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Chapter 1

Introduction
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Chapter 2

Preliminaries
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2.1 A Multi-Agent Systems on Graphs Toolbox
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Chapter 3

Natural Algorithms I: Ant-like

Probabilistic Pursuits on Graphs
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3.1 Introduction
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si@X >Qr2p2° -r2 b? HH b?Qr i? ii?2 bi iBQM v /Bbi ' B#miBQMb C
rBHH Hr vb #2 mMB7Q K /Bbi ' B#miBQMb Qp2 bQK2 b2iQ7r HFb Q
"JgNd)6b "2bmHi #Qmi mMB7Q 'K ;2Mi T i? /Bbi'B#miBQMb QM i?:

_2H i2/ rQ FX?2 [m2biBQM Q7 r?2i?2° Mib M22/iQ 2biBK i2 ;2QK
2'iB2b Q7 i?2mM/2"HVBM; bm~ 7 +2iQ +QMp2°;2iQi?2 QTiBK HT i
62v38M/ ? b bBM+2 #22M BMp2biB; i2/ BM #Qi? "Q#QiB+b M/ #BQ}
BMiQ M2irQ ' Fb- +QQT2" iBp2 KmHIB@ ;2Mi H;Q Bi??KInNj/ /vM KB
"JgNdc:*ChR¢gSawygBR>ygVX >2"2r2 "2 BMi2 '2bi2/ BM r?2i?2 - r?2M
;2Mib Tm bm2 2 +?2 Qi?2°  mbBM; bBKTHBbiB+ HQ;B+ i? i "2[mB 2
QMHvV HQ+ H BM7Q K iBQM "2; "/BM; i?2 2MpB QMK2Mi- i?2 6i" E
;T T? +QMp27;2iQi?2b?2Q i2bi T i?b7 GKQA2D@RhiBRMpiBQEM p2 i2t
tX q2 "2 HbQ BMi2 2bi2/ BMi?2 T'Q# #BHBiv /Bbi'B#miBQM Q7 i~
BM}MBivX

o BQmb MQiBQMb Q7 Tm bmBi ? p2 #22M 2ti2MbBp2Hv BMp2bil
bm#D2+i Q7 6+QTb M/ "Q##2°6 ; K2b-r?2°2 QM2 Q" KQ 2 ;2Mib
KQpBM; i ;2I'URRZQ" ;2M2°  Hbm p2vVX ;' 22/vTm bmBi mH2r
BM 2XABEYX Pm™ Q#D2+iBp2 Bb +QKTH2i2Hv /Bz2 2Mi- br2 2 BMb
bi'm+im 2 Qp2 iBK2 Q7 i?2 i  BHb 7Q K2/ #v +QM};m  iBQMb Q7
Qi?2°X

j Xk S'2HBKBM "v *? ° +i2 Bx iBQMbDb

AM i?2 +?2 BM Tm bmBi KQ/2H Qp2 ;" T?b-r2 "2 ;Bp2M M mM/B"
UK2 MBM; i?@;2)/;2tBbib 7Q" 2p2vWwp2 ' T@t M/ irQ p2 iB+26

UMQi M2+2bb "BHv /Bz2 2MiBMHh22 p2HIR2/ i?2 bQmt+iZ2d2 i2t- N
[2biBM iBQM p2 i2tX Mib U U;2VNWiGVh2KR2;2?2 Mib i? i H27i #27
i?72K bi?2vr HF iQr /b i?2/2biBM iBQM p27i2tUr?2°2i?2vb? HH
i?72 } bi Mi-—-7QHHQrb M “#Bi  "v }MBIQ-riHFBR;QXM2 bi2T + Qbb N
2/;2 Q7 i?Bbr HF 2p2°v mMBi Q7 iBK2X 6nMB?7B ERIiBK2p@ vQ bQ
T K2i2°@ i?2AMH2 m2M/ Tm bm2ap 1 Wi FBM; QM2 bi2T T2 iBK2 mNM
++Q /BM; iQi?2Tm bmBi mH2 /2bjXPB¥R/ BM .2}MBiBQM

R8



>2°2-U6/2H viBK26V Bb MBKTQ'i Mi T > K2i2°- M/r2rBHH Hr vb bl
BiBb ;"2 i2°i? MRX h?22Tm bmBi mH2 :;m ~ Mi22h iMAj22 /IBbi M+2 #2ir?2
Bb#QmM/2X#v?Bb Bb #2+ mb2 i?2 /Bbi M+2 B-b BIMB iBp BHViBiIKRQbi
bi2A rBHH +HQb2 i?2 ABbOHMHQ+QBQM #v QM p2BidH KIQp2 r v
7°QKi? iHQ+ iBQM #v i KQbi QM2 p2 i2t-bQ i?2 /Bbi M+2 #2ir22M i?2K
Bb #QW2Bb 2Bi?2  T'2b2 p2/ Q b?Q i2M2/X "vi?2b K2 2 bQMBM;-r?2N\
TQBMi BM i?2 Tm'dimBi iP2X> 0- i?2 /Bbi M+2 #2ir22M i?2 Mib rBHH
M2p2 bm#b2[m2MiHv BKM+h 2 2bQ M2QDt2 2 Ti B QIM; Bibiy 2RM M/
#Qi? Mib ? p2Moi v2i bXQAM2bmi+? + b2b- i?2 /Bbi M+21XKB;?i BM+'2 b2
7i12° QM2 iBK2 Ajii2ZBHIHbbi v BM i?2 b KR RhTK®Bi;2mhbi2T iQ MQi?2°
p2°i2tV- #mi Bi rBHH 2K BRKiiRQW QM UMQi2 pP?LiiEBM+Q2b
MQi +QMi” /B+ii?22 "HB2  #QmM/ QM i?2 /&M AV 1)2BXKQVF+H22 /Bbi M+2
A1 72 +?2122bi?2M rBHH "~ "Bp2iX bm#b2[m2Mi bi2A X aBM2R2 i
s T'2+Bb2iBK2 bi2Th AR2-7QBb K2 MB;i?PBIHH "~ "BpRMi x O
H2bb bi2TA iPXXMQMb2[m2MiHv- i?2 r HF H2M;i?b Q7 bm#b2[m2Mi Mib B
Tm bmBi "2 MQM@BM+ 2 bBM;X

LQi2i? iBM Q' /2 iQ+ "'vQmii?2Tm bmBi "mH2-2p2°v MiM22/b QMF
iBQM #Qmii?2 ;" T?2 UBi M22/ QMHvV FMQ# Q2i/BitbF+@n7 ~“2N\Binpl2 " i2tV X
AM? Ti2 R /IBb+mbb2WMiB2I ~ /BBM br "K "Q#QiB+b-r?B+? bbmK2b "Q#Qit
BMi?2 br "K ‘2 B/2MiB+ H M/ Q#HBpBQmb- M/ + M QMHv +i # b2/ QM
2tT2+i2/ Q7 KmHIB@ ;2Mi bvbi2KBMbTB 2/ #v M im 2-B7r2r2°2iQ BKT
Tm bmBi KQ/2H BM "Q#QiB+ br "K-BirQmH/}i T2 '72+iHv rBi?BM i?2 b
T /B;KX

g2 rBb? iQ mM/2 bi M/ i?2 H2M;i?b Q7 iR2 biHIFb-Q®MIi7422BIi
2p2Mim H /Bbi' B#miBQM- bbmKBM; M "#BjX AMWMBIB+HnHHF 720" Mi
r MiiQ FMQr B7- BM }MBi2 2tT2+i2AiBBEEHI22 rMHETQBK BT i? 7°QK
QX

q2 /2MQi2 i?2 ;> T?r HFA; FBNAAWX hQ KQ/2H i?2 /Bbi'B#miBQM Q7 Mi
r HFb Qp2 iBK2 r2 +QMbB/2° MJ (SHRpT+? BM Bx2/ #v i?2 p2 iB+2b
s-t M/ TQbBiBp2 BMPRQB2 bi i2b 2 HH Ui?2 BM}MBi2Hv K MvV TQbbB#
7°QKiQX h?2i° MbBiBQM T QR #BR BB 72 MK2P rob[P (Ai+1) =
PojP(Aj)= P1]- bbmKBM; i?2 ;Bp2MKp Hm2 Q7

AM i?Bb rQ'F r2 "2 T'BK "'BHv BMi2 2bi2/ BM bim/vBM; i?2 +HQb2/
+H bb®b @) U+HQb2/ +H bb2b 7Q b?Q iVX +HQb2/ +QKKmMB+ iBM; +|
Q7 bi i2M Q&it) bm+? i? i 2p2°v irQ bi i2b +QKKmMB+ i2 rBi? 2 +? Qi?2 -
MQ bi i2 BM i?2 b2i +QKKmMB+ i2b rBi? bi i2 @mBIBbB2Bi?PQb2iX bi i2
+QKKmMmMB+ i2 rBHj?B0d BA Bb TQbbB#H2- rBi? T ' Q# #BHBiv ; 2 i2  i? My
+? BMiQi> MbBPBQR® BMK}MBi2 MmK#2 > Q7 bi2Tb Ui?2 "2 /2" K v }IM/ KQ
/2i BH BM i?2 } ' bi +GSIq2N @7 B MN() V X

*QMbB/2  i?2 U}MBi2Hv K MvV r HFb M/ +HQb2/M+ QKtKkmMB+ iBM; +H
"2 +? #H2 7 QK i?2 BPMB) R PIM#+22M Mii F2b r HFi? i #2HQM;biQ +HQDb

Re



+QKKmMB+ iBM; +H bb-i?2r HF +?QB+2b Q7 HH Mibi? i 2K2 ;2 I
iQi?Bb +H bbX //BiBQM HHVPWBRMBR JMBH2NLI?MIB + MMQii> MbB
iQ rHF Q7H2M;i?; 2 i2 i? Mi?Bb-i?2r HFb Q7 Qm~ Mib #2+QK2
iQ +HQDb2/ +QKKmMB+ iBM; +H bb BM } BEBIRyRVK2*2M +BK2HDPR2/ (
+QKKmMB+ iBM; +H bb2b + Tim 2 i?2 MQiBQM Q7 6bi #BHBX iBQM

6B;m 2 [XR #2? pBQ Qp2 iBK2Q7+? BMTm bmBiQp2" ;'B/; T7%

AM 6B;XR2 b?Qr i?2 #27? pBQ Qp2 iBK2Q7Qm /vMXB+ Hbvbi:
Qp2° ;'B/ rBi? 6?QH2b6X 1 +? BK ;2 BHHmMbi  i2b UP?21t2HR i F2M
b?Qr i?2 r HF Q7 2p2°v ;2Mi BM/BpB/m HHv- i?Qm;? BM M +im |
Mib rQmH/ #2 r HFBM; QM i?2 ;" T? +QM+m "2MiHvVX h?2 BK ;2
r HF i F2MA@Vv M/ i?2 BK ;2 iQ i?2 "B;?i b?Qrb r HF #2HQM;BM; iC
+QKKmMB+ iBM; +H bb ir?B+? i?2 Tm bmBi bi #BHBx2/X b r2 + |
ivTB+ HHv K M ;2iQ b?Q i2Mi?2r HFPQAp)Ii QD BMBKBR Hi ?2,2Mi 2 #v
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MQ K2 Mb ;m > Mi22/iQ +QMp2 :2iQ MQTIiBK HT i?X

AM 7 +i- 7Q  i?2 T "iB+mH ~ ;" T? 2M{jERDMKR/MiBQZ GBQH 2DV -
i72°2 2tBbi M BM}MBi2 MmK#2" Q7 +HQb2/ +QKKmMB+ iBM; +H bb2b-
“#Bi° VH2M:i?X h?2 HQ @PTAL)Q 7QP2Wr/ BF+? Q7 i?2 ?2QH2b /2i2 KBM2b i?2
FBM/b Q7 r HFb i?2 Mib K v +QMp2° ;2 iQX

L2p2 i?2H2bb- +HQb2/ +QKKMB2 iBKM2 MBbB2B;mH "Biv T°QT2 iB2b
b MBMBiB HQ#b2 p iBQM r2 rBHH b?Qr i? ii?2r HFb #2HQM;BM; iQ
HH ? p2i?2b K2 H2M;i?- BX2X i’ p2'b2i?2 b K2 MmR#2 Q7 p2 iB+2b- /

G2KK jXKXR2C #2 1?2 b2i Q7 r HFb BM  +Mi Q& B/X+ H?2RM Q" HH
Pi; Pk 2 C-jPij= jPyj X

S QQFbmMK2 i? i i?2°2 "2 irQ* Bk BNPj< jPijX h?2 r BBb

2 +7 #H2 bi i2 #2HQM:BM; iQ i?2 +HQb2/ +H bbX >QP2p2'- QM+2 M |
Bi rBHH M2P2" i B® bBM+2 #v i?2 Tm bmBi "mH2-r HF H2M:i?b ‘2 KQM
MQM@BM+"2 PBEDLXMIQZmMB+m " 2Mi BM i?2 +H bb- +QMi’ /B+iBQMX

P7 T "iB+mH ~ BMi2 2bi "2 +HQb2/ +H bb2b i? i +QMi@BM i?2 b?2Q i2b
t- Q" bm#b2i Q7 i?2b2 JqNed) BiAMb(b?2QrM i? GrBBM ; B/ ;  T?2-
M (s;t) 2 b mMB[m2 +HQb2/ +H bb +QMi BMBM; HH i?2 b?Q i2bi T i?bX
i? i r?2M2¥M2? b mMB[m2 +HQb2/ +H bb- Bi Bb M2+2bb “BHv i?2 +H bb
T i?bX

+QM+2Tii? i rBHH #2 mb2/ BM Q@Q TiBKRBlivb Bb

.2}MBIiBQM jXRXIBXHH b vi? i PrEMNvy BbD@QTIBK H-B7-7Q° MvirQ
p2 iBw;&bh 2P r2 ? p2 idci(vi;vi+ )= Ur?2du;v) /12MQi2b i?2 /Bbi M+2
#2ir22M irQ p2 BW¥2b BM

g2 MQi2 id(vi;vi: )= BKTHB2W9WW3 ii::vis Bb b?2Q i2bi Tvi? 7 QK
iQ+ X h?2°27Q°2r2 ? p2 #v 2tdcMPpBRQOMKk?7Q"° Mv X

MBKTQ i MiQ#b2 p iBQMBb i? ir HFb r?B+CHWMH QM) iQ +HQb2/ +H
Kmbi #20 QTiBK H,

G2KK jXKXGRC #2 i?2 b2i Q7 r HFb Q7 bQK 2+ KX /h212 Nb b MV7
r HF BBb @QTIiBK HX

STQ@MTTQb2 7Q° +QMi~ /B+iBQM i? iPi22 22 BBIhQK@iQ HIBK HX
aBM+2r2 "2BM +HQb2/ +H bb-i?Bbr HF Bb "2+m "2MiX h?mb 7i2" }N\
bQK2 ArBHH i F2PrXHFi2 iBK2- MAMirBHH bi “i +& pBMhQK?2
T i? EMK BMi BMBM; /BbQMH2bDA! " QRp2 v iBK2 bi2TX

ARi;1 2p2 K M ;2biQ /2+72 b2 i?R{/BDHW+iZPM Bi rBHHt "~"Bp2 i
BMH2bb biATHh+HQ MW~ /B+iBMjX&X2XKK2M+2-r2 rBHH bbmK2i? ii?2 BMBiB |
/IBbi M+2 #2Ar22M/A; BbX g2 b? HH b?Qr i? ii?2°2 2tBbib H2; HO6Tm br
bi® i2;vd 7QA:Mi? i + M Q++m” > rBi? MOQM@x2 Q T 'Q# #BHBiv- M/ rBHH
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/IBbi M+2 #2Ar2RNMi, iQ /"QT #2HKQm?Bb H2 /b iQ +QMi° /B+iBQM U
G2KKjXkXR

aBM& Z7TQHHQrb @@QMBK Hr HF- 1?2 2 2vBHHRRpDm2t? i? i
dist(vi;vis )< X bbmK2IiBbh i?72 KBMBK HBM/2t 7Q  r?B+?i?Bb Q++|
Bb KBMBK H- #v i?2 TAn, bmBBIiH mBHi2-bQK2 T Q# #B HrBiB M mi*?2m 2
p2 iBwab::iv X

PM+2 M ~"Bp2ly-Aj rBHH #3, i- ?2 pBM; r HF2¥ 1Q@RK
HQM; i?2 p2 A2 X *QMb2[m2MiHv- i i?Bb TQBMiIi BM iBK2-r
i? d(Ai;Aj+1) = dvi;vie )< X aBMi#n2? b bm++2bb7mHHV /"QTT2/i?2 /B
#2ir22M Bib2AH#Z2MQF r?B+?2 r b i?2 /Bbi M+2 #2ir22M i?2K ii?2 KC(
Ais1 2K27;2/ 75QK?2 r RAi+1) Kmbi #2 b?Q iP(AIXMh?Bb /B 2+iHv
+QMi” /B+ib GRKXR

g2 rBHH #2 T°'BK 'BHv BMi2 @GR/ BAB+? FHQb2/ +H bb2b +QMi |
b?2Q i2bi T i?6M@AOBM Qi?2  rQ /b- ;" T?b QM r?B+? +QMp2 ;2M+2
Ti?Bb;m > Mi22/X q2rBHH +QMbB/2° b bT2+B H+ b2 ;" T?b7Q"
+HQb2/ +H bb r?B+ABTQMi2BMD i?bX

.2}MBiBQM jXkQMp2 :2Mi XGEMbYs;t) #2 J "FQp +? BM /2}M2/ Qp2°
i?72 ;" X A7 HH +HQbD2M +(S;tpbZOMBNBM QMHV b?Q i Zbii@-i?b 7 QK
726 Bb + KSHP@QMp2 :2Bli? "2bT2+i iQ /2HXVGBEM i?Bb ?2QH/b 7Q"
HF B'b Q7 p&SitB+2 Mv>1-G Bb + HHMp2X2Mi

2}MBiBQM jX&X8H2 ;" XAZ7bW Q" }td/ (sit) ? b mMB[m2 +HQb2/ +H b
i728@ Bb + HP2®i #HBi? "2bT2+i iQ /2HX g@PRM i?Bb ?QHM 7Q°
T B b Q7 ppsiiB+2 Mv>1-i?22 ;° G?Bb + HH 2K 2

AM 2p2°'v] FQM +3B;BQp2° Mv ;GT?22°2Bb iH2 biQM2 +HQb2/ +
i? i +QMi BMb b?Q i2bi T i?UbBM+2r HF H2M;i?b "2 KQMQiQMBH+
bBM+@ BPM "2 Bb b?Q i2bigip MO + M b2ii? i T iP(AQ ¥X
h?mb@Bb bi #H2- i?2 mMB[m2 MHQ@GRRAQMIbBMY QMHV b?Q i2bi T
7°QKigX h?mb bi #H2 ;" T? Bb BM T "iB+mH ~ +QMp2 ;2Mi ;" T?,

STQTQbBIBQMAEK Bt @bi #H2 rBi? "2bT22Mi@s;B@ +QMp2 ;2Mi
rBi? "2bT2+XiQ

AM 7 +i- brBHH #2 b?QrM-bi #H2 ;"> T?b "2 T '2+Bb2Hvi?2 ;" T*
Q7 i?2 Mib +QMp2 ;2iQ mMB[m2 bi iBQMBY¥QBBDIBFMI8IMEp2"
iQX

M2t KTH2 Q7 ;" T? r?B+? Bb +QMp2 ;2Mi #mi MQijkk#H2 Bb ;
UVX Ai+ M#2 T Qp2M bBKTHvV M/ /B 2+iHvi? iBiBb +QMp2 ;2Mi-
Hi2° BMi?Bb b2+iBQMX Ai BAMIQHR DL i#2R22I-QIBIWLR BRDisTIQ? 7 QK
t MQ bm#b 2 inrBMIiH 2p2° mb2 i?2 #QiiQK b?Q i2bi T i?X

RN



6B:m 2 jKKKTH2b Q7 ; T?br?B+? 2 MQi +QMp2 ;2Mi Q MQi bi #H2X

L SBBBE

UV +QMp2 ;2Mi ;" T?i? iBb MQi bi #H2 ;7 T?X
i
b
U#Gs, ;0 T?2r?B+? Bb MQi +QMp27;2MiX
h?2 bBKTH2bi 2t KTH2 Q7 " T?i? i Bb MQi +QMp2 ;2Mi UbQ HbQ M«

+Vv+H2ZN QR IiBER2T M 5 UG6B;mXR#VX AM 7 +i- i?Bb ;" T?2 2 b M BM}MBIi2
KQmMi Q7 +HQb2/ +H bb2b 7Q° J="FQpQ+ K B/Miv tBQRTBM; +HQ+FrBb2
7°0KiQ@Q M/ # +FsiOMv MmK#2™ Q7 iBKbMA?22202H2+i2/iQ #2 irQ
/ID +2Mi p2'iB+2bX Ai Bb MQi /B{+mHi iQ +QK2 mT rBi? Qi?2" ;> T?b r?2
7 BHb Ui?2b2 "2 ivTB+ HHv- #mi MQi M2+2bb "BHv- bT "b2 ;" T?b rBi?
BMi2 2biBM; 2t KTH2b "2 T QXB¥X3/ BM a2+iBQM

h?2 p Hm2 BY K2 MBM;7mH r?2;)BdbimbBbBRIiy Q° +QMp2 ;2M+2X 6Q°
BMbi M+2-i?2 8@ +Vv XRUBIMsBR@ QMp2 ;2Mi rBi? =2ZbF 2tmii Q
MQ&2 X

Pm™ }'bi+? ° +i2°Bx iBQM Q7 bi #H2 M/ +QMp2 ;2Mi ;> T?b rBHH #2 B
6/27Q°K iBQMbd Q7 r HFbiQ QM2 MQi?2 X

2}MBiBQM jX@XA7Q K XBHBGWP = U;UUs MP = UUU;s #2 irQ
r HFb 7V, - bm+?2 I? Bb UTQbbB#Hv 2KTivW-bM#@®m +2F BM
i? jUJ j Uy 1X h?PMBb b B/ iQ #DKB@/27Q K iBRM Q7

KXA7 i?2°2Bb b2[m2M+@/Q7 QXKBERQIMbE Q@b m HP% BN B b
b B/ iQ#2@/27Q K iBRM Q7

@/27Q K iBGMMQ2bmHiIi BM r HF Q7 b?Q i2° H&MBP?U#v "2TH +BM
b?Q i2° Q" 2p2M 2KTivbm#@r HFV- #mi rBHH M2p2°  H2M;i?2M BiX iQtk
"2 BHHmMbi™ i2/ BAKEB,qni?2" 2t KTH2 + M #2 bPIVBM-6HB i~ QM X

AMIimBiBp2Hv- ®G/2Q@EB+iBQMRBbbKIHH HQ+ HJ+2THM;2BM;
i KQbi 1 p2°'iB+2mhX QZrBb? iQ T'Qp2i?2 7TQHHQrBM;,

S'QTQbBIiBQMSREXB® +QMp2 :2Mi rBi? "BETM/i QM HvV B7 2p2° v r HF
7°0KiQ Bb@/27Q K #H2 iQ b?Q i2b@X i? 7°QK

Ky



6B;m 2 jAHHmMbi  iBQM Q7 k@/27Q K iBQM rBi? M/ rBi?Qmi
AHHmbi® i2/ "2r HFb /" rM QM i?2 9@+v+H2 M/ j@+v+H2 ;" T?bX
i22 T Wvavs iQivivg X PM i?22 “B;?i- r2v{a%iQ Qgvs X

S'QTQbBIiBQMS|BENNXbi #H2 B7 M/ QMHvV B7 i?2°2 2tBtHb }t2/ b?
7°0KiQ bm+?i? i 2p2° v rHRBRA®/27Q K BX2 iQ

S'QTQbBXB®RIM #2 BMi2 T 2i2/ b b vBM;iP BBT MbTMK #H2
iQ b?2Q i2bi T i?#v b2[m2M+2 @H+HRBRKMHHL QB Hp2 ' iB+2b-i?72M Q
2;m C Mi22/iQ }M/ b?Qi2bi T i? iQ i?2B" /2biBM iBQM UBM }M
M/ pB+2@p2 b X

g2 2[mB 2 bQK2 H2KK b iQ T'Qp2i?2b2 T°'QTQbBiBQMbX

G2KK jXKkXRFEXBb r HF #2HQM;:;BM; iQ +HQDb2/ +QKKmty-B+ iBM: +
i?2M bQ Bb@V27Q K iB&M Q7

S'Q@B bir2 T°Qp2i?2 bi i2K2Mi 7Q" i?2@/BZ2@K iREGMESX G2i
UUUs #2 M iQKEBY27Q K iBOMQUsX amTRQbBE2b r PR q2
rBHH bR.@r+ Mi F2r HF S6 rBi? MQM@x2 Q T Q# #BHBivX

g2 MQi2 i? | PBEIBF@ QTIBK H U/m2 iQ #2HQM:BM: iQ +HQb2/ +1
? p2 T 2+BH2HW] UQi?2 rBb2@TXTIBK HWBiQ®MA/ #°2 F i i?22 H bi
P2 i2tQVX h?2°27Q°2 r2 HbLR=RRXi ? |

G2P = ujus::iup, MPO= u1:::ujuj°+1:::uj°+ Ui+ iUp- bm+? B #
Wy iy (X Aibm{+2biQ b?QniBH B7 M/BM;kQMpi222PQ M/
Al OM ik2) i? p2 i2PQT?2A1 K v KQp2 iQK?2)i? p2 i2POBM
i?72 M2ti iBK2 bi2T BMADIMGEBMBRO V?Bb #v b2T ~ iBQM iQ + b2b,

RXAARi;1 Bb bi M/IBM;-Q@RQ"™ k<j-i?2M Bb bi M/BMj; QMM/
#v i?2 @QTiBK HPBI2 Q72 ik U+ )= - BKTHVBM; HbQ i? i
d(uk+1;Uks+ ) = 1X >2MA2-K v rBi? bQK2 T'Q# #BHBIv-KQp2 iQ
/Im2iQ i?2 Tm bmBi mH2X

kXARis1 Bb bi M/BM - QMM bRfERLj r2 2 p2 il ;ujs )
1 UBM 7 +i i?Bb Bb M 2[m HBivVX 6m’i?2 'KQ 2- bBKBH °

duj;uj+ )= - bQr2 K v Ap2KQp2uly BM i?2 M2ti iBK2 bi2TX
jXARi;y Bb bi M/BW; 7@V k<j + - i?2M bjRINEHRY r2 2 p2 i? |
d(u; ug+ ) X >Qr2p2 - DBNMHDM:;b iQ +HQb2/ +QKKmMB+ iBI
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i?Bb BM2[m HBiv + MMQi #2 /i, BOIMHI 6D #RIEM #H2 iQ HQr2  Bib

Qp2  HH r HF H2NR{R)#2X Qu?2 27Q 2 r2 Aw2ui? J= X
6m i?2°KQ 2 /m2 iQ i?2 BM/B+2b RM/Bil®2 7 HF ir2 i? p2 i? i
d(ud,;;uks ) 1- b®+ K v KQp2uflQ U Qi - B7= 1V BM

Tm bmRBiXQ7
9 XAj7+ k-i?22M i?2 T°QQ7 T°Q+22/b bBKBH " iQ URVX

h?Bb b?QrAik? K v Hr vb- rBi? bQK2 T Q# #BHBiv-FBM ;b2
M2ti p2 i2R°Q7M/ i?Bb BM im M PPQrDHIQM ;b iQ i?2 b K2 +HQb2/ +H bb
bPX aBM+2 @R27Q K iBQMMO#2 +QMbi' m+i2/ 7°QK b2[m2M+2 Q7 iQK
/27Q K iBQMb-i?2 T QQ7 Bb +QKTH2i2X

G2KK jXkXBRX @/2H v +?2 BM Tm bmBi- r2 ?i p2A2.),BbQ" HH
@/27Q K iB@QNXQ7

STQQ@2rBHH /2}M2 bRp[mZPM+2Py Q7 iQKBH27Q K iBQMbi? i/27Q K
P(A) iQP(Aj+1)- bm+? P33 P(Ai)) MPN =P(Ai+s1) X« Bb /2}M2/ "2+m bBp2Hv-
# b2/ @M X
g BiRp = viiiivy, M/Py = upiiiUp,- r?22V2 =u; MMN,, = uy,, X LQi2
i? i#vi?22Tm bmBi mH2 rRi? iu7@; HH M/ i? u+1 HB2b QM
b?2Q i2bi T iu7i@K X h?mb i?2°2Bb Hr vb b?2Qu2b@,L i? 7°QK
T bbBM; i2°Qm;? i K@DiiB+2b- bi "iBMXrBi?
6Q° ;Bp2mi Bb @/27Q K iBQM Q@MH +BM; i?2 bim#v@r HF
rBi? b?Q i2bi T i TQRK T bbBM; i?u@Qm PR#* >n r2 b2i
Vikr =Vph VX
M2t KTH2 Q7 i?2 b2[m3M+NjP&= jPnj=6 Bb b22M #2 B® r XM
"#BiT v p2i2t HQM; b?Q i2bi T i?- b +QMbi~ BM2/ #v i?2 /2}MBiBQM
V1V2V3V4V5Ve S det
V1U2X3V4V5Vg
V1UoU3X4V5Vg
V1UsU3UgX5Ve
U1 UoU3U4UsUg

h?2 7TQHHQrBM; Bb Hr vbi m2,

RR« Bb p HB/ rGDF BM

K¥P« Bb Hr vb@/27Q K iBQM @7Bi "2TH +2b i K@dIiB+2b UMQi2
i? iPL Bb r2HH@/2} M2 \a B M + 2

iXh?2 }'kip2 iB+Pp QT+? i?2QR ®7

kk



aQ r2 b22 i? i 7ON bQ@K2r2 rBHH Pyp2P(Ai;1)- +QKTH2iBM; i?2
T°QQ7X

MBKTQ'i Mi +Q"QHH v Q7i?2 G2KK b Dmbi T°Qp2M Bb i? i +}
+H ®OBb 2[m H- T'2+Bb2Hv- iQ i? @+MHQP K PBOMR P72AK r HF

hQ T'Qp2 S'QTREEBBOMHYV i?2 H2KK bX AM QM2 /B 2+iBQM- bbi
> T? Bb +QMp2 ;2MiX h?2MP7iQ220Bbv rpHHFB/ b2[m2M+2 Q7 r HFb i
bm++2bbBp2 Mib Ui?2 }'biPWiii?ABRA2b HF b?2Q i2bi T i?X "v G2K|
jXKXRPBb K2 Mb i? i 2p2'vr HBMRRQ#K2/ iQ b?2Q i2bi T i?X h?2 Q
/IB'2+iBQM 7QHHQIrpXKXRWH ZKR iQ i?2 7 +ii? ii?2r HFb Q7 i?2 Mi
2Mi2° bQK2 +HQb\/BM JawBQZ 2tT2+i2/ iBK2X

hQ T°Qp2 S'QTREEBBQ®M?2 /B 2+iBQM- bmTTQb2i? ii?2 ;" T? Bt
? b mMB[m2 +HQb2/ +H bbX _2+ HHi? i2p2'v bi #H2 ;" T? Bb +Q
S QTQbPRARRM]XkXRRBb BKTHB2b i? i 2p@ /M7 ®IHKBHH2 iQ b?2Q i2b
Ti?7°QKi?2 mMB[m2 +HQb2/ +H bbX HH T i?bBM i?Bb +H bb "2
/Im2 iQ i?2 K2MiBQM2/ +HQbm 2- bQ Bi 7QHHQrb i? i 2p2° v r HF B
Ub?2Q i2biV T i?X AM i?2 Qi?2 /B 2+iBQM- bmTTQb2 2p2°vr HF B
b?Q i2biAXih?2M Bi BKK2/B i2Hv XXXIRQirb?2 QKb Dmbi QM2 +HQH
+H bb-bQi?2; T? Bb bi #H2X

1 "HB2  r2 K2MiBQM2/ i? i i?2 mMB Nh2(sHH Qb2NG +B-b thh @H 2
M2+2bb "BHv HBIPIQ BRItbi T i?9i@RK2 + M MQr T°Qp2i?BbX hQ bi i-
FMQr i?2 mMB[m2 +HQb2/ +H bb-G2+ M +BNH BMWQWMHV b?2Q i2bi T
LQr HRi#2 b?Q i2bi T iTNM@BRM?2 i?2 bm++2bbQ b Q7 Mv ;2Mi 7Q
T i?Kmbi2p2Mim HHv UBM 2tT2+i2/ }MBi2 iBKQ-VBZMQMHHQ ABM Q KT
G2KKjXkXiRR i?2°2 Bb b2[m2M+2@/R7iIQKB HPQ@ B @? /27Q KBM;
Bi M2+2bb "BHv iQ MQi?2 b?Q i2bi T i? @ bm+? i?2 i ii?22 2M/ (
b?2Q i2bi T i? #2HOQMERN#2Q?2 T2MmMHIBK i2 T i? BM i?Bb b2[m2MH+
i?2 H bi QM2 MQi #20XQ M M@/;2iQ "KPiB@M + MMQi b?Q i2M Bi U b B
Bb b?Q'i2bi T i?V-i?mb Bi M2+2bb "BHv "2TKH +2bl BR%# @r HF Q
rBi? /Bz2 2Mibm#@r KR QRiHKAMQBM:; i?2 "2p2 @/ 2728 K
# +F PO- i?m@B#2HQMCb@ G QMi® /B+iBQMX h?Bb ;Bp2b bi'QM;2" +?
Q7 bi #H2 ;> T?b,

S'QTQbBIBQM GXKERKXbi #H2 UrBi? "2b-TB2ziB mMMB[m2 +HQb2/ +
+QMi BMb HH b?Q izhii@Xi?b 7 QK

M (sit) 2 b mMB[m2 +HQb2/ +H bb- M/ Bi Bb 2 bviQ b22 i? i Bi
“2bi'B+i2/iQ i?Bb +H bb UbBM+2 Mv A?®hi2H?TM22 @ZNM2V2 iBM;
Bib2HA.{@X >2M+2 Bi 2 b mMB[m2 bi iB Q3B qyMs IS 8 ¥ Q bBQBIQM
iXKXRKTHB2M i?sit) 2 b mMB[m2 bi iBQM v /Bbi'B#miBQM B7 M/ C
MMB[m2 bi iBQM “v/Bbi'B#miBQM QpXx i@®X AM22XB® NBHH QK
b?Qri? i i?Bb /Bbi'B#miBQM KmbMBWM@ii B2mPRQM Qp2° HH b?Q
T i?2b 7 QiK X

K]



AMDbDQK2 b2Mb2 i?242HBbiBK2M+?2K “F7Q  r?2i?2° ;> T? Bb+QMp2 ;2N\
U 2bTX bi #H2V,

S°'QTQbBIBQMGX&KXRPMp2 :2Mi B7 MESQOEHOQBDHPBI:BMi 7Q° Mv T B
Q7 p2 iBH2rBi? 2bT2=2 iR

S'QTQbBIBQMGXKIXRIOXH2 B7 M/ (sM)H@ B 7#Bli2BHQ" Mv T B° Q7 p2 iB+2b
(s;t)- rBi? "2bT2=%2 i®

"Qi?i?2b2 T ' QTQbBIBQMb 7TQHHQr BKK2/B 2@H2 7QQK iB® ™ Bibi? i Mv
BMT 'iB+m@/27Q K iBQM>72X hAmMb Mv ;" T? r?B+? Bb +QMp2 ;2Mi U 2b"
bi #H2V rBi? "2bT2+BHhQHDLQ +QMp2 ;2Mi U 2T2X bi #H2V 7Q°

AM Qi?2 rQ /b-r2 M22/ QMHV T ' Qp2i? i ;  T? Bb=2QMP2 ;2Mi Ubi #H:
b?Qri? i BiBb+QMp2 ;2Mi Ubri XHRV27EB ;MB}+ M+2 Q7 i?Bb Bbi? ir2 + M
MQr +QMbB/2" bi #BHBiv M/ +QMp2 ;2M+2 b T QT2 iB2b Q7 ;" T?b " i?2
i?72 /vM KB+ Hbvbi2K /2}M2/ #v Qm Tm bmBi mH2X b +QMb2[m2M+2 (
r2? p2T°Qp2/ BM i?Bb b2+iBQM-r1r2 + M 7Q ;2i i?2 Tm bmBi mH2 M/ +
"2H iBQMb #2ir22M r HFbGX i>2t8b2 BMW i?72 7TQHHQE2BMBHIR2+iBQMb -
bbmK2 i?42 - mMH2bb bi i2/ Qi?2 rBb2X

iXj *QMp2 ;2Mi M/ ai #H2 :> T?b

> pBM; b2imTbQK2?22HT7mHT QTQbBIiBQMbBMi?2T 2pBQmbb2+iBQN
b2p2° HBMi2'2biBM; +H bbB}+ iBQMb Q7 bi #H2qNWd) BQMp2 ;2Mi ;- T?b
b?QrM i? ii?2 ;"B/ Bb bi #H2X g2 7Q+mb QM ;2M2° HBxBM; i?Bb "2bmHi
;0 T?bi? iBM+HmM/2i?2 ;B/ b bT2+B H + b2X

g2 r MiiQbim/v ;" T?b@2QBQ K iBQM + M2 bBHvV #2 mM/2 biQQ/X g2}
7" mBi7mH iQ bim/v ;> T?br?Qb2 BM/m+2//Bbi M+2 K2i'B+ ? b +2°i BM FE
TH +2/ QM Bi UBMimBiBp2Hv- +QMbi® BMib i? i "2H i2 iQ i?2 B/2 Q7 b
+QMp2t bT +2 Q iQ QT2 iBQMb i? i T'2b2 p2 i?2b2VX hQ i?Bb 2M/ rz
HH Tb2m/Q@KQ/mH ~ ;> T?b "2 bi #H2- M/ i? i UBBV i?2 bi #H2@ M/ -
T QT2 iB2b "2 T '2b2 p2/ mM/2 i FBM; ;" T?2 T°'Q/m+ibX g2 i?2M KQp2 it
Q7 +?Q°/ H M/ TH M ~ ;" T?bX

g2 bi i2i?72 7TQHHQrBM; /2}MBiBQM M/ H2KK - r?B+? rBHH #2+QK2 m
b2+iBQMb,

.2}MBiBQM j)GXMRX vi:iivy, #2 r HF @M g2 + HH irQ pR-vB+2b
/IBb+ 2T M+v p2RPiBB2b?2v KBMBKBXx2 i?2 /IBz2]2M+a2MQZ B®22t2b
+QMbi’ BN iizd(vi;v) X

AR Bbi?2 b?Q i2bi W1iPQR-QR2M? b MQ /Bb+ 2T M+v p2 iB+2bX PM i?2
Qi?2°? M/ Mv MQM@QTiBK Hr HF Kmbi? p2 i H2 biQM2 T B Q7 bm+? |
i7 i /m2 i @QTiBK WB#2-HEYM:b iQ +HQb2/ +QKKmMB(®&:t)BM; +H bb Q7
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i?72M7Q° Mv T B Q7 /Bb+ WV M+vKpRbiBR22h ;2 " ¢ BMT "iB+mH -
mM/2° Qm~ bbmKTERQ M2i?Hir vb ?jp2> 2X

G2KK jXjX@Ri-vj #2 /Bb+ 2T M+v p2 iB+2 P BMV QKX HPR M,

RX7?2°2Bb MQVpEMiR22 bmw@w:oHEY, 1 bm+7? idRviiv)+ d(v;v) =
divi;vi) X Uh? i Bb- MQ p2 iRt ¥MArB#2HQM;b QM b?Q i2bi T i
#2ir22M i?2K- Q Bb 2[m HIiQ QM2 Q7 i?2KVX

KX 0 d(visvy)+2

STQ@®R T QQ7Q7URV-r2MQi2i? i? [i?2 2 #22M-bim2A 2BA?i12t- b v
Vi;Ve QV;vi TQmH/6p2 #22M /Bb+ 2T M+v p2viBBM+BND22BAR72M+2 Q
BM/2t2b Bb bK HH2 X

6Q° UkV- bbmK2ii2d(vi;vy)+2X 6 QK i?Bb r2j? gi21) >
d(vi;vj)+1  d(Vis1;Vvj) - i?mib;y; 2 /Bb+°2T M+v p2 iB+2b @ +QMi /B+i
KBMBK HBiv T QT2'ivQ7 /Bb+ 2T Mi+WlpR[iBitb- bBM+2

iXjXR Sb2m/Q@KQ/mH " :" T?b

6B;m 2 jSB2M/Q@KQ/mH - ; T?2bX

Ai Bb FMQrM i? i +?2 BM Tm bmBi BM i?2 +QMiBMmMQmb 1m+HB/2
b?2Q i2bi T i??UbRRX PM2 Q7 i?2 T'BK v "2 bQMb 7Q " i?Bb Bb i? i
MQ ?QH2b BiBb bBKTHV +QMM2+i2/X AM bBKTHV +QMM2+i2/ bm¢
+ M #2 6QTiIiBKBx2/6 BMiQ b?Q i2bi T i? #v K FBM; bK HH HQ+ H
i?72b2 /27Q K iBQMb "2 M2p2 T 2p2Mi2/ #vi?2 mM/m2 T 2b2M+2 C
rBi? ;> T?b-r2+ M+ Tim 2i?2 MQiBQM Q7 K FBM; bK HH HQ+ H +7
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PB i?72@/27Q K iBQMb U M/ i?Bb H2j/XiKX 87 QXKENEMBIQMBim BM;
i?72 MQiBQM Q7 6?QH2b6 BM i?2 "B;?ir vBb i 'B+FB2 - H2 /BM; mbiQ +Q
"2 KQ'2 BM/B 2+iX PM2 B/2 BbiQ +QMbB/2  T°QT2'iB2b Q7 +QMp2t b?
b? T2BbBM T ‘iB+mH * 2QH2H2bbX

>2HHV6b h?2Q 2K Bb i?2Q 2K #QmiBMi2 b2+iBQMb Q7 +QMp2tb? Tz
H261:::Xn #2 +QHH2iBQMRE- }MBi2 bRiIXb2iDiQZ BMi2 b2+iBQM Q7
2p2dw1 Q7 i?2b2 b2ib Bb MQM2KTiv- i?2M i?2 +QHH2+iBQM ? b MQM2K
Ub22Hej) M/ *? Ti2  RQYK(7Q  //BiBQM H # +F;"QmM/VX >2HHvVEDb i?2
KQiBp i2b QM2 Q7 i?2 TQbbB#H2- 2[mBp H2Mi /2}MBiBQMb Q7 Th2m/Q @

.2}MBiBQM jXjXjKTG Bb + HH2mM/Q@ K@ MH@>2HHv6- B7 Mvi? 22T B @
rBb2 BMi2 b2+iB®:?2/BRFEIM@M2KTiv BMi2 b2+iBQMX WQMBbF Q7 ~ /Bmb
i?72 p2°V2Bb i?2 b2i Q7 HH p2 iB+27 QRKVBbi M+2

Sb2m/Q@KQ/mH ~ ;" T?b r2'2"BBe) Qbm+t2MBMHBxXx iBQM Q7 b2p2° H
BKTQ i Mi +H bb2b Q7 ;> T?b BM K2i'B+ ;> T? i?2Q v- bm+? b i?2 bQ@
OKQ/mH "6 M/ 6/Bbi M+2@?2 2/B1*y8p 7Q T?2h2W22H bm ' p2vVX Ai Bb
MQi ? '/ iQ +QM} K i? ii?2 ;°'B/ ;> T? Bb Th2m/Q@KQ/mH - M/ bQ "2 |
bm#@; T?b M/ K Mv ;" B/@HBF2 ;" T?bX

hQ #2;BM r2 rBb? iQ T'Qp2 i?2 7TQHHQrBM;,

S'QTQbBIBQMSXIMIB@KQ/mH ~ ;" T?b "2 +QMp2 :2MiX

S QQV|XKkXRijbm{+2b iQ bA®Bb?+iQMp2 ;:2Mi 7Q F2H WEB K22/ -
7Q0° HH Q7 Qm  T°QQ7b 7°QK i?Bb TQBMi QMr “/b- r22BHH BKTHB+BiH
MMH2bb bi i2/ Qi?2 rBb2VX q2 b?Qr i2@/ MAQr KE/+QM $2Q i2bi T i?
PB2@/27Q K iBQMbX

h?2 T°QQ7 Bb #v BM/m+iBQM QM i?2 MmK#2 Q7 p2TiB+2b BM i?2 r H
6Q  i?2 BM/m+iBQM # b2- Bi Bb bBKTH2 iQ b2®iHR2bMVUBNEXQTBH2M;i?
i p2 iB+2b Q  H2bV+7 MRW®/27Q K2/ iQ b?Q i2bi T i? UBi Bb 2Bi?2" i-
b?2Q i2bi T i?-Q /B 2+i HBME@2tRbiP Z@QXK7Q K iBQM +H2 “Hv H2 /b
iQ Bi5VX h?mb i?2 bi i2K2MIXQH/b 7Q°

LQr bbmK2 i? i HHr HFb Q7+HEMNRER/27Q K2/ iQ M QTiBK H T i?X
G2P = vi::ivy #2 r HF rBif2 iB+2bX q2 rBHHM #Qrk@/27Q K2/ iQ
b?2Q i2bi T i?X

6B bi- bi?2 bm#@yk BFE Q7 HEMLiZ2 K vk@/27Q K BiiQ b?Q i2bi
T i?X bbmK2 rHQ: i? i Bi H 2 /v PobBbh?BMQ2ZBABRT i? U M/ r2 "2
/IQM2VviQMNg- 7Q° bQK2l- 2 /Bb+ 2T M+v p2/ 6Br 2B XMA2
+ M Kk@/27Q K i?2 bm#@QBMIQK b?Q i2bi T i? U/m2 iQ i?2 BM/m+iBp
bbmKTiBQMV- r?BR? bWQ 22M62b mb iQ T 2pBQmb + b2 Q7 i?2 BM/m+iE
r2 bBKTHvV M22/iQ ? M/H2 iA2 MAR2 Y22Bd+ 2T M+v p2 iB+2bX

A7 = vy, UBP2EBb OHQQTOV, \WQIifRRIM Bi 7TQHIPRI®-iDQ r2 "2
“2/m+2/iQ M2 "HB2 + b2 Q7 i?2 BM/m +dB @M PX?20MBbR 21 B2

ke



6B.m 2 jXB2 +QMbi m+iBQMb BM i?2 T JXQX9Q7 S QTQbBiBQM

V2 V3 ................ ..

C A

i?72 1?°22 /IBlwfD -D(vh;d  1)-D(vz;1)- r?2(v;r) Bb i?2 /BbF Q7 ~ /Bmb
#Omi p2vi2t
g2 b?Qri? ii?2i? 22 /BbFb BMi2 ' b2+i T B'rBb2,

RR(vi;1) MD(v31l) BMi2 b2mX i

KXO(vi;1) MD(vn;d 1) BMi2 b2+i i pPR?i2HB2b HQM: i?2 b?2Q i2bi T
7 QW 1Qu X

jX"V G2KK|XjXKk r2 ? p2i il d+2- M/i?2 20\@VQ) n 4
d 1X >2M3;1) MD(vn;d 1) BMi2 b2aX |

aBM3+Bb Tb2m/Q@KQ/mH “-r2H2 "M7 QK i?Bbi? ii?2i? 22 /BbF
BMi2 b2+iBQMX h?mb- i?2%272xBb2B +d02/ B3t 1- UBEVs) 1-
M/ UBBBN d 1-X Ai 7QHHQrb 7°QK UBV M/ UBBV;iiixvs M k@/27Q
h?2M- #v i?2 BM/m+iBp2 bbmKTiBQM-r2 + M k@ iZ7 QG KQA?2Zbm#@-r
Ti?27 QKQyX aBM+2 #v HBBBV-HB2b QM Db?Q i2biQ, iA7BOK
im MbBMiQ b?2Q i2bi WiPQh QK/2bB 2/X

g2 T°Qp2 M2ti i? i 2p2 v Th2m/QKQ/mH ;" T? Bb bi #H2X
S'QTQbBIBQMS|XIMER@KQ/mH ~ ;> T?2b "2 bi #H2X

6Q° b?Q i? M/- 6+HQDb2/ +QKKmMB+ iBIMO +R7Bbb#Qr22MQb2/
+QKKmMMB+ iBM: +H bb Q7 i?2NM?22} MROPp2 BM r HsFil) 7B @K
G U=2 VX

S'QQ@2r MiiQ b?Qri? ii?2°2Bb mMB[m2 +HQb2/ +QKKsmMB+ iBM
t X

bbmK2 7Q° +QMi~ /B+BBQNMiDi #H2X h?2M i?2 2s-t2bim@ p2 iB+2|
i? 1i?22°2 "2 iH2 biirQ /BbiBM+i +HQb2/ +QKKmMm® BHB X2WK; @R bb;
i?72J "FQp M BM)VX CGRIMIIG #2 irQ bm+? +H bb2b® LMAR i? i
+QMi BMb@RH®2bi 7TiQKiQ- bb?QrM BM S'QXQ9BiBQM

h?2 T°"QQ7 T°Q+22/b #v BM/m+iBQM QBN iM2-dBbt) XM 6 Q #iZi222 M
# b2 + b&s;B7 2i?22M i?2°2 +H2 "Hv Kmbi #2 Dmbi QM2 +HQb2/ +QKI
#2ir22MMLt- +QMi° /B+BOQMILCQR#2BM; /IBbiBM+iX
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hQ T Q+22/- bbmK2 i? ii?2 bi i2K2Mi ?QH/B-7M//BOMNMB 20
irQ p2 iB+Rt bm+? idsit)= nX
G2FP1 = vivoiiivp+1 2C1 M/Py, = ujuz:iiup+r 2 Co- rBi®= vi = u; M/
t=Vnst = Uns1 - #2 irQ b?2Q i2bi TSiPOX *QHIbB /2" i DRuspBLp-Bbvo; 1)
MD(ttn 2)X g2 ? p2 iD(tin 2) BMi2 HHAwifh) MD(v;1) 2bT2+iBp2Hv
iuz MAM3X 6m i?22 KD @, )\D (v2;1) X h?mb i?2 2 Kmbi #2 BM2 i2t
i?72 BMi2 ' b2+iBQM Q7 HH /BbFbX 6QX v?)Bblp@Xxi@s) £21? M2,
dix;t)=n 2X aB¥w2A)=d(ugt)=n 1-r2? p2iR HB2b QM b?Q i2bi T i?
7T QK #@i? M- iQX GRi=x:::t #2 bQK2 }t2/ b?Q i2bixXTi{PX7"QK
i?2 BM/m+iBp2 bbmKTiBQMr2 + M k@427 QRi?Mbm#A @ rQHF Db
P, iQi?2 T PR MUPx "2bT2+iBp2HVvX h?2M r2 K v /27@Vi?2 bm#@r HF
UQ7 i?2WVviP V iQuxx- i?mb /27Q KBM; i?2irQ T i?b BMiQ i?2 b K2 T i?X h
+QMi” /B+iGiMIG "2 /BbiBM+i-bQr2 "2/QM2X

M2t KTH2 Q7 ;> T? r?B+? Bb bi #H2 #mi MQi Tb2m/Q@KQ/mH " Bb |
jX ¥

6B;m 2 jXie#H2- MQM@Tb2m/Q@KQ/mH * ;" T?

jXjXk > T? S°Q/m+ib

T T?2T Q/m+ib "2 "B+?iQTB+ Q7 bim/v br2HH b M 2z2+iBp2 K2i?Q/ Q
iQTQHQ;B2b 7 QKAEHRAEWI2Q" M Qp2'pB2rVX AM i?Bb b2+iBQM r2 +QI
Qm ' b2Hp2b rBi? irQ FBM/b Q7 ;" T? T°'Q/m+i QT2 iBQMb- M/ b?Qr i? i
;D T? +QMp27;2M+2- M/ ;0 T? bi #BHBivX

6B;m 2 jXdT? T " Q/m+RHLr@7? Bib2H7

rere
11111

U ¥s Ps
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2IMBIiBQM jX{Xé2bB M T XN+ Vi2bB M T Q/m+i QG 1@y E1] 2b

M/MH = (VaiEz) - r'BiiBMH - Bb /2}M2/ iQ #2 i?2 ;> T? r?Qb2 p2 iB+2b
i72 7QUKE (Xy) r?2°2 2 G-y 2 H- M/ r?2°2 i?2°2 Bb M 2/:2 #2ir22
(X1;y1) ! (X21y2) BR1=X2 MUy1y22 Ez- Qi=Yy2 MKix2 2 E1r X

.2})MBIiBQM jXaXQM: T GhM2iVi'QM; T Q/m+i Q7GrQ(Vi:E:Pb
MH = (VaEz) - r'BiiGMH - Bb /2}M2/iQ #2 i?2 ;> T? r?Qb2 p2 iB+2b
TQ K=(xy) r?2' 22G-y2H- M/ r?2 2i?2°2 Bb M 2/(2;#31r22M
(X2;y2) Bxy = x2 MMA1y2 2 Ex- Qy1 = y2 MMXixz2 2 Ex- QXix2 2 E; M/
y1iy2 2 E2 X

Mv p2 ' M20Q7 ;- T? T°Q/&+iMJG, + M #2 /2b+ B#2/ (ky)X B"
h?2T"QD2+QEQEMM B3 Bb /2}M2/ dXQ #M/ Bib T"QD2+GB M QRYVMQ /
iQ #2X h?2 T'QD2+iBQM QMBI BLFi?2 r HFGRP2 1 +QMbBbib Q7 i?2
T QD2+iBQMb Q7 P2 QMGBBRM @72 X q2 rBHH ? p2d@2uMQi iBQM
2727 0iQ 0?2 /Bbi M+2 #2ir22M i?22 T QD24iQQIEIX Q@2 IMQ p2i?Bi+2b
i?72 /Bbi M+2 #2ir22M ivQNA QpE2bG, Bb bBKTHvV i?2 6i tB+ # K2i'B
/IBbi ME?2 R)dg, c,(U;Vv)= di(v;u)+ da(v;u) X AM +QKT "BbQM-Bi 7TQHHQrb 7
[2}MBIiBQM Q7 bi QM,;dg, @/mu)i=i hax(di(v;u);dz(v;u)) X

G2R, #2 i?2 T i? ;" MpRMB+2bXhPZMb i?2 "2nmH ;"B/ M/
Pn PhnBbi?2;"B/rBi? /B ;QM HjXdBR2DBRM 2 i?Bb b2+iBQM Qz2'b
/Bz2 2Mi ;2M2° HBx iBQM Q7 i?2 FMQrM "2bmHib "2; "/BM; ; B/ ;"

* 7i2bB M T Q/m+ib

S'QTQbBIBQOMSiXGXBY +QMp2 GAMMBZE 2 +QMp2 ;2MiX

ST Q@AM QM2 /B 2+iB@GMG, tBimKQMPp2 ;2Mi MPHxwvHQ; # 2
r HF BMX GQA2 G, #2 M “#Bi® v p2 i2tX PRA2QHULFBi? p2 i2t Bb
VO=(vi;u)- + M #2 T QD2+G:2/MYMII@ T QD P+XBaBWBHERb k@/27Q K #H?2
iQ b?2Q i2bi T i@ A)QR(VyU)- Bi 7TQHHQrb 7 QK BbBW@7?2i7Q K #H?2
iQ b?Q i2bi T M VQRKMQi2i? i Mvp HB/ k@/RYQpEi1iEsQM Q7
+? M;2b QMEH V+IQQ /BM i2 +QKTQM2Mi Q7 i?2 p2 iB+2b- bBM+2 k@
H2M;i?2M T i? M/ +? M;BM +iQRTE@RM2BHH /Q bQVX
AM i?2 Qi?2 /B 2+iBBQMM/GpbmX2QMp2 ;2RiXVE2v, #2
r HF BMG,X g2 rBHH b?Qr Bi Bb k@/27Q K #H2 i@ iBR® i2bi T i? 7°
*HH M2/ @ BY Mt@+? B72Bi z2+Gh #¥X@Q /BM i2 +QKTQM2Mi M
H2 p&b}t2/- 2Hb2 + H@E BA XM L Dr H2puz #2 bQK2 r KB BMX "v
i?2 /2}MBIiBQM Q7 * “i2bRBi;04 BbQ /W@ #-?BNupAs Bt Mt@+? M;2- r2
+ M K@/ 2F@QUKBMi@Suz bm+? iud Bb Mt@+? MSWB Bb/ v@+? M;2X
0B+2@p2°b - i?Bb Bb HbQ i'm2X g2 rBHHo#+ FXHWaR2?6@H22Q K il
7Q° M BHHmMbi® iBQMVX
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6B;m 2 jXB2 +QMbi m+iBQMb BM i?2 T JXQX3Q7 S QTQbBIiBQM

N N

t@+? M2 v@+? M;2b
EUz—&?é 1
o T ¢e—0—
+ 1+ l
N i@;) L-> S Bt Y

1't'"J;:)>UO 5 t@+? M;2b

@+ ! U#YX@/27Q KBM; i?2 /B 2+i2/ T i? bm+?i? i HH

UVbBM;H2 br TX i?72t@+? M;2b Q++m” } bi

h?2 B/2 Bb i?Bb, i FPiMN/ITRF7Q K br Tb QM Bib p2'iB+2b mMiBH H
+?2 M;2b 2 +QMb2+miBp2- M/ HHv@+? M:;2b 2 +QMPR2+miBp2X h?Bb
i? i+ M#2 /BpB/2/ BMiQ ir@l=m#@ucHMBRY = uc:::up- bm+?2 i? i
i?72 p2 iBP2P BN i?BB@+QKTQM2Mi ?22H/ +QMbi Mi-PM?iP2 p2 iB+2b BM
i?72B1@+QKTQM2Mi ?2H/ +QMbi MiX g2 + M i?2NeimbRG?2Q+QMp2 ;2M+2 (
K@/27Q K i?2b2 irQ +QKTQM2MibPiQ MPQXi2AbIBD b WK TH2 iQ b22 7" QK
i?72 /2}MBiBQM Q7 * "i2bB MM, hrbtii#2 ib?Q i2bi Tui1@ QK
uhc bQr2 "2/QM2X

S'QTQbBIBQM5{XGXBH bi #K62 Bve/G, "2 bi #H2X

STQ?2 /B 2+iBQME;r@2 b bi #H2 Bb bBKBH " iQ Bib +QmMi2'T i BM S°Q
JXjX392 HP23 vivo:iiivy, #2 r HFEGBMM/ +°2 i2 PHE b BMX3r?Qb2
T'QD2+iBGMBPXi@BM+2 7 QK bi #BHBiPBBE Q@HDTQ IR #H2 iQ My
b?2Q i2bi T iRV, UR KQVh;u)- Bi 7TQHHQrb 7 " QKBREKW@I ML 7Q K #H2 iQ Mv
b?2Q i2bi T i%7i@KX

AMi?2 Qi?2 /B 2+iBBQMIGPb 2K #H2K =G 4i;y1) ! (Xn;yn) #2
Mv b?2Q i2bi BiGB¥M g2 b?Qr i 4+ M Hr vb #2 /127Q K2/ BMiQ bT2+B}+
b?2Q i2bi@-i?mbb?QrBGL; G> Bbbi #H2 Ui?Bb b?Qrb bi #BHBivpB T QTQL
IXKXX G2% (xi;yi) M/ HQi #2 }t2/- “#Bi> v QTiBK HT i2, X QK
G2Qy #2 }t2/- “#Bi® v QTiBK HuT i9o K QRIMBb /2}M2/ iQ #2
b?Q i2bi T i? Q7 GAYIJ(®2 1) :::(Xn;y1)(Xn;Y2) 111 (Xnsyn) Ui? i Bb-} bir2
;Qi?2°Qm;? i?2®T PQH/BM; i?2 v@+QQ /BM i2 }t2/Q,M?QA2/B N2 Qm;?
i?22t@+QQ /BM i2 }t2/VX

hQ /127 KQQ-r2 T2 7Q K brPTbbQBWK|jXi® KQp2 HH i?2t@+? M;2b
iQ i?2 #2;BMMBM; Q7 i?2 T i?-v@+? M;2b i@i2PPIX-hiQ2Mi T i?
bBKBH jHyX® + M mb2i?2 bi @GBHBGY @7/27Q K i?2 7°QMi M/ 2M/iQ
T i?7BYPY iQRx MRQy "2bT2+iBp2HVX h?nPb it/ 207/ Q1B 2/X

jy



ai’QM; T°Q/m+ib

6Q i?72 "2bi Q7 i?Bb (2, u)BFQN2# i?2 mbm H /Bbv M#2Q0p 20K
G1 G2X h?2 7 +id(?;u) = max(di(v;u);dz(v;u)) Bb BKTQ i Mi M/ rBHH #2 mb
2ti2MbBp2Hv- bQK2iBK2b BKTHB+BiHv- BM i?2 ";mK2Mib #2HQrX
MBKTQ i Mii?BM; iQMQi2GQ&miBbHEbL BRM2BIY +QKTQM2Mib
+ M#2 k@/27Q° K2/ BM/2T2M/2MiHv- bQ HQM; b i?2/27Q K iBQM /
JQ 2 2tTHB+BiHvV- +QMBAM:IR2 MHRMQQIi2(X;;y)) X LQi2 i? i BY
XiXi+1Xi+2 Bb K@/27Q Kix¥i2 i @2WVis1 Viez = (Xi;¥i)(Xi+1;Yis1 )(Xis2:Yis2)
Bb k@/27Q Kxityd@&G®e1); (Xi+2;Viv2) X h?2mb r2 ?2 p2 +? M;2/i?2 T QD2+i
QP QMB rBi?Qmi z2+iBM; i?72 T DR X+IBQBpQMNiIQiHV- r2 + M +? M
i?72 T QD2+iB@WMrRIMQni +? M;BM; i?2 T Q& X+iRQrmMB HHM i@H H
[27Q K iBQMb i? i H2 p2 2Bi?2 G207 i@D &M BzZQMBR@/2T2M/2Mi
/127Q K iBQMbX
g2 T°Qp2 M2ti i?2 7TQHHQrBM; T QT2 ivQ7 bi'QM; T°Q/m+ib QM

S'QTQbBIBQMGX|jXGRBH +QMp2 @MMBz "2 +QMp2 ;2MiX
hQ B/ mbr2 rBHH 2KTHQvV mb27mH /2}MBiBQMX

2}MBIiBOM jXBORRXy:::vy #2 bQK2 r IBF @GEX 2 /2}M2ti@D+Q "2
QV -1<i<n -iQ #MAVi 1;Vi+1) di(Vi;Vis1) - M/ iA2@ b HQ &B(Vi 1;Vi+1)
da(Vi; Vis1) X

LQi2 i? ii?2t@b+Q 2 Uv@b+Q 2V "2+2Bp2 p Hm2b QMHV BM @
b+Q 2V Q7 vp®712t?22 rPHFvy:::va Bb K2 bm 2 Q7 ?2Qr Kmw? 0+HQDb?2
# BM;b mibp i?2M T QD2+i&/-QRIHQIBpi2:PQ A7 Bi Bb TQbBiBp2-i?2M
T QD2+iB@BW @MAQYZ iiMM T b i? wvQX

g2 bi "irBi? M Q#b2 p iBQM,

G2KK jJXjXRXX #2 +HQb2/ +QKKmMMBGiBGh; UBIXRIXQQ@7 i?72J "FQp
+? BM(s;t) 7Q° bQK2 +?2QBMAV/J7Th?2M 7Q° MMw v M, 2C,

RXAd(vy;va) =2 MAMy(vy;vs) 1-i?22t@b+Q 2WQU2p2nwW Bb R
kXAdo(vy;va) =2 MMi(vy;vs) 1- 0?22 v@b+Q 2vQERiE2TYW Bb R

JXAd(vi;v3) =2 MMHi(vi;ve) =2 - i?22M 2Bi%27? PIHTQbBiBp2 t@b+Q 2- Q°
Vi ? p2 TQbBiBp2 v@b+Q 2

aBMP+Bb @QTiBK H- QM2 Q7 URV- UKV Q  UjV KmbijRXHR/K 1bb2
bvbi? iQM2Q7i?2T QD2PIBRYMIQ@72Bi AT, Kmbi #® QTiBK H
UBSM QG, "2bT2+iBp2HvV- bBM+2 i?Bb Bb BKTHB2/ #v 2Bi?2° HH Q7
V@b+Q 2b #2BM; TQbBiBp2X h?2 T°QQ7 B/2 Bb iQ b?Qri? i r?2M
P+ M#2 6bi 2i+?22/06 HQM; ZBGR 22l U pB@/27Q K iBQMV iQ T i?
i? i Bb M@IQTiBK H- +QMi  CBBHLBMHI@bi2/ +QKKmMB+ iBM:; +H bb |
+QMi BMb @QHAIBK HT i?bX

iR



STQ@®R T QQ7 Q7 URV- butv 30RH2 iMMy(vy;vs) 1X h?22 T°QQ7 Bb
#v +QMi° /IB+iBR M2 R2i} bi p2i2t rBi? MQM@TQbBiIiBp2t@b+Q 2 Ur2 b
+QMi’> /B+iBQM i? i Bi 2tBbiliMvk2MB Mi(WR;Viks1) O0- QU Hi2 @
M iBp2HV r' @M MW.1) di(VicViks ) X 2+ HH i?2 /12}MBiBQM Q7 k@QTiBK H
M/ i? i 2p2°vr HF BM +HQb2/ +QKKmMB+ iBM; +HPhBBBE@R@ QTiBK HX
QTIiBK H- i?mb-dpQVis2l#H2 MA(Vi;vis1)=1 X AMT "iB+mH "~ r2 ? p2i? i
dvicvk+1) =1 - r?B+? BKTHBRR iAki1) di(vi;vi+1) 1X aBMw2) Bb
1?72 K tBKmK@V) MMx(u;v)- Md(vk 1;Vk+1) =2 - 12 Kmbi i?2M ? p2i? i
do(Vk 1;,Wk+1) =2 X

2MQUZ (X Yi) X IbBM; BM/2T2M/2Mi /127Q K iBQMb-r2 + MKk@/27Q K i?;
QP iQ ? p2 K tBKBx2/ v@b+Q 2b- b WYHHDIrblr?2MEP27Q K
Vivie1Visz 1 Qiy¥is2 bm+? i8yPyis2) = d(yi;yis2) 1 Ui?Bb Bb Hr vb TQbbB#H?2
bBM+2 g22MAi.2, "2 MQi i?2 b K2 p27i2ti?2°2 Bb Hr vb p27i2t +QMM2+i:
#QIi? Q7 i?2K i? i ;2ibysH QI 2iQQ i?Bb rBi?Qmi z2+iBM; i?2 T°'QD2+iBQ!
P QK U M/bQi?2t@b+Q 2b 2K BM mM+? RI2MWW =2 iBgM; r HF
aBMip@;vs) 1-r2i?22M ? p2di@®2v%,) 17Q  iMH

_2+ HHBM; b MQM@TQbBiBp2 t@b+Q 2 WRZ-MBM ;pi2iRPhiQ /Q2b
di(v) iv0) 1 #mi MQr df(WQ;vl,) 1- M/ BE? ;vi,) 1- +QMi @
/IB+iBQM iQ i?2 Kk@QTiBK HBIWQ /?HHHQHInn B K27 k@ /27Q K iBQMbX

h?2 T°"QQ7 Q7 UkV Bb i?2 b K2X

6Q T°QQ7 Q7 UjV- ; BM #v WQMP iPRHIBQM2 H2tii? i /Q2bMdi ? p2
#Qi?t@ M/ v@b+Q ' 2b TQbBiBp2X amTTQb2 rHQ; i? ii?2v@b+Q 2 Bb M
r2a2 Kmbi ?2dp(@x 1;vk+1) do(Vk;Vk+1) 11X .m2 iQ K@QTIiBK HBiv r2 Kmbi i?2M
? pA(vk 1;Vk+1) =2-bQ r2 + M TTHv i?72 b K2 ";mK2Mi b URV iQ i?2 bm#r
Vk 1:::Vh Ui? i Bb- Qma M MYe® & 1 MM V- 1Q ;20 i? 11?2 p2°iB+2b
T big ? p2 TQbBiBp2t@b+Q 2 b r2HHX

g2 + M MQr KQp2 QM iQ iPRjXRYQ7 Q7

STQOM?2 + b2 rT&°2G, Bb +QMp2 ;2Mi mb2b i?2 b K2 B/RXjH3T ' QTQbBIiBQNM
M/jX]XNGRi= vivo:iivy, #2 r HF@MM/ +°2 i2 PHepL; G,
UbBMX3r?Qb2 T'QD2+GBBR QMIPQb2 v@+QQ /BM i2 Bb }t2/X q2 K v
[27QPRBMIiQ b?Q i2bi TG?-GhBBM+HXQ Mp2 :2MiX Mv iQKB+ k@/27Q K iBC(
QR%i? i +? M;2b Bib T QD@+ #BRM DMiQbH i2/ BMIiQ k@RP27Q K iBQM Q7
#vHQQFBM; QMHV ii?2 +? M;2biQ i?2t@+Q QP /BiM/ 27X kh #BI2BKTHB2Db
iQ b?Q i2bi TGiX BM

AM i?72 Qi?2° /B'2+iBGM-MIGTTQb2QMp2 ;2MIX¥2G2+HQb2/
+QKKmMB+ iBMGi+Hz bbMQ HRE vi::i:ivyp #2 r HFCEXMg2 rBHHR ?Qr
Bb b?Q i2bi T v?i QXK

2MQV2= (Xi3¥i)) X bbmKR2Bb MQi QTiBK HiX 1h® 21f#;vy)
max(di(vi;vn);d2(Vi;Vvn)) - M/ i?2mb M2Bi?2° QX iZXkHEBER MY =
yiy2:::yn Bb QTiBK H& aBIMEx2 2 +QMp2 ;2Mi-r1r2 + M k@/27Q K i?2b2 T i?t

jK



iQ QTiBK HBivX >2M¢2MNQ i2DIi2Bb b2[m2M+2 Q7 iQKB+ k@ /27
i? i2p2Mim HHv "2bmHib BM I WHEXQKHHMHRM?I? QM2 H2bb i? Mi?2B
H2M;i?VX h?2 T2MmHIBK i2 2H2K2Mi Q7 i?@&hob:2¢mBRM+2 rBHH #2
d(ug ;u+1) 1 7Q b®KBX2X- r HFi? iBb MQi k@QTiBK HUbBM+2 r;
Mv p2 iB+2b 7°QK K@QTiBK Hr HF pB  DbBM;H2 iQKB+ k@/27Q"

G2A%=xIxJ::xQ #2 k@/27Q KXiBo@M QI i 7QKHWQ@K2xXP,,)
1X h?2°2 Kmbi #2 bm+? k@/27Q K iBQM BM HB;?i Q7 i?2 #Qp2>
bm#@kHEXP,, 1QQ X x0,; - + HHBM; i?2 M2KrLQF2 iR i? b
P2 i2t rBi? MQM@TQbBiBp2 Ux2'QVt@b+Q 2X

G2Y%#2 k@/27Q KYBQM QI i 7Q] W@K2y,;) 1X q2 ; BM
k@/27Q K i?2 byh @t HIRY) 1y 1% - "2bmHiIBM; BM i7r iHF b
p2 i2t rBi? MQM@TQbBiBp2 Ux2 ' QVv@b+Q 2X

q2 BM/2T2M/2MiHvV /27Q K i?2 t@ MPVBMXQ KM @ M2Wih2Q @
iBp2HvX * HH i?2PMRr r HF

++Q ' /BM; iQ GXK&Rk 2Bi?2  ? b HHt@b+Q 2b TQbBiBp2- Q" HI
BiBp2X "mi r2 FMQr i?Bb iQ #2 7 Hb2 /m2 iQ i®2 mMvYr2 +QMbi m+
+QMi> /B+iBQM ijQXXRKK

STQTQbBIBQMGX|)XGR|Xb bi #Ib2 BEG, "2 bi #H2X

STQM7?2 /B 2+iBQM1r?@ Bb bi #H2 mb2b T 2+Bb2Hv i?2 b K2 B/2 &k
bBiBRXNXYXjXNM]XjXRW/ Bb QKBii2/X

amTTQp2M/G, "2 bi #H2X g2 rB&H B28b bi #H2X hQ i?Bb 2M/ r2
b?Qri? i 2p2'vb?Q i2b¥F (is2;%)Q® =(tx;ty) Bb /27Q K #H2 iQ }t2/
TiQUDb22 ST QTHIBARQ@R b2T ~ i2i?2T QQ7 BMiQ + b2bX

URV bbdakD = d(s;t) X aBi= uy:::up iQ #2 bQK2 "#Bi° "v QTiBK H T i
7°QKiQ- M/ bQi-Qy iQ #2 i?2 T QD2+EBQMBQRDT2+iBp2HVX

G2R =vy:i:vy #2 T i? 75@K; iQ=vyX g2+ M bbmK2 Bi Bb M QTiBK
Ti?/m2iQ +QMp2 ;2M+XX=X2MQi2Y#vy1:::ynh 1?22 T°QD2+iBQMb Q7
QMBY MG, X aBM®L2Vy) = da(vi;vp)-r1r2 2?2 p2iX iM¥ "2 #Qi? QTiBK HX
h? MFb iQi?2 bi EBHBLG, Q2 + M BM/2T2M/2MiNMVIiQ® / M " K
IRy X aQ MV QKiQ Bb /27Q K @HMIQ@2 "2 /QM2X

UkV bbm2) 6 dy(s;t) X rHQ; r2 rBHH bhpiKt2 3d,(s;t) X g Bi2
n,=da(s;)+1 7Q b?2Q i? M/ WBKIRH " iQ #27Q 2- Bib G:QM2+iBQMb
Gy, #2BM; b 7TQHHQrBbIbRIK2 "#Bi° v QTiBKsHI QxR F?QM- i?2
}bmy p2 iB+Rh QZ bQK2 QTiBK H §,iiQy ®IKi?2 "2bty "2T2 i2/
K‘Dy:sy:n:z:tyty:::tyvx

b #27Q R H®Ri:::vyp #2 Mv b?Q i2bi TsiQ- 1BK? i?72 T QDR+iBQMb
MN /2}M2/ bBMi?2T 2pBQmb + b2XXi@+HBHF2HQ7IQ 2X .27Q KB
Y iQQy Bb KQ 2 /2HB+ i2X

6B bir2 b?Qr i? i ;Bp2MY(jk#ryjH:Ey, bm+? i@(V;yx) <k ]

i



Ui? i Bb- i?2 bm#r HF Bb bm#@QTiBK HVY®BkBbnT«PbimB#HQIIQ /27Q K
i?7Xi? M/ i?R 1)i? p2 iB+2b rBHH $2X2[m H iQ
aBMY{Rk) Bb bm#@QTiBKBb M/#H2 r2 + M N@K27Q Kr HF
Y k)?= YR YR oy bm+? i@(tyl,) =1 7Q° bQKIA?2 b K2 B/2 rb
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