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Bklhggbdb j_gl]_gh\kdh]h baemqg_gby jZaf_j nhdmkghl]h iylg

ff lzd gZaulzZ_fu_ fbdjhnhdmkguEBDKIImggbdbhklZlhqgh ~2zZ\
bkihevamxlky \ hl_q_klI\_gghc f_"~bpbgkdhc ijZdlbd_ "~ey p_e_c
Bkke_"h\Zgby \_"msbo jhkkbckdbo ki_pbzZebklh\ \ wlhc h[eZklb il
dZgq_kI\_gguc mjh\_gv “bZ]ghklbdm jZaebqggu\oiajpme h\dgjb ¢ vb hji\jf
MblzZl_evgh]lh zii@jzlz >

< ihke_"~gb_ ]h”u [ueh ihdZaZgh qlh fbdjhnhdmkgiZyy hjf gl].
khg_lZgbb k pbnjh\ufb | _ogheh]byfb \bamzZebazZpbb j gl]_gh\kdh
i_jki_dIb\ghc f_lh~"bdhc "“ey hbpbdddbi@lhjehp_ kkh\ \ dhklghc IldZ¢
\hafh ghklv gZzZijbf_j hozjzdl_jbah\Zlv \azZbfhhlghr_gb_ hI*_evgu
\uy\ey I|ky ijb [Ijz*bpbhgghc | _gl]_gh]jZnbb > @ ;eZlh™Zjy v
j_gll_gh”bzZ]lghklbqg_kdb_ zZiizjzlufy gzZkkhyehf i\jjof gyxlky \ 1Zdbo F
f "bpbgu dzd klhfZlheh]bebpg\xklghjmjlby j \fZlhehibk]byjz\
hjlhi_~by ijhl_abjh\Zgblgm~"h\Zy wdkibjlbaz

AZ ijhr_~rb_ Jh”~u \ Jhkkbb jzZajz[hlZgu b k_jbcgh \wimkd
gZijy _gb_ b d< Z 1zZzd _ j_gl]l_gh”bZ]ghklbqg_kdb _
> @ Fhsghklv 1Zdbo ZiizjzZlh\ g_\_ebdZ ihkdhevdm \_ebqbg
j_gl]l_gh\kdhc Ijm[db h]jZgbqgq_gzZ ~bzf_IjhfZ2mgdIZ fie Zdijgdgdhj\ \Z
fbr_gb b khklz\ey_<«I KhhI\_IkI\_ggh fZeu bgl_gkb\ghklv b wdkil
baemqg_gby IZdbo ZiizZzjZlh\

G_kfhljy gz ijbgpbibzZzevgu_ hkh[_gghklb fbdjhnhdmkghc
ihal\heyxsb_ ihemqzlv dzZqg_kI\_ggu_ j_gl]_gh\k\dlggtgdofldb gjgoh & m
kjZzZ\g_gbx k I|jZz"bpbhgghc j_gl]l_gh]jZnb_c wdkihabpbhgghc
h[klhyl_evkl\h km Z_| h[eZklv ijbf_g_gby FBJB

<hafh guf kihkh[hf mkljZg_gby mdZazZgghl]h g_"hklzld:
"bZ]ghklbg_kdbo zZiizjzlh\ y\ey _ilkkyurktgdtdZ iibb kjZ\g_gbx k hj@”bp!
j_gll_ghljZnlgZdjy _gb_f gz j_gl]_gh\kdhc Ijm[db

DZd ba\_klgh gzijbf_j > @ k\yav f_"m bgl_gkb\ghklvx j g
lhdhf b gZzZijy _gb_f Ijm[db Z 1Zd _ jZkklhygb_f ~h Ihgdbbbhf~h_gt
h[t_dlZ nhdmkguf jZzkklhygb_f \ujz Z_Ilky ihemwfibjbg_kdhc azZ\bk

Q
- N~|$~:F"%
]" -+ bgl_gkb\ghklv baemdhwghpnbpmb _ gl ijhihjpbhdzeMghk)m[dbt
Zlhfguc ghf_j fZl_jbzez8fbgZby _gb_ BmhdzZzazl_ev kQ i_yb+
hij_~_ ey |ky iehlghklvx b lhesbghc h[t_SiiA bd&ghh\Zgbklhygb

:gZeba \ujZ _gby ihdZau\z _| glh ih\ukblv bgl_gkb\ghl
nbdkbjh\Zgghc \_ebgbg_ IhdZ Ijm[db fh gh iml_f ibed _mbygVhdgbl
nhdmkgh]h jzZkkidlyjigbyh\Zggu_ j_ameviZliu jzZkqg_Ilh\ bgl_gkb\ghklk
baemq_gby \ azZ\bkbfhklb hl gZijy _gby gZ Ijm[db\iR \ayz\ Ighebp

Ghjfbjh\Zgb_ ijh\hglZehkebgbgm bgl _gkb\ghkdbijbbaerkpg "ggbygguc
nbbdh_ogbg_kdbo mkeh\byo kt fdb > @ gzZijy _agb_ wd ljf[d_
nhdmkgh _jZkklhyghf JZkqg_lu \uiheg_gu ey "\mo agZq_gbQ ithdZe
lzd”_ “\mo agZq_gbc nhdmkgh]h jZkklhygby



LZ[ebpZ
10adhdasshis+ siswshdlsji-dE2 dlsjehdowshisd b jilse jesonSset dLaizyjedw
sls z0tftew idkdW IstezBSd: n =3, R = 1000 (3h
Lhd GZijy _gbd
f:

LZ[ebpZ
10addasishis+ sisdatshfls jaz- dats2 dfols Jashdodishisd tejdilse jhtsofSsets dLdzzy jdedw
Bsls OHeW> ikdW IstezBSd: n =5, R = 1000 d&d
Lh GZijy _gh<
f:

LZ[ebpZ
10addasishis+ sisdatshfls jaz- dats2 dfols Jashdodishisd tejdilse jhtsofSsets dLdzzy jdedw
sls zOteW> jzdW IstezBSd: n = 3, R = 300 &3

Lh GZijy _ghl<
f:

LZ[ebpZ
10addasishis+ sisdatshfls jaz- dats2 dfols Jashdodishisd tejdilse jhtsofSsets dLdzzy jdedw
Bsls 0teW> jdW IstezBSd: n =5, R = 300 d&d

Lh GZijy _ghl<
f:

< _ebqgbgZz ff \ ijb\_~ _gguo jZkg_I|Zo \u[jZgZ ba ke_"mxsb
jZaf_j_ nhdmkgh]h iylgZz ff b f_g__ ~himklbfiZykdheblblglZ\E yixis_
g_j_adhklb j_gl]l]_gh\kdbo kgbfdh\ \k_o hjJZzgh\ |_eZ iZpb_@Zz fh



jZkklhygbb f_"m nhdmkguf iylghf bklhgqgbdZ baemqg_gby b ih\_jogl
g_f _g__ ff >ey [hevrbgkd\®Z hfjlggh\ ff > @

lhemqg_ggu_ j_amevlZlu ihdZau\Zxl qglh h[_ki_adivg _lgdly gkl
ih\_joghklb h[fedbdmx”"ey nhdmkghlh jZkklhy§byh ifb gZijy _gbl
lim[dbijb[ebabl_evgd< b Ihdf: IZ[e

Khhi\_IkI\_ggh h”gzZ b IZfhsdhkbghbwkihabpbhgghc “hau gz i
hit_dlz fh™_I [ulv h[_ki_q_84 dzd4ib f:5 ff fbdjhnhdmkguc
ZiizZjzl lzd B ijb d<g f:5 ff DZd ba\_klgh > @ j_gl]_ghe
bkke_"~h\zZgby ijh\h~bfuy iptblgaiZ j_gl]_gh\kdhc Ijm[d_ x "bd&d4Zahc
gZaulZxl ©j_gl] _ghljZnb_c ~_kldbf baemqg_gb_f2 beb ~_kldhc kt_
[m~ | mf_klg__ bkihevaltkXlyol jKbdzy Rt> f@Z

G_kfhljy gz Ih qlh ijb\_~ _ggu_ jZkq_luwibghhegekBlghklgtl fhsgtl
wdkihabpbhgghc “hau baemq_gby gZ ih\_joghklb |I_eZ ih~h[gZy |
ihkdhevdm g_ mqgblu\Z_1| j_Zevguc ki_dlj b nbevljZpbx baemqg_gby
iZjzf_lju kt_fdb K p_evx “hklzZlhqggk_ldpygglh Ihigv8ih wdkihabpbhg
wnn_dlb\ghc wd\b\Ze _glghc “hau h[emqg_gby jZaebqgqguo hj]Zgh\ |
Ki_pbZevgzZy f_Ih~bdZ hkgh\ZggZy g9gZ jZkq_Il_ ki_dljZevghc |
baemqg_gby j_gl]_gh\kdhc Ijm[db [|h _IKklgk@a\%\bkibfhkdbmmg gby hl
d\Zglh\ > @ < hlebgb_ hl ba\_klguo f_Ih”bd jZkq_I|Z ki_dljZevgh
gZijbf_j > @ ij_"eh _ggZy f_Ih~bdz bf__1| jy?j\uoh[ hgdhkhgbdlu&h
baf_g_gb_ ki_dljZzevgh]lh jzZkij_~_e oy ijBaigbgqbuo kj_" gz ihbkdj_
hij_~ e gguf \_kvfzZ rbpidp\fZezf wg _jlbc dedghA "B]lh agZq_gby w
hir_evgh]lh d\zZglZjudh\_~ g mq_I| ozZjzdl_jbklbg_kdh]h baemqg_gkt

ljm[db \dezZ” dhlhjh]h fh™ | Kem§Zgogkdh klZ\eylv [he__ |j_Ib \k_c
baemqg_gby
Kmlv ij_"eh’ _gghc f_Ih~bdb azZdexqZ_ Iky \ ke _"mxs_f

] _g_jbjm_fh]h j_gl]l_gh\kdhc Ijm[dhc y\ey_ Iky j_amevlZlhf keh
lhjfhaghc b o0Zjzdl_jbklbg_kdhjc " daykjkuy qgbkehf d\Zglh\ ijboh"y
_"bgbpm wg”*dpbhjfhaghc dhfihg_glu beb gbkehf d\Zglh\ hij_
0ZjZdl_jbklbg_kdhc bkimkdzZ_fuo aZ h”*gm k_dmg”m \ m]Jeh\hf "bZ

< h[s_f kemqZzZ_ ki_dIjZevIg/mbglggkg)hglthquZi\ZgIh\ Ilhjfhagh]l
baemq_dghly j_Zevghc j_gl]l]_gh\kdhc Ijm[db fh gh jzZkkqgblzZlv ih
bgl_gkb\ghklv 0zZjzdl_jbklbg[(kdhl ebpflorbe
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] NbN + dhwnnbpb_glu ijhihjpbhgZewZdhkdlbic ghf_ | fZl _jbzZed tbr_ gl
lhd Ijm[dbt fZdkbfZevgZy wg_jlby d\Zglh\ \ kit dg_jlpwm[dbhglPaZpbl
mjh\gyZr £ \uoh” nrmmexkp_gpbbmjingy 4 ~hey nemhj_kp_gpbb ~
0ZjZdl_jbKidhc ebgblr = = J - Ney KD jbb
o0ZjzZdl_jbklbqgq_kdh]h bdemq "elyyk/bbb i0lhesbgzZz fbr_gb lhcesbgZz
\uimkdghl]h hdg &t kklhygbywimkdgh]h Ihm§d&b ~h nbevljZ h[uqgh [
jZ\guf gmex rbévljZz "h h[t_dllhe®wbgZ nbeRl(Z P> ( AR ( P ( %

ebg _cgudhwihbpb gl hkeZ[e_gby j _gl]_gh\kdh]h"elydZ2mgbZgélgr_ gb
\uimkdghlh hdogedr Ipha~Emdkhhl\ _|kI\_ggh



ljb wlhf mq_| hkeZ[e_gby imqdzZ d\Zdlhbaengd] gbhy\kiddhh f \ s
hkms_ kl\ey |ky k ihfhsvx \ujZ" _gby

. (., (uH[S (°G

| EA { ki_dljzevgZy iehlghklv ~“h hkeZ[e_gby ket ki _UIpZ&VgZy
aZ\bkbfhklv ebg_cgh]h dhwnnbpb_ glzZ*Zglghdhe \glsy MNezyllesbgZ
hkeZ[eyxs_]h kehy

JZkq_I| j_Zevgh]lh ki_dljZ Ijm[db aZljm~g_g |I_f qglh ebg_cguc
yley _|ky kmffhc 1lj_o hl*_evguo dhwnnbpb_glh\ nhlhih]Jehs_g
g_dh]_j_glgh]h jZkk_ygby dZ ~uc ba dhlhjuo bf_ Z\b¥%ikilizk hvg gH
wg_jlbb hibkul\Z_fmx k ihfhsvx khhI\_IklI\mx@bo ihebghfh\ >

Bkihevamy nhjfmeu fh'lgh jZkkgblzZlv dZd dhebqg_kl\h d\zZgl
j_gll _gh\kdh]h baemqg_gby ih nhjfme _

(
1 31 (G( LT
1Zd b kmffZjgmx wg _gkhotb\kk no ih\_joghklb h[t_dlZ Ih _klv wdkihaby
(

37 (N? G(Ilrr'T~(T

GZ hkgh\zZgbb \ujz  _gby fh™_I [ulv hij_~_e_gZ ~haz ih]e
j_amevlzZzl_j_gll] _gheh]lbg_kdh]h h[ke_"h\Zgby >ey wlh]Jhhflnm mq_
khklZ\m 1dZg_c¢ hj]l]Zz@bafZ ki> dljZevguo azZ\tkdftmki]lc dhwnnbpb _
hkezZ[e_gby khhiI\_IklI\mxsbo obfbqg_kd®» jAk&kghlghzxlky azZ\bkbfl
dhwnnbpb_glZ hkeZ[e_gibkdh]lgl]baemqg_gby hl wg_jlbb d\zZglh\ 2
ldZg bebjhzgh\ | _eZ

Dhjj_dlghklv ih*h[guo jZkkm ~_gbc ih~\N_j"~Z _Iky ihegu

jZkkgblZzgguo ih ij_~eh  _gghc f_lh"bd_ b wdki_jbf_glZevgh
ki_dljZzevguo azZ\bkbfhkl_c dhwnnbpb_glh\ hkeZ[e_gby "“ey g_dhl
fZI_jb2deh< dZq_kI\_ ijbf_jZ gZ jbkmgd_ ij_"klZz\e_qgu jZkq_IlgZy

aZ\bkbfhklb fZkkh\h]h dhwnnbpb_glZ hkeZ[e _gby “ey 1dZg_ wd\b\
D:L+ bfblZIhjZ dhkighc IdZghb
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Jbk KjZ\g_gb_ wdki_jbf_glZevghc IlhgdbetlbrdgZlyj eltbgtbyk dhkic dkjZevgu
aZ\bkbfhkl_c fZkkh\h]h dhwnnbpb_glZ hkeZ[e_gby j_gl]_gh\kdh]h baemqg
ieZkflZkku | B;L



HibkzZgguf kihkh[hf [ueb jZkkqgblZgu Kki_dljZevgu_ aZ\bk
dhwnnbpb_glZ hkeZ[e_gby j_gf_ghykdtdyyhhkgkbhyuo IdZg_c hj]l]Zgba
wnn_dlb\gu_ wd\b\Ze _glgu_ "“hau h[emqg_gby iZpb_glh\ h\~bZi
i _j\bggh]h imqdZ baemmq_dWwy
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Jbk Ki_dljZevgu_ azZ\bkbfhklb fZkkh\h]l]h dhwnnbpb _g
hkeZ[e_gby "ey g_dhlhhyl&Z gdba§Z c

< dzZqg_KkI\_ ijbf_jz jZkg_lIZ wnn_dlb\ghc wd\b\Ze _glghc “h
mdZazgghc f_lh~bdb fh gh ijb\_klb jZzkq_I| ~“hau ihemqg_gghc iZ]
nexhjh]jznbg_kdh]h h[ke_~h\Zgby

1Zjzf_lju j_gl]l]_gheh]lbg_kdh]h h[ke_"hXdgpy]jm glicghd_ Idb \ a
i_j_~g_c ijh_dpbb gZzZijy _gb_ gddjmfdkihabpbl i j\bgguc nbevlj
ff $O0 ihe_ h[emqgogbkf \hajzkl izplblzgtz e | nhdmkgh _#jZkklhy
ff Wnn_dlb\gZy wd\b\Ze_glgdy Wdkd _glgh&koghp_ghdA\ > @

>ey jZkq_l1Z ~hau ih ij_"eh _gghc f_Ih”"bd_ bkihevah\ZeZkv j_
ij_"klZ\e_ggZy 9gZ jbkmgd_ < dZmNdhc fde' lald Wwéedbglbqg_ kdbc
pbebg”™ @bZ*%*_Lj pbebg”™jZ b ffu k h2 fflhesbgz j [ ff
AbzZf _ljhal\hghpogklh&[ + ff \gmlj_gg__ gZiheg_gb_ +pflyégtblg”jZdzghb
fur_ggZy e _]db_ IhkjthhevdEmdljZevgu_ aZ\b&bwmkbpb glh\ hkeZJe

N"ey wllhd&Zg \c kvfZ [ebab |Ih jb jZkq_I|_ bkihevam_Ilky mkj_~g_ggZy
aZ\bkbfhklv
GZ jbkmgd_ ijb\_~_gu j_amevlZlu jZkqg_I1Z ki_dljZevguo aZ\b
baemqg_gby ihke_ ijhoh ™~ _gby q_j a jZaebggu_ h[eZklb fh*_eb ]jm-
JZkq_lgh_ agZq_gb_  wnn_ddb\ghghcwd\bau ihemqg_ggh_
bgl_ljbjh\Zgby nhjfmeu ih iehsz”b fh”_eb khklZ\beh fdA\
JZkoh ~_gb_ kh kj_~g_c wdki_jlghc hp_gdhc jZ\ghc fdA
AZgb  _ggh_ agzZq_gb_ jzZzkqg_lghc “hau fh _I Julv h[mkeh\e_gh

ijh\h~blky ih iehsz”b fh~_eb Z g_ ih iehsz”b \k_]h ihey h[emqg_
iZ[hl_ > @

K ihfhsvx ij_"eh _gghc f_Ih"bdb J[ueb jZkkgblZgu azZ\bkbfl
wdd\Ze_glghc “hau h[emqg_gby \ajhkeuo iZpb_glh\ hl gZijy _gby g
oh”_ hkgh\guo j_gl]_gheh]bq_kdbo ijhp_"mj < |Z[ebp_ agZq_g
agZq_gby gZzZijy _gby Ijm[db hij_~_e_gu gZ hkgh\Zgbb \ujz _
nbdkhjZggh]lh agZg_gby wdkihabpbhgghc “hau [Z[e
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Jbk Ki_dljzevgu_ azZ\bkbfhklb bgl_gkb\ghklb j_gl]_gh\kdh]h
tbgl_gkb\ghlKdvih\_joghklb ]jm~ghc de_Ildb
+bgl_gkb\gkkiwvg _Ihf ihlJehs_gby \ j [jZo b fy]dbo IdZgyo
bgl_gkb\gkkiwg_Ihf ihlJehs_gby ihal\hghqguf klhe[hf

LZ[ebpZ
1Oy ls WWW jSlsdods? 1Sado0d jdlsts2 HELY
GZijy' gl _ Nbevh ff$O Nbeljt ff &X
d< Wnn wd\ ~“hakZhd Wnn wd\ “ha’Z

Lhd T hl wdki “hauf: hl wdki “hau




>ZgguZ[ebputrl\_j ~Zxl [ulmxs__ fg_gb_ h Ihf qlh kI _fih'gwh h[e
ijZdlbq_kdb \k_]"Z mim¢gvirbriw _ebqg_gby Zgh~gh]lh gZzZijy _gby b Ih
> @ijbg_f jZkgq_lu ihdZau\zZxl qlh \ ~Zgghf kemqgZ_ ]hjZa”h w
j_gl]l_gh\kdhc Ijmfdth~gjh\j_f_gghf ih\ur_gbb gZzZijy _gby Ih kjZz
klzg~Zjlgufb mkeh\byfb m _ ijb gZijy _gbb k\ur_ d< k\_jo Kkl
mf_gvrblv \_ebgbgm wnn_dlb\ghc "hag_khldleewg hgbjyza ih kjzZ\g_
ljZzZ"bpbhggufb j_"bfzZfb

Hr"gZdh h~”ghlg\ghfk mf_g¥rwgb_dlb\ghc wd\b\Zeu ghghtt\®*hagbb
gZijy _gby 9gZ Ijm[d_ mf_gvrZ_Ilky dhgljzkl j_gl]_gh\kdh]h ba
m\_ebqg_gby ijhgbdZxs_c kihkh[ghklb d\Zglh\

Dzd ba\_klgh dhgljzkl ~_1Zeb j_gl]_gh\kdh]h bdHpjjh'c goh]D
f _gvr_ iehsz”b \k_]lh j_gl]l_gh\kdh]h bah[jZ _gby hij_~_ey_ |k
j_gll _gh\kdh]h baemqg_gby azZz ~_I|Zevx d bgl_gkb\ghklb j_gl]_
ith\_joghklb ~_1Zeb beb \ h[eZKkhthInhigZd\>dd@dbadhgljzkl j_ly\Nkdd]h
bah[jZz  _gby fh”~_eb ]jm”ghc de_ldb jbk fh™_ I Julv hij_"_
wdkihabpbhgguo ”~ha jZkkgblZgguo ih nhjfme_ k™ edyl j Zkehvg b ol
ki_dljZevguo bgl_gkb\ghlkdemq_gb_  hkeZ[e_gh IdZgyfb ]jm~ghc
bgl_ gkivk¢gv baemq_gby gZ ih\_joghklb ]Jjm~ghc de _Idb ba jbkmgdZ

>ey hij_"~_e_gby azZ\bkbfhklb dhgljzklZz bah[jZ _gby hl gZzZijy
j_gll _gh\kdmx Ijm[dm p_e_khh[jZagh ijhba\_klib pgBAgibdZ\ddnk dhnigll
gZijy _gby dhgljzkl izezkHhh[jgzagh \aylv azZ _~bgbpm agZq_gb_
fbgbfzevghf ba bkihevam_fuo agzZqg_d@hgflgihigggmdyazgguf h[jZa
agZq_gby azZ\bkbfhklb dhgljzklZz bah[jZz  _gby fh~_eb ]jm~ghc d¢
j_gl]l_gh\kdhm[d_ ijb\_~_gu g&Z_ jbkmgbjh\Zgb_ ijh\h~*behkv gzZ \_
dhgljzklz jzZkkgblZzggh]h 7~ey gZijy _gby d< JZkq_lu ihdZa
gZijy _gby \ M\Z jZaz hl Nh d< \uvaulZ_1| gZb[he__ jtadh_ kg
ijb ih\ur_gbb gZijy _gby hl dhigljzkd «kgb " Z_Iky _s_ ijb[ebabl_evg
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Jbk AZ\bkbfhkivgljZkhZ gZijy  _gby j_gl]_gh\kdhc Ijm[db

lj_"~klZ\e_ggu_ gZ jbk j_amevlZlu jZkq_Ilh\ g_ mqgblu\zZx
j_gl]l_gh\kdh]h bah[jZz _gby ijhkljZgkl\_gguo oZkd*glzah[jdb_glgy et
bah[jZz  _gbc gZzZijbf_j gZ j_gl]l_gh\kdbo kgbfdZo k p_evx jZgg_]
j_gll_gheh]lz qzZs_ \k_]h bgl_j_kmxl fZeu_ i_j_iZz”"u dhgljzklz
bah[jZz _glyhI\_IklI\_ggh h”ghc ba hkgh\guo az”~"¥d _j*lbgdbggh¥\egbH
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