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Uoogggod

While advancements in deep learning have been largely possible due to the availability of
large-scale labeled datasets, obtaining labeled datasets at the required granularity is chal-
lenging in many real-world applications especially in scientific domains, due to the costly
and labor-intensive nature of generating annotations. Hence, there is a need to develop new
paradigms for learning that do not rely on expert-labeled data and can work even with in-
direct supervision. Approaches for learning with indirect supervision include unsupervised
learning, self-supervised learning, weakly supervised learning, few-shot learning, and knowl-
edge distillation. This thesis addresses these opportunities in the context of multi-modal data
through three main contributions. First, this thesis proposes a novel Distance-aware Nega-
tive Sampling method for self-supervised Graph Representation Learning (GRL) that learns
node representations directly from the graph structure by maximizing separation between
distant nodes and maximizing cohesion among nearby nodes. Second, this thesis introduces
effective modifications to weakly supervised semantic segmentation (WS3) models, such as
stochastic aggregation to saliency maps that improve the learning of pseudo-ground truths
from class-level coarse-grained labels and address the limitations of class activation maps.
Finally, this thesis evaluates whether pre-trained Vision-Language Models (VLMs) contain
the necessary scientific knowledge to identify and reason about biological traits from scien-
tific images. The zero-shot performance of 12 large VLMs is evaluated on a novel VLM4Bio

dataset, along with the effects of prompting and reasoning hallucinations are explored.
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While advancements in machine learning (ML) such as deep learning have been largely
possible due to the availability of large-scale labeled datasets, obtaining high-quality and
high-resolution labels is challenging in many real-world applications due to the costly and
labor-intensive nature of generating annotations. This thesis explores new ways for training
ML models without relying heavily on expert-labeled data using indirect supervision. First,
it introduces a novel way of using the structure of graphs for learning representations of
graph-based data. Second, it analyzes the effect of weak supervision using coarse labels
for image-based data. Third, it evaluates whether current ML models can recognize and
reason about scientific images on their own, aiming to make learning more efficient and less

dependent on exhaustive labeling.
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7Q° i?2 7Bp2 b+B2MiB7B+ i bFbX _7"2bH a2+QMN#2XDi@+Q/2/
gO b a2+QM/ R MIX X X X X X X X X X X X X X X XeX X X X

I9Xj W2 'Q@a?Qi ++m’ +v2QKTKBBNK7Qi D2ibX 2bmHib
"2 +QHQ @ "2b2a2+QM/ +gQ b-a2+QM/ regXbX X X Xe¥X X

9X9 w2'Q@b?Qi ++m’ +v +QKT 'BbQM 7Q" /B772 2Mi T'QKTIiBWN
0GJb UBM W > M;BM; 7°QK y iQ RyyVX _2b"2hbM7/2 +QHQ @ +

gOQ XX X X X X X X X X X X X X X X X X X X X X X« X X X

9X8 S22 7Q K M+2 Q7 b2p2M oGJb QM i?2 LPh M/ 6*h 2 bQMBM;
"2 +QHQ @ "2b2M. gQ bX X X X X X X X X X X X X EdX X X X

tt



*XR ai iBbiB+b Q7 1?72 0oGIX'EKQX/ X B2ZKXX X X X X X X RKRX X X X

*Xk w2 ' Q@b?Qi ++m  +v+QKT "BbQM Q7 0GJ# b2HBM2b UBM W
rBi? "BQ*GAS 7Q  i?2 bT2+B2b +H bbB7B+ iBQM i bFX _2bmH
"2bi MgQ BIX X X X X X X X X X X X X X X X X XRRXN X X X

ttB



*?2 Ti2 R

AMIi Q/m+iBQM

qBi? i?2 /p M+2K2Mib BM /22T H2 "MBM; i2+?MB[m2b- ‘iB7B+B H A
BMi2;" HiQ MmK2 ' Qmb bT2+ib Q7 / BHVHB72- "2pQHmMIiBQMBXBM; I
M/ K2/B+ H "2b2 "+?2 iQ +°2 iBp2 /2bB;MX h?2 T°Q; 2bb Q#b2 p2/ B
b2p2° H F2v /2p2HQTK2Mib Qp2 i?22 T bi/2+ /2X

6B bi- i?2 /2p2HQTK2Mi Q7 +QKTH2t M/ H ;2 KQ/2HBM; 77 K2rQ |
RKd *QMpPpQHMIBQM H L2m " H &RirQ FD UIMPOKmMiBQM H L2irQ Fb
B88-:2M2" iBp2 /p2'b "B HL2ij€-FM/UBEZYMbBQN) KQL2RPQHMIBQM:
Bx2/i?2 T 2/B+iBp2 + T #BHBiB2b Q7 /22T H2 "MBM; KQ/2Hb + Qbhb
i2ti- BK ;2b- M/ ;> T?bX //BiBQM HHv- i?2 2K2 ;2M+2 Q7 H ;2 70Q
bG ;2G M;m ;2 JQ/2Hb UGGJbV M/ oBbBQM@G M;m ;2 JQ/2Hb U
(NSRY)y *H mM2 GG Jk(- :2KBRIB3(2i+X- T'QpB/2b p2'b iBH2 + T #BHB
K2°'Qmb /QrMbi*2 K TTHB+ iBQMb + Qbbp 'BQmb/QK BMbX a2+Q!
biQ ;2 M/ +QKTmiBM; i2+?MQHQ;B2b-bm+? b :Slb M/ hSlb-? b 2M
Q7 /22T H2 "MBM; K2i?Q/b BM i2 Kb Q7 iBK2 M/ bT +2 +QKTH2tBivX

JObiBKTQ' i MiHV-H ;2 pQHmMK2b Q7 /i 7°QKp 'BQmb KQ/ HBiB2b-
bT22+7?-7? p2#2+QK2 p BH #H2 7 QK KmHIBTH2 bQm +2b bm+? b BN\
BK ;:2b 7°QK bQ+B HK2/B -+ K2  i> Tb-/"QM2b- M/ Kmb2mKbX 6Q
** rH/ i bReRYe+QKT Bb2bj3e hB" Q7 i2ti +QHH2+i2/ #v + rHBM; kX
M/ i?Bb /i b2i? b#22M BMbi mK2Mi HBM T 2@i° BMBM; H ;2 7Qr

R
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Rye M/ GG JREKX

*QMpP2MiBQM H /22T H2 "MBM; KQ/2Hb H2 "M i?'Qm;? bmT2 pBb2/
H #2H2/ i BMBM; /i b2ibi? i "2 bT2+B7B+ HHv +m’ i2/ 7Q i ;2i2
K BMbX q?2M T QpB/2/ rBi? BMTmi/ i -i?2b2 KQ/2Hb QTiBKBx2 i?2
+ H+mH iBM; i?2 HQbb #2ir22M i?2B" T 2/B+iBQMb M/ i?2 +Q "2bT(
UBBV # +FT QT ; iBM; i?2 ;" /B2Mi Q7 i?2 HQbb iQ mT/ i2i?2 KQ/2H

6B;MRXRHHmMbi" i2bi?2 ;2M2° HbmT2 pBb2/ H2 "MBM; 7° K2rQ F Q7
i?Bb 7° K2xQ R-T 2b2Mib i?2 KQ/NFHBEB ;BMBTBR-b i?72 KQ/2HGb T 2/B+i
yO /2MQi2b i?2 i “;2ip "B #H2- HbQ FMQrM b ;" QmMM@ibm22 H #2H]
b2i @BMTmi p Hiv2bo MR b2n QQmM/@i mi? H #2Hb BM i?2 i~ BMB N\

h?2 [m HBiv M/:> MmH "Biv Q7 ;YOmMM/@i2mQ?Bk 22K itH Bf2Hb
2p2 v QmiTmi BMOBMH24#2H2/ ++Q /BM; iQ i?2 “2[mB 2/ ;> MmH “Bi
i bFb M/ rBi?Qmi Mv BKT2'72+iBQMb Q° MQBbv H #2HbX

6B;m 2 RXR, :2M2° HH2 MBM; 7 K2rQ F Q7 /22T H2 "MBM



SYSY +Nzaaféiy OéHYz é0é1'O N2,y Hza7a j
RXR *? HH2M:2b BM G2 MBM:; rBi? 1tT2 i G #

*QMpP2MiBQM H /22T H2 "MBM; KQ/2Hb H2 "M mM/2  i?2 /B 2+ibmT2
BM; /i-r?B+? "2[mB 2b /QK BM 2tT2 iBb2 M/ 2t? mbiBp2 MMQi iE
bi'2 Ki bFX DbB;MB7B+ Mi /p M+2K2Mi BM /22T H2 "MBM; KQ/2H
H #2HBM; Q7 H “:2 KQmMib Q7 mMH #2H2// i -K FBM; Bi bmBi #H2
THB+ iBQMbX 6Q  BMbi M+2- bm#bi MiB H277Q ibr2 2 BMp2bi2/ Bl
RKy r?B+? +QMbBbib Q7 jyy KBHHBQM BK ;2b + Qbb R3-kNR + i2;¢
aBKBH "Hv-i?2 +QMbi"m+iBQM Q7 i?2 a2;E@MnbRViBMI@ R b 2; K2 M
i iBQM- "2[mB 2/ BKK2Mb2 “2bQm +2biQ MMQi i2 RR KBHHBQM BK
iBQM K bFbX

>Qr2p2 - i?2 ?B;? /IBK2MbBQM HBiv M/ +QKTH2tBiv Q7 +2°i BM /Q
+? HH2M;BM; iQ MMQi i2 / i b2ib rBi? i?2 "2[mB 2/ ;> MmH "Biv 7Q
bmHib BM b?Q'i :2 Q7 H #2H2/i° BMBM; /i M/i?2Q++m 2M+2 Q7
i?72 bm++2bb BM K BMbi'2 K "2 b HBF2 +QKTmi2  pBbBQM M/ M im’
P2MiBQM H /22T H2 "MBM; KQ/2Hb Q7i2M bi'm;;H2iQ T2 ' 7Q K r2HH
r?B+? ?B;?HB;?ib bB;MB7B+ Mi; TBM i?2B  2772+iBp2M2bb + Qt
i?72 b+B2MiB7B+ /QK BMX

‘Bp2M i?2b2 +? HH2M:2b-i?22Bb +QKT2HHBM; M22/iQ /2p2HQT /:
rBi?Qmi "2HVBM; QM 2tT2 i H #2Hb 7Q  i?2 /QrMbi 2 Ki bFbX

RXk .B 2+i pbX AM/B 2+i amT2 pBbBQM

B 2+i bmT2 pBbBQM '272°b iQ i?2 bmT2 pBb2/ H2 "MBM; T  /B:;K
KQ/2H H2 "Mb /B 2+iHv 7 QK 2tT2 i H #2HbX AM +QMi  bi- BM/B 2+
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H2 "MBM; T /B;Kr?2°2i?2 /22T H2 "MBM; KQ/2H QT2 i2brBi? 72r

.B772°2Mi TT Q +?2b iQ BM/B 2+i bmT2 pBbBQM BM+HM/2 mMbmT
H2 "MBM;-r2 FHvbmT2 pBb2/ H2 "MBM;- 72r@b?Qi H2 "MBM;- M/ I

AMMMbMT2 pBb2/ M/ b2H7@bmT2/PBR2/ BMOMBWM2 i MMQi iBQMb p
M/ i?2 /22T H2 "MBM; KQ/2H Bb i° BM2/ bQH2Hv QM i?2 BM7Q K iB:
AM2 FHv bmT2 pBb2/ HONMBMQ b2@; BM2/Q r2 FH #2Hb "2T°Q
2tT2 i H #2HbX h?2 /22T H2 "MBM; KQ/2H Bb i° BM2/iQ miBHBxX2 i?
T 2/B+iBQMb ii?2 2[mB 2/ H2p2H Q7 /2i BH7Q i?2/QrMbi 2 Ki bF
HBKBi2/ MmK#2 Q7 2tT2 i H #2Hb "2 p BH #H2X q?2M i?2 /QrMbi
2t KTH2b i HH- Bi Bb X27 D' @1/?Qi HX "MBM;

RX] PTTQ imMBiB2b BM G2 MBM; rBi? AM/B

bBQM 7Q  JmHIBKQ/ H . |

h?2 /i /Bbi'B#miBQM M/ bi'm+im 2 + Qbb p 'BQmb KQ/ HBiB2b (
7Q° /22T H2 "MBM: KQ/2Hb iQ H2 "M rBi? 72r Q° MQ 2tT2 i H #2HI
QTTQ imMBiB2b # b2/ QM /B772 2Mi KQ/ HBiB2bX

* T?bXG2 "MBM; 7°QK ;> T?b BMpQHp2b ;> T? 2T 2b2Mi iBQM H2 °
'Q HBbiQ H2 "M HQr@/BK2MbBQM H 2T 2b2Mi iBQMb Q7 2p2 v MC
bi'm+im 2 Q7BMi2  +iBQMb KQM;i?2 MQ/2b-r?B+? “2i?2M mb2/ b
bm+? bM2irQ F+H bbB7B+ iBQM Q HBMF T 2/B+iBQMX AM +QMp21
2 b M bbQ+B i2/b2i Q7 ii'B#mi2b M/i “;2i H #2Hb- M/ QM2 + M 2
7 QK i?2b2 MQ/2 H #2Hb iQ 2ti° +i MQ/2 2K#2//BM;bX >Qr2p2 - BM
r2 K v MQi Hr vb ? p2 ++2bb iQ MQ/2 72 im 2b Q" i ;2i H #2HbX |



SYkY Qyyn é0 O OéHTz é0é1'0O NBé20 f« by &0 Ong An K &

. G K2i?Q/ b?QmH/ BKiQ H2 "M MQ/2 2K#2//BM;b i? i + Tim 2 i?2
"2 BM/2T2M/2Mi Q7 /QrMbi 2 Ki bFbX h?Bb "~ Bb2b M3BXTQ i Mi
iQ /2p2HQT b2H7@bmT2 pBb2/ Q"  mMbmT2 pBb2/ : G K2i?Q/ i? i
/IB'2+iHv 7 QK i?2 ;" T? bi m+im 2\

AK ;2b%Q+ HBXBM; b2K MiB+ Q#D2+ib BM M BK ;2 rBi? TBt2H@H:
K MiB+ b2;:K2Mi iBQM- M/i° BMBM; b2;K2Mi iBQM KQ/2H rBi? i?2
TBt2H@H2p2H MMQi iBQMb "2[mB 2b H ;2 MmK#2 Q7 BK ;2b M|
AM K Mv "2 H@rQ H/ TTHB+ iBQMb- T°2T "BM; bm+? /2i BH2/ M/
+? HH2M;BM; bBM+2 i?2 MMQi iBQM T ' Q+2bb Bb bHQr- 2tT2MbBp?
M/ 2tT2 i FMQrH2/;2X 6Q " 2t KTH2- T 2T "BM; TBt2H@H2p2H MM
i?72 *Bivb+ T2b kB bFi20 TT QtBK i2Hv Ny KBMmi2bX

J2 Mr?BH2-BiBbKm+?+?22 T2 iQQ#i BMr2 F MMQi iBQMbi? i T Qg
i?2 HQ+ iBQM Q7 i?2 Q#D2+ib- mMHBF2 TBt2H@H2p2H MMQi iBQWN
r2 FbmT2 pBbBQM 7Q° b2K MiB+ b2;K2Mi iBQM Bb BK ;2@H2p2H -
BM7Q K iBQM #Qmi i?2 +H bb Q7 i?2 Q#D2+ib T°2b2Mi BM i?2 BMT
b2K MiB+ b2;K2Mi iBQM K2i?Q/b H2p2" :2i?2b2+Q "b2@; BM2/ +H
QmM/ i'mi?b iQ i BM  b2;K2Mi iBQM KQ/2H- r?B+? KQiBp i2b m
[M2biBO@IX+ M r2 FHv bmT2 pBb2/ b2K MiB+ b2;K2Mi iBQM KQ/2HI
Th2m/Q@; QmM/ i mi?b mbBM; +H bb@H2p2H +Q b2 H #2HDb\

AK ;2b M/ h2hiX2 p BH #BHBiv Q7 H ;2 i2ti/ i b2ib M/ /p M+2K2M
HM;m ;2T 2@i BMBM; ? p22M #H2/H ";2H M;m ;2 KQ/2Hb UGGJb
UaPh VT2'7Q°K M+2 QM p 'BQmb H M;m ;2 mM/2 bi M/BM; M/ ;2M2
i?72 bm++2bb2b BMi?2M im " HH M;m ;2 T Q+2bbBM; /QK BM- "2b2
+QKKmMBiv ? p2 2KTHQV2/ pBbBQM T 2@i° BMBM;- pBbBQM@H M;
/| Ti iBQMbiQ/2p2HQTH ";27QmM/ iBQM KQ/2Hbbm+? bpBbBQMC
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6B;m 2 RXk, a+?2K iB+ 2T 2b2Mi iBQM Q7 i?2 E2v *QMi B#miBQM
JMHIBKQ/ H . i X

:Sh@9- :Sh@9oWBNBQMKBENIBI(GG J jXKRKE M/ GG dRV i? i
+ M bBKmHi M2QmbHv bQHp2 /Bp2' b2 M;2 Q7 i bFb BMpQHpBM; i

AM HB:?i Q7 i?2 "2+2Mi 'Bb2 Q7 H ;2 0GJb- i?2 2 Bb ;"QrBM; BMi
+QKKMMBivBM? "M2bbBM; i?2TQr2 Q7 T 2i° BM2/0GJbiQ mM/2 b
/p M+2 b+B2MiB7B+ /Bb+Qp2'vX >Qr2p2 - mMHBF2 K BMbi 2 K i bl
bi M/IBM; b+B2MiB7B+ BK ;2b "2[mB 2b FMQrH2/;2 Q7 /IQK BM@bT2+
+ T #BHBiB2b i? i "2 MQi 7mHHv 2T 2b2Mi2/ BM +QMp2MiBQM H B
0GJbX >2M+2- Bi Bb BKTQ i Mi iQ bb2bb i?2 x2°Q@b?Qi + T #BHB
++2H2" iBM; b+B2MiB7B+ /Bb+Qp2 vX h?Bb H2 /b»Qri®© @m2 7BM |
2p Hm i2 i?2 #BHBiv Q7 i?2 T°2@i BM2/ 0GJb r?2i?2  i?22v +QMi E
FMQrH2/;2iQ miQK iB+ HHv B/2MiB7v M/ 2 bQM 7' QK b+B2MiB7B

RX9 h?2bBb *QMi'B#miBQMb

h?Bb i?2bBb BKb iQ //°2bb i?2 i?°22 “2b2 “+? [m2biB RKBHK@MiBQ
Hmbi® i2b i?2 b+?2K iB+ 2T 2b2Mi iBQM Q7 i?2 F2v +QMi B#miBQ
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bmT2 pBbBQM 7Q° KmHIBKQ/ H*Ri*k-"MFj20AM22F 21 +QMi B#miB QM
#2 QmiHBM2/ b 7QHHQrb,

R¥XQ H2 "M i?2 "2T 2b2Mi iBQMb /B 2+iHv 7°QK i?2 ;> T? bi'm+im
MQp2H .Bbi M+2@ r "2 L2; iBp2 a KTHBM; U.LaV-r?B+? K tBk
Q7 /Bbi Mi MQ/2@T B b r?BH2 K tBKBXxBM; +Q?2bBQM i M2 “#v
M2; iBp2 b KTHBM; T'Q# #BHBiv T ' QTQ 'iBQM HiQ i?2 T B @rBl

KXAM Q /2 iQ 2772+iBp2Hv H2 "M i?2 Th2m/Q@; QmM/ i mi?b mt
i?72bBb T 2b2Mib MQp2H BMbB;?i BMiQ i?2 bi ' 2M;i?b M/ r2 FI
"2bT2+iiQ *H bb +iBp iBQM J Th U* JV M/ b?Qrb i? i bBKTH2 |
bbiQ+? biB+ ;;°2; iBQMiQb HB2M+B2b + M 2772+iBp2Hv [/ 2
BM * JbX Ai HbQ T QTQb2b i? 22 MQp2H 2p Hm iBQM K2i B+k
2+ HH- . @ _2+ HH- M/ 6:@S 2+BbBQM-i? i +QKT 2?2MbBp2F
Q7 Hi2 "M iBp2 K2i?Q/b rBi? "2bT2+iiQ * JbX

iXh?Bb i?2bBb 2p Hm i2bi?2 2772+iBp2M2bb Q7 Rk bi i2@Q7@i?2
Q7 Q'; MBbK H #BQHQ;v mbBM; MQp2H / i MBK @2BTBQM@QM
Mbr2 T B b BBOKQBKpBM;, 7 QK i?2°22 :°QmTb Q7 Q'; MBbKb, 7Bb
#mii2 " 7HB2b- +Qp2 'BM; 7Bp2 #BQHQ;B+ HHvV "2H2p Mi i bFbX A
THVBM; T'QKTiBM; i2+?MB[m2b M/ i2bib 7Q" "2 bQMBM; ? HHm-
Q7 0GJb- b?2//BM; M2r HB;?i QM i?2 + T #BHBiB2b Q7 +m "2Mi a
#BQHQ;B+ HHvV "2H2p Mi [m2biBQMb mbBM; BK ;2bX
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h?2bBb P ; MBx iBQM

h?2 2K BM/2 Q7 i?Bb i?2bBb Bb QmiHKN2Q ptB 7XbH MQRp X " pB 2T 7
“2b2 “+? BM /Bbi M+2@ r "2 M2; iBp2b KTHBM; 7Q ;" T? 2T 2b2Mi
2?2 BMTmi; T?2bi'm+im 2 BM7Q K iBQM iQ ;2M2" i2 MjQ/2 *2T" 2
ABHHmMbi® i2 2Qr :;°2; i2/ b HB2M+v K Tb ‘2 KQ'2 2772+iBp2i? M
r2 FHv bmT2 pBb2/ b2K MiB+ b2;K2Mi iBQM r?BH2 HbQ // 2bbBM;
TT'Q +?2b M/bm;;2biBM; TQbbB#H/2Z2KQWHiB QMbiR2R2TQR@b?Qi +
BiB2b M/ TQi2MiB HQ7H ;2T 2i° BM2/ pBbBQM@H M;m ;2 KQ/2Hb
#BQHQ;vX 6BM HHVQPBMIB+QM+HmM/BM: “2K “Fb M/ 7mim 2 /B 2+i



*? Ti2 K

.Bbi M+2@ r 2 : T?
2T 2b2Mi iBQM G2 MBM;

kXR Pp2 pB2r

h?Bb +? Ti2 T QpB/2b M Qp2 pB2r Q7 Kv '2b2 "+? BM /Bbi M+2@ 1
;0 T? 2T 2b2Mi iBQMH2 "MBM; U: GV-r?2 2AH2p2 ;2i?2BMTmi;
iQ ;2M2' i2 MQ/2 2T 2b2Mi iBQMbX h?2;Q HQ7: GBbiQH2 M H
Q7 2p2°v MQ/2 BM i?2 ;> T?i? i + Tim 2b i?2 bi'm+im 2 Q7 BMi2" +]
H2 "M2/ 2K#2//BM;b + M #2 mb2/ b BMTmi 72 im2b BM /QrMbi 2 K
+H bbB7B+ iBQM Q  HBMF T 2/B+iBQMX AM : G T ' Q#H2Kb r?2°2 2¢
Q7 ii'B#mi2b M/ i ";2iH #2Hb- 2X;X- Qp2 K Mv #2M+?K "F / i b2ib
M/ SmM#IRNOIPG QM2 + M2KTHQv bmT2 pBb2/H2 MBM; K2i?Q/biQ 2ti"
(9-]8-9y89RKBI? i +?B2p2 bi i2@Q7@i?2@ i T2'7Q 'K M+2X >Qr2pz
T Q#H2K-r2 K v MQi Hr vb? p2 ++2bbiQ MQ/272 im2b Q" H #2Hb-
#2 p BH #H2 BM +QKTH2t M/ p 'VBM; 7Q K ib U2X;X- b KQH2+mH °
BMi2° +iBOQM Q  /'m:@/ m; BMi2> +iBQM ;> T?bVX 6m’i?2 - r2 K v #
OmMMBp2 b HO 2K#2//BM; Q7 i?2 MQ/2b i? i+ Tim 2b i?2 ;" T? bi'm+
Q7 /QrMbi'2 KbmT2 pBb2/ H2 MBM; i bFbX am+? mMBp2 b H 2T"
b BMTmi 72 im2b7Q° M2r /QrMbi 2 Ki bFrBi?Qmi "2@i° BMBM; i’

N



~
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"2 bQMb-r27Q+mb Qm’ ii2MiBQMiQ i?2 T Q#H2K Q7 mMbmT2 pBb?2
/IBM;b "2 2[mB 2/iQ #2 H2 "M2/ bQH2HV 7°QK i?2 ;> T? bi'm+im 2 U
M/ r2 /Q MQi +QMbB/2  i?2 T 2b2M+2 Q7 Mv MQ/2 Q" 2/;2 ii'B#mi:
r2 rBHH mb2 i?2i2°K:_GiQ 272 iQ mMbmT2 pBb2/: _GX

JOQbi: G H;Q'Bi?Kb "2 "QQi2/ BM i?2 B/2 Q7 /Bbi'B#miBQM H bB
Mim>HHM:m ;2 T°Q+2bbBM; WG IV2+DKKNOM v {T2 "BM; BM bB
+QMi2dX; X- b2Mi2M+2b BM /Q+mK2MiV "2 K TT2/iQ bBKBH = "2°
KQbi: G H:Q 'Bi?Kb BKiQ K tBKBx2i?2 bBKBH "Biv Q7 2K#2//BM;b
"2 bbmK2/ iQ #2HQM; iQ bBKBH ~ +QMi2tib # b2/ QM i?2 bi'm+im’
2M2° HHv T2 7Q K2/ #v KON #EBAMBMW, Q7 M2 "#v MQ/2@T B b Ui2 K
T BbV MR; iBp2 Tmb Q7 ° M/QKHv b KTH2/ MQ/2@T B b Ui2 K2/ M.
bBKBH ‘Biv Q7 2K#2//BM:;b Qp2" i?2 TQbBiBp2 +Q Tmb Bb i?2M +(
M2; iBp2 +Q Tmb- M/ i?2B /B772 2M+2 Bb K tBKBx2/iQ 2Mbm 2 T
2K#2//BM;;bX +QKKQM bi” i2;v 7Q° b KTHBM; i?2 M2; iBp2 T Bk
/IBbi ' B#miBQM Qp2" HH MQ/2b- 272 "2/iQ bi?2 mMB;  KM2; iBp2

q?BH2 K tBKBxBM; i?2 bBKBH "Biv i M2 "#v MQ/2@T B'b Bb M BK"
Q#D2+iBp2i? iBbBKTQ i Miv2i KQbiHv Qp2 "HQQF2/BM 2tBbiBM; :_
i?2BbbBKBH "Biv i /BbiXMh¥BW B@ BT i Mi #2+ mb2 B/2 HHv- r2 |
H2 "M 2K#2//BM;br?2°2i?2 bi'm+im> HbBKBH "BivQ7 MQ/2b U2X;X
b?Q i2bi T i? #2ir22M irQ MQ/2b- Q" M2irQ F /Bbi M+2V Bb T 2b2 p2
AM Qi?2 rQ /b-i?2bBKBH "BivQ7MQ/2@T B'bBMi?2 2K#2//BM; bT
i72B° M2irQ F /Bbi M+2X b “2bmHi- #v K tBKBxBM; i?Bb b2+QM/ Q4
b2T ~ i2/ M/ K2 MBM;7mH 2K#2//BM;b- r?2 2#v MQ/2@T B b i? i 2
2K#2//BM:b r?BH2 i?Qb2i? i 27 > T i Q++mTv /BbbBKBH ~ 2K#2/
7°QK i?2 /QK BM Q7 +HmMbi2 ' BM;-r2 272 iQ i?2 7B T Q@ D2BBPL |
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/BbbBKBH “Biv i/Bbi Mi MQ/2bX q2 T 2b2Mi M BMimBiBp2 M2; iBp2
+Q?2bBQM M/ b2T " iBQMBM :_G #vb KTHBM; M2; iBp2 T B b rBi?"
i?2 /Bbi M+2 #2ir22M i?2 MQ/2b-i2 K2/ b .Bbi M+2@ r "2 L2; iBp2 a

Pm™ *QMi B#miBJRWbg2 BMi Q/m+2 M/ /27BM2i?2 +QM+2Tib Q7 +Q?2
BMi?2 +QMi2ti Q7 : GX UkV 2T 'QTQb2 MQp2H .Bbi M+2@ r "2 L2;
K tBKBx2b #Qi? +Q?2bBQM M/ b2T ~ iBQMX UjV q2 i?2Q 2iB+ HHv |
.La TT'Q +? BM K tBKBXBM; +Q?2bBQM M/ b2T " iBQM b +QKT "2/
b+ H #H2 .La TT ' Q +?2rBi? "2/m+2/bT +2 M/iBK2 +QKTH2tBiv7Q"
2KTB B+ HHvV b?Qri?2 #BHBivQ7 Qm  .La TT'Q +?iQ H2 "M K2 MB
H2 /BM; iQ #2ii2" T 2/B+iBp2 T2 '7Q 'K M+2 QM /QrMbi'2 K JG i bFb
/i b2ib BM +QKT 'BbQM rBi? # b2HBM2 :_ G H;Q Bi?KbX

kXk _2H i2/ qQ F

IMbmT2 pBb2/ ;" T? 2T 2b2Mi iBQM H2 MBMKK22T1x/2tBbiBM; ml
bmT2 pBb2/:_G K2i?Q/b K tBKBx2 2K#2//BM; bBKBH "Biv i M2 “#v
T2 7Q KBM; M2; iBp2 b KTHBM;X aQK2 2t KTH2b BM+HmM/2 K i Bt 7
B RO9RYR M/ bFBT@; K # b2/dKRRRQD QK2 :_G K2i?Q/b mb2 p "B2i\
M2; iBp2b KTHBM; bi® i2;B2biQH2 "M MQ/22K#2//IBM;bX h?Bb + i2
Mmb2 BMTmi MQ/2 72 im2bbm+? b:" T? *QMpQHMIiBYyMeRKIRirQ F U
i? 1?2 p2 +?B2p2/ bi i2@Q7@i?2@ i T2 ' 7Q°K M+2b QM #2M+?K "F
i?72v. "2 MQi /B 2+iHv "2H2p MiiQQm : G T Q#H2K bBM+2 r2 +QMb!|
MQ MQ/2 72 im 2b "2 p BH #H2X L2; iBp2 b KTHBM; # b2/ K2i?Q/b
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im 2b BM+HmM/2|8)Qr2Bp2+QTiBKBx2b = M/QKr HF Q#DK+iBB2R M/ G.
mb2b 7B ' bi@ Q b2+QM/@Q /2  M2B;?#Q ?QQ/b iQ +QMbi m+i bBKB
g HFR(ykr b Q' B;BM HHv T'QTQb2/ mbBM; >B2  "+?B+ HaQ7iK tQ#
iQ +QMbi'm+i M2; iBp2 b KTHBM; # b2/ p2°bBQM Q7 .22Tq HFX

L2; iBp2 b KTHBM; bi® t22B2b2 /Bb+mbb bQK2 Q7 i?2 +QKKQM bi" i2
iBp2 b KTHBM; i? i 2 ii?2# bBbQ7b2p2" HmMbmT2 pBb2/: G
;2M2 B+ ivT2b Q7 M2; iBp2 b KFéRK)b M2/VMXWD 2 @B/BREK(L/;2@# b2/

b KTH2 b +QMbi " m+i i?2 TQbBiBp2 +Q Tmb #v b2H2+iBM; MQ/2 T B
i?2K- M/ i?2 M2; iBp2 +Q Tmb #v ° M/QKHv b2H2+iBM; MQ/2 T B b i
PMi?2Qi?2 2 M/-MQ/2@# b2/b KTH2 'bmb2 > M/QKr HF Q#D2+iBp:
+Q ' Tmb M/ b2H2+i" M/QK MQ/2 T B b /Bbi'B#mi2/ rBi? mMB; K /Bb
M2; iBp2 +Q ' TmbX KQM; mMB; K /Bbi'B#miBQMb-irQ 2 +QKKQM:¢
TH2b rBi? mMB7Q K8eR¥}f MHB2vQi?2 mb2b /2;°22@# jB2YF Q# #BF
r?2°2i?2 M2; iBp2 b KTHBM; T'Q# #BHBi}iBT QiQTQ7iBXQRM2H Q iQ2
2 +?2 MQ/2X AiBb FMQrMi? i/2;°22@# b2/ mMB; TRBnKTH M2Bm7#Q |
T Q#HRR (b i?Bb TT Q +? K v +?2QQb2 M2 “#v MQ/2 rBi? ?B;? /2;
b KTH2X >2M+27Q i?- #v IMB; K L2; iBp2 a KTH2 UlLaVv-r2 272"
rBi? mMB7Q KT Q# #BHBiv- M/ mMB;" K@/2;flLa@/2;/2MQi2b /2; 2
b KTH2 X h?2°'2 "2 bQK2 KQ 2 M2; iBp2 b KTH2 b i? i? p2 #22M T~
RRRI9R ?Qr2p2 - MQM2 Q7 i?2K mb2 i?2 MQiBQM Q7 M2irQ F /Bbi M+
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kXj S'2HBKBM "B2b M/ S Q#H2K P#D2+iBp2

kXjXR LQi iBQMb

g2 "2 ;Bp2M M mM/B B=iRV;E) T2 ¥ =n-[Ej=m- M/ i?2 /D +2M+v

K i'Bt Bb ;Bp2M[#¥j). nX g2 bbmK2 i? i i?2 ;> T? Bb mMr2B;?i2/ bn
a(iij)=1 BTi7j) 2E- Qi?2 10292 /2MQi2 i?2 b2i Q7 HH TQbbB#H2 M
S=V V X 6mi?2°-7Q  2p2 %jVMDI2@2T/BMQi2 i?2 /IBbi M+2 Q> H2M;i?
b?2Q i2bi T i? #2ir22M i@y /2N + B/ 20(kj JHHVB (i) 2E- BX2X- i?2°2
2tBbib M 2/:2 #2ird2MMQG25 mb 272" iQ i?2 K tBK:jKBAMH M I B 7

G bdmax X g2 + Mi?2Mi HF #Qmii?2 bm#b2i Q7 MQ/2@T B BX2Xb2 /Bl
Se=f(i;j)2Sjdi;j)= dgX Ai Bb 2 bv iQ pR=BgpSif i::Sy, MABi=EX

qBi? i?Bb b2imT-r2 +QMbB/2" i?2 T'Q#H2K Q7 mMbmT2 pBb2/:_ G
2p2°v MQ@2 M®@/BK2MbBQM H p2+iX2 RKHIW+BM2-i i?2 2K#2//BM; bT +
Z =fxg, T°2b2'p2b i?2 bi'm+im> H T QT2 iBRWIQTBMHHHBM ;° T?
AM T iB+mH “-r2 +QMbB/2" irQ ;2M2 B+ ivT2b Q7 K2 bm 2b BM i?2
Q7 MQ/2b- MiBY:maABKBH "Biv b+Q 2 #2ir2AMNK#2b/BH2 Rt KTH2b
BM+HmM/2 i?2 /IQ¥ K QMMBib KQMQIiQMB+ i® NP XRQ M/iBQ k) -
r?72°2/2MQi2b i?2 bB;KQB/ 7TmM+iBQiM-=MBUOBBKBHAaBAI b+Q 2 #2ir
2K#2//BX ;M/x UbQK2 2t KTH2b BMEtHMY)2 M/ HQ; ¥ x)) VX LQi2

i? ii?2°2 "2 KmHiBTH2 +?QB+2b Q7 bBKBH ‘Biv M/ /BbbBKBH “Biv
irQ ;2M2'B+ K2 bm>2b BM Mv T'Q#H2KX HbQ- K tBKBxBM; i?2 bBK
Bbmbm HHv 2[mBp H2Mi iQ KBMBKBxBM; Bib /BbbBKBH "Biv b+Q 2

A/2 HHvV- r2 r Mi iQ H2 °M M 2R#@HBMi?bi5&AY Bb H ;2 7Q° M2 “#v
MQ/2@T B b UBXPEb MR MHY Mi@ARBAMH ;2 7Q  /Bbi Mi MQ/2@T B
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r?28i;j) Bb H ";2VX h?Bb Q#D2+iBp2-r?B+? Bb ii?2 # bBb Q7 i?2/
BM HBM;@aBbiBMb#2 2tT 2bb2/ mbBM;+Q2 M@IBIRN b QBOM: _ G -

7Q°K HHvV /27BM2/ BM i?2 7TQHHQrBM;X

kKXjXk *Q?2bBQM M/ a2T "~ iBQM

*Q?2bBQHWP,2 +Q?22bBQM Q7 M 2KR#2TBMyDMik2?2 ;:°2; i2 bBKBH “Bi
#2ir22M 2K#2//BM:b i M2 “#v MQ/2@T B'b BMi?2 :° T?X 6Q K HHv-
i?72 7QHHQrBM: r2B;?i2/ bmK Qp2  bBKBH "Bivb+Q 2b,

O X
*P>1aAPRLZ)= d aAdj);
d=1 (i3 )2S4q

r?2 24 a1, 4 O 8d:

P#b2°p2 i? i bBM+2 i 22KIQB QiOMB+ HHv /@-+i2BWH2reBi:?i2/ bmK T vb

"2 i2° 2KT? bBb iQ i?2 bBKBH "Biv i MB, #BiMQKA@R B?BHIBK2X-

;2M2 B+ /27BMBiBQM Q7 +Q?2bBQM i? i + M #2 BMbi MiB i2/ mbBM;
X 6Q° 2t KTH2- B7 n2=HT 2M/MB7v0 8d> 1- i?2M +Q?2bBQM rBHH #2 2[
i?72 ;;°2; i2 bBKBH 'Biv Qp2 GKH b2 2BRB B2 H i2 - +QKKQM T°
7Q  bT2+B7REMQbi : G H:Q Bi?Kb Bb T2 ' 7Q ' KBM; > M/QK r HEb M
T Q# #BHBiv Q7 b KTHBM; MQREMiB2 i MIBU MHRX

a2T " iBQWM?2b2T " iBQM Q7 M 2KEZ24/BM1'RD #?2 ;;°2; i2 /BbbBKBH
#2ir22M 2K#2//BM;b i /Bbi Mi MQ/2@T B 'bX aBKBH ~ iQ +Q?2bBQ
b2T ° iBQM mbBM; i?2 7TQHHQrBM; r2B;?i2/ bmK,
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O X
alS _ hARLZ)= q Aaafid);
d=1 (i )2Sq

r?2° % a1 4 O 8d:

AMi?Bb ;2M2 B+ /27BKGMPKMBBEMHEAYV RIMi+t? 2 /IBD BEKIBH "Biv i /Bbi
MQ/2@T B b? p2 ;°2i2 +QMi B#miBQMBM i?2 b2T " iBQMX ; BM
iIQ BMbi MdB 68" 2t KTH2- r24 Mb2M/34=08d<dpa bm+?2 i? ii?2

b2T " iBQM Bb 2[m HiQ i?2 /BbbBKBH "Biv GX?2 7 "i?2bi MQ/2@T B

aBM+2 /BbbBKBH "Bivb+Q 2 Bb BMp2 b2Hv "2H i2/iQ bBKBH "Biv-
?22bBQM miQK iB+ HHv K tBKBx2b b2T * iBQMX >Qr2p2 - i?Bb Bb
bmKb BMpQHp2/ BM +Q?2bBQM M/ b2T *~ iBQM 7Q+mbSQNM/EBHZ 2 2Mi
+Q?2bBQM 7§+h D 2bKOMRT ° iBQM 7Q+mb2b G8Y MQ /RE@RGR b BM

T 2b2Mi i?2 7TQHHQIBM; i?2Q 2K iQ T'Qp2 i?Bb TQBMiX

h?2Q 2K kXBRoRM irQ 2K#2//BM?* bM Z22bAi /Q2b MQi BKTHvV B7
*P>1aAPLzZy)= *P>1aAPLZ?) i?2M alS _hARY)= alS _hARLZ?-
7Q° HH +?QBM2IXQ7

S'QQR2Xmb2 +QmMi2 @2t KTH2 iQ b?Qr i? i i?72°2 + M 2tBbi KmHiB
bm+? i? 1i?2B° +Q?2bBQM p Hm2b "2 2[m H #mi i?2B" b2T " iBQM |
KXPB?Qrb iQv; T?rBi? 9 MQ/2bi? i Bb 2T 2b2Mi2/ BM i? 22 |IB77
2K#2//BM; bT +2b BxMRBCRMNIOXK/A7 r2 bT2+B7v +Q?2bBQM iQ #2 i?2
bBKBH "Biv Qp2" 2/;2b Ub?QrM b /Qii2/ HBM2bV-r2 + M b22 i? i H
? p2i?2b K2 +Q?2bBQMX >Qr2p2'-B7r2/27BM2 b2T " iBQM iQ #2
i 7 "i?2bi MQ/2b U i /Bbi M+2 jV-r1r2 + M b22i? ii?2 b2T " iBQM "~ M
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Uuv: B? U#V G ;2 a2T UHBQMD/2 i2 a2T UIBQ@MK HH a2T * iBQM

6B:m 2 kXR, J TTBM; kKRR BMIi®Q W? 22 /B772 2Mi k. @ 2K&XN#BM: bT
WXR+ MKXIRX h?2 TQbBIiBQM Q7 2 +?2 MQ/2 /2MQi2b i?2 k.@2K#2//
/Qii2/ HBM2b 2T 2@Mi 2/:2b BM

KXRAQ bK HH WK&BRM 2 O

kXjXj : G P#D2+iBp2

b "2bmHi Q7 hPRR:2& H;Q Bi?Ki? i QMHV K tBKBx2b +Q?2bBQM BI
iQ K tBKBx2 b2T ~ iBQM M/ i?mb+ MH2 /iQ BM72 'BQ" 2K#2//BM;b
6B MKXR/Q  i?22iQv ; T?X h?Bb Bb QM2 Q7 i?2 K DQ /" r# +Fb Q7 bl
H;Q Bi?Kb i? i QMHv ii2KTiiQ K tBKBx2 i?2 bBKBH "Biv i M2 “#v |
2QQ/Bb /27BM2/ mbBM;  M/QKr HFbVX g2 TQbBii?Bb b M im H +
i?2b2 H;Q ' Bi?KbBMM im> HH M;m :2 T'Q+2bbBM; ULGSYV TTHB+
/IBbi M+2b #2ir22M rQ /b U M/ ?22M+2 i?2 b2T ~ iBQMV Bb MQi b bi"
g2 i?mb T 2b2Mi :2M2° HBx2/ Q#D2+iBp2 Q7 : G mbBM: #Qi? +Q?:
+ M Db?Qri? i 2tBbiBM; : G H;Q Bi?Kb U2X;X- mMB;> K M2; iBp2 b K
QTiBKBXx2 bT2+B H + b2b Q7 i?Bb :_G Q#D2+iBp2X
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:2M2° HBx2/ : G P#D2+iBp2M ; GF??2 ;Q HQ7 : G H;Q Bi?K Bb
QTiBKBx2 i?2 7TQHHQrBM; ;2M2° HBx2/ Q#DZ+,iBp2 7TmM+iBQM rBi?

E(Z)= *P>1aAPLZ)+ alS _ hARLZ)
I X
= [ ¢« aA@j)+ 4 -Aaaf])]

d=1 (i;j )2Sq

bm+? i?2—3- 1. G 1. pp/dmec g

1 dmax 1

LQi2 i? ir2 /Q MQi mb2 i /2@Q77 T ~ K2i2" #2ir22M +Q?2bBQM M
bm+2 T * K2i2 '+ M#2 #QQ B2ABNMbi Mi KmMHIBTHB2 X .B772 2Mi :_(
QTiBKBx2i?Bb ;2M2° HBx2/ Q#D2+iBp2 mbBM; /B772 2Mi +?QB+2b (
iBQMb- M/ b2iiBW;br2B;?ib b iBb7vBM; i?72:_G +QM/BiBQMb BM i?2
6°QK i?2 T2 bT2+iBp2 Q7 b2T ~ iBQM-r2rQmH/ T 272" :_ G H;Q Bi
p HmM24Q7 - bm+? i? i i?2 /IBbbBKBH "Biv i 7 "i?2bi MQ/2@T B b Bt
i? Mi? iQ7i?2M2 "2biMQ/2@T B 'bX,02 + WHA2BD 7 i BEBRINQr2°

Q7 : G H;Q Bi?KX

kX9 S QTQb2/J32i?7Q/

L2; iBp2 b KTHBRI7Q 2 r2 T 2b2Mi Qm T QTQb2/: G H;Q Bi?K # bz
Q7 +Q?2bBQM M/ b2T " iBQM- r2 7Q K HHv /Bb+mbb i?2 ;2M2 B+
H:Q Bi?Kb Q7 r?B+? Qm~ H:Q Bi?K Bb bT2+B H + b2X h?2 Q#D.

b KTHBM; Bb ;Bp2M #v i?2 7TQHHQrBM; 2[m iBQM,
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X X
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Kt ,H'ﬂ{&ﬁ?
« 12V j2N () " sobBiBp2 GQbb

K rneg(kji) "{ZQ( f)&);]:

kav L2; iBp2 GQbb

r?22°2 MQ/ZI@T#RHQM;b iQ i?2 TQIRLEPB R FAMQM: ;b iQ i?2 M2; iBp
+Q Tnhg X g2 ;2M2° HHv mb2 ° M/QK@r HF bDpi2;nv? RQ2BRQ,MBE m+i
+QMbi ' m+i2/ #vk MZHBBW2TKB7IQ 2 +? TQbBiBpRMBIKTHR# #BHBIiv
Preg(kii) (N39X +QKKQM +PQREji2BD7i?2 mMMB;" K /Bbi'B#miEkQM i? ib
rBi? 2[m H T Q# #BHBWQ720K HM "2/ bi?2IMB;” KL2; iBp2a KTH
H:Q Bi?KX

h?2 Q#D2+iBp2 7TmM+iBQM Q7 ILa + M #2 b?QrM iQ #2 bT2+B H +
Q#D2+iBp2 r?2°2 i?2 bBKBH "Biv i M2 “#v MQ/2b UBX2X- +Q?2bBQ
HQbb r?BH2 i?2 /BbbBKBH "Biv i /Bbi Mi MQ/2b UBX2X- b2T ~ iBQI
HQbbX >Qr2p2° - K DQ  HBKBi iBQM rBi? ILa Bb i? i i?2 T Q# #BHE
MQ/2@T B> Bb BM/2T2M/2Mi Q7 i?2 /Bbi M+2 #2ir22M i?2 MQ/2bX
BKTQ i M+2 iQ i?2 /BbbBKBH "Biv Q7 MQ/2 T B b rBi? p "vBM; /Bbi
b2T " iBQM- i?mb H2 /BM; iQ TQQ b2T KABQM BRI X Q2R @ 2M Hvh
Q7i?2+Q "2bTQM/2M+2 Q7 ILaiQi?2;2M2" HBx2/: G Q#D2+iBp2 N
TQr2  Bb 2[m HiQ RX

h?2Q 2K KKWB;> KL2; iBp2a KTHBM; UlLaV H;Q Bi?K QTiBKBx2b i?
Q#D2+iBp2 rBi? i?2 7QHHQrBMGijbE2087BHx))B Q M.IAa &l =

log( ( ¥ X)- a= 4C; )- r?2°3(C; ) Bb i?2 T'Q# #BHBiv Q7 b KTHBM;

i /Bbi M+#2bBMZ@H2M;i? > M/QK r HF QM i?2 ;" T? rBi?- /BI/+2M+v |
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S 'QQYQpB/2/ BM TTRM/Bt 0

.Bbi M+2@ r "2 L2; iBp2 a A H2QTQb2 .Bbi M+2@ r 2 L2; iBp2 a
U.LaV r?B+? b2H2+ib MX; 7iQ p MIQMBIBAL; i?2 b KTHBMPL,(KQ}- #BHBIiv
r?2 Rueg(kj) Bb HBM2 "Hv T"QTQ iBQM H iQd(R2) X BQ@K BbR2v-Bbi M+2

Preg(kji) / d(k;i)
Lodk;i)
Preg(Kji) = m,
r?2°B(@; ) Bb i?2 bmK Q7 /Bbi M+2 Q7 HH MQ/2@iFDRi;b)i2 i +QMi E
P
oy ds;i)X GB{ ) #2 2[m HE@M@Y; )X LQi2 iD(i) /12T2M/b QM i?2 p2' @
2 /2:°22 Q70?2 ;  T?X 6Q° T7TMHHD(+XEMMAXIiPIMiARQi?2  2ti 2K2-
r?2M i?2 ;" T? Bb nM@MRMP2M "X :2M2° HHv- bBM+2 KQbi 2 H
;- T?b "2 bTD(b)2- n 1X "v +QMbi m+iBQM- Qm T QTQb2/ .La TT
b2T * iBQM Td42 bQd i2/ BM h?RXR{ 2K

h?2Q 2K kXBXi M+2@ r "2 L2; iBp2 a KTHBM; U.LaV H;Q Bi?K QTiB
Bx2/:_ G Q#D2+iBp2rBi?i?2 7QH H Q@B M:; Ibd 2+{B})B + . Ba ik p),=a A J
log( ( FX)- a= oC; )-r?2°23(C; ) Bb i?2 T'Q# #BHBiv Q7 b KTHBM;

i /IBbi M#2bBMZ@H2M;i? > M/QK r HE QM i?2 ;" T? rBi?- /B/+2M+v |
4= KCd/D( ): b "2bmHi-i?2 a2T ~ iBQM SQr2" Q7 .Ladky® Bi?K Bb 2

S 'QQYQpB/2/ BM TTRM/Bt u

*Q QHH "v &XIM &-4)uns = < n M 7Q° 3)ons = e LI X >2M+2-

(—2)uns < (Hons 1?2 W< BC) x
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