2- .2 2F
PH ?- JBF2 a+?mbi2 - CQM i?QM a?H2Mb- "2MQBi ai2BM2" - .
h Hr "-S mHhm+F2 - oBM+2Mi o M?Qm+F2- oBD vo bm/2p M-
P ' BQH oBMv Hb-S2i2q /2M-J 'iBMqii2M#2 ;-J 'iBM qB+F2
sB Q[B M;w?2M;X h2MbQ 6HQr, G ";2@a+ H2J +?BM2 G2 "MI
avbi2Kb- kyR8X

(JQm) /BHJQmD ?B/X S +iB+ HAMi'Q/m+iBQM iQ .22T G2 "MB
i?7QM ff /BHJQmD ?B/ff. i M HviR+ibl,M//BRKXXmD ?B/X
+QKfTQbibfkyRefyefBMi Q/ m+iBQM@/22T@HX "MBM@@ TVi?C
bm+?i K kyXRkXkykkX

(JS9j) q "2MaJ+*mHHQ+? M/q Hi2 SBiibX HQ;B+ H+ H+mHmb ¢
BM M2 pQmbh?BHBHN2IBM Q7 K i?2K iBYIVH#BRT RjjBRN9jX
SmM#HBb?2", aT ' BM;2 X

(JSeN) J "pBM JBMbFv M/ a2vE@m2Bi TRMIX, M AMi'Q/m+iBQM iQ *
i iBOQM H :2QKPANWS 2bb- * K# B/;2-J -la - RNeNX

(Jm RK) E2pBM S Jm+PBWX2 H2 "MBM;, T Q# #BXBIABH T20b-T2+iB
kyRkX
(JgyR) . pB/J2v2" M/ 6h gB2MX amTTQ i p2+iZxb R UjAB Mj2be-

kyyRX Sm#HBb?2 , _@L2rb mbi B X

(MQ ) >Qr /Q *QMpPQHMIBQM H L2m»? kT2 ffQREKH®DAF?QQHT?Qrn
+QMpPQHMIBQM HnM2m™ HnM2iXQ 2mbom®i° AKXRY KRk X ky k k X

(MQ kR) q? i Bb *QMi BMZNT,QmEXIR+F2 X+QKf 2bQm +2bfr?
+QMi BM2'@p2K#2" kykRX

(L_aRy) L x'BJQ?/ L rB-_XaX _ MbBM:-JQ?/ L DB# JQ?/ a HH2?-
HB- M/ LQ ? K'22x #/mH > KB/X M AKT Qp2/ " +F S QT ;
L2irQ F H;Q Bi?K QM *H bbB}+ iBQM S Q#H2KbX AM u M+?
*mxxQ+'2 - CB M?m J - EVQ@BH *?mM;- hm;?2 " mH “bH M- |
2/BiQ.kL-# b2 h?2Q°v M/ TTHB+ iBQM- "BQ@a+B2M+2 M/ "
T ;2b Rdd R33- "2 "HBM- >2B/2H#2 ;- KyRyX aT BM;2" "2 HBM

d8



GBi2° im'p2'x2B+?MBb

(SL/aky) _ 7 2H S /BHH -a2;BQ GX L2iiQ- M/ 1/m '/Q X "X/ aBHp X
7TQ K M+2J2i'B+b 7Q P#D2+i@.2i2kyBQ WNMH2 QM BiiB?® M XHA'ND M @
72°'2M+2 QM avbi2Kb- aB;M Hb M/ AK ;2-ST Q2R khB MO KJAgaaAS'
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hQr /b 2 H@hBK2 P#D2+i .2i2+iBQM rBi? 2;BQM S QTQb H L~

(_Qb83) 6 MF _Qb2M#H iiX h?2 T2 +2Ti'QM, T Q# #BHBDbiB+ KQ/2|
2 M/ Q' ; MBx iBQM B SIbiw2#) HEMB+ ¢I8 298 JBe- RN83X Sm@
#HBb?2', K2'B+ M Sbv+?QHQ;B+ H bbQ+B iBQMX

(a+?R9) Cm2 ;2M a+?KB/?m#2°X .22T G2 "MBM; BML2m™ HL2irQ Fb,
kyR9X

(a? ky) .2 mpBH a? ?X J bF _*LL BKTH2K2Mi iBQM QM +mb
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#2° KyRjX
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(WEay3) a2# biB M w K# MBMB-J "iBM E KT2H- M/ J "BQ a+?H TF
*QKTmi2 oBbBQM 7Q  LmKBbK iB+ 2b2 “+2X T :2b Rd k9- C

(WEwyd) J B w ? 'B2p -JXE KT2H- M/ a2# biB Mw K# MBMBX AK
iBQM Q7 M+B2Mi**QB Mpyd X M

wZ" m X “ w?m ;- w?Bvm - vm .m - ; sB-u ;

Z"kR) 6 ?22M w? M ?B M ZB- E2 M- .QM;#Q sB QM
w?m->mB sBQM;- M/ ZBM; >2X *QKT 2?2MbBp2 am p2v QM
S'Q+22/BM;b Q7-iRgMURY,9) de- kKykRX
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