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)XQNFLD I MH RKUDQLÉHQÂ SRGPLHQNDPL

��� ([LVWXMH WDNÞ DOJRULWPXV� NWRUÞ IXQNFLX I

�Y\SRÉÎWD GRVWDWRÉQH UÞFKOR� V SR�DGRYDQRX

SUHVQRV~RX SUH ND�GÊ [∈' �KRYRUÎPH� �H

IXQNFLD I MH GREUH Y\SRÉLWDWH�QÂ��

��� 3UH ND�GÛ GYRMLFX ORNÂOQ\FK PLQÎP [��

[�∈' Y]GLDOHQRV~ _[��[�_ MH YÅÉ{LD DNR GDQÊ

NODGQÊ ÉÎVOR δ!�� _[��[�_!δ� 3RGPLHQND

DXWRPDWLFN\ Y\OXÉXMH ] WULHG\ SUÎSXVWQÞFK

IXQNFLÎ WLH IXQNFLH� NWRUÊ VÛ �IUDNWÂORYÊKR�

W\SX� W�M� Y ND�GRP RNROÎ QHMDNÊKR PLQLPD VD

QDFKÂG]D DVSRÓ MHGQR LQÊ PLQLPXP�
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*OREÂOQH PLQLPXP IXQNFLH I QD NRFNH '

MH XUÉHQÊ Y]~DKRP

x fopt
D

=
∈

arg min
x

x0 5

1ÂMGHQLH JOREÂOQHKR PLQLPD SRX�LWÎP

NODVLFNÞFK RSWLPDOL]DÉQÞFK PHWÔG SDWUÎ YR

Y{HREHFQRVWL PHG]L REWLD�QH QXPHULFNÊ

SUREOÊP\ SUH IXQNFLH� NWRUÊ QLH VÛ RKUDQLÉHQÊ

ÐDO{ÎPL SRGPLHQNDPL

= WÞFKWR GÕYRGRY VD Y VÛÉDVQRVWL >���@ SUL

ULH{HQÎ JOREÂOQHKR RSWLPDOL\DÉQÊKR SUREOÊPX

ÉDVWR SRX�ÎYDMÛ W]Y� HYROXÉQÊ RSWLPDOL]DÉQÊ

DOJRULWP\� NWRUÊ SRVN\WXMÛ ULH{HQLD EOÎ]NH

JOREÂOQHPX� DOHER V QÎP WRWR�QÊ�
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%LQÂUQD YHU]LD IXQNFLH PÂ WYDU

f R
k

: ,01: ? →

y f= αα0 5

7ÂWR IXQNFLD MH GHILQRYDQÂ QDG PQR�LQRX
ELQÂUQ\FK YHNWRURY GÆ�N\ N� NDUGLQDOLWD
PQR�LQ\ ELQÂUQ\FK YHNWRURY GÆ�N\ N MH

01 2,: ?k k=
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2SWLPDOL]DÉQÞ SUREOÊP SUH ELQÂUQH YHNWRU\
PÂ WYDU

α α
α

opt k
f=

∈
arg min

0 1,: ?
0 5

9R Y{HREHFQRVWL� JOREÂOQH RSWLPXP αRSW VD
QÂMGH SR SUHVNÛ{DQÎ Y{HWNÞFK PR�QÞFK
ELQÂUQ\FK YHNWRURY GÆ�N\ N� $OJRULWPLFN\ WHQWR
SUÎVWXS PÕ�H E\~ LPSOHPHQWRYDQÞ SRPRFRX
PHWÔG\ VSÅWQÊKR SUHK�DGÂYDQLD� &38 ÉDV
SRWUHEQÞ QD ULH{HQLH RSWLPDOL]DÉQHM ÛORK\ MH
SRWRP ÛPHUQÞ NDUGLQDOLWH SULHVWRUX ULH{HQÎ

tCPU
k∝ 2
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%LQÂUQD UHSUH]HQWÂFLD UHÂOQHM SUHPHQQHM

%LQÂUQ\ YHNWRU α GÆ�N\ N

α = ∈α α α1 2 01... ,k

k0 5 : ?

MH LQWHUSUHWRYDQÞ DNR FHOÊ ÉÎVOR
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. WRPXWR FHOÊPX ÉÎVOX SULUDGÎPH UDFLRQÂOQH
ÉÎVOR [∈>D�E@

x a
b a

k
≈ = + −

−
real intα α0 5 0 5

2 1

UHDO�α� DSUR[LPXMH SR�DGRYDQÊ UHÂOQH ÉÎVOR [

V SUHVQRV~RX �E�D���N���
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*UD\RYD ELQÂUQD UHSUH]HQWÂFLD

'YRMLFD ELQÂUQ\FK UH~D]FRY� NWRUÊ VÛ

RGOL{QÊ YR Y{HWNÞFK SRORKÂFK ELWRYÞFK

SUHPHQQÞFK PÕ�H RGSRYHGD~ GYRP

VXVHGQÞP FHOÞP ÉÎVODP�

α�  ����� D α� ����� VÛ LQWHUSUHWRYDQÊ DNR

LQW�α� � � UHVS� LQW�α� � �

7ÂWR QHYÞKRGD {WDQGDUGQÊKR ELQÂUQHKR NÔGX

MH RGVWUÂQHQÂ SRX�LWÎP W]Y� *UD\RYKR NÔGX�

-HKR ]ÂNODGQÂ P\{OLHQND VSRÉÎYD Y WRP� �H

NÔGXMH ELQÂUQH ÉÎVOD WDN� �H GYH VXVHGQÊ FHOÊ

ÉÎVOD VÛ ELQÂUQH UHSUH]HQWRYDQÊ UH~D]FDPL�

NWRUÊ VÛ UÕ]QH OHQ Y MHGQHM SRORKH ELQÂUQHKR

UH~D]FD

~α1 ����� D
~α 2 ����� VÛ LQWHUSUHWRYDQÊ DNR

FHOÊ ÉÎVOD LQW�~α1� � UHVS� LQW�
~α 2� �
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7UDQVIRUPÂFLD VSRMLWÊKR RSWLPDOL]DÉQÊKR

SUREOÊPX QD OLQHÂUQ\ RSWLPDOL]DÉQÞ

SUREOÊP

3UHGSRNODGDMPH� �H SUHPHQQÂ [∈' MH
Y\MDGUHQÂ Y ELQÂUQHM UHSUH]HQWÂFLL ELWRYÞP
YHNWRURP GÆ�N\ N� %XGHPH SUHGSRNODGD~� �H
GÆ�ND ELQÂUQHM UHSUH]HQWÂFLH N MH ]YROHQÂ WDN�
�H SODWÎ

δ >>
−
−

b a
k

2 7
1 62 1

0LQLPÂOQD Y]GLDOHQRV~ PHG]L GYRPD
PLQLPDPL IXQNFLH I�[� QD REODVWL ' PXVÎ E\~ R
PQRKR YÅÉ{LD DNR �SUHVQRV~� ELQÂUQHM
UHSUH]HQWÂFLH�
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7UDQVIRUPÂFLD ELQHUQHM UHSUH]HQWÂFLH QD
UHÂOQH ÉÎVOR MH IRUPÂOQH FKÂSDQÂ DNR
]REUD]HQLH Γ

Γ : ,01: ?k
D→

x = Γ αα0 5

1HFK ~α opt MH ELQÂUQ\ YHNWRU GÆ�N\ N� NWRUÞ ERO
]ÎVNDQÞ ULH{HQÎP RSWLPDOL]DÉQÊKR SUREOÊPX

~
,

α α
α

opt kn
f=

∈
arg min

0 1: ?
0 51 6Γ

~ ~xopt opt= Γ αα2 7

x xopt opt opt≈ =~ ~Γ αα2 7
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=ÂYHU\

• 3UHVQRV~ ULH{HQLD RSWLPDOL]DÉQÊKR SUREOÊPX
����� SUL SUHFKRGH ]R VSRMLWHM UHSUH]HQWÂFLH N
ELQÂUQHM UHSUH]HQWÂFLL ]ÂYLVÎ QD NRQ{WDQWH N�
NWRUÂ XUÉXMH GÆ�NX ELQÂUQ\FK YHNWRURY
UHSUH]HQWXMÛFLFK MHGQRWOLYÊ UHÂOQH
SUHPHQQÊ�

• $N IXQNFLD I REVDKXMH PÂOR PLQÎP� NWRUÊ VÛ
GRVWDWRÉQH QDY]ÂMRP L]RORYDQÊ �NRQ{WDQWD δ
MH YH�NÂ� D �{LURNÊ�� NRQ{WDQWD N QHPXVÎ E\~
YH�NÂ�

• $Y{DN� DN IXQNFLD I REVDKXMH PQR�VWYR
PLQÎP� NWRUÊ OH�LD EOÎ]NR VHED �NRQ{WDQWD δ
PXVÎ E\~ PDOÂ�� SRWRP NRQ{WDQWD N PXVÎ E\W
SRPHUQH YH�NÂ�

• 2UWRJRQÂOQD PULH�ND ERGRY QDG REODV~RX '�
NWRUÊ VÛ JHQHURYDQÊ ]YROHQRX ELQÂUQRX
UHSUH]HQWÂFLRX UHÂOQ\FK SUHPHQQÞFK� PXVÎ
E\~ GRVWDWRÉQH MHPQÂ� DE\ VD SRVWLKOL D
RGOÎ{LOL EOÎ]NR VHED OH�LDFH PLQLPÂ IXQNFLH I�
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.RQWÛURYÞ JUDI IXQNFLH I QDG REODV~RX '� NWRUÂ

MH Y ELQÂUQHM UHSUH]HQWÂFLL DSUR[LPRYDQÂ

RUWRJRQÂOQRX PULH�NRX ERGRY� 3UHVQÊ

PLQLPXP IXQNFLH I QDG REODV~RX ' MH

R]QDÉHQÊ [RSW� PLQLPXP IXQNFLH I QDG ERGPL

RUWRJRQÂOQHM PULH�N\ MH R]QDÉHQÊ ~xopt�
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-HGQRGXFKÊ�VWRFKDVWLFNÊ

RSWLPDOL]DÉQÊ�DOJRULWP\

6OHSÞ DOJRULWPXV D KRUROH]HFNÞ DOJRULWPXV

6OHSÞ DOJRULWPXV MH ]ÂNODGQÞ VWRFKDVWLFNÞ

DOJRULWPXV� NWRUÞ RSDNRYDQH JHQHUXMH

QÂKRGQH ULH{HQLH ] REODVWL ' D ]DSDPÅWÂ VL KR

OHQ YWHG\� DN EROR ]ÎVNDQÊ OHS{LH ULH{HQLD DNR

WR� NWRUÊ X� EROR ]D]QDPHQDQÊ Y

SUHGFKÂG]DMÛFHM KLVWÔULL DOJRULWPX�
SURFHGXUH

SURFHGXUH %OLQGB$OJRULWPXV�

EHJLQ IILQ� ∞� W� ��

ZKLOH W�WPD[ GR

EHJLQ W� W���

α� UDQGRPO\ JHQHUDWHG�

LI I�Γ�α���IILQ WKHQ

EHJLQ αILQ� α�
IILQ� I�Γ�α��

HQG�

HQG�

HQG�
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7HQWR MHGQRGXFKÞ VWRFKDVWLFNÞ RSWLPDOL]DÉQÞ

DOJRULWPXV SRVN\WXMH NRUHNWQÊ JOREÂOQH

PLQLPXP W
PD[

DV\PSWRWLFN\ UDVWLH GR

QHNRQHÉQD

lim |
max

maxt fin optP t
→∞

= =α α2 7 1

6OHSÞ DOJRULWPXV QHREVDKXMH �LDGQX VWUDWÊJLX

NRQ{WUXNFLH ULH{HQÎ QD ]ÂNODGH SUHGFKÂ�

G]DMÛFHM KLVWÔULH DOJRULWPX� .D�GÊ ULH{HQLH MH

]RVWURMHQÊ ÛSOQH QH]ÂYLVOH �W�M� SOQH QÂKRGQH�

RG SUHGFKÂG]DMÛFLFK ULH{HQÎ� =D]QDPHQÂYD

VD WR ULH{HQLH� NWRUÊ Y SULHEHKX DNWLYÂFLH

SURFHGÛU\ SRVN\WXMH ]DWLD� QDMQL�{LX IXQNÉQÛ

KRGQRWX�



3ULHYLWND ��

+RUROH]HFNÞ DOJRULWPXV �KLOO FOLPELQJ� LWHUDÉQH

K�DGÂ QDMOHS{LH ORNÂOQH ULH{HQLH Y XUÉLWRP

RNROÎ� WRWR ULH{HQLH MH Y ÐDO{RP NURNX SRX�LWÊ

DNR �VWUHG� QRYHM REODVWL�

2SHUÂFLD PXWÂFLH VWRFKDVWLFN\ WUDQVIRUPXMH

ELQÂUQ\ YHNWRU α QD QRYÞ ELQÂUQ\ YHNWRU α
 �

SULÉRP VWRFKDVWLÉQRV~ WRKR SURFHVX MH XUÉHQÂ

SUDYGHSRGREQRV~RX 3PXW

′ =α αOmut0 5

α α= ′ = ′ ′ ′α α α α α α1 2 1 2, ,..., , ,...,kn kn0 5 0 5a

′ =
− <%

&
K

'K
α

α

α
i

i mut

i

random P1 pre

ostatné prípady

0 5

0 5
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3UDYGHSRGREQRV~ 3PXW XUÉXMH VWRFKDVWLÉQRV~

RSHUÂWRUD PXWÂFLH� Y OLPLWQRP SUÎSDGH� DN

3PXW→�� SRWRP RSHUÂWRU 2PXW QHPHQÎ ELQÂUQ\

YHNWRU
lim

P mut
mut

O
→

=
0

α α0 5

3ULHEHK\ SUDYGHSRGREQRVWÎ ÉÎVHOQÞFK KRGQÕW ELQÂUQ\FK

YHNWRURY� NWRUÊ VÛ JHQHURYDQÊ PXWÂFLRX SUH {WDQGDUGQÊ

ELQÂUQH NÔGRYDQLH�
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=ÂNODGQÂ LGHD KRUROH]HFNÊKR DOJRULWPX

VSRÉÎYD Y WRP� �H Y]K�DGRP N XUÉLWÊPX

]YROHQÊPX ULH{HQLX ]RVWURMÎPH QÂKRGQH

SUHGSÎVDQÞ SRÉHW QRYÞFK ULH{HQÎ WDN� �H YR

]YROHQRP ULH{HQÎ VD QÂKRGQH ]PHQLD ELWRYÊ

SUHPHQQÊ �KRYRUÎPH� �H ]YROHQÊ ULH{HQLH MH

VWUHG REODVWL ] QHKR QÂKRGQH JHQHURYDQÞFK

ULH{HQÎ�� = WHMWR REODVWL Y\EHULHPH QDMOHS{LH

ULH{HQLH �W�M� V PLQLPÂOQRX IXQNÉQRX KRGQRWRX

QDG ERGPL ] GDQÊKR RNROLD�� NWRUÊ VD SRX�LMH

Y QDVOHGXMÛFRP LWHUDÉQRP NURNX DNR VWUHG

QRYHM REODVWL�

2NROLH 8�α� ELQÂUQHKR YHNWRUD α VD ]RVWURMÎ

SRPRFRX YHNWRURY ′ =α αOmut0 5

U Omutα α α0 5 0 5; @= ′ =
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1DMOHS{LH ULH{HQLH Y RNROÎ 8�α� MH XUÉHQÊ WDNWR

α α
α

∗

′∈
= ′arg min

U
f

α0 5
0 51 6Γ

9 KRUROH]HFNRP DOJRULWPH VD WDNWR ]ÎVNDQÊ

ULH{HQLH α∗ SRX�LMH DNR �VWUHG� Y ÐDO{RP

LWHUDÉQRP NURNX�
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SURFHGXUH +LOOB&OLPELQJ�

EHJLQ α� UDQGRPO\ JHQHUDWHG�

IILQ� ∞� W� ��
ZKLOH W�WPD[ GR
EHJLQ W� W���

α α
α α

∗

′∈
=

( )
( )( )DUJ PLQ I

8

Γ

LI I I
ILQ

Γ αα ∗ <0 50 5 WKHQ

EHJLQ I � I
ILQ

= ∗Γ αα0 50 5�
αILQ� α

HQG�

α� α∗�
HQG�

HQG�
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+RUROH]HFNÞ�DOJRULWPXV�V�XÉHQÎP

+RUROH]HFNÞ DOJRULWPXV V XÉHQÎP MH

MHGQRGXFKÂ PRGLILNÂFLD {WDQGDUGQÊKR

KRUROH]HFNÊKR DOJRULWPX� NWRUÂ VD GRWÞND

NRQ{WUXNFLH RNROLD 8�α��

=DYHGLHPH GYD QRYÊ NRQFHSW\� NWRUÊ

XPR�ÓXMÛ PRGLILNRYD~ KRUROH]HFNÞ DOJRULWPXV

��� 3UDYGHSRGREQRVWQÞ YHNWRU

Z �Z��Z�����ZNQ�∈>���@
NQ
�

-HKR NRPSRQHQW\ �≤ZL ≤� XUÉXMÛ SUDYGH�

SRGREQRVWL YÞVN\WX SUHPHQQHM 
�
 Y GDQHM

SR]ÎFLL�

α i

irandom w
=

<%
&
K

'K

1

0

ak

opaèný prípad

0 5

0 5
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2NROLH 8�Z� ]RVWURMHQÊ ] ELQÂUQ\FK YHNWRURY

QÂKRGQH JHQHURYDQÞFK Y]K�DGRP N

SUDYGHSRGREQRVWQÊPX YHNWRUX Z MH XUÉHQÊ

Y]~DKRP

U Rw w0 5 0 5; @= =α

ZL ��� ZL � DOHER �
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��� 8ÉHQLH SUDYGHSRGREQRVWQÊKR YHNWRUD Z�

1HFK %�Z� MH SRGPQR�LQD� NWRUÂ REVDKXMH E

QDMOHS{ÎFK ULH{HQÎ ] RNROLD 8�Z�

B f
U

w
w

0 5 0 51 6
0 5

=
∈

arg min
α

αΓ

3UDYGHSRGREQRVWQÞ YHNWRU MH PRGLILNRYDQÞ �

XÉHQÞ SRPRFRX +HEERYKR SUDYLGOD

w w w
w

← + −
∈
∑λ αα

α
0 5
0 5B
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SURFHGXUH +&Z/�

EHJLQ IRU L� � WR Q GR ZL� ����

WLPH� ��

ZKLOH WLPH�WLPHPD[ GR

EHJLQ WLPH� WLPH���

% Z� DUJ PLQI
8 Z

0 5 0 51 6
0 5

=
∈α

αΓ

Z Z Z
Z

: = + −
∈
∑λ αα

α
0 5
0 5B

�

HQG�

αILQ� EHVW VROXWLRQ

RI %�Z��

HQG�
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0HWÔGD�]DNÂ]DQÊKR�K�DGDQLD

�WDEX�VHDUFK�

0HWÔGD ]DNÂ]DQÊKR K�DGDQLD �WDEX VHDUFK�

EROD QDYUKQXWÂ NRQFRP ���WÞFK URNRY

*ORYHURP >���@ DNR XUÉLWÊ ]RY{HREHFQHQLH

KRUROH]HFNÊKR DOJRULWPX SUH ULH{HQLH ]OR�LWÞFK

RSWLPDOL]DÉQÞFK ÛORK PHQRYLWH ] RSHUDÉQÊKR

YÞVNXPX�

0HWÔGD Y\FKÂG]D ] KRUROH]HFNÊKR DOJRULWPX�

=ÂNODGQRX QHYÞKRGRX WRKWR DOJRULWPX MH� �H

VD SR XUÉLWRP SRÉWH LWHUDÉQÞFK NURNRY YUDFLD N

ORNÂOQHPX RSWLPÂOQHPX ULH{HQLX� NWRUÊ VD

Y\VN\WOR X� Y MHKR SUHGFKÂG]DMÛFRP SULHEHKX

�SUREOÊP ]DF\NOHQLD��
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*ORYHU QDYUKRO MHGQRGXFKÛ KHXULVWLNX DNR

RGVWUÂQL~ WHQWR SUREOÊP� 'R KRUROH]HFNÊKR

DOJRULWPX MH ]DYHGHQÂ W]Y� NUÂWNRGREÂ SDPÅ~�

NWRUÂ VL SUH XUÉLWÞ NUÂWN\ LQWHUYDO

SUHGFKÂG]DMÛFHM KLVWÔULH DOJRULWPX SDPÅWÂ

LQYHU]QÊ WUDQVIRUPÂFLH N WÞP WUDQVIRUPÂFLÂP

ULH{HQÎ� NWRUÊ SRVN\WRYDOL ORNÂOQH RSWLPÂOQH

ULH{HQLD� 7LHWR LQYHU]QÊ WUDQVIRUPÂFLH VÛ

]DNÂ]DQÊ �WDEX� SUL WYRUEH QRYÊKR RNROLD SUH

GDQÊ DNWXÂOQH ULH{HQLH�

'HILQXMPH VL PQR�LQX SUÎSXVWQÞFK

WUDQVIRUPÂFLÎ

S t t tp= 1 2, ,...,< A

t
k k

: , ,01 01: ? : ?→

SUH ∀W∈6�
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-HGQRGXFKÂ UHDOL]ÂFLD WÞFKWR WUDQVIRUPÂFLÎ MH

ti i i... ... ... ...α α0 5 0 5= −1

2SHUÂWRU WL ]PHQÎ Y L�WHM SRORKH ELQÂUQX

KRGQRWX QD MHM NRPSOHPHQW�

2NROLH 8�α� REVDKXMH REUD]\ α Y\WYRUHQÊ

WUDQVIRUPÂFLDPL W∈6

U t t Sα α0 5 : ?= ∀ ∈;

=DNÂ]DQÞ ]R]QDP 7 �WDEX OLVW�� MH NUÂWNRGREÂ

SDPÅW� NWRUÂ GRÉDVQH REVDKXMH LQYHU]QÊ

WUDQVIRUPÂFLH N SRX�LWÞP WUDQVIRUPÂFLÂP Y

SUHGFKÂG]DMÛFLFK LWHUÂFLDFK� $N WUDQVIRUPÂFLD

W SDWUÎ SUH GDQÛ LWHUÂFLX GR ]DNÂ]DQÊKR

]R]QDPX� W∈7� SRWRP VD QHVPLH SRX�ÎYD~ Y

ORNÂOQHM PLQLPDOL]ÂFLL Y UÂPFL RNROLD

DNWXÂOQHKR ULH{HQLD α�
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1XPHULFNÊ VNÛVHQRVWL V DOJRULWPRP

]DNÂ]DQÊKR K�DGDQLD XND]XMÛ� �H YH�NRV~

]DNÂ]DQÊKR ]R]QDPX MH YH�PL GÕOH�LWÞP

SDUDPHWURP SUH SUHK�DGÂYDQLH REODVWL ^���`
N
V

PR�QRV~RX Y\PDQL~ VD ] ORNÂOQ\FK PLQÎP�

$N MH SDUDPHWHU V PDOÞ� SRWRP VD PÕ�H

=DNÂ]DQÞ ]R]QDP 7 VD SRX�ÎYD SUH

NRQ{WUXNFLX PRGLILNRYDQÊKR RNROLD 87�α�

U t S T tT α α α α0 5 : ?= ′ ∀ ∈ ′ =; :?

SULÉRP 87�α� 8�α�� SUH 7 ∅� 7RWR RNROLH

REVDKXMH YHNWRU\ α
∈^���`N � NWRUÊ VÛ

Y\WYRUHQÊ SRX�LWÎP WUDQVIRUPÂFLÎ ] PQR�LQ\ 6

QHSDWULDFLFK GR ]DNÂ]DQÊKR ]R]QDPX 7�
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SURFHGXUH 7DEXB6HDUFK�

EHJLQ α� UDQGRPO\ JHQHUDWHG�

IILQ� ∞� WLPH� �� 7� ∅�
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EHJLQ α
� Wα�
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���IILQ�

WKHQ

EHJLQ α� α
�
W� W�

IILQ�ORF� I�Γ�α
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HQG�

HQG�
LI IILQ�ORF�IILQ WKHQ

EHJLQ IILQ� IILQ�ORF�

αILQ� α
HQG�

α� α�
LI _7_�V WKHQ

7� 7∪^W��` HOVH

7� �7∪^W��`�?^ �W`�
HQG�
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(YROXÉQÊ�SURJUDPRYDQLH

(YROXÉQÊ SURJUDPRYDQLH �)RJHO� SDWUÎ PHG]L

VWRFKDVWLFNÊ RSWLPDOL]DÉQÊ DOJRULWP\� NWRUÊ VÛ

MHGQRGXFKÞP ]RY{HREHFQHQÎP KRUROH]HFNÊKR

DOJRULWPX�

%XGHPH SUH]HQWRYD~ ]MHGQRGX{HQÛ YHU]LX

HYROXÉQÊKR SURJUDPRYDQLD� NWRUÂ RY{HP

SRNUÞYD GRVWDWRÉQH Y{HREHFQH YODVWQRVWL WHMWR

PHWÔG\�

1HFK 3 MH PQR�LQD � SRSXOÂFLD ULH{HQÎ WYDUX

P p

k= ⊆α α α1 2 01, ,..., ,< A : ?

.D�GÞ HOHPHQW α SRSXOÂFLH ] SRSXOÂFLH 3 MH

RKRGQRWHQÞ IXQNFÉQRX KRGQRWRX I�α��
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= SRSXOÂFLH 3 Y\EHULHPH SRGPQR�QLQX �

SRGSRSXOÂFLX URGLÉRY 4⊆3� 5LH{HQLD ]

SRGSRSXOÂFLH 4 VÛ WUDQVIRUPRYDQÊ PXWDÉQÞP

RSHUÂWRURP 2PXW QD SRGSRSXOÂFLX SRWRPNRY

′ = ′ = ∈Q O Qmutα α α0 5; @;

3RWRPNRYLD ] SRGSRSXOÂFLH 4
 VÛ

RKRGQRWHQÊ IXQNÉQÞPL KRGQRWDPL I�α��
3RGSRSXOÂFLH 4 D 4
 VÛ ]MHGQRWHQÊ GR

VSRORÉQHM PQR�LQ\ REVDKXMÛFHM Y{HWNÞFK

URGLÉRY D LFK SRWRPNRY

R Q Q= ∪ ′

= WHMWR ]MHGQRWHQHM SRGSRSXOÂFLH Y\WYRUÎPH

QRYÛ SRGSRSXOÂFLX QDVOHGRYQÎNRY 6� SULÉRP

_6_ _4_ _4
_� 7HQWR YÞEHU VD UHDOL]XMH

SRPRFRX RSHUÂWRUD �WXUQDMD� 2WRXUQDPHQW

S O Rtournament= 0 5
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1DMMHGQRGXFK{Î SUÎVWXS N UHDOL]ÂFLL �WXUQDMD�

VSRÉÎYD Y XVSRULDGDQÎ HOHPHQWRY 5 SRG�D

UDVWÛFLFK IXQNÉQÞFK KRGQÕW I�α�� SRWRP 6 MH

WYRUHQÂ SUYÞPL _4_ HOHPHQWDPL WDNWR

XVSRULDGDQHM PQR�LQ\ 5�

3RPRFRX PQR�LQ\ 6 PDVOHGRYQÎNRY�

REQRYÎPH SRSXOÂFLX 3 WDNWR

P P Q S← ∪\0 5
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6FKÊPDWLFNÊ ]QÂ]RUQHQLH HYROXÉQÊKR

SURJUDPRYDQLD�

SURFHGXUH (YROXWLRQDU\B3URJUDPPQLQJ�
EHJLQ 3� UDQGRPO\ JHQHUDWHG

SRSXODWLRQ�
VWRSBFULWHULRQ� IDOVH�
ZKLOH QRW VWRSBFULWHULRQ GR

EHJLQ 4� UDQGRPO\ VHOHFWHG
VXESRSXODWLRQ RI 3�

4
� 2PXW�4��

5� 4∪4
�
6� 2WRXUQDPHQW�5��

3� �3?4�∪6�
LI FRQYHUJHQFH FULWHULD

DUH IXOILOOHG WKHQ

VWRSBFULWHULRQ� WUXH�
HQG�

α α
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