
�������� � �	�
����
� ��	�
� 	 �� ��
�
 ����
���
�� �	��� � �		������

��
����

	

��� ��� ���� � ��� ��� �!"�#� !�$ �!� %!&"!
� �'()�*+(#$ %,'(#� ' -)�+. � /)���(, 0���#�# �+*���

1� !�� 2 3 $�� ���� �$!"�#�$ �'!&"!34&' 5(&$ 5�#

6789:;<9
=> ?@>ABCDA A@ C ECBF G H@IJ @K AL G@BGAM?CE N @BO @>

?@PQ RAGB DJDAGPDS IMDABMHRAGI DJDAGPD CBG >@A MIGCEMDGI
?@>DABR?AM@>DS R>?@>DABCM>GI HJ Q LJDM?CE N @BEI EMP MT
ACAM@>D U VL GJ PRDA HG IGDMF> GI A@ C??@R>A K @B EMP T
MAM>F S BGCETN @BEI Q B@Q GBAMGD DR?L CD >GAN @BO ECAG>?JS
WCBJM>F >@IG ?CQ CHMEMAMGDS WCBJM>F CQQ EM?CAM@> HGL CWM@RB
C>I R>GXQ G?AGI K CMERBGD U VL GDG BGCETN @BEI Q B@Q GBAMGDS
AL CA N G IGD?BMHG R>IGB AL G F G>GBCE CBGC @K C DJDAGP YD
G>WMB@>P G>AS L CWG BGFRECBMAMGD @B L GAGB@F G>GMAMGD AL CA
?C> @K AG> HG P @IGE EGI CD C DA@?L CDAM? Q B@?GDDS @K AG>
RDM>F N GE ETO>@N> IMDABMHRAM@>D U VL MD Q CQ GB Q B@Q @DGD
IMDDMQ CAMWG DABR?ARBGD CD C P @IGE A@ ?CQ ARBG M>K @BP CT
AM@> CH@RA Q B@Q GBAMGD @K AL GDG DA@?L CDAM? Q B@?GDDGD U =>
IMDDMQ CAMWG DJDAGPDS CF G>AD Z@B >@IGD[ DCPQ EG M>K @BT
P CAM@> K B@P AL GMB E@?CE G>WMB@>P G>AD C>I ?@E EG?AMWGEJ
HRMEI DABR?ARBGD AL CA ?CQ ARBG O>@N EGIF G @K BG?G>A BGF T
RECBMAMGD @B L GAGB@F G>GMAMGD M> AL G DJDAGP YD G>WMB@>T
P G>AU \ MDDMQ CAMWG DABR?ARBGD CBG C Q B@P MDM>F AG?L>M]RG
K @B ABC>DK GBBM>F O>@N EGIF G @K AL G DJDAGP YD G>WMB@>P G>A
CP @>F CF G>AD N MAL @RA BG]RMBM>F GX ?GDDMWG P GDDCF G Q CDDT
M>F U VL MD CQQ B@C?L @^ GBD AL G Q B@P MDG @K HRMEIM>F P @BG
G_ ?MG>A DGCB?L CEF @BMALP D HCDGI @> BGIR?GI R>?GBACM>AJ
@K AL G DJDAGP YD G>WMB@>P G>AU

` ab9:cde<9fcb

ghij kl mnomip qmnormstokq njnoku n u hvk owk hnx
ntuyomzi owho hpkion {izqkn| hiq owkmr }zuutim}hx
omzi ~mivn wh�k nmu m~hr }hyhsm~momkn hiq rknztr}kn � �zr
klhuy~k � �kkrxozx�kkr {��� | njnoku n owho hrk shnkq
zi � mnormstokq �hnw �hs~kn {���n| z�oki hnntuk owho
h~~ ykkrn hrk nmu m~hr hiq wh�k k�th~ }hyhsm~momkn �zr
uhmiohmimip qhoh � hn mi �hnorj� zr hnntu k owho owk qmnx
ormstomzi z� rknztr}kn huzip owk y kkrn mn tim�zru � hn
mi �wzrq ��� � �z�k�kr � owknk hnntuyomzin hrk viz�i
izo oz sk owk }hnk mi rkh~x~m�k � �� njnoku n � �wkrk
uhij yrzykromkn z� y kkr wzno ki�mrziu kion � nt}w hn
tyomu k � h�krhpk shiq� mqow hiq orh� } �z~tu k � �z ~~z� h

wkh�jxohm~kq qmnormstomzi ��� � �zr zowkr qmnormstokq njnx
oku n � ki�mrziukion � nt}w hn gzsm~k �q wz} �ko�zrvn
{g����n| � nkinzr iko�zrvn hiq ykr�hnm�k }zuytox
mip ki�mrziu kion � owk yrzykromkn z� owkmr ki�mrziu kion
u hj izo sk hn khnm~j }hyotrkq mi h nohs~k � p ~zsh~ yrzsx
hsm~moj qmnormstomzi � sto u hj sk ~z }h~mnkq hiq qjihu m} �
�wmn yhykr yrzyznkn qmnnmyhom�k nort}otrkn hn h pkikrh~
u zqk~ �zr }hyotrmip owk qm�krkio wkokrzpkikmomkn hiq
rkpt~hrmomkn mi h njnoku �n ki�mrziu kio �
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ghij qmnormstokq njnoku n � hiq uzno � �� njnoku n
}hi sk }whrh}okrmnkq hn h njnoku }zuyznkq z� miqkykix
qkio � yhromh~~j }ziik}okq hpkion � rtiimip zi qm�krkio
wznon � owho yrz�mqk h tim�zru miokr�h}k oz nzu k njnx
oku nkr�m}k {n| � ¢ wki stm~qmip ~hrpkxn}h~k qmnormstokq
njnoku n owho zy krhok mi qjihu m} ki�mrziu kion � mo s kx
}zukn qm� }t~o �zr hpkion oz tnk p~zsh~ viz� ~kqpk zr
norm}o }zinkintn oz hprkk zi �wm}w hpkio {n| nwzt~q s k
tnkq oz nz~�k qm�krkio ntsxyhron z� owk njnoku nkr�m}k {n|
zr wz� oz £iq hi hpkio owho yrz�mqkn nzu k rknztr}k �
k �p �� owk £ ~k owho �k qzi �o viz� owk klh}o ihu k z� mi
hq�hi}k � ¤i ��� njnoku n � hpkion pkikrh~~j ohvk miqkx
ykiqkio qk}mnmzin zi wz� oz £iq owk qm�krkio hpkion
zr rknztr}kn mi owk njnoku �

¤i njnoku n �wkrk owk }zno z� h~~ iko�zrv ~mivn hiq
hpkion hrk }zinmqkrkq k�th~ � hi hpkio whn iz qzuhmi
viz� ~kqpk h�hm~hs~k � mow �wm}w oz qmrk}o owk nkhr}w
yrz}knn oz £iq owk hpkio {n| owho hrk uzno ~mvk~j oz
yrz�mqk owk nkr�m}k zr rknztr}k � m �k �� owk hpkion � mow
wmpwkr }ziik}om�moj� tyomu k � shiq� mqow hiq orh� } �z~x
tu k � �wk tnk z� iko�zrv nort}otrkn nt}w hn h ���
qzkn izo wk~y nz~�k owmn yrzs~ku � hn owkj yrz�mqk iz
qzu hmi viz� ~kqpk z� owk njnoku �n ki�mrziukio oz wk~y
qmrk}o owk nkhr}w yrzs~ku oz skookr � wmpwkr y kr�zruhi}k
hpkion � �wk qzu hmi viz� ~kqpk �rzu owk njnoku �n ki�mx
rziu kio rk�tmrkq oz wk~y skookr qmrk}o owk nkhr}w yrzx
}knn }hi zi~j s k }hyotrkq sj hpkion miokrh}omip � mow zr
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nhuy~mip yrzy kromkn z� owkmr ~z }h~ ki�mrziu kion ho rtix
omu k � k �p �� sj ukhntrmip h�hm~hs ~k shiq� mqow zr h�hm~x
hs~k rknztr}kn � hiq izo ho qknmpi omu k �

¦k}kio~j� ntykrxy kkr hr}w mok}otrkn wh�k hookuyokq
oz hqqrknn owmn yrzs~ku sj u ho}w mip w mpw ykr�zru hi}k
ykkrn oz ntykrxy kkrn mi h o�zxomkr iko�zrv ozyz~zpj� qkx
}zuyznmip owk nkhr}w yrzs ~ku mioz y kkr oz ntykrxy kkr
hiq miokrxntykrxy kkr yrzs~ku n � �kkrn h}�tmrk owkmr qzx
uhmi viz� ~kqpk z� ykkr yrzy kromkn owrztpw tnkrn � u zqx
krhozrn hiq nhuy~mip owkmr ~z }h~ ki�mrziu kion � �z�x
k�kr � owknk hr}wmok}otrkn hrk smihrj uzqk~n � �wkrk h
ykkr mn }~hnnm£kq hn kmowkr h ntykr ykkr zr hi zrqmihrj
ykkr � hiq owkj yrz�mqk � ho s kno � h ~zznk u ho}w oz owk
qmnormstomzi z� y kkr yrzy kromkn �ztiq mi h ��� njnoku �n
ki�mrziu kio �

¤i ztr rk}kio �zrv zi owmn yrzs~ku � uzrk qkohm~n z�
�wm}w }hi sk �ztiq mi ��� � �k yrzyznkq h uzqk~ �wkrk
hpkion miokrh}o � mow owkmr ~z }h~ ki�mrziu kio oz nhu x
y~k h }zuuzi nko z� yrzy kromkn z� miokrkno {ykkr nohs m~x
moj� h�hm~hs ~k shiq� mqow hiq � m~~mipiknn oz }ziormstok
rknztr}kn| hiq pkikrhok h nmip~k tom~moj ukhntrk �rzu
owznk yrzykromkn � ¢k owki hnntu kq owho owk qmnormstx
omzi z� hpkio tom~momkn mi owk njnoku mn wkh�jxohm~kq � hn
zsnkr�kq mi u hij kl mnomip ��� njnoku n ��� � § nmip owmn
uzqk~ z� hi hpkio �n tom~moj� �k qk�k~zy kq h ikmpwsztr
nk~k}omzi h~pzrmowu �wkrk hpkion yrk�krkiomh~~j }ziik}o
oz zowkr hpkion � mow nmu m~hr tom~moj ~k�k~n � hiq �wkrk
hpkion � mow wmpwkr tom~moj ~k�k~n wh�k wmpwkr }ziik}x
om�moj� �trmip khr~j klykrmu kion zi owk h~pzrmowu � �k
izokq owho kl}knnm�k }~tnokrmip hiq yhromomzimip z }}trn
m� hpkion qz izo }zinohio~j rkx}zuytok owkmr tom~moj sj
rkxnhuy~mip owkmr ~z }h~ ki�mrziukio � ¢k h~nz hqqkq
~zipxrhipk rhiqzu ~mivn � hiq szow z� owknk �khotrkn
yrz�mqkq ikphom�k �kkqsh}v zi owk kl}knnm�k }~t nokrmip �
yrzqt}mip h �hrmhio z� h n}h~kx�rkk nort}otrk owho �k
}h~~ h ¨prhqmkio© ozyz~zpj ��� � {nkk �mptrk ¥{h|| � �wk
ozyz~zpj mn }h~~kq h prhqmkio ozyz~zpj hn hpkio }ziik}x
om�moj mn u zrk wkh�jxohm~kq owhi mi h ojym}h~ yz�krx~h�
qmnormstomzi � nt}w hn ªmy� � ¤on u hmi }whrh}okrmnom} mn
owho z�kr omu k hpkion � mow owk wmpwkno tom~mo mkn }~tnokr
mi owk }kiork z� owk ozyz~zpj {k �p �� hpkion owho �zt~q
sk ntmohs~k �zr yrz�mqmip nkr�m}kn| � �wm~k hpkion � mow
~z�kr tom~mo mkn hrk ~z }hokq ho owk y krmywkrj�

�wk hq�hiohpk z� owk ozyz~zpj mn owho mo }hyotrkn
uzrk £ikxprhmikq viz� ~kqpk z� owk rk}kio tom~momkn z�
hpkion mi owk njnoku owhi ntykrxy kkr hr}wmok}otrkn � ¤i
yhrom}t~hr � wktrmnom} nkhr}w h~pzrmowu n }hi tnk qzu hmi
viz� ~kqpk z� owk njnoku �n ki�mrziu kio }hyotrkq mi owmn
ozyz~zpj oz qmrk}o nkhr}wkn oz�hrqn uzrk wmpw ~j }zix
ik}okq hpkion mi owk ¨ }zrk© � m �k �� oz�hrqn hpkion � mow
wmpwkr tom~moj owho hrk uzrk ~mvk~j oz yrz�mqk owk nkrx
�m}kn zr rknztr}kn z� miokrkno � �wmn wktrmnom} nwzt ~q
rkqt}k owk huztio z� u knnhpkn owho ikkq oz sk nkio
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Figure 1. Heuristic Search Exploiting a Gradi-
ent Topology
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oz nz~�k owk yrzs~ku }zuyhrkq oz timi�zru kq nkhr}w
norhokpmkn owho wh�k iz qzuhmi viz� ~kqpk z� owk njnx
oku �n ki�mrziu kio � k �p �� u hij ��� hyyrzh}wkn tnk
ok}wim�tkn nt}w hn Ízzqmip � rhiqzu �h~vn hiq klyhiqx
mip rmip nkhr}w �

��z klhuy~kn z� h~pzrmowu n owho �k mqkiom£kq owho
}zt ~q s kik£o �rzu tnmip ztr F BCIMG>A A@Q @E@F J C>I
L GRBMDAM? DGCB?L CQQ B@C?L hrk u hnokr k~k}omzi hiq
rky~m}h y~h}ku kio h~pzrmowu n � �wk u hnokr k~k}omzi
yrzs~ku }hi sk qkn}rms kq hn h qmn}rkok zyomu mnhomzi
yrzs~ku �wkrk owk pzh~ mn oz £iq owk ¨s kno© hpkio oz
h}o hn h ik� uhnokr �rzu owk nko z� hpkion � {nkk �mpx
trk ¥ {s || � �wm~k owk rky~m}h y~h}ku kio h~pzrmowu mix
�z~�kn £iqmip hi hpkio oz wzno h rky~m}h owho whn h
tom~moj ~k�k~ hsz�k h yrkxqk£ikq owrknwz~q � {nkk �mptrk
¥ {}|| U �ktrmnom} nkhr}w h~pzrmowu n }hi kly~zmo £ikx
prhmikq viz� ~kqpk z� hpkio tom~momkn muy~m}mo ~j nozrkq
mi owk ozyz~zpj oz nkiq k~k}omzi zr rky ~m}h u knnhpkn
oz zi~j owznk uzrk w mpw~j }ziik}okq hpkion � ¤i zrqkr
oz kintrk owho owk qzu hmi viz� ~kqpk }hyotrkq mi ztr
prhqmkio ozyz~zpj mn tyxozxqhok � owk ikmpwsztr nk~k}omzi
h~pzrmowu rtin ho qmn}rkok omu k nokyn � h~~z� mip hpkion
oz uz�k ~zpm}h~~j mi owk ozyz~zpj mi zrqkr oz rkÍk}o
owkmr }trrkio tom~moj�

¤i ntuuhrj� mi h njnoku �wkrk yrzykromkn z� hi
hpkio �n ~z }h~ ki�mrziukio }hi sk qkn}rms kq tnmip h tom~x
moj �h~tk � hiq owk qmnormstomzi z� hpkio tom~mo mkn mi h njnx
oku �z~~z� n h wkh�jxohm~kq qmnormstomzi � viz� ~kqpk z�
owk qmnormstomzi }hi sk muy~m}mo ~j }hyotrkq mi h }whipx
mip iko�zrv ozyz~zpj owho }hi ntsnk�tkio~j kly~zmokq
sj hpkion oz muyrz�k owk y kr�zru hi}k z� }krohmi qmnx
ormstokq njnoku n h~pzrmowu n �
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¢k iz� miorzqt}k qmnnmyhom�k nort}otrkn � hiq yrzx
yznk owku hn h pkikrh~ uzqk~ z� wz� h noz }whnom} yrzx
}knn qkn}rmsmip yrzykromkn z� h njnoku �n ki�mrziu kio
}hi sk uzqk~~kq mi h njnoku sj prztyn z� hpkion miokrx
h}omip � mow owkmr ~z }h~ ki�mrziu kion � Ðotqj zi qmnnmyhx
om�k nort}otrkn zrmpmihokq mi owk £k~q z� izixk�tm~msrmtu
owkruzqjihu m}n � �wkrk ¤~jh �rmpzpmik qkuzinorhokq
wz� qmnnmyhom�k nort}otrkn hrk zrqkrkq nort}otrkn owho
hrmnk owrztpw hi kl}whipk z� kikrpj sko�kki h njnx
oku hiq mon ki�mrziu kio �Ñ� � � mnnmyhom�k nort}otrkn hrk
nort}otrkn miokrih~ oz h njnoku owho hrmnk �wki h njnoku
mn mi h K CBTK B@P TG]RMEMHBMRP nohok � hiq hs~k oz hqhyo mon
nort}otrk �tm}v~j oz }whipkn mi mon ki�mrziu kio � � mnx
nmyhom�k njnoku n }ziomitztn~j pkikrhok kiorzyj miokrx
ih~~j� m �k �� u hmiohmi zr mi}rkhnk owkmr zrqkr � hiq h}om�k~j
qmnnmyhok kiorzyj zto z� owk njnoku mioz mon ki�mrzix
ukio � � mow owk kl}whipk z� kikrpj sko�kki owk njnoku
hiq mon klokrih~ ki�mrziu kio vkkymip owku }zinmnokio
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Figure 2. Dissipative Structures in Distributed
Systems.

�mow owk �iq Òh� z� �wkruzqjihu m}n � � �rk�tkio~j
}mokq klhuy~k z� h qmnnmyhom�k nort}otrk mn owk ÓÔihrq
}k~~ � �wkrk h yhookri z� wklhpzih~ }k~~n �zru n zi owk
ntr�h}k z� h ~m�tmq owrztpw owk miokrh}omzi sko�kki klx
okrih~~j ntyy~mkq wkho �rzu sk~z� hiq }zz~ hmr ho owk
~m�tmq �n ntr�h}k �Ñ� � �wk klykrmu kio mn rky khohs ~k � hiq
nwz� n wz� nk~�xzrphimnmip nort}otrkn minmqk h njnoku
}hi yrkqm}ohs ~j hrmnk mi h pm�ki ki�mrziukio �

�wk prhqmkio ozyz~zpj mn hi klhuy~k z� h qmnnmyhom�k
nort}otrk � hn mo nwz� n wz� njnoku nort}otrk }hi yrkx
qm}ohs~j nk~�xzrphimnk owrztpw h njnoku �n hpkion miokrx
h}omip � mow h pm�ki ki�mrziu kio � m �k �� zik �wkrk owkrk
mn h wkh�jxohm~ q mnormstomzi z� hpkio tom~mo mkn � �wk uhmi
qm�krki}k sko�kki qmnnmyhom�k nort}otrkn mi }zuytokr
njnoku n hiq owznk mi ihotrh~ njnoku n mn owho owkj rkx
�tmrk mi�zru homzi � izo kikrpj� oz nk~�xzrphimnk � � mnnmyhx
om�k nort}otrkn mi }zuytokr njnoku n rk�tmrk h }zinohio
Íz� z� mi�zru homzi sko�kki owk njnoku hiq mon ki�mx
rziu kio � hiq owkj }hi zi~j kl mno mi }ziÕ ti}omzi � mow
owkmr ki�mrziu kio �

� mnnmyhom�k nort}otrkn hrk stm~o sj prztyn z� miqm�mqx
th~ hpkion klk}tomip qk}kiorh~mnkq h~pzrmowu n � �wkrk
kh}w hpkio }ziomitztn~j h}�tmrkn mi�zru homzi �rzu mon
~z }h~ ki�mrziu kio � miokryrkon owho mi�zru homzi � hiq
u hj owki ykr�zru ~z }h~ hqhyohomzin oz mon nort}otrk � s kx
wh�mztr zr ki�mrziu kio hiq }zuutim}hok hij }whipkn
oz h przty z� ikmpwsztrmip hpkion {ojym}h~~j h nu h~~
ituskr z� hpkion rk~hom�k oz owk njnoku nmÖk| � �wk
hqhyohomzi sj hi hpkio z� mon s kwh�mztr � nort}otrk zr
ki�mrziukio mn owk uk}whimnu owrztpw �wm}w mi�zru hx
omzi h}�tmrkq �rzu mon ~z }h~ ki�mrziu kio mn ki}zqkq mi
owk qmnnmyhom�k nort}otrk � ¤iokrxhpkio }zuutim}homzi
mn ik}knnhrj oz kihs~k hpkion oz yrz�mqk �kkqsh}v oz
owkmr ikmpwsztrn hszto }whipkn mi owk ki�mrziu kio �
�kkqsh}v sko�kki hpkion � �wkowkr qmrk}o zr nompu krx
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pm} � kihs~kn rhy mq � }hn}hqmip }whipkn oz h qmnnmyhom�k
nort}otrk � h~~z� mip owk nort}otrk oz �tm}v~j hqhyo oz
}whipkn mi owk ki�mrziu kio � ¤i owk hsnki}k z� mi�zrx
u homzi miyto �rzu owk hpkion � ki�mrziu kion � qmnnmyhx
om�k nort}otrkn nwzt~q qk}hj owkmr nort}otrk oz yrk�kio
owk mi�zru homzi owkj }ziohmi s k}zu mip noh~k �

�rzu h uzrk �zru h~ ykrny k}om�k � qmnnmyhom�k nort}x
otrkn hrk ut~omxhpkio u kuzrj uzqk~n owho hrk }zix
nort}okq tnmip mi�zru homzi �rzu owk ~z }h~ ki�mrziukion
z� prztyn z� hpkion � �wk ki�mrziu kio z� h przty z�
hpkion }hi sk uzqk~~kq hn h noz }whnom} yrz }knn � hiq
h qmnnmyhom�k nort}otrk mn h nk~�xzrphimnkq rkyrknkiohx
omzi z� owho noz }whnom} yrz}knn owho }hyotrkn mi�zruhx
omzi hszto owk yrz }knn � k �p �� mo }hyotrkn rkpt~hrmomkn zr
wkokrzpkikmomkn mi owk przty �n ki�mrziukio � � mnnmyhx
om�k nort}otrkn hrk ojym}h~~j ~z }h~mnkq zr p~zsh~ u h}rzx
~k�k~ yhookrin mi h njnoku owho }hi sk zsnkr�kq {h~x
~z� mip mi�zruhomzi klorh}omzi | sj kiomomkn klokrih~ oz
owk njnoku � g hij qm�krkio nk~�xzrphimnkq rkyrknkiohx
omzin z� qmnnmyhom�k nort}otrkn hrk yznnms ~k � �zr klhu x
y~k � owk prhqmkio ozyz~zpj mn h p~zsh~ nk~�xzrphimnmip
yhookri owho }ziohmin mi�zru homzi hszto hpkion � ki�mx
rziu kion � sto zowkr ~z }h~mnkq nk~�xzrphimnmip yhookrin
hrk h~nz yznnms ~k �

�i muyzrohio yzmio � wz�k�kr � mn owho owk u h}rzx~k�k~
yhookrin rkyrknkiomip owk mi�zruhomzi mi qmnnmyhom�k
nort}otrkn mn izo qmrk}o~j h}}knnms~k sj mon }zinomotkio
hpkion hn owkj zi~j wh�k h yhromh~ �mk� z� owk njnoku �
�z�k�kr � h pzh~ �wki stm~qmip qmnnmyhom�k njnoku n mn
oz kihs~k hpkion oz kly~zmo owk viz� ~kqpk }hyotrkq mi
qmnnmyhom�k nort}otrkn � k �p �� oz stm~q s kookr nkhr}wmip
h~pzrmowu n � �wmn mn h }wh~~kipmip yrzs~ku � h~owztpw
�k wh�k nwz�i zik klhuy~k z� wz� owmn mn yznnms~k
sj qknmpimip wktrmnom} nkhr}w h~pzrmowu n owho kly~zmo
qzu hmi viz� ~kqpk }hyotrkq mi owk prhqmkio ozyz~zpj�
�z�k�kr � owk uzrk pkikrh~ yrzs ~ku z� wz� oz qknmpi
qk}kiorh~mnkq h~pzrmowu n owho }hi kly~zmo owk viz� ~x
kqpk mi h qmnnmyhom�k nort}otrk sto qz izo wh�k hq�hi}k
viz� ~kqpk z� mon rkyrknkiohomzi mn nom~~ hi zyki yrzs~ku �

Øowkr klhuy~kn z� qmnnmyhom�k nort}otrkn }hi sk
�ztiq mi kl mnomip qmnormstokq njnoku n � �wknk mi}~tqk
}zi�krpkq orhm~n mi �io �z~zij Øyomu mnhomzi njnoku n
owho hrk }zinort}okq owrztpw hion miokrh}omip � mow
owkmr ~z }h~ ki�mrziukion �¥� � hiq mi owk Ð�g�Ò� rztox
mip yrzoz }z~ ��� �wkrk nohs~k yhown oz yzyt~hr rztox
mip qknomihomzin kukrpk sj rztomip hpkion nhuy~mip owk
�th~moj z� iko�zrv ~mivn mi owkmr ~z }h~ ki�mrziu kio hiq
}z~~k}om�k~j ~khrimip owk uzrk zyomu h~ rztomip yhown � ¤i
owknk njnoku n � prztyn z� hpkion � mow }zi�krpkq rztomip
ohs ~kn hrk qmnnmyhom�k nort}otrkn owho rk�tmrk h }zinohio
Íz� z� mi�zru homzi {�rzu hion zr rztomip yh}vkon| oz
uhmiohmi owkmr nort}otrk zr k~nk owkj qk}hj� �wk qmnx
nmyhom�k nort}otrkn wh�k h qm�krkio rkyrknkiohomzi mi

owknk njnoku n owhi mi owk prhqmkio ozyz~zpj� � n h yhox
okri � owk }zi�krpkq rztomip ohs~kn {m �k �� owk qmnnmyhom�k
nort}otrkn| }hi sk ~z }h~mnkq mi owk njnoku � hiq owkj hrk
�zru kq sj hpkion ~z }h~~j hqhyomip owk norkipow z� owkmr
}ziik}omzin oz owkmr ikmpwsztrn {m �k �� owk �h~tkn z� owkmr
rztomip ohs~k kiormkn| � ¤i }ziorhno � owk prhqmkio ozyz~x
zpj mn �zru kq sj hpkion rk}zi£ptrmip owkmr }ziik}omzin
oz owkmr ikmpwsztrn � �z�k�kr � owk shnm} yrmi}my ~k z�
hpkion rk�tmrmip mi�zru homzi �rzu owkmr ~z }h~ ki�mrzix
u kion hiq ykr�zru mip ~z }h~ hqhyohomzin oz stm~q nk~�x
zrphimnmip nort}otrkn owho }hyotrk mi�zruhomzi hszto
owznk ki�mrziu kion mn }zuuzi oz owknk qm�krkio njnx
oku n � � n}wku hom} uzqk~ z� owk shnm} rk�tmrku kion �zr
qmnnmyhom�k nort}otrkn oz �zru mi qmnormstokq njnoku n mn
m~~tnorhokq mi �mptrk � �

�mih~~j� qmnnmyhom�k nort}otrkn }ziorhno � mow zowkr
qk}kiorh~mnkq hyyrzh}wkn oz mi�zru homzi }hyotrk mi qmnx
ormstokq njnoku n � mi}~tqmip hpprkphomzin hiq yzyt~hx
omzi yrzoz }z~n � hn owkj hrk rkyrknkiokq hn ntsxnjusz~m}
yhookrin � qk}hj mi owk hsnki}k z� mi�zruhomzi Íz� n hiq
}hi uzqk~ ~z }h~mnkq � hn �k~~ hn p~zsh~ � noz }whnom} yrzx
}knnkn mi h njnoku �n ki�mrziu kio �
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¢k nkk hi muyzrohio tnk �zr qmnnmyhom�k nort}otrkn mi
wk~ymip oz stm~q qmnormstokq njnoku n owho s kookr u ho}w
yrzykromkn z� owkmr noz}whnom} ki�mrziu kio � ¤i yhrom}tx
~hr � owk rknkhr}w hrkhn �k hrk hqqrknnmip mi}~tqk Ý
Þßàáâãßäåßæç ¤i�knomphok qm�krkio qmnormstokq njnx

oku n ki�mrziu kion � mow h �mk� oz qkn}rmsmip ~zx
}h~mnkq zr p~zsh~ yrzy kromkn z� owkmr ki�mrziu kion
tnmip qm�krkio noz }whnom} yrz }knnkn �

èæâéêæéâåç Ð}h~kx�rkk hiq ërhqmkio ozyz~zpmkn hrk
Õ tno o�z z� u hij qm�krkio yznnms~k iko�zrv nort}x
otrkn � ¤o whn s kki nwz�i owho owk qmnormstomzi
z� ~z }h~ nort}otrkn � m �k �� iko�zrv uzom�n �×� zr
ntsxprhyw yhookri n � }hrrj nmpim£}hio mi�zru homzi
hszto owk ~hrpkxn}h~k ozyz~zpm}h~ zrphimnhomzi � ¢k
hrk mi�knomphomip owknk iko�zrv uzom�n hn h yznnmx
s~k hyyrzh}w z� wz� oz stm~q qmnnmyhom�k nort}otrkn
�wkrk hpkion }hi nyk}mh~mnk hiq zrphimnk mioz h
�ti}omzih~ timo {m �k �� h uzom� | �

èì åêáíîáçíæáãß ¤i�zru homzi }hyotrkq mi qmnnmyhom�k
nort}otrkn }hi yzokiomh~~j sk tnkq oz kihs~k hpkion
nyk}mh~mnk oz yrz�mqk qm�krkio njnoku nkr�m}kn �
�pkion }zt~q tnk mi�zru homzi �rzu owk qmnnmyhom�k
nort}otrk � k �p �� owkmr rk~hom�k yznmomzi mi owk nort}x
otrk � oz qk}mqk kmowkr miqm�mqth~~j zr hn prztyn wz�
oz nyk}mh~mnk � hiq yznmom�k �kkqsh}v u k}whimnu n

Ñ



}hi kihs~k owk rk}rtmou kio z� hpkion oz h przty �
�kphom�k �kkqsh}v }hi sk qknmpikq oz miqt}k owk
�zru homzi z� sztiqhrmkn s ko�kki prztyn � ¤� nykx
}mh~mnkq prztyn z� hpkion wh�k �zru kq � zowkr hpkion
}hi owki qmn}z�kr hiq tnk owkmr nkr�m}kn t nmip
wktrmnom} nkhr}w h~pzrmowu n owho nwzt ~q s k hqhyox
hs~k oz �hm~kq hpkion hiq }zuutim}homzi ~mivn �
Ðk~�xzrphi mnkq ny k}mhm~nkq prztyn nwzt~q h~nz s k
hs~k oz hqhyo owkmr u kukskrnwmy oz }whipkn mi
owkmr hyy~m}homzi ki�mrziu kio � k �p �� sj rk}rtmomip
ik� hpkion mi rknyzink oz mi}rkhnkq nkr�m}k tnhpk �

ï íßð gt~omy ~k qmnnmyhom�k nort}otrkn }hi h~~z� tn oz
uzqk~ qm�krkio yrzykromkn mi h njnoku �n ki�mrzix
u kio � k �p �� hpkio tom~moj hiq hpkio rkytohomzi � ¤�
owk nort}otrkn rkyrknkio zrowzpzih~ noz }whnom} yrzx
}knnkn mi h njnoku �n ki�mrziu kio � owmn u hj sk �khx
nms~k � sto m� owkj hrk izo owk h~pzrmowu n owho pkix
krhok owk qm�krkio qmnnmyhom�k nort}otrkn u hj wh�k
timiokiqkq k�k}on zi zik hizowkr �

ñåíâßáßò �zr qjihu m} ki�mrziu kion owho }hi sk qkx
n}rms kq sj qm�krkio noz}whnom} yrz }knnkn z�kr omu k
zr ~z }homzi � owkrk mn h }wh~~kipk z� wz� prztyn z�
hpkion }hi }z~~k}om�k~j hqhyo qmnnmyhom�k nort}otrkn
oz s kookr }hyotrk mi�zruhomzi hszto owk }trrkio
nohok z� owkmr ki�mrziu kio � �wkrk mn h~nz owk }wh~x
~kipk z� wz� miqm�mqth~ hpkion }hi ~khri oz kly~zmo
owk mi�zru homzi }hyotrkq mi h qmnnmyhom�k nort}x
otrk �

ï åäãâð ¤i qmnnmyhom�k njnoku n � prztyn z� hpkion pkix
krh~~j nozrk nzu k }z~~k}om�k u kuzrj uzqk~ z� owkmr
ki�mrziukio � �o owk miqm�mqth~ hpkio ~k�k~ � orhqkx
z� n pkikrh~~j ikkq oz sk �ztiq hn oz wz� miqmx
�mqth~ hpkion stm~q hiq qk}hj owkmr ~z }h~ yhro z�
u kuzrj uzqk~ nz owho mo h}}trhok~j rkÍk}on owk
}trrkio nohok z� owk ki�mrziu kio �

Þóì åâáä åßæíæáãß Óm�tr}homzi hih~jnmn whn s kki tnkq
oz notqj yrzykromkn z� qmnnmyhom�k nort}otrkn mi }zix
orz~~kq ki�mrziu kion � �wkrk mn � mqk n}zyk �zr hyx
y~jmip sm�tr}homzi hih~jnmn hn �k~~ hn qk�k~zymip
ik� klykrmu kio u kowzqz~zpmkn oz qkuzinorhok owk
nohsm~moj }whrh}okrmnom}n z� qmnnmyhom�k nort}otrkn mi
qm�krkio ki�mrziu kion �

ôâéçæ ¤� �k � mnw oz qky~zj ztr ërhqmkio ozyz~zpj
mi hi zyki qmnormstokq njnoku �k rk�tmrk h ortno
uzqk~ �zr miokrxhpkio miokrh}omzin � �wmn mn h pkix
krh~ yrzs~ku owho hyy~mkn oz hij zyki ut~omxhpkio
qmnormstokq njnoku owho hmu n oz tnk qmnnmyhom�k
nort}otrkn �
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¤i }ziorhno oz mqkh~mnkq iko�zrv nort}otrkn }zu x
uzi~j �ztiq mi qmnormstokq njnoku n � nt}w hn ���n �
qmnnmyhom�k nort}otrkn hrk kuszqmkq nort}otrkn owho
hrk }zinort}okq ho rtiomu k tnmip mi�zru homzi h}�tmrkq
�rzu owk njnoku �n ki�mrziu kio oz yrzqt}k h nort}x
otrk owho }ziohmin viz� ~kqpk z� owk nohok z� owk njnx
oku �n ki�mrziu kio � ¢k wh�k nwz�i wz� h ��� njnoku �
�wkrk owk tom~moj z� hpkion � ~z }h~ ki�mrziu kion �z ~~z� n h
wkh�jxohm~kq qmnormstomzi � }hi sk}zu k p~zsh~~j zrqkrkq �
mi h yrkqm}ohs~k uhiikr � owrztpw owk njnoku �n hpkion
miokrh}omip � mow owkmr ~z }h~ ki�mrziu kio hiq yrk�krx
kiomh~~j hooh}wmip oz zik hizowkr � Øtr rknkhr}w y~hi
mn oz �trowkr mi�knomphok noz }whnom} yrz }knnkn owho qkx
n}rms k qm�krkio qmnormstokq njnoku n ki�mrziu kion � hiq
owk ojy kn z� qmnnmyhom�k nort}otrkn owho }hi sk stm~o oz
}hyotrk mi�zru homzi hszto owknk ki�mrziu kion � Øtr
wzyk mn owho qmnnmyhom�k nort}otrkn � m~~ kihs~k �totrk
qmnormstokq njnoku n oz uzrk }~znk~j u ho}w yrzykromkn
z� owkmr ki�mrziukion � hiq owho �k � m~~ u hvk yrzprknn
oz�hrqn £iqmip njnoku nort}otrkn owho skik£o njnoku
�ti}omzi �
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