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Hl]eZ\e gb _

KIj

<\ _~ gb

=eZ\Z L_hj_Ibg_kdb_hkgh\ubgl _jhi_jZ[_evghklb b klj
khleZzkh\Zgghklb
B~ glbgghklvbbgl jhi jZ[_evghklv
KljmdImjgZy bgl_jhi_jZ[_evghklv jhev\aZbfhk\ye
hit _dlzZfb
lhgylb_ kljmdIimjghc kh]lJeZkh\Zgghklb
Dibl_jbb b f Ih”uhp_gdb kh]JeZkh\Zgghklb kljmdlIn
IhklZgh\dZ aZz”~"Zqb *bgZfbggh]h nhjfbjh\Zgby kh]e
Jimii h[t_dlh\

=eZ\Z Hij_" e _gbykoh _klbh[t_dlh\bijh[e_fulugbke
ijbagZdh\\az~"Zg_ "bgzZfbqgqgh]hnhjfbjh\Zgby ]jmii
AZ"ZqZ hp_gdb koh™ _klb b b glbgqghklb
F_Ih~ulugbke_gby koh  _klbihijbagzdzf
Jhev ZgZeblbg_kdbo azijhkh\\ nhjfbjh\Zgbb ijbag

=eZ\Z Mkdhj _gb_\uiheg _gby ZgZeblbg_kdbo 64/ aZijr
we f glij_h[jZah\Zgby "Zgguo

:gZeba kms_kl\mxsboih”oh"h\d hilbfbaZpbb aZijl
LiZ"bpbhggu_f_Ih”u
Mgzl hkh[_gghkl_c*DXVV'%

F _Ih? uih\ur_gbywnn_dlb\ghklb \uiheg gby
Ih*oh”ud memqgr_gbx hp_gdb dZj*bgZevghkl
Ih*oh”"ugZ hkgh\_ azZf guljZ*bpbhgghc nmg
klhbfhklbgZ g cjhk_|_\mx

J ZebaZpbyijh\_*zgguo bkke_ "“h\Zgbc
FZrbggh_ _h[mqg_gb_7“ey hp_gdbdZj*bgZevgl
=em[hdh_h[mqg_gb_"ey ZiijhdkbfZpbb nmgd



=eZ\Z F_Ih™u”~bgzZfbggh]hnhjfbjh\Zgby ]Jjmii h[t_dlh\i
ijbgpbim b” _glbgghklb
KljmdIimjgZy b k _fZglbq_kdZy kh]JeZkh\Zgghklv dZ
bgl jhi_jzZ[_evghklb
KjzZ\gbl _evguc ZgZeba f_Ih~ h\]jmiibjh\db ih b"_ gl
celhjblfuihbkdZ Jjmii

=eZ\Z Wdki_jbf _glZevgu_ bkke "h\Zgby b ZgZebaj ar
F _Ih"bdZ hp_gdbdzZg_kI\Zj r_gby

lhemqg_ggu_j_ameviZlu
F_Ih"bdZ hp_gdb dZqg_kI\Z ]Jjmiibjh\db h[t_dlh\\ j_
azZz”"ZqZo

ljb[eb zggZy hp_gdZ h~*ghjh”rghklb

Hp_gdZ ihdjulby dZd Zevl_jgZIb\Z iheghl_
ljbf_jujZ[hlu Ze]hjblfh\ bijbf_jubkihevah\Zgby
ithemqg _gguo ]jmii

AZdexq _gb _
Kibkhdebl_ jZImju
Kibkhd jbkmgdh\

Kibkhd IZ[ebp



<\_"_gb_

<ihke_7"gb_~_kylbe_ IbygzZ[ex*Z _ 1ky klj_fbl_evguc
[Zlu\Z fuo "Zgguo glh khijh\h"*Z |ky mkeh g _gb_faz"
ihklZ\e _gby b ZgZebaZ GZ nhg_ jZa\blby |l _ogheh]bc [h
N ezgguo \uqbke gbcbf Ih*h\bkdmkklI\ _ggh]h bgl _ee
azZ™"Zq klZzgh\blky wnn_dlb\gh_ h[t_"bg_gb_ b~ glbgguo
]jmiiu Dhjj_dlgZy ]Jjmiibjh\dZ iha\hey | g_Ilhevdh ih\ukl
Ibg_kdbo kbkl _f ghbkms_kI\ _gghhilbfbabjh\ZIvijhp_k
\'[bag_k_ eh]bklibd_ a”jZ\hhojZg_gbb b ”*ym]bo hljZkey

Nhjfbjh\Zgb _]jmii b _glbgqguo h[t_dlh\ hkh[_ggh mk
\byo \ukhdhc *bgZfbqghklb *"Zgguo Ihklhyggu_baf_g_g
hit _dlh\ ihyle _gb_gh\uob m”Ze _gb_m"_ bf xsbokylj_
jhc z~ZilZpbb bi_j hp_gdb k\ya cf_""mwe_f_glZfb 1)l
f IThrudezZkl jbaZpbb |Zdb_dZd. PHDQV I|j [mxlaZjZc
kKl _jh\'bihwlhfm g_fh]lml [ulv g_ihkj_"kl\_gghijbf_g_gu
ghlhnhjfbjh\Zgby]jmii F_Ih*ugZhkgh\_iehlghklb [Zdb
" bf_xlh]jZzgbg_gbyihfzkrlZ[bjm_fhklb b gm\kl\bl_evgl
f_Ijh\ Wlhijb\h*bldg_h[oh”bfhklb\u[hjZzf_h*Z dhlhju
Ib\gh h[jZ[Zlu\Zlv "Zggu_k azZjZzg__ g_ba\_klghc kljmdlIr
_]JhjzZza\blb_"ey mki_rgh]hijbf_g gby \*bgZfbgqguo kbk
Ib\gh jZa\b\Zxsboky gZijZ\e _gbc y\ey |ky bkke "~h\Zghb
kljmdImjghc kh]JeZkh\Zgghklb \ *bgZfbg_kdbo ]jZnZo KI
dZau\Zxl qlh ey wnn_dlb\gh]h h[gZjm  _gby khh[s_ kI\
g_h[oh”bfuih”oh”u kihkh[gu_mqgblu\ZIlv\j f ggu_ Zki_
b kebygby khh[s_kI\ L fg f g  ih*"Z\eyxs__[hevrbgl
j_r_gbc hjb_glbjh\Zgh gZ keZ[mx “"bgZfbdm beb Ij_[mxI
kh\ ey |Imeyjgh]lhi_j kqgzlZdeZkl _jghc kljmdImju I1hfk
Jh Jjmiibjh\Zgby djblbg_kdb \Z ghc klZgh\blky ijh[e_ fZ
Ib\gh]h jZkqzlZ ijbagZdh\ *ey hp_gdb b” _glbgghklb h[t_
deZ”~guo aZ”"ZqZo lZzdb_ijbagzZdb kljhylky gZ hkgh\_Z]j
guo bale _dZ fuokihfhsvxZgZeblbg _kdbo 64/ aZijhkh\
keh ' guo ZgZeblbg _kdbo aZijhkh\\ mkeh\byo [hevrbo "Z
\blky madbff_klhf Kh\j f ggu_bkke_ ~h\Zgby”™ fhgkljbj
f Thh\fZrbggh]h h[mqg_gby \ hilbfbaZlhjZo 64/ aZijhkh\



ky kms_ kI\ _ggh]hih\ur_gby boijhba\h”bl_evghklb ohly
j_r_gbckhijy' _ghkjy®hfl ogheh]bgq_kdbobijzdlbqg_kdl
Lzdbf h[jZahf ij_"~klZ\e _ggh_bkke_ "h\Zgb_gZoh~"
g_kdhevdbogZijZ\e_gbc?2l_hjbbkljmdIimjghcbgl_jhi_jZ
kdhc deZkl _jbaZpbbbhilbfbazZpbb ZgZeblbg_kdbo\uqgbk
1Z _TkyjzZa\blb_f Ih~"Z""bgzZfbggh]l]hnhjfbjh\Zgby ]jmii h[
b glbgqghklb k mqzlhf h]jZzgbqg_gbc j_Zevgh]h\j_f _gb \
kbkl fubg h[oh”bfhklbihc™ j"Zgby\ukhdhc kh]JeZkh\Zc¢
P _ev®Zgghc jZ[hluy\ey Iky jZa\blb_ f |Ih~"Z ~*bgZfbq
gby ]jmii h[t_dlh\ihijbgpbim b~ _glbgqghklb\ mkeh\byo [|
sboky "Zgguo h[_ki_qgqb\Zxs_]Jh \ukhdmx kljmdImjgmx kt
ijb mgzl_g_h[oh”bfhklb mkdhj_ggh]h\ugbke _gbyijbagZ
>ey "hklb" _gby ihklZ\e _gghc p_eb g _h[oh”bfh [ueh
azZ"Zqb
:gZeba kms_kl\mxsbo f _Th” h\ ]Jjmiibjh\db h[t_dlh\
hljZzgbg_gbcijbjZ[hl_k[hevrbfb *"bgZfbqg_kdbfb ~.
Bkke ~h\Zgb_\hafh ghkl_¢c mkdhj gby ZgZeblb
g_h[oh”bfuo *eyihkljh_gbyijbagzZdh\ h[t_dlh\ kij
A"h\fZrbggh]h h[mq_gby *ey hilbfbaZpbb\uiheg gt
JZajzZ[hldZ Ze]hjblfZ nhjfbjh\Zgby ]Jjmii h[t_dIlh\
hrb[dZf \ hij_~ e _gbb b” glbgghklb b kihkh[gh]h i
Jlezkh\Zggmx kIjmdImjm \ mkeh\byo \ukhdhc *"bgZft
KharzZgb_f Ih*bdb hp _gdb dZq_kI\Z knhjfbjh\Zg:
lj _[h\Zgbc d h*ghjhrghklb biheghl_ jZa[b_gby
LZdbf h[jzahf jZ[hlZ gZijZ\e _gZ gZ dhfie_dkgh_j_r
fbggh]h b kljmdImjgh kh]l]eZkh\Zggh]h nhjfbjh\Zgby ]jmii l
k mgzlhf hkh[ _gghkl _c\uiheg _gby\ugbke _gbc\[hevrbo
fZo
GZmqggZy gh\bagZz
<i_j\u_ijh\_"zg dhfie_dkguc ZgZebaijbf_g _gby f
]Jh hfmqg_gby ey hilbfbaZpbb\uiheg _gby ZgZeblbq
\ mkeh\byo baf _gyxsboky *Zgguo b \ukhdbo gZ]jm
\uy\blv h]jZgbg_gbyihboijzdlbg_kdhcijbf_gbfhkl
kl fZo h[jZ[hldb [hevrbo *"Zgguo



H[hkgh\Zg \u[hj khg _IZgby [bgZjghc deZkkbnbdZy
ghc koh™ _klb h[t_dlh\ b Ze]lhjblfzZz jZkijhkljZg_gbhb
SURSDIJDWLRQ $OJRULWKP ”"ey nhjfbjh\Zgby ]j
Ib\ghc dhf[bgZpbb \ az”"ZqZo *bgZfbqgh]h h[t_~bg
b glbgguo h[t_dlh\ijb h]jZgbg _gguo\ugbkebl ev
lj_ "eh” g fh*bnbpbjh\Zgguc "\mowlZiguc Ze]hjbl
gZhkgh\_/3%$kdzZeb[jh\dhcihjh]h\uo izZzjzZf_I|jh\gZ
fhc *heb hrb[hgguo k\ya_c b glhiha\hey _ Iih
Imjgmx kh]JeZzkh\ZgghklvihemqgZ fuo]jmii”~Z" _ijb
bebrmfghc bgnhjfZpbb
>hdZazgZ \hafh ghklv wnn_dlb\ghc Z*ZilZpbb ij_
"bgZfbgghc deZkl _jbaZpbb *ey jZkij_~ ezgguo \i
kil _f glh h][_ki_qgb\Z | JhfzZkrlZ[bjm _ fhklv b ijbf_
[hld_[hevrbo h[tzfh\*"Zgguo
JZajZ[hlZgZ dhfie _dkgzZy f Ih~*bdZ dhebqg_ klI\ _gg
Jimiibjh\db h[t_dlh\ \dexgZxsZy ihdZaZl_eb h”*ghj
lu Z~Zilbjh\Zggu_"ey ZgZebaZj_ameviZlh\*bgZf]
\'mkeh\byo [hevrbo *Zgguo
GZmqgZy b ijZdlbq_kdZy adZdgfHkbv kdZy agZgbfhk
aZdexqZ lky \ jZza\blbb ihfoh”h\ d "bgzZfbgghfm nhjfbjh
lh\ih ijbgpbim b” glbgghklb\ mkeh\byo [hevrbo b baf g
jZ[hl_h[hkgh\Zg\u[hjdhf[bgZpbb [bgZjghc deZkkbnbdZ
ijhkljzg _gby f Ihd /3% dZd wnn_dlb\gh]Jh j r gby "ey ¢
deZkl jbaZpbbijb h]jZgbq _gguo \ugbkebl _evguo j _kmjl
fhrbnbdZpbyijhp _kkzZ dezZkl jbaZpbb h[_ki_gb\ZxsZy il
khlezkh\Zgghklb ]jmiiaZ kqgzldZeb[jh\db ihjh]h\uo izjZf
ebaZ *himklbfhc *heb hrb[hd JZajZ[hlZggZy f_Ih”"bdZ hj
jh\db h[t_dlh\ mgblu\ZxsZy ihdZaZl_eb h*ghjh*ghklb b
bgkljmf_glZjbc ZgZebaZ "bgZfbq_kdbodeZkl jbaZpbcb
gZ\*m]boazZz”ZqZo h[jZ[hldb [hevrbo *Zgguo
ljZdlbqg_kdZy agZqgbfhklv jZ[hlu aZdexgZ_lky \ \hafh
jZajZ[hlZzgguo f_Ih"h\b Ze]hjblfh\*eyrbjhdh]hdjm]Zijb
aZgguo k h[jZ[hldhc [hevrbo *"bgZfbg_kdbo "Zgguo D IZ
ky Z\lhfzZlbabjh\Zggh_mijZ\e_gb_ Zkkhjlbf_glhf Ih\ZjF



Z]lj _1Zpby ij_~eh  _gbc \fZjd lie _ckZo ZgZeba b khihkl.
aZo "Zgguo kbkl _fu fhgblhjbg]Z khklhygby h[t_dlh\ mi
"\hcgbdZfb aZ*Zqgbbgl _JjZpbb~r"ZgguobajZaghjh”guob
guo hl*m[ebdZlh\bih\ur_gb_bodzZq_klI\Z JZajZ[hlZggu
Ney jZkij_ "N ezgguo\ugbkebl evguo kbkl_f qlh h[_Kki_qgb
_fhklv bihalhey Iwnn _dlb\gh jZ[hlZIlv k [hevrbfb h[tzfZ
Azggu_ wdki_jbf_gluih?\_j"~ZxlijZdlbg_kdmx wnn_dlb
guoj_r_gbcgZj_ZevguoazZ™"ZqZo ~_fhgkljbjmy \ukhdh _
hit_dlh\ b mklhcgb\hklvf_ Ih"h\dbaf_g_gbyf~*Zgguo
Hkgh\gu_ iheh” _gby \ughkbfu gZ aZsblm
ljhZgZebabjh\Zg fh*bnbpbjh\Zggucih®”oh”gZ hkgl
g _gby ey hilbfbaZpbb ZgZeblbq_kdbo 64/ aZijhkt
D <uyle_gZkeh ghklvz~rZilZpbbfh”?_e_cfZr
d baf_gyxsbfky *Zgguf b gZ]jmadzZf \ mkeh\
\j f _gb
E <uy\le _gu \ukhdb_ gZdeZ”~gu_jZkoh”u gZ
ImZevghklb fh” _e cijb *bgZfbg_kdhc kf_g_
guo
lj_~eh _gijZdlbdh hjb_glbjh\Zgguc f_Ih”ih\ur_gk
guog_j ab” glbnbdZpbx k _fZglbg_ _kdb b” glbggt
D Ij_"“eh _gZ dhf[bgbjh\ZggZy Zjobl _dImjZz
N ev[bgZjghc deZkkbnbdZpbb *"ey hp_gdb
h[t _dlh\' b Ze]hjblfjzZzkijhkljZzg _gby f Ihd /3!
A"mxs_]lhnhjfbjh\Zgby ]jmii
E H[hkgh\ZgZ \hafh ghklv Z*ZilZpbb jZajZ][}l
Ney jZkij_~ ezgguo\lugbkebl evguo kbkl_f
_fiZzjz"b]fu ODS5HGXFH
F >hdZazgZijZdlbg_kdZywnn_dlb\ghklvij_ -
gZ azZ""Zq_ihbkdZ b™ _glbqguo Ih\Zjguo ij_~
\byoj Zevguo fZjd _lie_ckh\
lj_~eh” _g fh*bnbpbjh\Zgguc "\mowlZiguc Ze]hjbl
gZ hkgh\_ /3%



D H[hkgh\Zg \u[hj Ze]hjblfZ /3%$ dZd hilbfZe\
Ney aZ™"Zqgb nhjfbjh\Zgby Jjmii k_fZglbqg_kc
hit_dlh\

E |j_ "eh” _gZ hjb]l]bgZevgZy fh"bnbdZpby /39
1ZjZf_ljh\'gZ hkgh\_ZgZebaZ "heb hrb[hggLt
h{t _dlZfb bkihevah\Zguihjh]h\u_agZq _gb:

F Wdki_jbf_glZevgh ih?I\_j°* gZ \ukhdZy
ij_~eh” _ggh]lh f _Ih*Z ijb j_r _gbb ijzZdlbqg_
mijZ\e _gby Zkkhjlbf _glhf\ mkeh\byo [hevrk

NZgguo
lj_ ~eh  _gZdhfie_dkgZyf |Ih"bdZ hp_gdbdzZg_klI\Z
lh\
D Ij_~eh  _gf Ih"jZkgzlZ h*ghjh~*ghklb deZ|

\gmlj_gg _JhdzZg_kI\Z ]jmiibjh\db
E Ij_"eh _gf_ |Ih”rjZkqgzlZiheghlu]jmiibjh\dLk
hi\_Ikl\by gZc™ _gguo ]jmii bklbgghc kljmdIn
Kl _i_gv”~hklh\ _jghklbb Zijh[Zpby j>akldhwlFdghklv ] a
1ZIh\ h[_ki_gb\Z |ky h[rbjguf ZgZebahfjzZ[hl\h[eZklb bk
gb_fijh\_~zgguo wdki_jbf_glh\ bo \hkijhba\h*bfhklvx .
|Zlh\ gZ ijZdlbd_ Hkgh\gu_ j amevlZlu "bkk _jlZpbb *“hc
xsbo dhgn_ |j gpbyo Bgl ee dimZebaZpby h[jZ[hldb bgt
Fhkd\z y <k _jhkkbckdZy gZmqggZy dhgn_j_gpby F
Bgl _ee_dimZebazZpby h[jZ[hldb bgnhjfZpbb BHB
Bgl ee _dimZevgu_bgnhjfZpbhggu_ | _ogheh]bb *ey bg
| _jjblhjby "Kbjbmk~ >7Z99Zy jZ[hlZ \uiheg_gZ \ jZf
ghlhaz”~Zgby ghf_|
Im[ebdZpBBl _jbZeubkk_jlZpbbhim[ebdh\Zgu\ i_q
bagbo \ mjgZeZo bakibkdZ <:D b bg” _dkbjm_fuo\:R6
Ebqguc\deRh” _j Zgb_"bkk_jlZpbb b hkgh\gu_iheh"
fu_ gZaZsblm hljz zZxli_jkhgZevguc\dezZ” Z\IhjZ \ him][
Ih~1hlh\dZ d im[ebdZpbb ihemqg_gguo j_amevIZlh\ijh\h"
Z\lhjzfb ijbgqzf\dezZz” "bkk _jlZglZ [ue hij_~ eyxsbf <k_
"bkk _jlZpbbj amevliZluihemqg _guebqggh Z\lhjhf



Hit fbkljmdIimjzZ jzZptblkikk jlZpby khklhbl ba\\_~ gby
aZdexq_gby Iheguc h[tzf *bkk _jlZpbb khklZ\ey | k1jz
b 1Z[ebpZfb



—eZ\Z L_hj Ibgq_kdb_hkgh\ubgl _jhi_jz[_evghklb b k
khlezkh\Zgghklb

BA glbgghklv b bgl _jhi_jZ[_evghklv

<mkeh\byo\hajzZklzZxs_ckeh 'ghklbbjzZkij_~_ezgghl
nhjfZpbhgguo kbkl_fdjblbg_kdb \Z guf klZgh\blky g_ Ih
kiI\b_ gh b kihkh[ghklvIihggh b” glbnbpbjh\ZIv b khhlghl
g _glu Ijh[e _fZ b* _glbgghklb 2 dhjj_dlgh]h jZkihagZ\Zgl
h*bgZdh\uo h[t_dlh\\jZaebqguo kbkl_fZo 2\uoh”~blgzZi_
[e_fZDbf__I]Jem[hdb_nbehkhnkdb_dhjgb =hinjb™E _c[gbh
ebjh\Ze nmg”~Zf _glZevgu_ijbgpbiub” _glbgghklb khleZz
Ibggu_ h[t _dlug jZaebgbfuih k\hbf k\hcklI\Zf aZdhg g _
Ibggh]h Db hit_dlu g_jZaebgbfu_ih\k_f k\hckI\Zf y\
fb aZzdhglh ~_kI\Zg_jZaebgbfuo H~*gZdhijbf_gbl_evg
nhjfZpbhgguf kbkl_fzZfwlb kljh]b_nbehkhnkdb_ijbgpbiu
kdhc Zz*"ZilZpbb dhgdj_Igu_djbl_jbb b _glbgqghklb hij_~
p_eyfbaz”"Zgb ZihegZy g jZaebgbfhklv\k o k\hckl\ qZ

ljb nhjfbjh\Zgbb Jjmii b~ _glbgguo h[t_dlh\ \hagbdZ _
gh_Ij_[h\Zgb_ dZ ~uch[t_dlI\]jmii_"he  _gfulvb”™_glbc
kiI\h ihiZzjghc b~ _glbgghklb WIh kha*Zzl kljmdImjm Zg:
jbb ]1jZnh\ ]~ _\k_\_jrbgu ihiZjgh kh_~bg_gu < hlebqgb
kKljmdImj IbiZ k\yaguo dhfihg_gl ]*_ kms_klI\m _Iimlv f_~
gZfb ghg_h[yaZl_evghijyfh_kh_~bg_gb_ 1ZdZy hj]Zc
khexlgmx kh]J]eZkh\Zgghklv h[t_dIh\ \ Jjmii_ >ey \_jbnb
lZdbo kljmdImj hkh[_ggh ijh*mdlb\guf hdZau\Z_Iky ijbf
ebaz bgl _jhi_jZ[ _evghklb 2 kihkh[ghklb jZaebgguo kbkl
hjl]ZgbaZpbcwnn_dlb\gh h[f_gb\ZIvky *Zggufb bgl_jij_|I
ah\Zlv ey khlJeZkh\Zgguo *_ckl\bc >Zgguc ih*oh” hkg
ghc k\lyabf_""mihgylbyfbb” _glbgghklbbbgl_jhi_jZ[_ev
ghklv hij_~ ey Ilj_[h\Zgbydh[t_dIZf bog_jZaebqgbfhkl
jbyf Th bgl_jhi_jzZ[_evghklv h[_ki_qgqb\Z | f _oZgbafu ijl
wlbo |j _[h\Zgbc \ mkeh\byo j Zevgh]h \aZbfh” _ckl\by |
©bgl_jhi_jzZ[_evghklv®d LQWHURSHUDELOLW\ \haghbd
\_ dZ "ey h[hagZq_gby kh\f_klghc jZ[hlu \hhjm zgguo kb
ke "~kl\bb wlh ihgylb_[ueh Z~Zilbjh\Zgh “ey bgnhjfZpbh



ANZjlh\ bgnhjfZpbhgguo | _ogheh]bc Kh]leZkgh hij "~ e ¢
=HKLJ @ bgl _jhi_jZ[_evghklv2wlh ©kihkh[ghkl\
kbkl_fbeb dhfihg_glh\ h[f_gb\Zlvky bgnhjfZpb_c b bkih¢
fZpbx2 <gZmqgqghcebl_jZImj_bijZdlbd_kms_kl\m_lg_Kk
bgl jhi_jZ[ _evghklv
+t NmgdpbhgZevgZy bgl _jhi_jZ[_evghklv 2 kihkh[gh
gylv kh\f_klgu_ hi_jZpbb g_aZ\bkbfh hl bo\gmlj_g
+>729ggu_bk_fzZglbdz2Zdp_glgZIlhf gqlhJu”~Zggu_ g._
ebkv ghbijz\bevgh bgl_jij_Ibjh\ZebkvijbgbfZxs _
tljhp_kkgZy bgl _jhi_jZ[ _evghklv2kihkh[ghklv [bag
guo hjl]ZgbaZpbc wnn_dlb\gh \azZbfh” ckl\h\Zlv gZ
guo *Zgguo
Lzdbf h[jZzahf bgl_jhi_jzZ[_evghklv ho\Zlu\Z | g_lhevdl
I _j_"Zqgb bgnhjfZpbb gh b \hijhku _z ihgbfZgby hkfuke
dhhj*bgZpbb ~ _ckl\bc

>ey [he_ _lhggh]h hibkZgby bgl _jhi_ jZ[ _evghklbijbc

gb bgl_jhi_jZ[_ev@h kjllbk>

+ Hj]ZgbaZpbhggZy bgl_jhi_jZ[_evghklv k\yaZgZ k o
ijhp_kkh\ iheblbd b ijhp_"mjf_""m jZaebqggufb hj]
thrjZza”_e_gbyfb qglhlj_[m_I kh]JeZkh\Zgghklb gZ |
p_kkh\

+ K_fZglbq_kdZy bgl_jhi_jZ[_evghklv gZijZ\e_gZ gZ
]h ihgbfzgby kfukeZ "Zgguo \k_fb mqzZklgbdZfb \a
lj [m_Ikh]l]eZzkh\Zgby ihgylbcguo fh” e ¢ hglheh]l

+L ogbqg_kdZy bgl _jhi_jzZ[_evghklv ij _~iheZ]Z | \h
NZggufb f_ "~ m kbkl_fZfb gZ mjh\g_k_I| _\uoijhlhdht
h[s_gbcbbgl_jn_ckh\ Hkgh\gh_\gbfZgb_a”_kv m
aZpbbijhlhdheh\ b kh\f_klbfhklbijh]jzffgh ZiizZjzIl

+tHp _gb\Zyihl _gpbZevgmx\hafh ghklvmklZgh\e gb
kilblhcbebbghckl i gb\kljmdimj_ \azZbfhk\yaZggu
Jh\hjblvhkljmdlmjghcbgl_jhi_j&_ KMghkihbjgZy bgl
jZ[_evghklv nhdmkbjm _|ky gZ kh]l]eZzkh\Zgghklb k\
fb kbkl _fu A~ _kv\Z gug_klhevdh kzfbi_j_ ~zZ\zZ_ fu
kihkh[hj]ZgbaZpbbwe f _glh\bbolazZbfhk\ya_c¢ KI
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Jbkmghd 2H[sZy kljmdImjZbgl _jhi_jZ[_evghklb\khh

jZ[_evghklv hij_~ ey | gZkdhevdh mklhcqgb\h b ihl
~gh\azbfh”®_ckl\b_f_""m]jmiiZfb h[t_dlh\
Hkh[h_\gbfZgb_\ kh\j_f gguo bkke_~h\Zgbyo m”_ey_Ilk
I _jZ[_evghklb\*"bgZfbg_kdb f_gyxsboky kbkl_fZo ]*_k
k\yab fhlml baf_gylvky k|l _qg_gb _f\} f gb <IlZdbo mkeh
gZ _lky g_lhevdh \ h[_ki_q_gbbi_j\hgZgZevghc kh]eZkh
N j7Zgbbijbihklhygguo baf _g _gbyo khklhygby kbkl_fu
Bgl_jhi_jzZ[_evghklv b]jZ_| djblbg_kdmx jhev \ kZft
" _gbyo hl bgl _]jZpbb f “"bpbgkdbo bgnhjfZpbhgguo kbl
guo j__kljh\ *h jZ[hlu fZjd _lie_ckh\ [Zgdh\kdbo kbkl_f



bgl _jg_I| ieZlnhjf GzZijbf_j \Vkn_j_H FRPPHUFH \ukhd.:
jZ[_evghklbf_""mijhrzZ\pzfb fZjd_lie_ckZfb b eh]bklbq
h[_ki_gqb\Z_lwnn_dlb\gmx h[jZ[hldm aZdZah\ ZdIimZevc
jZo b k\h_\j_ f ggh_\uiheg_gb_ihklZ\hd

LZdbfh[jZahf ihgylb_bgl_jhi_jZ[_evghklb klZeh nm
p_ipb_c "ey ihkljh_gby kh\j f gguo bgnhjfZpbhgguo kb
ile_dkgh]h bamq_gby k mqzlhf |l _ogbg_kdbo k_fZglbqg_Kk
kljmdImjguo Zki_dlh\ < jzZfdZo "Zggh]h bkke_"h\Zgby h
_lky kljmdImjghc bgl_jhi_jZ[_evghklb dZdgZb[he__1_k
"bgZfbqgh]h nhjfbjh\Zgby khlJeZkh\Zgguo ]Jjmii h[t_dlh\

KIjmdIimjgZy bgl_jhi_jZ[_evghklv jhev\aZbfhk\ya c f

KijmdImjgZy bgl_jhi_jzZ[_evghklv ij_~klZ\ey | kh[hc
nmg~"Zf _glZevguo Zki_dlh\ h[s_c bgl_jhi_jZ[_evghklb |
k\yvaZgZ khjlj]ZzgbaZpb_ck\ya cf_ ""mhl®_evgufbwe f g
gbgq_kdZybgl_jhi_jZ[_evghklvh[_ki_gb\zZ_I\hafh ghklv
fZglbg_kdZy2bobgl_jij_IZpbx IhkljmdimjgZy bgl_jhi_j:
aZ p_ehklghklv b kh]jJeZzkh\Zgghklv \aZbfh” ckl\by we f
kbkl fu Hkgh\ghc azZz”"Zqg_c kljmdImjghc bgl_jhi_jZ[_evg
g_gb_mklhcgb\hklb k\ya_cf_""mh[t_dlZfb glhhkh[_gg
"bgZfbdb *Zgguo < ex[hc keh 'ghc kbkl_f_ h[t _dluj_~dh
jh©\Zggh hgb k\yaZgu f_""m kh[hc hilghr_gbyfb jZaebqggt
fZglbq_kdhc koh™ _klb b khihklZz\bfhklb  hijyfuo\laZbfh”_
e _ghklbdh~gbfbl f° dZIl _]Jhjbyf Ihwlhfmp_ehklghklv
a_chdzZaul\Z_lijyfh_\ebygb_gZ nmgdpbhgZevghklv b gZ
Dexqg_\u_ijbgpbiukljmdIimjghc bgl_jhi_jZ[_evghklb \de:

+ K\yaghklv we_f _glh\ h[t_dlu f_""m dhlhjufb mkl

"he guh[jZzah\u\ZIv k\yagu_]jmiiu \dhlhjuobgnhijf
[h*gh jZkijhkljZgylvky

+ Hrghjh~rghklvk\ya_c\gmljb]jmii kl\yabf_""mh[t_d
Jjmiiu“he gu h[ezZz"Zlv hij_~_ezgghc kl_i_gvx koh"_
\Zgghklb



+ HI* ezgghklv ]Jjmii h[t _dlu ijbgZ”e_ "Zsb_ jZae!

"he gu bf_|Iv fbgbfZevgh_ dhebqg_klI\h klya ¢ *jm]

N jZgby gzldhklb ]jZgbp Jjmii

< dhgl_dkl_[hevrbo *"Zgguo b kbkl_f k \ukhdhc *bg
kljmdImjghc bgl_jhi_jZ[_evghklb mkeh gy Ikyjy*hfnzd

tlhyle _gb_gh\uo h[t _dlh\'bbkg _agh\ _gb_klZjuo

+Baf_g_gb_oZzZjzdl_jbklbd h[t_dlh\ b k\ya_cf_""m g

t Hrb[db \ hij_ ~ e gbb k\ya ¢ \ualZggu_g _iheghlh

NZgguo
<k wlby\le gbyijb\h*yldlZdgZau\Z fufZkkhgZgkgufk
br ZevgZy khlJezZkh\Zgghklv gZjmr_gZ \gmljb ij ~iheZ]
s_klI\h\Zlv hrb[hqgu_ k\yab Zf_""m]jmiiZfbfh]lmlihy\ey
aZljm~rgyxsb_dhjj_dlgmx b”_glbnbdZpbx h[sghkl_c

< gZmgghc ebl _jZImj_ kljmdIimjgZy bgl _jhi_jZ[ _evg
jZfdZo h[sboijh[e_fmijZ\e _gby dZq_kd\hizZdzZlggkio pbZel
\Zgguo gZijZ\e _gbyo IZdbo dZd k\yav aZibk@c jZHF R Ug:
kmsghkl ¢ (QWLW\S5BUYRDDZ\WLR@b> khh[s_kI\\]jZnZo
"HWHFW®RB[sbf\ wlbo gZijZ\e _gbyo y\ey |lky klj _fe gk
gb\u_ \gmlj _gg_ kh]JezZkh\Zggu_]Jjmiiu h[t_dlh\ \ mkeh\l
f gyxs ckybgnhjfZpbb

ljbwlhf\Z gh mgblu\Zlv glh\azZ”*"ZqgqZo~bgZfbggh]hn
hit _dlh\ kljmdImjgZy bgl_jhi_jZ[_evghklv”*he ' gZ[ulvg_
fhf _glihkljh _gby ]jmiibjh\db gh b ih”**_ j"b\ZIvky \ijhp _
kil _fu WIhlj_ [m_IjZajzZ[hldbf_Ih*h\ dhlhju_fh]jmlzZz~Zil
kljmdImjm ]Jjmiiijb baf_g _gbb k\ya cf_ ""mh[t _dIZfb [ _ a
\k_c kljmdImju

LZzdbf h[jZzahf jhev\azZbfhk\ya cf_ ""mh[t_dlZfb klZ
ghc\h[_ki_ g gbbkljmdIimjghcbgl _jhi_jZ[ _evghklb DZq
wlbo k\ya ciha\hey I g Ihevdhih\ukblvIihqghklvbgz”z
guo ghbagZgbl _evgh mijhklblvihke "“mxsb_wlZiubgl_
gylbyj_r_gbc\keh guobgnhjfZpbhgguo kbkl_fZo



lhgylb_kljmdIimjghc kh]eZkh\Zgghklb

KlIjmdIimjgZy kh]JeZkh\Zgghklvy\ley Ikydexq_ \ufihg)
gbb az”~Zgq k\yaZgguo k nhjfbjh\Zgb_fbih* _j Zgb_ f mk
_dlh\\'bgnhjfZpbhgguo kbkl_fZo ?keb kljmdIimjgZy bgl_
gZ_laz\hafh ' ghklv\iazZzbfh”_ckl\by f_""mwe_f_glZfb kbl
khlezkh\Zgghklv hljz"Z 1 dZq_klI\h hj]ZgbaZpbb wlbo \a
his_ _f\b”*_ kljmdImjgZy kh]JeZkh\Zgghklv hij_~ ey IkydZ
nZdlbg_kdhc kljmdImju k\ya_cf_""mh[t_dlZfbg_dhlhjhf
e _\hfm khklhygbx kljmdImju dhlhjh_oZjzdl _jbam _ Iky f
g c kh]JezZzkh\Zgghklvx ]Jjmii b fbgbfZevgufb gZjmr_gbyfk
ZevgZy kljmdImjzZz "ey azZ”Zq ]jmiibjh\db h[t_dIh\ khhI\ Ik
[h\Zgbyf

t\gmljb dZ ~hc ]Jjmiiu h[t_dlu bf_xliehlgu_ b mklhc

| evgu_k\yab ih”I\_j"~Zxsb_boijbgzZz”~e_ "ghklv d
+f ""mjZaebqgufb ]jmiiZfb hlkmlkl\mxl beb fbgbfzZ
hf_ki_qgb\Z | gqzldh_jZa”_e _gb_h[sghkl_cbij_~hl
\Zgb _
tkljmdImjZ mklhcqb\Z d ehdZevguf hrb[dZf\ hij_"_e
kh[gZkhojZgylvh[smx kh]JeZkh\Zgghklvijbg [hevr
guo
<ebl jZImj_ih”h[gZy b _ZevgZy kijmdImjZ hibku\Z Ik
ghc kljmdIimju 2 kljmdImju \dhlhjhc\gmljbdZ ~hc]jmiiu
itheh bl _evgh Zf "~m ]jmiiZfb k\yab hlkmlkl\mx| beb y\
gufb > @ <j Zevguo mkeh\byo *"Zggu_j_~dh khhlI\_TklI\
nZdlbg_kdZy kljmdImjzZ dzZd ijz\beh bf_ | ZkkhgZgkgu
hrb[hgqgu_k\yabf ""m]jmiiZfb b g_"hklZxsb_k\yab\gm

Dexq_\ufbnzdlhjZfb \ebyxsbfbgzZkl_i_gvkljmdImjc
kib y\leyxlky

tlhgghklv hij_* e _gby klya_cf_""m h[t_dIlZfb gZij

hp _gdZ b”™ glbgghklb beb koh™ _klb

+trmf\*"Zgguo 2gZebgb_hrb[hd ijhimkdh\ beb g_kh\

j_ghbc

+ baf_ggb\hklv *Zgguo 2 *h[Z\e_gb_ m~Ze gb_beb

jbkibd h[t_dlh\ b k\ya_c\”bgzZfbd_\j_f _gb



Hp gdZ kljmdImjghc kh]JeZkh\Zgghklb hkms kl\ey
jZaebqguof lIjbddZg _klI\ZdeZkl _jbaZpbb I1ZdbodZd h”
AN dk Jwg”rZ kihijZ\dhc gZ kemqgZcghklv hp_gdZ NZmed]
dZzazZl_e2c@&® WIbf_ ljbdbiha\heyxl dhebqg_kI\_ggh hij_~
ohjhrhnzZzdlbqg_kdZy kljmdImjZ ]jmii khhI\_IklI\m _| h " b*Z_

< dhgl _dkl_ az”~zZq "bgZfbggh]h nhjfbjh\Zgby ]Jjmii h
\ur_gby kljmdImjghc kh]l]eZkh\Zgghklb aZdexqZ_Iky g_ Il
gZqZevghdzZqg_kI\_gghckljmdImju ghb\ _zdhjj_dlghc Z-
"Zgguo HKkh[_ggh\Z gufb klZgh\ylky f Ih~u iha\heyxsh
jm b\Zlv b mkljZgylvgZjmr_gby kh]lJeZkh\Zgghklb 2 gZijb
]jmiibebihyle gb_ g "~ eZl evguok\lya cf_ ""mjZaebqg
h[jZahf ihgylb_kljmdImjghc kh]jeZkh\Zgghklb k\yau\Z _|
lhgghklb hij_~ e _gby k\ya_cf_"~"m h[t_dlZfb b hj]ZgbaZz
Jjmiiu h[_ki_gb\Zy hkgh\m *eywnn_dlb\ghc jZ[hlukeh'g
kbkl f\mkeh\byo[hevrbo *"bgZfbqguo *Zgguo

Djbl_jbbbf IhAuhp_gdbkh]eZkh\Zgghklb kljmc

Hp gdZ kl _i_gb kljmdImjghc kh]JeZkh\Zgghklb y\ey _
"NZg]jmiibjh\db h[t_dlh\\bgnhjfZpbhgguo kbkl_fZo Dhjj
KI\Z ]jmiiiha\hey |l km~blvhgZ~z ghklb knhjfbjh\Zgghc |
hrb[db bijbgbfzZlvj r gby hg h[oh”bfhklb zi_ j kfhljZz
db >ey dhebq_kI\_ggh]h ZgZebaZ kljmdImjghc kh]eZkh
djbl_jb_\ hkgh\Zgguo dZdgZ\gmlj_ggbo k\hckI\Zo ]Jjmii
gbbihemq _ggh]hjZa[b_gbykwlZehgguf Hkgh\gu_ djbl_
ghklb kljmdImju \dexqgZxl

+ HAghjh~*ghklv +RPRJHQHLW\ hljZz " Z T kl_i_gv \

\gmljb h~*ghc ]jmiiu ijbgz”~e_ "ZI d h*ghfm bklbggh
1Z kgblZ _Iky b Zevgh h*ghjh”*ghc _keb \k__zwe.
b glbqgu beb koh b ih p_e \hfm ijbagZdm H~”ghj
hp_gdb\gmlj_gg_J]hdzg_kI\Z ]jmiibjh\db
+lheghlZz &RPSOHWHQHVYV ihdZaulZ | gZkdhevd
gZ”"e_ "Zsb_ h~ghfmbklbgghfmdezZkkm Jueb kh[jZg
khdzZyiheghlZhagZqgzZ | glhijzdlbg _kdbg | "jZal[jl
_dlh\ihjZaguf]jmiizf



+9f jZ 9 PHDVXUH 2 ]Zjfhgbg_kdh_kj_"*g__ f_""r
itheghlhc WIlhlihdZazZl _evihalhey | h*gh\j_ f ggh
gb_d\ukhdhc\gmlj _gg_cgbklhl_]jmiib diheghl_t

+ Bg”_dkJwg”rZkihijzZ\dhcgZ kemgZcghklv $GMXV)
f jy Ikl i _gv kh\iz® gbyf ""mbklbggufjZa[b_gb
emqg_ggufjZa[b_gb _f mqgblu\Zy\ jhylghklv kemqgZ

+Hp_gdZNZmedkZ FweehmaZz )RZONHV+0DOORZYV
_liZju h[t_dlh\ b hp_gb\Z_| gZkdhevdh iZjZ h[t_d
hrgm ]jmiim \ h~rghfjZa[b_gbb ihf_s gZ\Im _]jm
[b_gbb

DzZ ~"Zy ba wlbo f_Iljbd bf__| k\hx h[eZklv ijbf_gbfhkl
bgl _jij_IZpbb GZijbf_j h”rghjhrghklv fh™ _| [ulv \ukhdhc
iheghl_ _keb ]jmiiu kh”_j"Zl hg_gv fZeh h[t_dlh\ Z\uk
khijh\h ~ZIvky gbadhc h*ghjh*ghklvx \ kemqgZ_h[t_~bg._
hit_dlh\

F Ih?rujzZkqzlzdjbl_jb_\hkgh\ZgugZ ZgZeba_ |jZKkij_
Jimiizf gbkeZiZjh[t_dlh\ k]jmiibjh\Zgguo \f_kl_bebjZ:
bihemqg_gghfjZa[b_gbyo khihklZ\e_ _gby kljmdImju k\ye
h b~z fufizll_jghfk\yaghklb

>ey "bgzZfbqguo kbkl fhkh[mx\Z ghklvijbh[j |IZ |h
kKib kljmdImjghc kh]l]eZkh\Zgghklb \h \j_f_gb WIhIj_[m_I
g_klI\ZjZza[b_gby\nbdkbjh\Zgguc fhf_gl ghbhlke_"b\Z
kh\Zgghklbijbihklmie _gbb gh\uo *Zgguo beb h[gh\e _gb
_dlh\

<ebl jZImj_1Zd" _jZkkfzZljb\Zxlky ih®*oh~u d\hkklZgl
r_gbx kljmdIimjghc kh]l]eZkh\Zgghklb \dexqZy f_Ih?ui_j_
guo kl\ya_ ¢ i_j_kljhcdb ehdZevguo mgzZkldh\ ]jZnZ beb
kljmdImju k bkihevah\Zgb f*"hihegbl_evguo bklwg glbadh
hijZahf djbl_jbb b f_Ih~u hp_gdb kh]JeZkh\Zgghklb kljm
g _h[oh?*bfmx hkgh\m *ey nhjfZevgh]h ZgZebaz dZq_klI\Z
thalheyxl AbZ]ghklbjh\ZIvIl_dmsmx kljmdImjm



lhklZgh\dZ az~Zqb "bgZfbggh]h nhjfbjh\Zgby kh]eZk
h[t_dlh\

<mkeh\byoihklhyggh baf_gyxsboky "Zgguo deZkkb:
jh\Zgby ]jmii b~ _glbgguo h[t_dlh\ mkeh gy_I|ky "bgZfbqg
fu lhyle _gb_gh\uo h[t_dlh\ m~Ze gb_ kms_klI\mxsbo I
kibd2\kzwlhlj_[m_IhlZe]lhjblfh\]jmiibjh\db g_lhevdh Ki
dZg_ kI\ _ggu_]jmiiugZ gZgZevghfwlZi_ ghbf oZgbafl
kh\Zgghklb kljmdImjugZijhly  _gbb "bag_ggh]h pbdeZ ki

IhklZgh\dZ aZz”~"Zqb aZdexqZ_ |ky \ ke _"mxs_f Bf_ |
lh\

It = {il,ig,...,iNt},

kms_ kl\mxs__gZfhf_gt\J*"f &b "uc h[t_dloZjZdIl_jbam_
kiI\hfijbagzZdh\
Dt = {dilsdiZl"-ldiNt}'

Li_[m_Ilky*eydZ ~"h]lhfhf_glidkjijibybjZa[b_gb_h[t_dIlh\
U
Ci={c, ..., G},
lZzdh _ qglh
t\gmljbdZ ~hc JpngiZloh”?ylky h[t_dlu b~ _glbqgu_be
kdb b glbgqgu_ithazZ”~Zgghcf j k _fZglbg_kdhc [e
+f ""mjZaebqggufb ]jmiiZfb hlkmlkl\mx| k\yab k\b" _
br _glbgghklb h[t_dlh\
tklijmdImjZ ]Jjmiimklhcqgb\ZdehdZevgufhrb[dZf\"Z¢
Z"Zilb\gh h[gh\e_gZijbbaf_g_gbbozZjZdl_jbklbdh]
e gbbgh\uo*"Zgguo
Hkgh\gu_ hkh[ _gghklb az”~Zqgb
+ HIkmlkI\b_ Zijbhjgh]h agZgby h dhledb g] jklAih hjray
jZg__g_ba\_klghb”he ghhij_"_eylvky Z\IhfZlbq_
Imju *Zgguo
+ >bgZfbdZ kbkIGEJhj h[t_dlh\ b bo ozZjzZdl_jbklbdb |
\h\j_ f gb qglhlj_[m_Ili_j hp_gdb]jmiibjh\hd [ _a il
\k_o”"Zgguo



+ G_h[oh”bfhklv \ukhdhc \ugbkebl _evghc whhnlhdub\
"he gu h[_ki_gb\zZlvijb_fe_fh_\j_fy h[jZ[hldb ijb |
fZo~"Zgguo

+ Mgzl hrb[hd b roHhb[hggu_ kl\yab f_"~m h[t_dIZfb b
klbozZjzdl_jbkibdg_ba[_"gub”he gumqgblu\Zlivky

+ Ih~a™ _j7Zgb_\ukhdhc kljmdIimjghc kh]d&gbh\ Ziglg hkdlb
jhrghklb b iheghlu "he gu hklZ\Zlvky gZ \ukhdhf m
w\hexpbb *"Zgguo

NhjfZevgZyp_evaZdexqZ |lky\ihkljh _gbb Ze]hjblfZz

fh _evhp_gdb k _fZglbg_kdhc [ebahklb h[t_dlIh\ b Ze]hjb
liZnZo h[_ki_qb\zZ_I

t\ukhdmx hrghjh*ghklv\gmljb Jjmii

t\ukhdmx iheghlm h[t _*"bg _gby b” _glbgqguo h[t_dlh\

tfZkrlZ[bjm_fhklv h[jZ[hldb [hevrbo *Zgguo

+t mklhcqgb\hklvdbaf g gbyfkljmdlimju kbkl _fu

<jzZfdZo”~zZgghcjzZ[hlu\NdZqg_KkI\_j_r_gbyjZkkfzljb\z

\Zgguc gZ khq_1Zgbb

+ [bgZjghc deZkkbnbdZpbbizZjh[t_dlh\ ey hp_gdb k
ghklb

tZelhjblfZzjzkijhkljZzg _gbyf |Ihd /DEHO 3URSDJDW
wnn_dlb\gh]Jh nhjfbjh\Zgby ]jmii\]jZn_[bgZjguo k\

+ fh*bnbpbjh\Zgguoijhp_"mjdZeb[jh\dblhqghklb e
kiI\Z deZkl_jbaZpbb\mkeh\byogZebqby hrb[hd \ *Z

LZdbf h[jZahf knhjfmebjh\ZggZy az*ZqZ lj_[m_1I bgl

rbggh]h hfmg_gby ]jZnh\uo Ze]hjblfh\ b *bgZfbq_kdh]h
jhc~rZgguo *ey *hklb” _gby\ukhdhc k!l _i_gbbgl_jhi_jZ[_e
ghklb ]jmii\ mkeh\byo jZ[hlu k [hevrbfb "bgzZfbqg_kdbfb

+

<u\h?udi_j\hclez\_
< "Zgghc ]JezZ\_ jzZkkfhlj_gul_hj Ibg_kdb_iheh  ghb
\ azZ”Zgb "bgzZfbqgh]h nhjfbjh\Zgby Jjmii h[t_dlh\ihijb
klb ;ueh ijhZgZebabjh\Zgh ihgylb_bgl_jhi_jZ[_evghkll
Z1lzd  _ \u™ _e ghdexqg_\h_gZijzZ\e _gb_ 2 kljmdImjgZy b



dZzd gZb[he _j e \ZglgZy dZl ]hjby azZz”~Zq ih hj]ZgbaZzZp
"mh[t _dlIZfb\ mkeh\byo [hevrbo *"Zgguo

IhdZazZgh qlh\Z g_cr_cozZjZdl_jbklbdhc kljmdImju |
khlJezkh\Zgghklv 2kihkh[ghklv nhjfbjh\ZIv mklhcgb\u_ F
fbgbfZevguf dhebqg_klI\hf hrb[hd b rmfh\ KIjmdImjgZy kh
kfZljb\Z |kydZdg_ _h[oh”bfh_mkeh\b_wnn_dlb\gh]h nmg
N ezgguo b ”bgZfbgguo kbkl_f ]~ h[t _dluihklhyggh baf
ky beb m*"Zeyxlky

;ueb ih?jh[gh jZkkfhlj_gu hkgh\gu_djbl_jbbbf_Ih”u
Jjmiibjh\hd h”~ghjh”rghklv iheghlz 9 f jZb”*im]b_ WIb i
eyxlnhjfZevgh hp_gblv kl_ i _gv[ebahklbl dms_c kljmdl

<aZ\_jr_gb_[ueZknhjfmebjh\ZgZazZz”*ZqZ "bgZfbqgt
lezkh\Zgguo ]Jjmii ~ey fgh  _kI\Z h[t_dlh\ k baf_gyxsbfbl
fblj _[m_Iky ihkljhblv mklhcgb\mx deZkl_jgmx kljmdImjr
jh\Zlvky d baf_g _gbyfb h[_ki_qb\Zlv\iukhdh_dZqg_klI\h]j

JZkkfhlj_ggu_\i_j\hc ]Jez\_1_hj_Ibqg_kdb_iheh _gl
"eyihke_"mxs_]h ZgZebazZ f_Ih*h\ hilbfbaZpbb\ugbke _
him[ebdh\Zgu \jZ[@Il_ >



=eZ\Z Hij_"_e_gbykoh _klbh[t_dlh\bijh[e_fulugbke_.
\aZ"Zq_"bgZfbggh]hnhjfbjh\Zgby ]jmii

AZ"ZqZ hp_gdb koh  _klb b b~ glbgghklb

Hrgbfbahkgh\guowlZih\\azZz”rZq_"bgZfbqgh]hnhjfk
_dlh\ihijbgpbimb” _glbgghklb y\ey Ikyihkljh_gb_f oZ
klbf_ ""mh[t _dlZfb WIZazZ”*ZqZ\hagbdZ |I\jZaebqguoij
h[it “bg _gbylh\Zjguoij ~eh” _gbc\fZjd lie _ckZo "h keb
ky aZibk_c\j__kljZo b [ZaZo "Zgguo khihklZ\e_gby kh
nbdZpbb kmsghkl_c\Il_dklZo b *jm]bo GZ bgimblb\ghf n
klvx ihgbfzZ |lky nzdllh]h qlh \Z h[t_dIZ hibku\Zxl h~gm
ij_~f _lghch[eZklb <bgnhjfZpbhgguo kbkl fZob” glbqgg
[ulvmklZgh\e _gZgZijyfmx2qZs_\k_Jhijboh”?blky ™ eZlv
gh gZ hkgh\Zgbb gZ[hjZ ijbagZdh\ dhlhju_ h[t_dlu bf_
wlZihf klZzgh\blky ihkljh_gb_gbke _gghcf _ju koh _klb i
eblv gZkdhevdh [ebadb MZ h[t_dIZAjm]d”*jm]m WIZf_j.
[eb zgghc hp_gdhc\ _jhylghklb bo b”™ glbqghklb

< h[s_fkemqgZ_ ij_ "klzZ\bf hibkzZgby dZ ~h]h we _f_ gl
qgijbagzZdh\ leb@linﬁmp‘,ééépg) KjZ\gb\Zy ex[u_ "\Z we_f_g
fgh™ _kI\Z gZ hkgh\_wlboijbagzZzdh\ fh gh hp_gblv bo ko
f _glh\bk koh”kl\h dhlhjuo mklZgZ\eb\zn gkkeh hwkaijbagZ
{pg} nmgdpby koh?kI\Z fh™_l\u]Jey®_IvIZd >

w, PR

FGk)=1! —
M PDB! P

0" w," 1 = \z ]k |JbagZdZ @'P[ﬁg[+ "bZiZahg agZdhgtl
IjbagZdzZ NniFgidpgbfZ _ IanglQ;ﬂl])yZboh HE1 +twlhZ[khexlg
koh”kl\h we | iklhW2Z=0 = Z[khexlgh_ jZaebqb_ GZ hkgh
nmgddgbk) kljhblky fZljbpZ koh™ _klb

M # RNSN My = F(j, k),

J*"N 2h[s__gbkehh[t_dlh\ WIZfZljbpZ kbff_IjbggZ gh\]|
deZ”~guo kemqgZ _\2jZaj_~ _ggZy koh _klv jZkkgblu\z Il



r ~“rboij _"\Zjbl _evguc hl[hj gZijbf_j ih]jZgbgguf agZo
Zevguo ijbagZdh\ bebij M\Zjbl _evgufw\jbklbdzf WIh il
gh kgbablv \ugbkebl_evgu_ aZljZlugZ ihkljh_gb_ fZljbr
r gbyhlhf kgblZlvebizZjmh[t _dlh\ b~ glbgghc! ¥ kihleva
?keb

F(. k) %!,

lh h[t_djlibk kgblzZxlky b _glbgqgufb bf_ ""mgbfb mklzZgz\
Wlhlrz]lij_h[jZam_I|fZljbpm koh  _klb\]jZn ]»_\_jrbgu?
hljz Zxl b _glbqgu_ ihfg gbxfh”® _eb iZju !<bhfhjbhd&xy_
g \h_agZqg_gb_ Kebrdhf \ukhdbc ihjh] \_ "zl d \ukhdhc
theghl_2Db” _glbggu_ h[t_dlufh]mlhklZlvky g_k\yaZggu!
2d\ukhdhc iheghl_ gh k jhklhf eh guo h[t_"bg_gbc Ihj
ijhp_kk_hilbfbaZpbb dexqg_\hcf_ judZq_klI\Z 3UHFLVL
ah\zZgb _fjZaf g _gghc\u[hjdb
GZ ijZdlbd_ \hafh gu jZaebggu_ hrb[db k\yaZggu _
hp_gdb koh™ _klIb
+ Eh 'ghiheh bl _evgu_hrb[db IDCGVIH SRMWLWIh Y& Vb~
Ibgguo h[t_dlh\\hAgm ]jmiim WIlhijb\h”*bld kgb _g
deZkl_jh\
+ EhghhljbpZl_evgu_hrb[db IDCG\WYWH | @QKIDaWZ §IH Vb
Ibgguo h[t_dlh\dZdiZju WIlhkgb Z liheghlm ]jmii
QZklhlz b jzkij_~ e _gb_lzZdbo hrb[hd hdZau\Zxl kms_ Kkl
ke "mxsmxdeZkl jbaZpbxb zkh]Jezkh\Zgghklv
<hafh ' gu Zevl_jgZlb\gu_ih”oh”u d ihkljR(,dgbx Amgdi
gbke
+ HimqgZ fu_ fh2edbbklbg _kdZy | ]j_kkby ]jZ"b_gl¢
g cjhk Ib h[mgzZ fu_gZjZaf_q _gguoiZjZo h[t_dlIl
+ W\jbklbg_kdb_ ijZbkeFHevah\Zgb_ [bag_k eh]bdb
IjZ\be
+ F_Ijbdb\_dlhjh\ijbagddkbgmkgzZyf jZ jZkklhyghb
kdhl]h b ~jm]b _
<u[hjdhgdj _Ighc nmgdpbb aZ\bkbl hl *hkimiguo *Zgguo
kilb bgl_jij_Ibjm_fhklb b\hafh ghklb fZkrlZ[bjh\Zgby



LZdbfh[jZahf aZ*"ZqgZ hp_gdb koh™ _klbf_"~mh[t_dl:
theZ]Zxs _c\jZfdZo[he__rbjhdhcaz”Zgb nhjfbjh\Zgby k
Bf gghgZ wlhfwlZi_nhjfbjmxlky kl\yab dhlhju_\"*Zevg
jZah\Zgu\deZkl _jukbkihevah\Zgb f]jZnh\uo Ze]hjblfh
\hklv b fZkrlZ[bjm _fhklv f_ju koh™ _klb \ agZgbl_evghc k
mki_rghklv\k _c kbkl_fu]ljmiibjh\db

F_Ihru\ugbke_gby koh™ _klbihijbagzdzf
Hp gdZ koh _klb f_""m h[t_dlZfb e_"bl \ hkgh\_ \k
]jmiibjh\db ih ijbgpbim b~ _glbgqghklb HIIh]l]h gZkdhevd
~_gZnmgdpby koh?klI\Z azZ\bkbl lhgghklv nhjfbjh\Zgby d¢
J[imiidrmfzf Z1zZd _kihkh[ghklv Ze]lhjblfZzz*Zilbjh\ZIlvk\
guo Ilhkdhevdmh[t _dlu\j_Zevguokbkl fZo dZdijZ\beh
IjbagZdh\ jZaebqghc ijbjh?ru azZ”~"ZqZ k\h~blky d ihkljh
ijbagzdh\hfijhkljZzgkl\_ <wlhfjza® e jzZkkfzZljb\Zxlky |
oh”udhij_~_e_gbxkoh _klbf_""mh[t_dlZfbihijbagzZdZz
nbdZpby kjzZ\gbl_evguc ZgZeba Z1Zd _ h[km ~Zxlky bc
gbg _gby\mkeh\byo "bgZfbggh]h nhjfbjh\Zgby ]Jjmii
F _Ijbdb b nmgdpbb jZkklhygby 2f |h~u ~Zgghc ]Jjmiil
1j_"klZ\e_gbb h[t_dIh\ \ \b”~_\_dlhjh\ijbagZdh\ b ijbf_g
NZjlguo f_Ijbd Hgb hkh[_gghjZkijhkljZg_guijbjZ[hl_kc
gZjgufbijbagzZdzfb Ijbf_jugZbl[he__ qZklh bkihevam_ft
+ ?2\deb”™h\h jZkklhygb _
o
Y0
K

=1

dd,j) = (Pk ! Pik)?,
bkihevam_IlkyijbjZ\ghagZqguoijbagZdZo b h*bgZ«
+ FZgowll_gkdh_jZkklhygb _
|m

di,j)= Ipk! pil,
k=1

[he _mklhcgb\h d\u[jhkZf gq_f _\deb”h\h



+ Dhkbgmkgh_koh~kl\h

&G G
(®al G

ijbf_gy_Iky dh]*zZ\Z gZnhjfZjZkij_~_e_gbyijbagZ

gu_agZq_gby

+ -DFFDUG bgkhpgkgghwnn_dlb\ _g”ey[bgZjguoijba

" _kI\Zz dZl_]hjbc

+ +DPPLQJ "bklZglilhevam _|kyijb kjZz\gb\Zgbb [blh\

dZl_]hjbZevguoijbagZdh\k nbdkbjh\Zggufb gZ[hjZ
F_ljbdbijhklu bgl_jij_Ibjm_fube_Jdhj_Zebam_fu H”"g:
xlgZebgb_ ghjfZebah\Zgguo gbkeh\uoijbagzZdh\ b  jZ\g
ljb gZjmr_gbb wlboij ~"ithkuehdj amevlZlIfh  |Julvg_ Z’

<h fgh]bo ijbdeZ”*guo aZz*"ZqZo bkihevamxlky aZjZg.
hljZz Zxsb_ki_pbnbdm ij_~f Ighc h[eZklb GZijbf_j \ Kkt
khihklz\e _gby fh™ | ijbf_gylvky ijZ\beh °~ keb gZa\Zgt
hitzf kh\iz*"Zxl Z p_gZ hlebqZ_|ky g_[he__ q_f gZ
b glbggufb”™ LZdb_ih”"oh”ue _]Jdhj Zebamxlky h[eZ".
Ibjm_fhklvx ihal\heyxl "zkldh dhgljhebjh\ZIv hrb[db G _
iehoh Zz*Zilbjmxlky d baf_gyxsbfky *"Zgguf iehoh fZkrlZz
kilhfgbkezZijbagZdh\wdkihg _gpbZevgh jzZklzl keh ghklv
2fgh]b_ b~ _glbggu_ h[t_dlufh]lmlg_ithiZ~*Zlvih”™ijZ\bez
[ ggh mya\bfu\ mkeh\byo rmfguo b g iheguo "Zgguo Z
ljm~*gh nhjfZebah\ZlvijZz\bezZ [_aijb\e_q_gby klZIbklbdb

Kh\j_f ggu_ih?*oh”u\kzqZs_bkihevamxlh[mqg_gb_f
guo iZjZo h[t_dlh\ DZ ~uc h[t_dl hibku\Z_I|ky gZ[hjhf ijl
h[mqZ |ky jZaebqRDWaHK glbqgQ R PDWa&dabqggu |Ijbf_
|Zdbo fh™ _e ¢

teh]bklbg_kdzZyj ]j_kkby2bgl jij _Ibjm_fZ ohjhrhj

ghjza® _ebfuo”~Zgguo

+]1jZ"b_glguc [mklbg] ;*%RRVW &DW%RRVW 2 kih

g cgu_aZ\bkbfhklb bwnn_ dlb\gh jZ[hlZlIv kdZl _]h

dzfb

S(i,j) =



+g cjhggu_k _Ib 2 iha\heyx!| h[jZ[Zlu\ZIlv \ _dlhjgu _

h{t_dlh\ |_dklubkeh gu_aZ\bkbfhklb

+ "\mo[Zr_ggu_ Zjobl_dimju 2?2 hfmgZxlky gZ iZjguo k

\jZsZx|lf_jm koh  _klIb
lj_bfms_kI\Z h[mgZ_fuo fh*_e ¢ \ukhdZy Ihgghklv b zZ~
ghklv Z\IhfZlbq_kdh]h hij_~ e gby\Z ghklbijbagzZdh\ r
ijb *hklZlhgghfh[tzf_ ~Zgguo G_"~hklZldb g _h[oh”bfhkl
xs_c\u[hjdb i _j h[mg_gb_gZgZklgu_ kemgZb keh ghk
[ ggh mg_cjhk_|I_c¢ \ukhdzZy klhbfhklv ihA*_j"db \ mke
"Zgguo HKh[_ggh djblbggh wlih \ kbkl_fZo ]~_kljmdImjz
gyxlky ~ ~g \gh fh” _ev [ukljh |l _jy | ZdlmZevghklv Z |
Z\IhfZlbaZpbb b\ugbkebl _evguoj_ _kmjkh\

GZijZdlbd_qzZklhbkihevamxlky dhf[bgZpbbi_j_ _qgbke

@ w\jbklbdZ dZd nbevljdzZg®b~Zlh\ fh™ _ev "eyNZg"
gZb[he_ _i_jki_dlb\guodzZg”®b”Zlh\ ijbg_h[oh”bfhklb |
gZjghcdeZkkbnbdzZpbb LZdb_f Ih~uiha\lheyxlh[blvky
jZamfguo aZljZlZo hkh[_ggh _keb]jZfhlghjZza®_e_guw
bijh\_jdb hlh[jZgguo dZg”*b”ZIh\

Jhev ZgZeblbg_kdbo aZijhkh\\' nhjfbjh\Zgbbijba
<ij_"u”“msbo jZa™ _eZo jZkkfZljb\Zebkv f_h”u hp_ g
hit _dlzfb hkgh\Zggu_ gZ ijbagZdh\hf hibkZgbb H~"gzZdl!
Zevguo aZ”"Zq djblbg_kdbfwlZihf yley |lky g Ilhevdh \u]|
ghbihkljh _gb_ kZfboijbagzZdh\ <hfgh]bokemqgZyoijbag
kj _~kI\_ggh ojZgbfufb \ bkoh?*guo *Zgguo Z nhjfbjmxIk
nbevljZpbb b hjt_~bg_gby kh[ulbc k\yaZgguo k h[t_dlh
nhjfbjh\Zgby ijbagzZzdh\ | _kgh k\yaZgghc k\uiheg _gb_f Z
kh\ \'i_j\mxhq_j "v264/ aZijhkh\dojzZgbebszZfkh[ulbc
JZkkfhljbf jy~ijbf_jh\ijbagZdh\ qgZklh bkihevam_fu
lj [m_Iky khihklzZz\e _gb_beb ]jmiibjh\dZ h[t_dIh\
+ QZklhlgu_ ijbadgddb gbkeh kh[ulbc k\yaZgguo k h
ijbf_j dhebqg_klI\hihdmihd Ih\zZjZ dhebq_kl\hijhkf
aZijhkh\d $3,



+ <j_ f ggu_ijbagZ4dlz i _j\h]h bihke g ]Jh kh[ulby
fyf_ ""mkh[ulbyfb k_ahgghklv Zdlb\ghklb
£ :]j_1Zluihizjzf lj&§f _~gyy p_gZ ihdmihd f_"bZgg
hij_ " ezggh]hizZjzf_|jZz dhebqg_kl\h mgbdZevguo |
fh” _ckl\h\Z\rbo k h[t_dIhf
+ Ih\_* gq_kdb_ ijhhibeyw kh[ulbc hij_~ ezggh]h |IbiZ
ghklv Zdlb\ghklb
+ =jmiih\u_ijbagXxddblbklbdbih hlghr_gbxd”~jm]bfh[t
Ijbf_J] gZkdhevdh p_gZ h[t_dlIZ\u[b\Z _Iky ba kj_"g.
lhemqg_gb_dZ ~“h]hlZdh]hijbagZdZlj [m_I\uiheg_gbyZ
ithr"fgh™ _klI\m [hevrh]hh[tzfZ~"Zgguo DZdijZ\beh kh[ulb
N ezgguo ojZgbebsZo qglh " _ezZ | \uiheg _gb_7"Z h~gt
ijhkZj_kmjkhzfdbf <”~bgzZfbggh f_gyxs_cky kbkl_f_ ]~_
thyleyxlky beb h[fgh\eyxlky ihklhyggh \hagbdZ | g_hJof
I _j_kgzlZijbagzZdh\
=eZ\gZy hkh[_gghklv *bgZfbgghc kj_"u aZdexqZ_ Ik
h[t _dlh\ g_y\leyxlky klZlbggufb Baf_g _gby \ kh[ulbyo ¢
dZa h[gh\le_gb_dzZjlhgdb j_]bkljZpbyihevah\zZl_ey fh]
g_kdhevdbo h[t_dlh\ WIh kha”rZzlg_kdhevdhijh[e _f
+ QZKkIhlZ i_j kqgjdagZdb "he gu [ulv i_j _kqgblZgu ij
agZgbfhf baf _g gbb *"Zgguo2\b”" Ze \j Zevghtf\
gbfZzevghc az”_j dhc
+ H[tzf"Zgguw& _ h”"bgaZijhkgZi_j _kqgzlijbagzdh\"
~dlzfh” _11j_[h\ZIvqgl_gbybZ]j_]Zpbbfbeebhgh\ k
+ GZ]yjmadZ gZ kbfkdkkm\uc i _j kqgzlijbagzZdh\ih fgh]
|Zf kha~Zzl agZgbl_evgmx gZ]jmadm gZ [Zam *"Zgc
0jZgbebs
+ AZ™ _jdZ\h[gh\e_gbb fkebeapbagZdb h[gh\leyxlky f
fhr _evgZqgbgZ |jZ[hlZIvkmklZj \rbfb”~Zggufb qlt
hp_gdb koh™ _klIb
<kh\hdmighklbwlbnzZdlhjuijb\h”*yldIlhfm qlhbf_gghijh
ijbagZdh\ klZgh\blky [mluehgguf Jhjeurdhf\ azZz”~Zq_ "“bg
\Zgby ]jmii >Z° ijbgZebqbb dZqg_kI\ _gghc fh® _eb hp_g
f ggh_ithemqg _gb_\oh”guo”"Zgguoeyg zhdZau\Z _ Iky



jZaebqggu_gZijzZ\e _gby ihal\heyxsb_ qgzZklbggh kfy]Jqgblv\
lu

t bkihevah\Zgb_ fZl _jbZebah\Zgguo ij_"klZ\e _gbc
Z]lj_1Zpbc gh hgb lj [mx| "hihegbl_evgh]h f_klZ b
ebaZpbx
dwrbjh\Zgb ijbagZdh\k gZklbgguf h[gh\e _gb f
h]jZgbqg_gb_]Jem[bgu bklhjbb *ey Z]j_]Zpbc
i_j_oh~ hl 64/ dezZkl_jh\ d ki_pbZebabjh\Zgguf kbl
ZgZeblbdb gZijbf_j $SDFKH )OLQN $SDFKH 'UXI
HAgZdh dZ ~h_ba j_r_gbc kl\yazZzgh k dhfijhfbkkzZfb ih Ih
thA ™ j°db beb azZljzlZf gZ bgnjZkljmdImjm Djhf_lh]h \
gZijbf_j ihkljh_gguogZdeZkkbqg_kdbo KM;> g_\hafh g
64/ aZijhkh\ WIh”* ezZ laz”~ZgmhilbfbaZpbbb mkdhj gl
kh\ijbgpbibZevgh\Z ghc

+ H+ I+

<u\h?udh\lhjhc ]eZ\ _

MdZaZggu_ \ur_ijh[e_fu y\eyxlky ij_~f_IhfjZkkfhlj_
s clJez\ ] hibkZgubkke "h\Zggu_ f |Ih*u mkdhj _gby
kh\b k” eZgu\lu\h*u h[boijbf_gbfhklb\dhgl _dkl_ "bgZzZf
gby]jmiib” _glbgguo h[t _dlIh\ G_kfhljygZlh gqlhg_m~Ze
kZevgh ijbf_gbfh_j r_gb_ ZgZeba kms_kl\mxsbo ih”*ol
knhjfmebjh\Zlv Ij_[h\Zgby d Zjobl_dImj_ kbkl_fu b mlhqt
gbfhklbij _"“eh” _ggh]hf _Ih”*Z



=eZ\Z Mkdhj _gb_ \uiheg _gby ZgZeblbg_kdbo 64/ aZijh
Ij_h[jZah\Zgby ~"Zgguo

P _ev ~"Zgghc ]JeZ\u 2 bkke_ _"h\Zlv \hafh ghklb ih\ur _
klb\uiheg _gby ZgZeblbg_kdbo aZijhkh\ ijbf gy fuo "e\
dh\ JZkkfzZljb\Zxlky kms_ kl\mxsb_i1th”oh”u d hilbfbaZp
ljZebah\Zgguo kljhgqguo KM;> b ij "ezZ]Z |ky bo *hjZ[hlc
fZkkh\h iZzjZee_evguf dhehghqguf KM;> Hp_gb\Zxlky b
fhklb zZl1zd _ij "eZ]zZxlky ijZzdlbg_kdb_f Ih*bdb hkgh
h[mq _gbb bijhnbebjh\Zgbb gZ]jmadb Ilhemqg_ggu_j _am
gh\Zlv Zjobl _dlmjgu_ h]jZgbq _gby ihke ~“mxsbo wlZih\
deZkku az”Zq \dhlhjuo f_Ih?~u*bgZfbggh]h nhjfbjh\Zghb
JmlJulvjj_Zebah\Zgu wnn_dlb\gh < jZfdZo gZklhys_Jh b
f gluijh\h"bebkvdZdgZKM;>khldjulufbkoh”?gufdh”hf
gZijhfure_gghcijhijb_1Zjghc KM;> *DXVV'% qlhiha\h
f gbfhklvih*oh”h\\ mkeh\byo ijb[eb” _gguodj Zevghc

gZeba kms_kl\mxsboih”oh”h\ d hilbfbaZpbb aZz
LijiZ*"bpbhggu_f_Ih”u

GZ jbkmgdij_ _"klz\e _g ljZ*bpbh@gtclk® [Zabjmxsbc
jZkgqzl_ klhbfhklguo hp_ghd >ey nhjfbjh\Zgby hilbfZevc
gby aZzZijhkZ hilbfbazlhjzZgZebabjm_|fgh _kl\h\hafh gu«
gby ijbf_gyy \gZklghklb Ze]hjblfu *"bgzZfbqg_kdh]hijh]j
jZykvgZij "\Zjbl _evgh\ugbke _ggu_ hp _gdbdZj*bgZev
N ev\iu[bjZ lIgzZb[he_ _wnn_dlb\guc\ZjbZglkj "bk_fzZgl
leZgh\ < b” ZevghfkemqgZ_ijb Z[khexlghIlhgguo hp_g
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Jbkmghd 2:jobl_dImjzljZ*bpbhggh]h hilbfbaZzlhj:

dhjj _dlghc klhbfhklghc fh® _eb ~ZggZy Zjobl _dimjZ h[_



emqgr_JhieZgZ aZijhkzZz H”"gZdh gZ ijZzdlbd_\uqbke gb _
hkgh\u\Z |Iky gZ mijhszgguo *hims_gbyo |Zdbo dzZd jZ\
gb_"Zgguobhlkmlkl\b_az\bkbfhkl_cf_""mZljb[mlIZfb
guowlbij _~iheh  _gby h[Jugqghg_\uihegyxlky qglhfh" _lijl
fZevguf Z \ g _dhlhjuo kemqgZyo b d djZcg_ g _wnn_dlb\¢
gby aZijhkh\ Dhfihg gl hp_gdb dZj*bgZevghklb &DUG
we f_glhf\ijhp_kk_hilbfbaZpbhaazZijhlik\gh\gZy aZ”*ZqZ
_Iky \V'ijh]lghabjh\Zgbb dhebq_kI\Z kljhd "ey \k_o ijhf_"n
aZijhkz qglhiha\hey | hilbfbaZlhjm\u[bjZlvgZb[he__ wi
kh_~"bg _gby DZq_kl\h blh]h\h]hieZgZ\uiheg_gby aZijhl
lhgghklb hp_ghd ij _*hklZ\ey fuo &DUG(VW &DUG(VW
rbc dhfihg_gl KM;> qlh h[tykgy _lijbklZevguc bgl_j_kdv
klhjhgu bkke ~h\Zl _e@cb>dhjihjZlb\guo jZajZ[RIqg@hKHh
\j f _ ggu_KM;>khldjulufbkoh”gufdh”hfb dhff_jg_kdb _
bkihevamxl|l h®*bg ba *\mo ljZ*"bpbhgguo f_Th h\ &DUGE@V
\3IRVWJUH®4 64/ 6HU®B®H Kwfiebjh\Z3gb @\ 0\64/ b ODULL
> @

< gZmqgguo im[ebdZpbyo &DUG(VW qZs_ \k_]h jZkk
kilbg_kdZy ijh[e_fZ JZkkfhljbf khPehpasimXljb[mIA\=
Ay A .., Ak AN kvh™ i) _~klzZ\eylv dZd kZfhklhyl _evgmx
|Z[ebpm 1Zd bijhf_ "mlhqgucj_amevliZl kh_~bg _gby g_k
ghf bkke_~h\Zgbb ij_"eZ]Z_lky bkoh”blv ba *hims_Aiby
1" i" k ijbgzZz”e_"bld h”ghfm ba "\mo Ibih\ dZl_]hjbz
g_gby*himkdZxl p_ehgbke _ggh_dh”bjh\Zgb_ bebg_ij_
imklbfuo agZ®; gbx[hc aZijhk \\WWJhjZZ[ebPp fh | [ulv nhj
fZebah\Zg \ kI Zg"ZjldhE\PXY # R;) A, # Ry) dag Ap # Ry}
J*"Ri * Dij hij_~ ey | h]ljZgbgb\Zxs__ mkeh\b_ aZiAhkZ &e
hl]jZgbg_gby h[gaBib k&bg gZdeZ”u\Z | h]jZohhgHdgbc
agZqbf qCarddT,Q) bklbggmx dZj*bgZevghklv |lhggh Tgbk
m~h\le I\hjyxsbo \k_f nikekmdyfaZ*"Zgb &DUG (VW aZdex«
fZevgh lhgghfijb[eb _gbhCagizZigQgbya nZdlbqg_kdh]h \uihe
aZijh®QAd |Z[eblp _



=bklh]jZffu< kbkl _fZo bkihevamxsbo “ey hp_gdb d
ith*oh” gZ hkgh\_J]Jbklh]jzZff fhsghklv [Zah\uo [Z[ebp hg
svx ]|bklh]jzff d\ZglbevgZy klZlbklbdZ gZb[he__ jZkijh
k bogzZklhlZfb b dZj*bgZevghklb h[eZkl _c¢c hij_~ e gby
agZq_gbc WIZ klIZlbklIbdZ ih ZIjb[mlIZf\ugbkey |ky aZj
\u[hjdb |Z[ebpu >ey keh guoij _"bdZlh\ ]» g _evayijbf.
kbkl fzijb[_]1Z 1 dki_pbZevguff IhrZf dhlhju_1_hj_1Ib
gu Qlh[u h[t_~bgblv dhgtxgdlb\gu_ij "bdZlu “ey h~ghc
KM;>ijhklhij_~iheZ]lZ I g_aZ\bkbfhklvbi_j fgh Z Ik_e
guo hp_ghd

Ilhemqg _ggu_jZaf _juh[t _*"bg gbc*\molZ[ebp hp _gb)

| Tal[ Tl
PDGR®, GRY)

] T: bT, ijhbal\hevgu_ 1Z[ebgpd AP klIv h[eZklb hij_ ~
Zljb[md ZIh klvdhebq kl\hjZaebgguo agZq _gbc

IT]_ '#X:y T2| =

Kwfiebjh\Zgb< kbkl fZo bkihevamxsbo ey hp _gdbd
ith*oh” gZ hkgh\_ kwfiebjh\Zgby fhsghklv [Zah\uo |Z[ek
fhsvx ih\u[hjhd >ey gZ[hjZ"Zgguo |lZd _gZaulZ_ fh]h C
ijhkZ kg _ba\_klgufgbkeh\ufj amevliZlhf dhlhjuc fu ohll
kemqgZcguf h[jZahf\u[bjZ_|ky g _[hevrh_dhebq_kl\hwe_
guo AZI_fih\u[hjd_\uqgbkey |lky g _kdhevdh klZIbklbqg_
kj_~g__ih\u[hjd_b"bki_jkby GZdhg p wlZklZlbklbdZz
dbagZg _gbyj _amevlZliZ aZijhkZ b hij_* e _gby]jZgbp Ih

AZ"ZqgZ hilbfbazlhjz ieZgbjh\sbdZ 2 ihkljhblv gZb
iheg_gby H”bg b Ihl °_ 64/ aZijhk fh™ _| [ulv \uiheg_g f
ebgguo kihkh[h\ ]ZjZglbjmy ijb wihf b~ _glbggu_ j_ame
ebl _evgu_aZljZlu hklzZxlky ijb_fe fufb hilbfbaZlhj aZij
\k_\hafh gu_\ZjbZglu \uiheg_gby \u[bjZy kj_~b gbo g.
gucih\j_ f gb GZi_j\hfwlZi_hilbfbazZlhj] g _jbjm_1lie:
"eydZ “h]lh hl® _evgh]h hlghr_gby 1Z[ebpu mqgZkl\mxs_
gu_\ZjbZgluieZgh\ hij_ ™~ eyxlky gZebgb f bg” _dkh\\ k
ghr_gbyo Ihkdhevdm ihke_ "~h\Zl _evgh_kdZgbjh\Zgb _



ex[hc IZ[ebpu wlhl\ZjbzZgl \k _]*Z \dexqgZ Iky \ fgh™_klI\]|
ieZgh\ Ij_~iheh bf ~ey hlghr_gby kha”Zg bg”_dk b aZij
g_gbhlghr_gb_ Zljb[mIHI?J:LHIJdhgRkedlEdZ"  Iknlghh

r_ gb_ Zljb[kh\iZz"Z Il kdexghfbg”_ dkZHA?3:4H\VU22bh" b g

bahi_jZlhjh\ \oh”ysbo\deZkk hi_jZlhjh\ bg”_dkZ kha”?
bkihevah\Zgb fbg” dkZ % ~ j \Z”eyql _gbyhlghr_gby
bgh" _dku dexqgb dhlhjuo khhl\_lklI\mxl|l h]jZgbqg_gbyf aZzZij
ky b *jm]b_ieZgu >ey bg”_dkh\]_g_jbjmxlkyieZgu kdZ
\'l_okemqgZyo dh]*Z bo ihjy*hd khjlbjh\db kh\izZz*Z | k r
ijb _]hgZebqgbb bebdh]*Z wlhlihjy*hd fh  _|Julvihe_a_
kh_ _~bg _gby kebygb f OHUJH -RLQ O-

DhlrZ aZijhkij_"ihezZ]Z_l kh_~bg_gb_g_kdhevdbo h
fbjh\Zgby \k_o \hafh ' guoiezZgh\ kdzZgbjh\Zgby "ey hI™_e
I _j_oh”bldZgZebamkljZl _]Jbckh_~bg _gby >hklmiguljb

+ Kh_"bg _gb_\eh  ggufbpbdezZfb 1HVWHG/RRS 1/
djzZlgh_kdZgbjh\Zgb_ijZ\h]h highr_gby "ey dZ ~h
ghr_gby G_kfhljygZijhklhlm j_ZebaZpbb ~Zgguc
aZlvky j _kmjkhzfdbf H”rgZdh ]Jhwnn_dlb\ghklv ag
ky _keb”™eyijZ\h]Jh hlghr_gby *hklimighkdZgbjh\Zdg
agZq_gbybae \h]Jh hlghr _gby\uklmizxl\dzZqg_klI\_
Kh "bg _gb_ kebygb f OHUJH -RLQ O0- Ij_ [m_1I1ij_
jh\db h[hbo hlghr_gbcih Zljb[mlIZfkh_~bg_gby Ihk
"bliZjZee _evgh_kdZgbjh\Zgb_h[hbo hlighr_gbc k
\_IklI\mxsbo kljhd WIhlIf_Ih~ijb\e_dZl _e g h”ghdj
gb_fdzZz ~h]h hlghr_gby G_h[oh”Abfucihjy*hd khjlbj
"hklb]l]gml eb[h y\ghc hi_jZpb_c khjlbjh\db eb[h bl
N dkZihdexgm kh_"bg_gby
Kh_ “bg _gb_ ih o rm +DVK -RLQ +- gZqgbgZ Ik
|Z[ebpu ih ZIjb[mIZf kh_~bg_gby ijZ\h]h highr_gby
ghr_gb_kdZgbjm _|ky b "ey dZ ~hc kljhdb \ugbke\
ithbkdzZ khhI\_IklI\bc \ih~]hlh\e_gghco_r IZ[ebp_ V
ghwnn_dlb\_gijbjzZ[hl_k[hevrbfb h[tzfZfb "Zgguo

Dh]*Z dhebq_kl\hlZ[ebp\aZijhk _g_ij \urZ laz”*"Zg
Ijbf_gy I kljzl _]JbxijZzdlbq_kdb ihegh]hi_j [hjZ *ey gZo

I+

I+



ghlhihjy*dZ kh_"bg _gbc <ijhp_kk_i1eZgbjh\Zgby hkhJt
kh_ _"bg _gbyff ""mlZ[ebpZfb ~ey dhlhjuoyl\gh mdZazZgu
ij_"eh _gbtl(5( \nhjf_h]jZgbg_gbd¢dpeBpzZz Zljb[ml | Z
ebpzZz Zljb[mIKh_ _"bg gbyf ""mlZ[ebpZfb [ _a y\gbd mKke
jZkkfZljb\Zxlky ebrv \ djZcg_fkemqZ_ dh]*Z "ey g_dhl
kiI\mxl dZdb_ eb[h mkeh\by kh_"bg _gby k *jm]bfb 1Z[ebp
kibfhciZjulZ[ebpieZgbjh\sbd ZgZebabjm_I\k_\hafh gt
g _gby kh _~bg _gby \u[bjZy kj "bgbogZb[he__wnn_dlb
gbf hp_gdzf klhbfhklb LZdhc ih*oh”™ h[_ki_qb\Z_| gZoh"
leZgZ\uiheg _gby~Z" _ijb h]jZgbqg_gghfi_j [hj_\ZjbZgll
ebp\azZijhk_klZgh\blky [hevr_ mklZgh\e _ggh]hij_ 7~ eZ
hij ~ ey |lky kihfhsvx w\jbklbd gZ hkgh\_] g Ibq_kdh]
gu_ wlZiu ihkljh_gby ieZgZ hklZxlky [_a baf_g_gbc BI
\dexqZ | maeu kdZgbjh\Zgby bg” _dkgh]h beb ihegh]h #
iIjb g _h[oh~bfhklb maeu kh_ _"“bg _gbcljzo lbih\ \eh  gguf
_fbebo_rbjh\Zgb_f Hilbfbazlhjijb hp_gd_ieZgh\ijbghb
\ugbkebl _evgu_j kmjku g_h[oh”bfu_"ey\uiheg _gby a:
Kilhbfhklv 2wlh \gmlj_ggbc gbkeh\hc ihdzZzazl_ev ij_

g _lgh_bkihevah\Zgb_ |j kmjkh\ *eyiezZgZ Klhbfhklv azZ\
hilbfbazZlhjZz >ey hp_gdb klhbfhklb hilbfbaZlhj mqgblu\Z_
ju

Kbkl_fgu_j_kmjku \Ihfgbke_jZkq_lguc \\h” \u\h

JZkqg_Ilgh_dhebq_kl\h\ha\jZszgguo kljhd dhebq_

JZaf _jbkoh”guogZ[hjh\*"Zgguo

JZkij_~ e _gb_~Zgguo

KijmdImju *hkimiZz

Kihbfhklv kh_~bg _gby ij_ ~klZ\ey | kh[hc dhf[bgZpb

azZljzl gz "hkimi "\mo kh_"bgy_fuo gZ[hjh\ kljhd Z1zZd" _
kh_ ~bg _gby

Mgzl hkh[_gghkl_¢c*DXVV'%

*DXVV'% 2 wlh jZkij_ "~ e _ggZy [ZaZ "Zgguo bkihe
Imjm fZkkh\h iZjZee evghc h[jZ[hldb b ih** j"b\ZxsZy
gb_ "Zgguo Ba aZ dhehghqgh]h ojZg_gby klZg™Zjlgu_



6HT6FDQ b ,QGH[6FDQ a” _kvg_ 1ijbf gbfu boazZf gy._
&6WRUHG6FDQ Z kh_"bg_gb_kebygb_fklZgh\blky \ijl
gh\gh_gZagZq_gb_2\uiheg_gb_ZgZeblbg_kdboaZijhkl
_"bg_gb_[hevrh]l]hgbkeZdjmiguolZ[ebp IThwlhfm1HVW,
yley |ky g_hilbfZevguf \u[hjhf b Jhijhklh hldexgZx| E
kh ~bg _gbylZ[ebp hklZzlky |lhevdh h?"gZ 2 +DVK-RLQ
LZd  _ jzZkij_"~_ezgghklv "Zgguo *_eZ | g_\hafh gufi
g_gb_I1Z[ebp kjZam BagZqgZevgh [ZaZ "Zgguo jZKij_" _¢
?keb kh_"bg _gb_I|Z[ebpijhbkoh”blih dexqZf hlebqguf |
\Zgby Ij [m_Ilkyi_ j_ jZkij_~ eblv”~"Zggu_ qlh”* _eZ Ilkyh
%WURDGFDVW?2i j kueZ |I”~Zggu_\u[jZgghclZ[eb
wnn_dlb\gh *"ey fZe _gvdbo lZ[ebp
5HGLVWULEXWH 2i_j _kueZ_ | ~Zggu_\u[jZgghc |
NZIZ gh~Zf qglhlj _[m_I~hihegbl _evguo\lugbke gb
j__i_j\h]h ey [hevrbolZ[ebp
?keb \ mkeh\bb kh_ZkgHdBylZ[e ZIj |Z[eglAij! g b
Zlj g_ y\leyxlky dexghf bagZgZevgh]h jZkij_*_e_gby ~Z
[hijhba\_klib %YURDGFDVW ex[hc ba *\mo I[Z[ebp eb[h
T NZggu_ jZKij_"N e _guih hfghfm ba dexqg_c kh_~bg_gb
5HGLVWULEXWH azZf gy |kygZ5HGLVWULEXWH \lhjh

F_Ih™*uih\ur_gbywnn_dlb\ghklb\uiheg gby
<ihke_"gb_]h”u bkke_"~h\Zl _eb \ h[eZklb [Za *"Zgg
ijbf _g _gb_g _cjhk_I \uoih®”oh”h\ ey fh® _jgbaZpbb hilb
Hkgh\gh_ gZijZz\e _gb_ wlbo jZ[hl k\yaZgh k azZf_ghc klZ
hilbfbazZlhjZz hfmqg_ggufb fh* _eyfb < qgZklghklb 1Zdu@ k
b 5H-2,1 & ijbf_gyx|l f_Ih~u hfmqg_gby k ih~*dj_ie_gb _f
k deZzkkbq_kdbfb klhbfhklgufb nmgdpbyfb qglh ihalhey_
yleylvwnn _dlb\gu_ kljZl _]Jbb ihbkdZ b ZgZebabjh\Zlv ijl
kh_"bg_gby J _ameviZlu bkke_"h\Zgbc ~_fhgkljbjmxl q
kljZl _Jbbfh]lmlij \hkoh”blvIjZ"bpbhggu_w\jbklbg_ kdb_
ah\Zgbb lhc ~_ klhbfhklghc nmgdpbb H”gZdh ke ~m _| hl
gh\ghc klhbfhklghc fh® _eb "~Zggu_ kbkl _fu ijh*he Zxl &



klbg _kdb_f Ih~u "ey hp_gdb dZj*bgZevghklb \u[hjZ nl
bhij ~ e gbyhilbfZevguo bg”_dkh\
>im]b_ ih*oh”u ~_fhgkljbjmxl dzZd fh 'gh bkihevah\Zz
g_gb_"eyihemqg_gby [he__ lhgguo hp_ghd dZj*bgZevg!
gbog_ " fhgkljbjm _| glh bo memqgr_ggu_hp_gdb dhebg
fhf~ e ijb\h*yl d emqrbfiezZzgZf\uiheg _gby aZijhkh\ F
dh memqgrblv kj_*gxx hrb[dm hp_ghd dhebqg_kI\Zwe _f_gl
memqrblv hp_gdb ey kemqZ_\ dhlhju_nZdlbg_kdb mem
<Z ghhlf_Iblv qlh\hlebqgb_hlhilbfbaZpbbihjy*dZ k
dhgdj_lguo Ze]lhjblfh\ kh_"bg_gby 1Zdbo dZd o_r kh_"k
kebygb f bhij_ ~ e gb_hilbfZevguo bg”_dkh\ g_fh]ml
gbl_evgh gZ hp_gdZo dZj*bgZevghklb Bkke @hYBEgfDbfh§
kljbjh\Zeh ihl_gpbZe ijbf_g_gby h[mq_gby k ih*dj_ie_g
kljZl _lbc h[jZ[hldb aZijhkh\ h*gZdh |lzZdzy f_|h*bdZ |j_[
ghc kbkl _fuluiheg _gby aZijhkh\ kihkh[ghcd”*bgZfbg_ Kk
Bkke_"h\zZgb_ ij_"klZ\e_ggh_\jZ[hl_"1HR $/HDU
> @ ™ _fhgkljbjm_1 qlh*Zgguc bgl_ee_dimZevguc hilbfk
1Z_ 1 kjz\gbfhc beb ij_\hkoh”ys cijhba\h”bl_evghklb hl
dhff_jg_kdboj_r _gbc 2UDFOHDbOLFURVRIW Kbkl_fZ
xsbfh[jZahf
Bkihevam_ | gZ[hjijZ\be ij_h[jZah\Zgby aZijhkh\ “/
fZglbg_kdhc dhjj_dlghklb
\lhfZlbg_kdb h[mqZ_Iky ijbgbfZlvj_r_gby hlghkb
ghlhihjy*dZ kh_"*bg_gbc Z1Zd" _\u[hjZ Ze]hjblIfh\
oh”ysbo bg” dkh\
>ey hilbfbaZpbb wlboj r _gbc 1HR ijbf_gy 1 dZd f_Ih
| e f I1Zdbf_ozZgbafh[jZlghc kl\yab >Zggucih”oh”iha\r
jh\Zlvky d dhgdj _lIghfm wda fieyjm [Zau "Zgguo ijbgbfZ
nZdlbg_kdboihdzZazZl e c\j_f gb\uiheg_gby aZijhkh\
<~Zgghc jzZ[hl_bkke_"h\ZezZkv ijbf_gbfhklv fgh]bo |
fZkkh\h iZjZee _evghc KM;> Hijh[h\Zgu dZd f_Ih”~u hkg
aZgbbdzj*bgZevghklb 1Zdb gZ hkgh\_ij_"kdZazZgby kl|



Ilh*oh”ud memqr_gbx hp_gdbdZj*bgZevghk

Kh\j f ggu_ih?”oh?udhp_gd_dZj*bgZevghklb bkih
hfmg_gb_ gZijZ\e_gu gZ ihkljh_gb_ fh*_e_c¢c g_ihkj_"
sbo agZqCgrl(T,Q) "ey ijhbal\hevgh]h@zZGEkkfhe ijh*\bgl
j_ ZebaZpbb “Zgghc dhgp _ipbbijbf _gyxl keh gu_ Ze]hjb
db_ g cjhggu_ k Ibb ZgkzZf[ebgZ hkgh\_ ]jZ"b_glgh]h [t
kms_ kI\ _gghih\ukblvIlihgghklv hp _ghd

<hlebgb_hlazijhkh az\bkbfuof_Ih*h\ ih*oh”u hkg
jh\Zgbb "Zgguo g_Ilj_[mxl ZgZebaZ dhgdj_lguo aZijhkh
dZ ~ucdhjl_"1Z[epdkkizZljb\Z |ky dzZzd lhgdZ \ijhkljZgkl\
kKhhi\_lTklI\mxsZy kh\f_klghfm jJZR{T(A))  R(DAL,Ar, ....,An))
>eyaZ™"Zgghlh@ZXijphkkeh \ Ay #0R; \ _jhylg hR(MQ)) = P(T(AL #
Ri,...An # Rp)) ihalhey | \ujZablv dZj*"bgZ & agh@® M) dZd
P(T(Q) &aT| LzZdbf h[jZzahf dexq_\Zy az”~ZgqZ k\h~blky d Ih
pbbnmgdpbbiePl(@™Itey p e \hclZ[ebpu

:MZilb\guc hilbfbazZlhj aAQQhXxh® ij_"eZ]Z_ |1 fh*bnb
klzg”Zjlghc nhjfmeu jZkq_1Z k_e_dlb\ghklb \\h™
dhwnnbpb_glu ey dZ ~h]hijhklh]h mkeh\by WIb c
[bjZxIky k ihfhsvx fZrbggh]h h[fmg_gby f_Ih” N [e
N ¢ IzZzdbfh[jZzahf glhJulugbke ggZy k e dlb\ghk
hi\_ITklI\h\ZeZ j Zevghc k_e_ dlb\ghkKAQO giaJex™~2u fr
"msbo\uiheg_gbyoaZijhkh\ >eywlh]hkbkl_fZkho
guo k_e_dlb\ghklv mkeh\bc ij_*kdZazZggmxrlZlg
bnzZdlbg _kdmx k e dlb\ghklv ithemqg_ggmxihke \
Hkh[ gglROraZdexqZ |ky\ZgZeba mkeh\bc k Ihc
klZglguo agZqg_gbc LZdhc ih”oh” kgb Z | keh ghk
ijbwlhf\[hevrbgkl\_kemqgzZ_\g_ijb\h~*bldihl_j_bg
AQO g_mqgblu\Z_I dhgdj_lgu_agZq_gby dhgklZgl h
NZ fhck_e _dlb\ghklvx mkeh\bc Bkdexqg_gb_ khkl
ieZgbjh\sbd bkihevam_ I nbdkbjh\Zggu_ hp _gdbih
f_]

+ ey mkeh\bc \b”*Z "\ujZ  _gb_  \ujzZz _gb_ "\k

_lky k_e_dIb\ghklv



+ "eymkeh\bc "\ujZ  _gb_ !'"\ujZ _gb_ “bkiheve

Kji_*"b\k_o jZkkfhlj_gguo \ jZ[hAQO®hy\oehy*hiky gZb[h
Ijhkluf dZzd \ j _ZebaZpbb 1Zd b\ dhgp_ilmZevght
wlhl f_Th*m"_ bgl_]jbjh\Zg \ 3BRVWJUHG64/ b fh |
g j_agZkljhcdb kbkl _fu H”gZdhijh\_~ ggu_ | _Kklt
ithdZzaZeb qlhijb bkihevah\Zgbb bkdexqgbl_evgh K
fogbjm |\ ZgZeblbq_kdbo aZijhkZo dZd gZb[he
Ijbf _g gAQO g "Z lagZgbfh]Jh mkdhj gby\uiheg ¢
Naru 1HXUDO 5HODWLRQ 8@ & KWW DggRIlcp s
"bgZevghklb dhlhjuc iheghklvx nbdkbjm _ 1 dhjj_e
klhe[pZfb h*ghc |Z[ebpu bkihevamy Jem[hdmx Z\Il
N ev Bf_ylZlebpvhhj ]1j_kkbhggzZ$ fjbrgkefZz | dhjl_
[# T \dZg_kI\_\oh”guo "Zgguo b ij ~kdZau\Z | m
N e gby\ jhylgm&Hili)} dZ ~h_ba dhlhjuo y\ey Il
f jguf jZzkij_~ e _gb Hfnh klhe[pm mkeh\b_ gZ \k _
sboagZq _gbyo klike[jpnZlghklv\ioh”rgh]h dhjl_"Z aZzZl
abjm_lkypdgd L, p(Xi= [iIl«) Ex[Zylem[hdZy Z\Ihj
kb\gZy Zjobl_dImjz ©9rangtokmer fh | kha”Zlv wda_
wlhc kljmdImju
Naru y\ey Ikyih?oh~hfgZ hkgh\_h[mqg_gby[_amqgb
\uiheg_gby aZijhkh\ *ey k[hjZ h[mgZxsbo *Zgguo
kzfb "Zggu_dhgdj _Ighc ;> Ohlv wlhlih”oh”™ b bf__
hlidjulhf *hklmi_ \ hlebgbb hl fgh]bo *jm]bo j_am
eyxlky kdhj_ I _hj Ibqg_kdbfb g_ "~ _ebijzZdlbg_kdb
gbflhevdhd hp_gd_dZj*bgZevghklb *ey aZijhkh\
|Z[ebpm qlh *_eZ |ky *hklZlhggh dZq_kI\_ggh b
lhrZfb <dezZ” wlhc klZlvb aZzdexqZ _|ky kdhj__ \ hl
hkgh\_ Z\lhj ]j_kkbhgguo fh®_e cd ”*"Zgghfm jh"m
r JThjZkrbj _gbygZ kemqZc g_kdhevdbo lZ[ebp
F_IThAHXUR&D@G | _"klz\ey_ | kh[hc fgh]hlZ[ebqgl
gb_ih*"olMMUX kgh\Zggh_ gZ Jem[hdhc Z\Ihj_]j_klk
eb < _]h hkgh\_ e_"bl ~_dhfihabpby kh\f_klghc |
kilb \_jhylghklb NI< ih p_ighfnP{(pd\bFenPr(A) a



&:(:2 Pr(AijlA1,...,Air1) ]~ _dZ ~"Zy mkeh\gZy NI< iZjZf _|I]j
kehcghcg cjhgghc k_Ivx >ey kh\f_klgh]J]h h[mqg_gl|
_Iky ~bguc ZzZ\lhwgdh”_jkfZkdbjh\Zgb_f Hp_gdZ
Q\l\uihegy _ |kyf_ Ih~hfijh]j_kkb\ghc\u[hjdbbah[eZ]
aZijhkZz
<Z gh_h]jZgbg_gb_hjb]byXERETNIGEC j " dZ Ihevdh
\h\b”rguo ko_f kh_"bg_gby < wdki_jbf _glZo "Zggl
pbdebqg kdbfb ko _fZfb ijbf_gyehkv jZa[b_gb_gZ ¢
ihA]ljZnh\kihkljh_gb_fhl®* _evghcfh”_eb”eydZ ~h
fhgkljbjm_I\ukhdmxlhgghklv _]hijZzdlbg_kdh _ijb
_lky kijh[e _fZfb

+ Wdkihg_gpbZevguc jhkl gqbkeZ ih”]jZnh\ k m

ebp

t <ukhdb_\ugbkebl evgu_aZljZlu gZ bgn_j_ ¢

fh™ _eb
Wlb h]jZgbqg _gby A _eZxl | _dmsnmbHjX @ RIgDAP®d] X~ g h
"ey bgl_]jZpbb \ ijhfure_ggu_ KM;> g_kfhljy gZ |
lhqghklvih*oh"Z
F_ Ih3aHVVLPLVWEF@& P ZepaW |ijbgpbibZevghbg
fm hp _gdb dZj*bgZevghklb hjb_glbjh\Zggmx g_ g
gb_ ZgZihkljh_gb_]ZjZglbjh\Zgghc\_jog_chp_g
Xs_cnZdlbg_kdh_agZg_gb_ < hlebgb_hlljZ*bpb
fbgbfbabjm _|ky hrb[dZ ij_~kdZaZgby a”_kv hilbfb
\_jog_c ]jZgbpu L_hj Ibgq_kdZy hkgh\zZ f_|Ih*Z [Z
| mkeh\ghc wgljhibb ey \u\h*Z hp_ghd b bkiheval
Neyij_"klzZ\e_gby kh_"bg_gbc qlhiha\lhey_ | hilbfk
| _evgmx keh ghklv :\lhju nhjfZebah\Zeb ijhkljzZgl
kh\f_ "“mIlhgghklvx hp_ghd b\ugbkebl _evgufb aZl
\Zy |l _hj_Ibg_kdmx hkgh\m *ey Z*Zilb\gh]h mijZ\e _
HAgZdhijZdlbg_kdh_ijbf_g_gb_f_Ih*ZklZedb\Z_|
hljZzgbg_gbyfb hlkmlkl\b_fih~*_j°db pbdebq_kdb
bg h[oh?*bfhklvx ebg_cgh]h h[t_fZ “hihegbl_evgh
kemqZ_ Wlb nZdlhju gZjy"m k\uqbkebl _evghc ke



iylklI\mxl bgl _JjZpbbih*oh”Z \ijhfure _ggu_ KM;> ¢
| hj Ibg_kdmx kljh]hklvbfzZl _fZlbg_kdmx we_]Zgl
F_ITh’FLAT > @ hkgh\Zgguc gZ mkh\_jr_gkl\h\z
nZdlhjbaZpbb jZa® e _gby kmffu ijhba\_" gby )
ZNZilb\gh_jZaeh _gb_kh\f_klghciehlghAbR mayl
Ilhf kl _i_gbazZ\bkbfhklbf_ ""m Zljb[mlZfb < hlebqgb_
631 \ )631 \\h*blky "hihegbl_evguc ma_e nZdlhj
jZa”™_eRy(A) gZ ijhba\_"PdW) aPt(H|W) ]~W bH ij_~»
klZz\eyx|l khhI\_IklI\_ggh keZ[h b kbevgh dhjj_ebjh
ljb wlhPr(W) fhr _ebjm_I|ky IjZ*"bpbhgguf 631 ih”ol
Pr(HIW) ijbf_gy_Iky bl_jZlb\gh_ jZa[b_gb_ gZ ih~ij
"hklb" _gbyehdZevghc g_HA\Wkhbhhkkelbg_]h fgh]hf_
NI<Pr(H) Ziijhdkbfbjm Iky g _ihkj_~kI\ _ggh k ihfhs
klh\h]h maeZ DZd b \631 kljmdIimjZ )631 b \ugbk
aZijhkzZ \uihegyxlky j_dmjkb\gh \ gbkoh”?ys f b
jyrd_ khhI\_lklI\_ggh Dexqg_\h_ij_bfms_kl\h ih”ol
deZkl _jbaZpbb~Zgguoih k|l i gb\aZbfghc aZ\bkb
bkihevah\zZlv [he__ ijhklu_ b Juklju_ fh”"_eb fZrbg
|1Zd dZd hklZ\rb_ky ihke_ nzZdlhjbaZpbb aZ\bkbfhk
xlky dmkhggh ebg _cgufb nmgdpbyfb Djhf_ Ih]h f
[ukljh _h[gh\e_gb_kljmdImjuijb baf_g _gbb”*Zggu
FLAT ij_"klzZz\ey_| kh[hc gZb[he__i_jki_dlb\gh_gZz
|Zy [he__ bahsj_gguc ihA@d" "kgnf_~hdZaZgghc ijZ
kdhc ijbf_gbfhklvx f_Ih*\g_~j_g\h”gmdhff_jg_ki
gZdh hlkmlkl\b_ hldjulhc j ZebaZpbb b agZgbl_ev
klhyl _evghcjzajz[hldb kbkl_fugzZfhf_glijh\_~_gb
thal\hebeb \dexqgblv wdki_jbf_glZevgmx ijh\_jdm w
gmx jZ[hlm

Ilh*oh”ugZ hkgh\_azZf guljZ"bpbhgghc nmgdpbb |
g_cjhk_|_\mx

Wdki_jbf _glZevgu_ 7~Zggu_ " fhgkljbjmxl hlkmlkl\b_
kilb f_""mlhqgghklvx hp_ghd dzZj*bgZevghklb b ijhba\h”b
DzZd ihdZaZgh gZ jbkdgd agZgqbl _evgh_ memqr_gb_ 1|hqg
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Jbkmghd 2KhihklZ\e _gb_lhgqghklb hp _ghd dZj*bgZz
f IhAZfbb\j_f_gb\uiheg _gby azZijhkh\

]1ZjZzglbjm _ 1 khhI\_ITkl\mxs_]Jh mkdhj _gby\uiheg _gby aZzZi
oh"hMSCN PXOWL VHW FRQYRO XAV L RKyDHX ZHIMZ R b\Ni
lhgghklb hp _ghd dZj*bgZevghklb ijb\ _eh ebrvdg agZq
g _kdhevdboijhp _glh\ jhkilmijhba\h”bl _evghklb ;he_ |
"h\Zgguo f_Ih*Z h[_ki_gb\rb_ ob odjZlgh_memqr_g
kiI\_ggh nzZdlbgq_kdb ijh®_fhgkljbjh\Zeb m\_ebq_gb_ \j_
ijhkh\

WlhlizZzjz*"hdk h[tykgy Iky g_kdhevdbfb nzZdlhjzZfb

+ KlhbfhklgZy fh _ev hilbfbazZlhjZz y\eyykvih kmlb w

kbl kms_ kI\ _gguc\deZ"\dhg _qgqucj amevlZl

t+JZaebqby\j ZebaZpbb klhbfhklguo nmgdpbc f_"“n

+ GZebgb_"hihegbl _evguo nZdlhjh\ \ebyxsbo gZ ij

gZijbf_j \u[hjnbabqg_kdbo hi_jZIhjh\

LZzdbf h[jZahf ijb jZzajz[hld_f_Ih~h\ hp_gdb dZj”bg
mqgblu\Zlv glhih\ur_gb_Ihqghklb kZfhihk [_g_y\ley Ik
\b_freymemqr_gbyijhba\h”bl_evghklbazZijhkh\ G _h[of



oh®” mqgblu\Zxsbc hkh[ _gghklb dhgdj Ighc klhbfhklghc f
ithg_glh\ hilbfbaZzZlhjZ aZijhkh\

HkhagZgb_ jbkdh\ k\l\yaZgguo k ihfoh”~hf hkgh\Zggi
ih\ur_gbblhgghklbij_"kdZazZgbydzZj*bgZevghklb ih[m~"
khh[s_kl\h \dexqZy Z\lhjzZz"*"Zggh]h bkke_ "h\Zgby jZkkf
f ITh™u hilbfbazZpbb aZijhkh\ Gh\h_gZijZ\e_gb_ij _"~iheZ
gmx hilbfbaZpbx ieZgh\ \uiheg_gby fbgmy wlZi hp_gdt
wlhf dhgl _dkl_hkh[mx ihimeyjghklvijbh[j_eb f Ih”u h[m
gb_f SHLQIRUFHPHQW /HDUQLQJ 5/ qglhh[tykgy_Ilky
f ""mijhp_kkhfihkljh_gbyieZgZ aZijhkZ b kljmdImjhc 5
|Zevgh_ koh”~kl\h aZzdexqZ |ky \'ihke_ "~h\Zl _evghf oZjZi
ijb ihkljh _gbb iezZzgZ aZijhkZ hilbfbazZlhj ihkl_i_ggh nhj
gmx ihke_"h\Zl_evghklv kh_"bg_gbc ZgZeh]bggh Ihfm
\Z | hilbfZevgmx kljZIl_Jbx »_ckl\bc WIh khhiI\_Ikl\b_ if
bgl ]jbjh\ZIv 5/\IljZ*bpbhggu_ hilbfbaZlhju azZf _gyy klz
fui_j_qgbke_gbygzZ5/ kljzl_]Jbb LZdhcih”oh” h[ez”Z_I"
Ij_bfms_kI\Zfb \h i_j\uo hg khojZgy_| kh\f_klbfhklv k ¢
| _ dimjhc hilbfbazZlhjh\ Z\h \lhjuo bkihevam_Ib_jZjobq.
gb "ey agZgbl _evgh]h khdjZs _gby \ugbkebl _evguo aZlj:
g gbx kf IhArZfb h[mg_gby k mqgqbl_e f >ey [he_ _ ]Jem]l
ZgZeh]lbb jzkkfhljbfdeZkkbqg_kdbc Ze]hjblf *bgZfbq_kd
"kgbam \\ _jo"*ey hij_~ e _gby ihjy*dZ kh_"bg_gbc Kh]
fZevghklb Zelhjblf ihke_"h\Zl_evgh kljhbl hilbfZevgu _
k kh _"bg _gbc"\molZ[ebp bihkl i gghm\ _ebgb\Zy bo jZz
0jZg_gby ijhf_"mlhgguo j _amevlZlh\ bkihevam Iky kijz\
wlhlih*oh”® klZzedb\Z_lky kijh[e_fhcwdkihg_gpbZevgh]h
keh ghklb F_Ih~ub5/ij_"eZ]Zxlj_r_gb_wIlhcijh[e_fu bg
\hggmx | Z[ebpm dZd h[mgZ _fmx fh” _ev dhlhjZy Zddmfm
jZaebgguo ih®ieZzgh\ biha\hey |ij ~kdZau\Zlvwnn_dlb\
j_r_gbc[_ag_h[oh”Abfhklby\gh]l]hojZg_gby\k_c klZIbklb

lh"oh” baklZlvb ©/ HDUQLQJWR 2SWLPL]H -RLQ 4XHUL
/JHDUQLQJ® '41'#HHISIHWZRUN 2]em[hdZyg cjhggZyk
xsZy 4 nmgdpbx 2i_j _hkfukeb\Z lijhp_kk hilbfbazZpbb



gmij "kdZazZgby :gZebabjmy klhbfhklvjZg_ _ihkljh_gg
hij_ ~ ey | dZdh_ke_ _~mxs__ ~ ckl\b_k gZb[hevr_c \_|j
hilbfZevghfmj r gbx <hkgh\_ih"oh”"Ze_ "bl4 OHDUQL
\Z _lazZ\bkbfhklvf_ "“m\u[hjhfdhgdj_Igh]h kh_"~bg_gbyl
fhc wnn_dlb\ghklvx WIZ aZ\bkbfhklv \u\h~blky gZ hkgh
guo h Ihf dzZd ih“h[gu_kh_"bg _gby \ebyeb gZ blh]h\mx
\k_]hiezgZ azZijhkZ Ihkmlb Ze]lhjblf mgblky ij _~"kdZau)
\hafh gh]h kh_~bg_gby hibjZzykv gZ gZdhie_gguc hiul \
glhiha\hey I ba[_]Zlvihegh]hi_j [hjZ\k_o\ZjbZglh\
ljbf_|
‘\lhju wlhc klIZlvb khkj _~“hlhgbebkv gZ deZkkbqg_kd
leZgZ aZijhkZ khklhys ]Jh ba[bgZjguo hi_jZlhjh\ k
guo\u[hjhd ijh_dpbcbf_IhAh\*hkIimiZz <dzZq_KkI\_
ithevah\Zeb ke _"mxsmx [Zam *"Zgguo balj_ohlghr_
aZjZ[hlgmxieZlm khljm~gbdh\

Emp(id,name,rank) P ogrank,title,code) Sal(code,amounj

JZKkkfhljbf ke_"mxsbcaZijhk

6(/(&7

)520 (PS 3RV 6DO

:+(5( (PS UDQN 3RV UDOQN
$1' 3RV FRGH 6DO FRGH

Kms_kl\mxl jZaebqgu_\ZjbZglu\uiheg_gby *Zggh
KI\_ijbf_jZzfh gh\uihegblv aZmphik(8d & Pos) beb dZc
Sal'# (Emp '# P o9

Hmg_gb_ kih~dj_ie_gb f

ljbgpbi hilbfZevghklb ; _eefZgZ g_lhevdhe_"bl\h
pbb j_eypbhgguo aZijhkh\ gh b bf__I]Jem[hdmx k\
ijhp_kkZfbijbgylbyj_r_gbc FIIJ 2deZkkhfklhoZk
p_kkh\ ijbf_gy_fuo "ey nhjfZebaZpbb jZaghh[jZa
hl ihbkdZ imlb "h ieZgbjh\Zgby jZkibkZgbc < jZfd
Z] gl hkms_ kl\ey |l ihke_ "~h\Zl _evguc \u[hj *_cklI\



gZ “hklb” _gb_ hij_ ~ ezgghc p_e _\hc nmgdpbb 1Z
ijhba\h”bl_evghklb beb memqr_gb_Ilhqghklb Ijbc
aZ\bkyl hl Il _dms_]h khklhygby kbkl _fub dzZdijz\t
j_ohm\ gh\h_khklhygb FZjdh\kdbc oZjzdl _jijh
[M"msZy w\hexpby kbkl fuiheghklvx hij "~ ey Iky
ygb f FZI fZlbg_kdb Fll1Jaz”Zzlky dhjl_~ _fbaiyl

&, A, P(s,a),R(s,a), s

AN _Bvij_~klZ\ey | fgh™ _kl\h \hafh guo khklhAgbc k
fgh™ _klI\h A"hklmiguo Z] _glm™® R(EBbxij » ey |\ jh
ghklgh_jzZkij_~ e gb_gh\uo khklhygbcijbaz”Zgg
gbbb\u[jZgghf”* ckjedZz|jZkij " e gb_gZqZev
gbc NmgRbay hij ~ ey I\ _ebgbgm\hagZzZ]jZz ~ _gb
gb_ " ckbhbkhklhygbkem Zsmx f_jhc wnn_dlb\ghkl|
Hkgh\gZy az~zZqZ FI11J aZdexqZ |ky \ ihbkd_hilbf
%:S- A Ih _klvnmgdpbb khihklZ\eyxs ¢ khklhyg
fZdkbfbabjmxs_ch b”Z_fh_kmffzZjgh_\hagZ]jzZz ™.



T 1 (

( R(sua)
t=0

iIjb mkeh\bbsglh P(s, &), aa = %Ust)

DZdb\kemqgZ_ "~bgzZfbq_kdh]hijh]jzffbjh\Zgby\dh
gZo [hevrbgkl\h FIIJ keh ghj_rblvihggh Klhbl h]
gb_ glh "Z*gh_j r _gb_ "Z~"gh fZdkbfbabjmxs _ _\
dz "hfrz]_ fh _IhdZazZlvky g _hilbfZevguf\*he]hl
Ib\_ DZdijZ\beh ZgZeblbqgq_kdb_j_ r_gbylZdboijh
[bjmxlky \h \j _f gghf]hjbahgl_
FZjdh\kdZy fh™ _evi_j _qbke _gby

JZkkfhljbf klZzg”~Zjlgh_i_j gbke _gb_kh_"“bg_gbc
| fmklZgh\bf k\yav k fZjdh\kdbfijhp_ _kkhfijbgylby
Auc aZijhk gZ kh_~bg_gb_fh gh hibkzZlv dzd ]jZn a
h[hagZgZxl mkeh\by kh_"bg_gbyf ""mlZ[ebpZfb
xl1Z[ebpu Ex[Zy ] ZebaZpby hilbfbaZlhjZ kh_"bg.
Jhijh]ljzffbjh\Zgby *he " gZ hlke_ "b\ZIv k\hc ijh]j_k!
k" _eZgh \ dhgdj_Ighfih?ieZg_ dZdb_ hlghr_gby n
gubdzdb_ \ZjbZgluhklZehkv ©ijbkh_"~bgblv2djZk
leZgm NhjfZebaf]jZznzZzazijhkh\iha\hey [lij_~klZ)\
=jZn aZijBRavlh g _hjb_glbjh\Zgguc]jZn \dhlhjhfd.
r gb_5y\ey Iky\ jrbghc ZdZ ~ucij_ "&RAAj kh &
lj_[jhf_""m\ _jrbgzZfb gdimkniagZzqZ | dhebqg_kl\hd
k\yagh®Ibljbgylb_j r gbyhkh _"bg _gbb " \moih”ie
KI\m_I\u[hjm "\mo \ _jrbg kh_"bgzgguoj_[jhf Db h]
hrgm\ _jrbgm GmkWE)2]jZn aZijhkZ 1jbf_g _gb_kh
gbg=(vi,v;) d ]jZrBnhij_"_ey_Ilgh\uc]jZn kh ke_"mxs
KIN\Zfb vi by m*ZeyxINy ba gh\Zy\_jfew) "h[Z\ey_Ilk
Wb J_[{E+v) yleyxlky h[t_"bg_gb_fj_[_] bgpb”"
vi DZ *h_kh_"bg_gb_mf_gvrZ_IldheldqgDEI'\huc jelZg
fh gh hibkZlvdzZd ihke_ "h\Zl _evghklv kZdd®.a kdy "t
A"hl _oihj iIWdZ'c Ijb\_~ ggh_\ur_hibkZgb_\dex
[y s _h*gmw\jbklbdm 6\VWHP 5 ©Oba[_]Zgb_ 7~ dZ



Fh ghhkeZ[blvwlimw\jbklibdm ijhklIhGh§Z\bde [12
jblfZz qglhJum[_"blvky qglh hgiheghklvx k\yaZg
JZkkfhljbf ijbf_j \'dhlhjhf bkoh”guc ]jZn aZijhkh\
rbgyEmp,Pos,Sa) Ij_~iheh bf qlhi_j\h_\uihegy_fh_
gb_bf_ _IaBE{Emp,Pos <) amevlZl_wlh]Jhkh_"“bg_ gl
liZnzZ baf _gy |ky bl _i jvhgkhk(Bimpb&ads,Fd)g>Z
e _ijbf_gy Iky “~bgkl\_ggh_hklZ\r__ky \hafh gh
ijb\h~Abl d h[jZah\Zgbx nbgZev &alcr(EpnpgBos >Zg
gZy \ _jrbgZ khhl\ _Ikl\m _lieZgm kh_"bg_gby dhlh
dzslal# (Emp# Pog LZdbfh[jZahf ihke_ _~h\Zl _evgh_
hi_jZpbc kh_"bg_gby ij_h[jZam _| bkoh”guc ]jZn a.
ileZg \uiheg _gby

AZr"ZqZ hilbfbaZpbb kh_"bg _gby khklhbl\Ilhf glh[
\hafh ' gmxihke_ ~h\Zl _evghklvkh_ ~bg _gbc | _ gZ
kZz WImfh® _evfh 'ghjZkrbjblv glhJuhgZ|lzZd _mqkt
abg_kdh]h hi_jZlhjzZz Fgh"  _klI\h "himklbfuo kh_"bc
kbnbpbjh\zZlvihlIbizf gzZijbf_j kh_~bg_gb_fh I
gh dZ4d (vi,vj,HashJoin) beb=(vj,vj;,NestLoop) LZd _ bf__IlI
klhbfhklgzy fd(c)evR+ ij_"klZ\eyxsZy kh[hc nmgd
\ugbke gby klhbfhklb\uiheg gby hij_ ~ ezggh]h ki
>Zgul]jZnazZGkh” ev klhbdhklb [m _ IkygZclbihke
| evghklvkh "dbg,..gbcdhlhjZyij h[jZam_1|]jZn"~hKk
KiV|="c fbgbfbabjmy h[smx klhbfhklv

ijb mkeh\bbGaqil & c(Gi)

WIZ nhjfmebjh\dZ azZz~Zgb y\guf h[jZahf azZz~Zzl| fZ
Ijbgylby j r _gbc FIIJ g_kfhljy gZ Ih qglh a”*_kv j
ky fbgbfbazZpby Z g fZdkbfbaZpby & hHibkghEKk e kit
klhygb kbkd¢ kluh!I\ _TklI\m | ~ ckl\bx Z ijhp_"mjZ |
\_jrbghij_~ ey i _j_oh™f_ ""m IPi®hyN mhgfbpby \ha



112~ _gby\ujZz Z |IkydzZdhljbpZzZl_elvy ZFlklilhis ik Dv
yley Iky nmgdpby dhlhjZy *ey aZ”"Zggh]h ]jZnZ az
IbfZevgh ke "mxs__kh_"“bg_gb_
Klhbfhklv kh_~"bg _gby kmqgzlhf ihke "kl\bc”
QlhJu ij_"klzZ\blv dZd h[mqgq_gb_ k ih~dj_ie_gb _f
\aJey” gZ wim deZkkbqg_kdmx ijh[e_fm hilbfbaZpb
gZeZ jZkkfhljbf "Z~gh_j r_gb_ GZb\gufj_ r_gb_f\
kbfZy hilbfbazZpbydz:éphqpblfjZ[hlZ Ike ~mxsbf h]
gZqZlvk]jZnzZ aZijhkZz gZclb kh_"bg _gb_kc
klvx high\blv ]jZn aZijhkZ b ih\lhjylv ihdZ g_ h
hr"gZ\ jrbgZz
@z”guc Ze]lhjblf dhg_qgh g_mqgblu\Z_| dZdehdZz
thlebylvgZ[m~msb_aZljZlu >eybeexkljZpbb jZkki1
aZijhkzZ kh ke_~"mxsbfbijhklufb azljzlZfb

J(EP) =100, J(SP)=90, J((EP)S)=10, J((SP)E) =50

@Z~gh_j_r_gb_[m7l40kihkthevdm hgh g mqgblu\Z
klb [m"msbo kh_~bg _gbc \Ilh\j fy dZd hilbfZevg
klhbfhKlo

@Z~gh_j_ r _gb_ g _hilbfZzevgh ihlhfm glhgZ dZ ~h
lul\Z _I*he]lhkjhggmx p_gm k\h_]h*_ckl\by Bgh]*Z
\ZlvdjzZldhkjhgghc\u]lh”*hcjZ*bwdhghfbb\kh\hdm
azZ™"Zgm hilbfbaZpbb "ey dhgdj _Ighdh]jZnZ aZijhkz

| T
V)= PLQ  J(c)

i=1
<deZkkbq_kdhfihcoh”® d~"bgzZfbqg_kdhfmijh]jzffb
pbygZaul\Z Ikynmgdpb_cp_gghklb HIf _g_gh qglh
gb_gzZ\k_flhjbahgl_j_ r _gbcij_~iheZ]Z | hilbfZe
dZ ~uc fhf_gl\j_f gb qglhe_"bl\hkgh\_ b”" b "bg:
liZffbjh\Zgby



<azZ\bkbfhklbhll _dms_]Jhkh _“bg _gbyfh ghaZibk
\bA
V(G)= PL@GY

Q(G,9 = J(g+ V(G}

glh ijb\h~bl d ke _~mxs_fm j _dmjkb\ghfm hij_" e
nmgdpbb hklZlhgghc klhbfhklb

QG.9= I+ PLAG )

Bglmblb\gh 4 nmgdpby hljZz"Z | h[smx klhbfhklv \u
g _gbcijb mkeh\bb gqlhgzZdzZ ~hfihke ~“mxs_frz]_
fZevgh_ "~ ckl\b_ ?keb 4 nmgdpbyba\ _klgZ |IhaZz’
ghc thkdhevdm *eyihkljh _gby hilbfZevghcihke *
lhqghgzZzdzZ "hfrzZ] _\u[bjZlvkh_"~bg _gb_ fbgbfbal
4 PLQ(GC) LZdbfh[jZzahf ehdZevgZy hilbfbaZpby
jZglbjm 1 ]Jeh[Zevgh hilbfZevgucieZg kh_"bg_gbc
JZkkfhljbf fh*bnbpbjh\Zggmx \_jkbx "Z~gh]h Ze]h
smx ke_"mxsbf h[jZahf bkoh~guf khklhygb f y'
iIjhkZ gZdZ ~“hfrz] _\u[bjzZz _ Iky kh_"bg_gb_ k fl
g_gb_f4 nmgdpbb liZn high\ey Iky bijhp_kki
Zelhjblf khojZgy | \ugbkebl_evg@(W|Rehglyhjkdw I hf
klZgh\blky "hdZam _fh hilbfZevguf Dexqg_\Zy b" \
ithevah\Zgbb Jem[hdh]h h[mq_gby k ih*dj_ie_gb _f
]Jenh[Zevghc 4 nmgdpbb dhlhjZy h[h[sZ_IkygZ\k_\
ijhkh\'\ [Za_"Zgguo WIlh iha\lhey I ihemqgblv iheb
jblfinhkljh_gby hilbfZevgh]hieZgZ\uiheg _gby aZij
kms klI\ _ggufmemqgr_gb _fihkjZ\g _gbx kljZ*bpbh
ljbf g _gb_h[mg_gby kih”d) ie _gb _fdazZ”*"Zq_ ~"Zg
gby

ce]lhjblfu4 hfmqg_gbyij "~klZ\eyxl kh[hc\Z guc deZ
g _gby kih~rdj_ie_gb_f dhlhju_iha\heyxlijb[eb ZI
hkgh\_ wfibjbg _kdbo "Zgguo <hagbdZ | \hijhk ql
eb hfmqgZlv fh* _evij _~kdZau\Zlv Kh\hdmigmx [m~n
ithevamy ijbé&@ fdboh]jZgbg _ggucgZ[hjgZ[ex® _gbc"



d ~Zggu_"ey h[mg_gby fh]jml [ulvihemqg gu ba a:
\Zl _evghkl _cijbgylbyj r gbc dzZ ~Zy badhlhjuoij
dhjl (G,c,J(0),G) ]*"G 2bkoh”guc]jZn aZiph\wZheg g

gh_ kh_~bgl(@gl® ]J]hnzZdlbg_kdZy kIh@fhkjlvh[gZah

\Zgguc ]jZnihke \uiheg _gby kh_~bg _gby LZdb_ i
e ]dh bale _dZxlky ba ]Jhlh\uo ieZzgh\ \uiheg gby a
_I\hafh 'gufh[mg_gb_fh® ebgZj Zevguo"Zgguo
y\ghl]h fh* _ebjh\Zgby kj_"u

lj_~iheh bf glhmgzkbf__IkyizZjzZf_|jba®\Zggjhyfr
kbfbjmxsZy bklbggmx 4 nmgdpbx

Qi(fe,fe)/ Q(G,0)

AN ky2wlh\ _dlhjijbagzZdh\ dh”bjmxsbc kljmdImjr
kz fg2\ _dlhjijbagZdh\ hibku\Zxsbc dhgdj Igh_kh
JZT _lju fh™ $etbhgbpbZebabjmxlky kemqgZcguf h[jZah
gyxlky \'ijhp_kk_h[mg_gby >ey dZ ~h]h h[imfdpZxs _
gh\ugbkeblvp_e \mxdhldpZy ij ~klZ\ey | kh[hc h
agZq_gby

Vi = 3(9+ PLQ(G )

Wib f_Ify} aZl _f bkihevamxlky ey h[mq_gby fh”
li_kkbb ]*_p_ev khklhbl\ fbgbfbazZpbb jZzkoh "~ _g
aZggu@lfe,fc) b p_e \ufb agZqyghy¥Yfdhc ih"oh” ihal\t
bl jZIb\gh memqgrZlv hp_gdm 4 nmgdpbb gZ hkgh\
guo ?kel@Q[weZ bklbgghc 4 nmgdpb_c Ihbf eZJuf
sZyj_dmjj_glgZy nhjfmeZz

QGY =9+ PL@(Grc)

BlZd ijhp_kkh[mqg_gby beb4 h[mqg_gb_ hij ~ ey
dZ ~hcbl_jZpbhb
|

LQ= (vi! QG903



AZl fizjZf _lju4d4 nmgdpbb fh gh hilbfbabjh\ZIlv k il
_glgh]h kimkdzZ ~h koh~*bfhklb

H[mg_gb_kih~dj _ie_gb_f~Z | ~"\Z dexqg_\uoij_bfr
fhklvihbkdZ ey h*gh]Jh azZijhkzZ ih kjzZ\g_gbxkljz~"
aZpb_cazZijhkh\ jzZr"bdZevgh kgb Z _Iky ihkdhevdr
f ggmx keh ghklv " Z2~gh]JhihbkdZ b 1ZjZf _ljbah)
" _lihl_gpbzZevgh h[mqgzlvky q_j_aaZijhku dhlhju_
g_ b~ glbggu_ih?ieZgu WIlhk\yaZghk | _f glh koh”
gZfb hij_"~ ey lkyijbagZdh\ufb hibkzZgbyfb]jZnZ a
gbdg bf; IZdbf h[jZzahf _keb hgbjZajZ[hlZgu *"hKkl.
| evguf h[jZzahf |h g _cjhggmx k_Ivfh 'gh h[mqgblv v
hp_gdb 4 nmgdpbb gZ\kx jZ[hgmx gZ]jmadm
<u[hj4 hfmqg_gby \f_klh*jm]bo Ze]lhjblfh\ h[mq_gt
_fkr eZgg ijhklhlzd <h i_j\uo 4 h[mqgq_gb_iha\l
hilbfZevgu _ ih”2kljmdImju\h \j _fy h[mg_gby b agZq
h[ft fg _h[oh”bfuo *"Zgguo <h \lhjuo ih kjZ\g_gbx
hkgh\_kljZl_]bc 4 hfmqg_gb_\u\h”bl hp_gdm "ey c
dhlhjh_ihy\ey Iky\ex[hfih?ieZg_ Zg_ijhklh\u[b
_"bg_gb_ < Ij_lvbo fh”_evihalhey | \u[bjZlv N e
gZdzZ "hfrzZ]_ Zg_ijhklhihemqgZlvemqrbcieZg
Wnn_dlb\gZy ] g _jZpby h[mgZxs_c\u[hjdb
H{mgZxsZy \u[hjdZ ]_g_jbjmxlky Z\IhfZlbq_kdb \ j
ljZ"bpbhggh]lh Ze]hjblfZieZgbjh\Zgby >ey dZ "h]
g_gbb dhlhjh_ijbgbfZ | hilbfbazZlhj fh gh ihemq
bfhklb kh_~bg gby jZkkgblZggmx gZ hkgh\_hp
lj_~iheh bf fuazZzimkdz fljZ*bpbhgguc Ze]hjblf d
fbg_kdh]lhijh]jZffbjh\Zgby “ey hilbfbaZpbb N iml_
FuihemqgZ fg_ I|hevdh hdhgqZl _evguc ieZg gh b
"ey dZ ~“h]h hl*_evgh]h ih”®ieZgZ i_j_gbkey_fh]h
Auc aZijhk]_g_jbym _I hilbfZevgucieZg aZijhkZ e
g_Jhih?iezgh\ Z1zd _aZzZihfbgZ_Ig_hilbfZevgu_ i
g_[ueb *hkljh_gu ~h dhgpZ WIh hagzZqZ_I| qlh h~*
I [hevrh_dhebqg_kl\h hfmgZxsboijbf_jhdZ@&Z glnk d
iIjbgpbi hilbfZevghklb ihfh]Z | kh[jZIvh[mgZxsmXx \
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Jbkmghd 2Bkihevamy ijbgpbi hilbfZevghklb ba h”gh]
Kh[kI\_gguf hilbfbaZlhjhf bale_dZxlky ljb h[mgZxsbo

Tabnuupl,
yyacTByiolume B
3anpoce

OnTumansHaa
CTOMMOCTb

ijbf_jubf_xIhArgbbl_"_~he]hkjhqgu_aZzZljZlub hlgh

kh_ ~bg _gby | _ ijbgylb_wlboehdZevguoj r gbc\dhg_

kh_ _~bg _gbx\hrgm k\yagmfTdhfjty kgnmbfZevghc kh\hdnm
kihbfhkIw%

Bg g jby ijbagzZdh\’
DjzZldZy thib\Zpby Ih]h dzZd klhbl *mfzZlv hijbagZdt
guo \ lZdhc aZz”"Zq_ aZdexqZ lky \ ke _~"mxs_f Ijb
"he gu [ulv hklZlhggh [h]Zlufb glh[u hgb hljZ Zel
fmx bgnhjfZpbx “eyijh]ghabjh\Zgby klhbfhklbijbg
dmi_kihke "mxsbfb azljzlZzfb >ey wlh]h g_h[oh”
[m 164/ aZijhk\p_ehf [Z[ebpule \hcqgZklbij_ "e:
gbyblzZ[ebpulijZ\hcqZklbij ~eZ]zZ fh]l]hkh_ _"~bg _c
kyagZgb_Ih]h dZdij_"bdZluh”ghclZ[ebpulebyxl
ih h[_klhjhgu kh_"~bg_gby
+ "MgZkl\mxsb_~hlghr_gby
H[sZy bglmbpby khklhbl \ Ihf qglh[u bkihevarl
"hlh klhe[pZ \ dZq_kI\_ ijbagZdZ ihlhfm ¢
N ey | jzZkij_ ™ e _gb_ wlh]h klhe[pZ |I_j\uf
ky kharZgb_gZ[hjZ ijbagzZdh\ qglh[u hibkZzl
lu mqgZkl\mxIl \ aZijhk_ b \ dhgdj_Ighf kh_~t
A [m” | gZ[hjhf \k_o ZIljb[mIlh\ \ [Za_~Zggu
{(PS 3RV UD@DO FARDXHDPRXMOEW'h _ hlghr
rel \dexqgZy ijhf_"mlhgqgu_j _amevlZluihkljh_
_"“bg_gbc bf__lgZ[hj Ayb{mMihi\gZeh]bqgqgh d
Auc ]jZn azZijlekih _ | Julv ij_"klZ\e_g k\hbfb Z
| ZfAc* A Kh_~bg_gb_fh 'gh hibkZlv dZd iZjn
(LLR) ]*_"ey dZ ~“h]h ba gbo kms_klI\mxl| \b”b



AL bAR <k_gZ[hju Zljb[Ad M tbAg £+ dh”*bjmxIk
[bgZjguf kihkh[hf _~bgbpZ hagZqZ |1 gZebql
s_]h Zljb[mlZz Z ghev £ _]Jh hikmlkl\b_ Ijbf_g
"ey h[t_"bg_gby\ _dlhjh\ nhjfbjmxlky ijbagZ
k¥Z; = Ag bijbagzdb kh_"Mhg AglhyAr < blh]_ ihe
guc\_dlhjijbagzdh\feyyiygjuklz\ey | kh[hc d}
| _gZpfpdf. GZ]ley~rgucijbf_jlZdh]hij_"klZ\e_
m\b” _IvgZ jbkm@g®d _ihdZaZghijbagZdh\h_ hil
N fhgkljZpbhggh]h azZijhkZz

AL = [E.id, E.name, E.rank,

AL =[E.id, E.name, E.rank] .
P.rank, P.title, P.code]

SELECT * AG =[E.id, E.name, E.rank, =[11100000]

FROM Emp, Pos, Sal g.randk, Pétitle, P.C(t)]de, =[11111100]
.code, S.amoun _ :

WHERE Emp.rank = Pos.rank =[11111111] AR‘EE‘?SK{ I:’.t;tl:)e,ol;’.code] AR = [S.code, S.amount]

AND Pos.code = Sal.code - =[00000011]

(a) Mpumep 3anpoca (6) Mpu3HakoBoe onucaHune (8) Mpu3HakoBoe onucaHne (r) MpusHakoBoe onucaxue
rpacpa 3anpoca coeauHeHuA Eun P coeauHeHuAa (EnP)u S

Jbkmghd 2AZijhk b khhiI\_Tkl\mxsb_ _fmijbagZdh\h_t

\_dlhjudh?®bjmx!| Zljb[mlu\]jZAg a2ijhtkZgzZklb kh_Abg_ g

bijZ\hc qzZkgb LZdh_dh”*bjh\Zgb_iha\hey | hibkzZlvdzd

bdhgdj Igh_kh_~bg _gb_ IhdZaZguijhf_"mlhqgh_kh_

kh _~bg _gb_ Ijbf_jazZijhkZ ho\Zlu\Z 1\k_hlghr_gby\
Ac=A

+ Ij_"bdZlu
lj_ ~“bdZlu fhiml baf_gblv mdZazZggh_jzZkij_ "
FRO VHOHFWLYLW\ hlebqZ_ Iky hl FRO 7
ij_~“bdZlulazZijhk_ gm gh mgblu\Zlvbo\ijba
gbb Fh gh bkihevah\Zlv klZlbklbdm [Z[ebp i
\[hevrbgklI\ KM;> >eydZ *"h]hVjaZ2igdklZh g
ihemqgblv k_e _dhg\gdhkhjZy hp _gb\Z | “hex d
hklZxsboky ihke_ ijbf_g _gby ij_~bdzZlZ Qlh
AbdZlu \ ijbagzZzdh\hf hibkZgbb fh gh fZkrlZ]
\fe dhlhjhfm khhil\_IklI\m _| hilghr_gb_ b ZIjb]
Ilhf g GZijbf_j _keb hp_gdZ k_e _dlb\ghKkll
(PS @00 hp_gb\Z_llydthdkehl (PSfd BN _| ba
f g g@Z JbkmghdgZ]ley”gh beexkljbjm _ | wlf
[bjh\Zgb _



+ Hi_jZlhjukh_"bg _gby
LZzd _\Z 'gh azdh”?bjh\zZlv Ibi hi_jZlhjZ kh_"Db
kilh fu "h[Z\ey_f _s_h~bg [bgZjguc \_dlhj dl
\Z | banbdkbjh\Zggh]lh gZ[hjZ hi_jZlhjh\ bki
kh_ ~“bg _gby jbkimnghd

.............................................................................................................................

i SELECT* : CenekTuBHOCTL(Emp.id > 200) = 0.2 '
FROM Emp, Pos, Sal : ) ! Mpuanarosoe_onucarne(NestLoop(E, P)) = AL AR @ [10] |

= 1 fe=Ag =[E.id, E.name, E.rank, ...] ! '
WAHESEESC%;?E S:zz.éznk . ' TMpusHakosoe_onucanue(HashJoin(E, P)) = AL D AR @D [01] !

AND Emp.id > 200 : =[021111111]

(a) Npumep 3anpoca E ©) npumep Mactu‘raﬁupoaauun E (8) Mpumep npucoeanHeHUA TMna oneparopa
! CeneKTUBHOCTU : co K npua3! y

kamghd "Z|IZpby|jbagZdh\h]h hlkagby"eyJZ[hI
hi_jZlhjZzfb kh_"bg_gby ;Zah\Zy kljmdImjZ ijbagZdh\ |
"h[zZ\eyxlky ij ~“bdZlu kijZz\Z2nbabqg_kdb_hi_jZlhju =<
f " "m1HVW/RRSb+DVK-RLQ dijbagzZdzZfkh_"bg _gbyi
[bgZjguc\ _dlhj mdZau\Zxsbc lbihi_jZlhjZz

Himqg_gb_fh”~_eb

<f Ih?_'41ijbf_gy_Ilky fgh]l]hkehcguci_jp_iljhg O
[eb” _ggh]h \ugbke _gby 4 nmgdpbb GZ \oh” g _cjh
lhjijbagZ@hé) knhjfbjh\Zgguegd¥Zd Wdki_jbf _glZev
iml_f mklZgh\e _gh qlh hilbfZevgZy ijhba\h?bl_ e\
g_gghf\j_ f gbh[mqg_gby f_g__ fbgml|l ~hklb]Z_
\Zgbb "\mokehcghc Zjobl _dimju H[mq_gb_fh” _eb
kj_"klI\hfdeZkkbg_kdh]h klhoZklbq_kdh]h]jZ*b_g
>hh[mqg_gb_fh* _ebgZ\j f gb\uiheg LgZWydAi fihk Z
himgZeZkv gZ hp_gdZo klhbfhklb dhlhju_ dZd [ue
e_db hl bklbgguo klhbfhkl_¢c hgZ g_ kfh _lij_\aht
hilbfbazZlhj >hl_dms_Jhfhf_glZ\kz qlh”*_eZehkyv
gZaul\Z fuc LPLWDWLRQ OHDUQLQJ h[mg_gb_ il
kbkl_fz1l_hj_Ibg_kdbfh  _lihdZau\ZlvdZq_kl\hkjZ
ljZ"bpbhggh]h hilbfbazlhjZz ghgbdzZdg_fh _lij_\}l
[uijh"\bgmlvky "Zevr_\klhjhgm memqr_gby dZqg_Kk
AN eb \hafh 'ghklv magZlvg_ hp_gdb Z nZdlbg_kdl
bguo » ckl\bc KlzZg~Zjlgufj r _gb_fwlh]Jh \hijhkZ



g gb _gzZ~"Zgguo |J* p_e \ufagZqg_gb_ f\f_klhhp_
_Iky\] fy\uiheg _gby LZdh_j r _gb_gZi_jl\uc\a]e:
kiI\_ggh gZrZ hkgh\gZy p_ev+t mf_gvrblv \j_fy \uih
Ghgz”™_ e \j fy aZljZg_ggh_dZdgzZ\_kvaZzZijhk |
gZklb _klvhg _gvg ihklhyggucihdzZaZl ev aZ\bk
" gghklb kbkl _fu IjbgzfwlbihdZaZl eb g _evay "Z
ezggufb qlhJueh[uijb_fe_fh ey h[mqg_gby fh”_ek
f gb\uiheg _gby h*gh]l]h blh]h  _azZijhkZ fhlml Julv
Ihkdhevdm gZijZdlbd_k[hj~Zgguo b h[mqg_gb_fh"
gZ\eb\ZIvjZ[hiIm KM;> wlb\_sbijhbkoh”yl h~rgh\j_f
nmgdpbhgbjh\Zgb _fKM;> LZdbfh[jZahf bkihevar
itheg _gby aZijhkh\ \' dZq_kI\_p_e \uo agZqgq_gbc *
g_\hafh gh Ij_~eh” _ggh_\~ZgghcjZ[hl_j_r_gb_Ft
“rjobl_dImjz jz[hg_Jhijhp_kkZ k_dpbb
Bkihevah\Zgb_ h[mqg_gghc fh” _eb

Ihke h[mqg_gby klZgh\blky “hklmigZ iZjZf _Ijbah
nmgdpgbhles,fc) >ey zijbf_g_gbygm ghijhklh\_jgm
AZjlghfm Zelhjblfm dzd \ "zZ~ghf f_ha_ gh \f_klIt
ehdZevguo klhbfhkl _c¢c kh_~bg _gbc | _ i _jv bkiheva
nmgdpby gZqbgZ fk]l]jZnZ aZijhkZz dh”*bjm 1
\hafh gh_ ~_ckl\b_ \u[bjZz_fkh_"bg_gb_kgZl
gufagZqg_gb _f4 I _ \uoh”hfg _cjhgghc k_1Ib h
aZijhkzZ bih\lhjy f WIlhlZe]lhjblfbf_ _I\j f ggmx ke
]Jhi_j qgbke _gby Hlebgb_ebrv\Ihf gqlh klhbfhklgZ
Zelhjblfz a»_kv azZf gy |lkygZg cjhggmx k |v

F_Ih~heh]by jZ[hlu kbkl fu ©1HR $ /HDUQHG 4 XHKW\DX
2SWLPL]@Uj] >klZ\ey |l kh[hch[mqg _gguchilbfbaZlhjaZi
jmxsbc kjzZz\gbfmx beb ij_\hkoh?”ysmx wnn_dIb\ghklv hlg
dhff_jg_kdboj_r_gbc 2UDFOHDbOLFURVRIW ijbjZ[hl_
dZo h[jZ[hldb aZijhkh\ >ZggZy kbkl_fZ h[mqgZ_lky ijbghbi
ke ~h\Zl _evghklb kh_ _~bg _gbc IZdb h\u[h]j_ hilbfZevgu
hilbfbaZpbbj Zebam I|Iky g j ah[mq_gb_k mgbl_e f 2~
h[jZlghc k\yab “ey g_ij_ju\lgh]lh kh\_jr_gkl\h\Zgby qlh i



\ZIvky d dhgdj Ighc bgklZgpbb [Zau *"Zgguo b mgblu\Zlv
g _gbyijbnhjfbjh\Zgbbj r gbc
jobl_dImjZ 1HR mkljZgy | g_Ildh_jZa”™_e _gb_f_ "~r
g _glzfbdezZkkbg_ _kdh]h hilbfbazlhjZzaZzZijhkh\ hp _gdhc Kk
klhbfhklb b Zelhjblfhfi_j _[hjZieZgh\ <hlebqgb_hlljZ"bj
kbkl fZg \uqbkey | dZj*"bgZevghklvgZijyfmxb g _ bkihe
gmx klhbfhklgmx fhr_ev <f_klhwlh]h 1HR bgl_Jjbjm_| w
g cjhk_ | \mxfh” _evhp _gdbklhbfhklb dhlhjZy ZgZebab
aul\Z | hilbfZevgh_ \j fy\uiheg _gby *ey ex[h]hieZgZ aZ
NZgguc ih®ieZzg GZ hkgh\ _ij ~kdZaZgbc wlhc g _cjhk Ik
IjZ\e _gguc ihbkd \ijhkljZzgkl\_\hafh'guo ieZgh\ \uiheg_
ghlh azijhkz Ih f_j_h[gZjm _gby [he__ wnn_dlb\guo ie
kl i _ggh kh\ _jr _gkl\m_Iky qglhiha\hey I nhdmkbjh\ZIv i
ki_dlb\guo \ZjbZglZo WIhl bl_jZlb\guc ijhp_kk kha”rZ |
jZlgmx k\yav memqr_ggu_ij _"kdZaZgby klhbfhklb \_"n
hilbfZevguoieZgh\ glh\k\hx hqg_j_"*v kihkh[klI\m_[|*Zev:
mlhgg_gbxg_cjhk_I_\hcfh®_eb Pbdeijhhe Z _Iky ~h Kkl
ijbgylbyj_r_gbc hilbfbazlhjZz
\lhju klZlvb 1HR klZ\beb i_j "~ kh[hc aZ*Zgm ih ij_h
dbo dexg \uoijh[e_ f <h i _j\uo 7~ey Z\IhfZlbg_kdh]h me.
ghihgylguoiZll _jgh\\ieZgZo aZijhkh\k”j \h\b”ghc kljn
Ilvb jZajZ[hlZeb fh™*_ev ]em[hdhc g_cjhgghc k_Ib bkihev
k\zjldb <h \lhjuo qglh[u h[_Kki_qgblvihgbfZgb g cjhk_lv
S cky [Zau ~"Zgguo hgb jzZajz[hlZeb \ _dlhjgh_ij_~klzZ\e
dhlhjzy zZ\IhfzZlbq_kdb ij_"klzZ\ey | k_fZglbdm ij_~bdZlIlh
\Zgb_f*"Zgguo ba bf_xs_cky [Zau "Zgguo Hgb bgl _]jbjh
dhfie_dkgmx kbkl_fmh[mqg_gby kihkh[gmx kljhblvieZgu
H[ahj kljmdImju h[mqg_gby
>Ze _fuh[km”bf Zjobl_dimjm kbkl_fulHR bahljZ
b h[smx kljZl _Jbx h[mqg_gby 1HR jZ[hlIZ I\ "\Z\
wlZi gZ dhlhjhf kh[bjZ Iky bgnhjfZpby hjZ[hl_de
fbazlhjz bwlZi\uiheg _gby gZdhlhjhf\jZ[hIm\klm
fhn _ev

+ K[hjagZghbc
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MexaHu3m BbinonHeHuA 3anpocoB CYB/]

Jbkmghd 2:jobl_dImjZ kbkl_fu 1HR

GZi_j\hfwlzi_ bf gm_fhfOowWdki_jlbaz2 1H
hlljZz"bpbhggh]h hilbfbaZlhjz aZijhkh\ 1HR
[hj_ithevah\Zl _evkdbo aZijhkh\ ij_ "~klZ\eyxs
gmx gZ]jmadm ihevah\Zl _ey b \hafh ' ghklb [Z&
j_Zebamxsb_j_ij_a_glZlb\gucgZ[hjhi_jZlhjl
ij_~ihezZ]Z Iky gqlh m1HR _klv ~hklmid |IjZ"t
fbaZlhjm 1HR bkihevam_Iwlhl hilbfbaZlhjIlhe
ieZgh\\uiheg _gbyaZijhkh\ 4(3 ~“eydZ ~h]h
j_ WIb 4(3 \f_klI_kbo\j_f_g_f\luiheg_gby I
[Zam agZgbc 1HR gZ[hjiZjiezZzg \J_fy dhlhj
\dZq_kI\_hlijz\ghc lhgdb gZwlZi_h[mqg_gby
lhkljh_gb_fh” _eb

GZ hkgh\_gZdhie_ggh]h hiulZ 1HR kljhbli_j\
N ev Fh”™_ev ij_"klZ\ey | kh[hc ]Jem[hdmXx ¢
Ij_"gZagZqg_ggmx ~“ey ijh]lghabjh\Zgby dhg_q¢
itheg _gby azZijhkZ ih bf _xs_fmky ih*ieZgm be
gm gZklguckemqgZc G _cjhk _Ivh[mgZ |ky b
aZjZg__ "Zggu_ \j_"bf_h[mg_gby k mgbl_e
\dexqZ_lij_h[jZzah\Zgb_dzZ "h]hkh[jZggh]h &
dh\h_ hibkzZgb_ WIbijbagzdb kh”_j"Zl bgnhj



I+

I+

gZijbf_j ]jZn kh_"bg _gby b bgnhjfZpbx h 1 _
gbbiezZzgZz gzZijbf_j ihjy*hd kh_"bg_gby 1H
kjy*hfjZaebqgguoijbagZdh\ gZgbgZy hlijhkl
"bjh\hd bazdzZgqgb\Zy [he___keh gufb wf[_"bc¢
fhklb 1HR bkihevam _|~j \h\b”gu_ k\_jldb *e\
k~j_\h\b~ghc kljmdImjhc

IhbkdiezZzgZz

Ilhke ij_h[jZzah\Zgby aZijhkZ\azZzdh”bjh\Zgg
kbkl_fZ1HR ijbf_gy_lg_cjhk_I_\mxfh”?_ev "
ijhkljZgkl\Z \hafh " guo ieZgh\ \uiheg_gby aZz
\dexqZxs_]hjZaebqgu_ \ZjbZgluihjy~dZ kh_“
hi_jZlhjh\ Fh”_evgZoh”bl hilbfZevgucieZg
sbc h bz _fh_\j_fy \uiheg_gby dhlhjh_ hp_
fhsvxij ~"kdZaZgbyg cjhk _Ib Mgblu\Zy qlh
\k_o \hafh'guo ieZgh\ *"ey aZ”"Zggh]h aZijhk:
g_hkms_klI\bf 1HR j_Zebam_I| kljZl_]Jbx ihbk
©kgZqZeZ gZbemqrbc \ZjbZgl?2 bkihevamy g_
Ib\gh]h bkke_"~h\ZgbyijhkljZgkI\Zj_r_gbc K
1HR ieZg kh™ _j bl IZebabjh\Zggmx bgnhjfz
\Zl _evghklb kh_"bg _gbc ijbf _gy fuo hi_jZII
o r kh _~bg _gb_ kh_"bg gb_ kebygb fbeb\
fb bf_Ih~"Zo "hkimiz d "Zgguf gZijbf_j kdZz
A _dkh\ beb ihegh_kdzZgbjh\Zgb_1Z[ebp WI
ky\gb e "Zsbcf oZgbafluiheg _gby dhlhjt
I _Jh ~h[Z\eyy ijb g_h[oh”bfhklb k_fZglbqg_
ij_h[jZah\Zgby \jh®_\dexq_gby hi_jZpbc kh
ithegyy blh]Jh\ucieZg LZdhcih?oh”?]ZjZglbjm
ghklv 1Zd b dhjj_dlghklv]_g_jbjm_fuoieZgh)
ijhkh\

| j_h[mqg_gb_fh” _eb

Ilh f_j_Ih]l]h dzZd 1HR ijhkfzljb\Z_| [hevr_aZzZi
memqrZ_lky b Z~2Zilbjm_lky d[Za_"Zgguoihe
kib]Z Iky aZ kq_I| bkihevah\Zgby gh\h]h hiulZ
1"Z 4(3 \u[jZg "ey hij_~ ezggh]h azZijhkZ hg



[Zah\uc f _oZgbaf\uiheg gby dhlhjuc h[jZ[ZI
\ha\jZsZ |j _amevlZlihevah\Zl _ex Djhf_Ih]l
_I'\j_fy\uiheg _gby 4(3 ~h[Z\eyy iZjm ieZg \]
hiulm AZlI_f1HR i_j_h[mqZ_I| fh*_ev gZ hkg
bl jZIb\gh memqgrZy k\hb hp_gdb
Bg g jbyijbagZdh\l\uo hibkZghbc
ljbagZdh\u_ hibkzZgby h[t_dlh\ +wlh dzZd jZalh k¢
k Iv Bf _gghbohgZijbgbfZ_lIgZ\oh?*bbagboiulzZ_
lhwlihfm hldZq_klI\Z ijbagZdh\uo hibkZgbc aZ\bkbl
+ H[hagZg _gby
>ey aZijgkfa hij_~ ey f gZ[hj [Zah\uo hlghr_
ithevam_fqgodZR{g Ih”*ieZg \uihedg® 8by aZijhk
g h[hagZg®RRxy q wlhe_ k™ j \v_\ ij_~klz\
ieZg \uiheg _gby dhlhjuc gZoh”blky \ ijhp_k
beb ihkljh _g + gZklguc kemqgZc DZ ~uc \gr
klh\hc ma_e ™ j \Zy\ey |Iky hi_jZI'jhd k™ "k
J2gZ[hj\hafh guo hi_jZlhjh\ kh_~bg_gby gZ
fhsvx o _rbjh\zZgbykebyghyf pbdetf bdZ ~uc
ebklh\hc ma_e y\ey lky gl _gb _flZ[ebpu ql_:
g \u[jZgguf kihkh[hf gl _gby higR(g) ghphagZq:
_fufbr(r) 1(r) bU(r) khhi\_TklI\_ggh GZijbf_j qZ
ileZg \uiheg_gby azZijhkzZ fh gh h[hagZqgblv dZ

[(T(D) #n T(A)) #L 1(C)], [U(B)]

AN kv ibiqgl _gByyremdZazZg bg_ \u[jZgh kh_*
k\y@8bk hklZzevghc qZklvxieZgZ <iezZg_1zd _
gl _gbylZpPebdh dhlhju_kh_~bgyxlkyo_rhf j_a
lhjh]lh azl_f [m”~_| h[t_~bgzg k bkihevah\Zgb_
kh ~“bg &by k

IhegucieZg\uiheg _gby2?wlhieZgbah”~gh]h?
klv_\k g \u[jZgguf kihkh[hf gl _gby \k_j r ¢
ieZg “he” _g [ulv \uiheg_g [ueb ijbgylu Fu ]
h*"bg ieZg/\ey_Iky ih*ieZghf ~jm]®]hhifhagwZ qb
Pi2 P, _kEbfh _I[ulvihkljh_Ry bmal_f \ul[hjZ
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SELECT *
FROMA, B,C,D

WHERE A3=C.3
ANDA4=D4

AND C.5 = 3-5@ Al A2..B.1 B.2..E1 E.2

-

Npad coeanHeHmnn
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kihkh[Z gl _gby "ey ebklZ k *h kbo ihjg_hij_~
[hfgl_gby beb hit_~bg_gb_f iR hij]jXVhj\h¥
kh_"bg_gby

Ilhkljh_gb_ ihegh]h ieZzgZ \uiheg_gby fh gh
dZd fZjdh\kdbc ijhp_kk ijbgylby j_ r _gbc 0'3
khklhygb 0'3 2 qZklbgguc ieZg \ dhlhjhf dZ
jh\Zgb_g_hij_* e _ghbkh_"bg _gby hlkmlkl
kiI\b_\dexqZ | eb[h hjt_ “"bg_gb_"\mo ih”
svx hi_jZlhjZz kh_"bg_gby eb][h ij_h[jZah\
ghl]h kdZgbjh\Zgby \ hij_~ ezgguc Ibi kdZgk
nhjfZevghdz "h_ " ckl\b_ij _h[jZamPjl\ledms
[hciePglZdhc Bl2a P, P_gZazZdzZ ~h_"~_ckl\t
gmex aZbkdexq _gb_fihke_ g _]h” _ckl\by d
jZ\gmx \j _f _gb\uiheg _gbyihkljh _ggh]hieZg.
DhAbjh\dZ bgnhjfZpbb haZijhk _

___________________________________________________

AND A.2 .
<5 '[01 .. 10 .. 00]:
AND B.1 = 'h' ; :
A :
o 1 1 '
1 1

© ©0 O ©o

5[011010000001...10...00]l

~~_ s

1
-

NMpusHakoBOoe onucaHue

Jbkmghd 2DhAbjh\dZ bgnhjfZpbb h aZijhk_



lj_"klZ\e _gb_azZ\bkbfhc hlazZijhkZ ghg_aZzZ\
bgnhjfzZpbb khklhbl ba "\mo dhfihg_glh\ 1_j\
dh*bjm_11]1jZn kh_"bg_gby aZijhkz dzd fZljbp
ijbf_j gZ jbkmgd ]jZn_ kh_"~bg_gby ~bgbpZz
kljhd_lj_Iv_]Jh klhe[pZ mdZau\Z_|1gZgZebgb
g _gbyf "“mhlghr_gbyfb$b & KljhdZ b klhe[_
highr_gb_f( hklZxlkyg_aZiheg_ggufb 1Zdd
jm_I\*"ZgghfaZijhk_ >ey mijhs_gby fh™ _eb |
glhex[u_"\Z hlghr_gby fh]ml [ulv k\yaZgu fZq
\g rgbfdexghf L _ fg f g _ ij_~eh  _ggh_ i
A"himkdZ I h[h[s_gb_gZkemqgZcg_kdhevdbo
lzf aZf_gu agZq_gby © 2 gZ bg”_dk dhgdj_Ig
lhlh mqgblu\Zy kbff _Ijbgghklv fZljbpu kh_"bg
fbjh\Zgby \ _dlhjgh]lh ij_~klZ\e _gby aZijhkzZ *
lu\Zlvihevdhwe f glu\ jog clj _m]hevghcaq.
djZzkguf qlhkhdjZsZ Ih[tzfojZgbfuo”~Zgguo
nhjfZpbb
<lhjhc dhfihg_gl dh~bjh\db aZijhkZ 2 wlh \_dlI
klhe[ph\ 1HR ihA*_j°b\Z 1 Iljb\ZjbzZglZ k jZa
gyfblj [h\Zgbcdij "\Zjbl _evguflugbke gby
D ;bgZjgZy dh”bjh\dZ gZebqgb_ij_"~bd
I dzdb_ Zljb[mlu mgZkl\mxlI\aZijhk_
jZ 2wlh dhebq_klI\h ZIjb[mIh\ \h \k_o I.
au”~Zgguo GZijbf_j gZjbkedgd "Ij_~b
dZlu” ihdZaZg aZdh”bjh\Zgguc |Zdbf h
ki mklZgh\e_ggufb \ihabpbyo Pe3/&Z1j
B.1 ihkdhevdm h[Z Zljb[mIZ bkihevam)
Ij_"bdzlz 1j_~bdZlu kh_"~bg_gby a”™_k
jb\Zxlky G _cjhk_Iv agZ | lhevdh ijb
Zljb[ml \ij_~bdzZl_beb g | LZdZy dh”
[ulvihkljh _gZ [_a dZdh]h eb[h "hkImi
guo
E =bklh]jZzffgh_dh”bjh\Zgb_ k_e_ dlb\
|Z jZkrbj_gb_[bgZjghc dh”*bjh\db d
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gy | © @2beb © 2ij ~kdZaZgghc k_e dl
Jh ij _~bdzlz gZipZ fh | [ul@2 _keb
fuij_~kdZaul\Z_f k_e_@bb\gkkkv dlib\gl
kibij ~“hklzZ\eyxlky ljZ"bpbhgguf hilbf
F 5 9HFWRU k_fZglbdZ ij_"bdzlz gZz
lh _ dh~bjh\Zgb_ k bkihevah\Zgb f yal
fZrbggh]h h[mqgq_gby GZ hkgh\_ZRUG
jZ[hldb _kl_kI\ _ggh]lhyaudzZ dZ ~Zy &
j_1j_"bdZlZ klhe[pZ azZf_gy_Ilky \_dlh
sbf k_fZglbg_kdmx bgnhjfZpbx k\yaZ
AbdZlhf WIh dh*bjh\Zgb_|j_[m_1| ihkl]j
ebgZhkgh\_"~Zgguo\[Za_"Zgguo by
"hjh]lbf\ZjbzZglhf
;he__keh gu_ko_fudh”bjh\Zgby jZkrbjyxI\h
N eb ihalheyy c\uyleylvb ZgZebabjh\ZIlv g
\bkbfhklb\*"Zgguo <ijhg_f ~"Z° mijhszggu _
jh\Zgby g_ klZgh\ylky g _ij_h”hebfufij_ iylkI\l
gby keh'guo \azZbfhkl\ya_ ¢ LZd ohly ]Jbklh]jZ
gb_y\ghg_ _hljZ " Z I dhjj_eypbbf ""mlZ[ebp
\Zy fh~ _ev kihkh[gZ kZfhklhyl _evgh\uy\eylv
ghklb \ijhp_kk_h[mq_gby Z~Zilbjmy hp_gd
gZ hkgh\_gZ[ex® _gbcaz\j f g fluiheg _gby
dh bkihevah\Zzgb 5 9HFWRU\1HR *Zzl kms _
kI\h 1] _"eZ]Zy k_fZglbg_kdb h[h]Zszggh_ij_
AbdZlh\azZijhkZ glhmijhsZ lijhp_kk hilbfba
_lIlhgghklvijh]ghabjh\Zgby
DhAbjh\dZ bgnhjfZpbb hieZg _
<"hiheg_gb_ddh”bjh\d_aZzZijhkzZIlzd _Ij_[m
gb_gzZklbggh]hbebihegh]hieZgZ\uiheg gby
fydZd\ hklZevguo jZ[hlZo ~j_\h\b”*gZy kljmd|
kilbggh]hieZgZ\uiheg_gby [ueZij_h[jZah\Zg
jh\Zgb_ ij_"eh” _ggh_ZzZ\lhjZfb wlhc klZIvb k
\brgmx kljmdImjmieZgh\\uiheg _gby DZ ~uc
ieZgZ \uiheg _gby dh”bjm _Iky \'\ _dlhj nbdkbj



nhjfbjmy \ _dlhjgh_ 2~ _j \h Dhlebq_klI\h\_dlhjl
hi\_ITkI\m_Igbkem maeh\bfh  _I\Zjvbjh\Zlvky
N 1. \Z e _\hklhjhggyy beb \ I\bklZy khojZg
guc nhjfzl\_dlhjgh]hij_~klzZz\e _gby < _dlhjg
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Jbkmghd 2NhjfZl hibkZgbyiezZgZ \uiheg_ghby

gb_nhjfbjm_|ky imlzfhlh[jZ  _gbydZ ~“h]h ma
f jghk]d+2|R| ]*|J] 2 gbkeh \hafh guo Ibih\ kh
g_gbc|RE?2 dhebqg_klI\h highr_gbc|J| dhiihg gl
\ dlhjzZ hij_~ _eyxl Ilbi kh_~bg _gby gZijbf_j
gZ jbkmgddh”bjm _| pbdebqg_kdh_kh_"bg_gb
2Rl we _f _glh\ hibku\zZxl az” ckl\h\Zggu_ hlgtl
"u bo kdZgbjh\Zgby ihegh_ bg” _dkgh_beb
>ey ebklh\uo maeh\ \ ihA\_dlhj_hlghr_gbc m
jhi\gh hrgzZ "bgbpZ aZ bkdexqg_gb_f kemqZ
kdZgbjh\Zgby dh]*Z hlf_qZxlky h[Z\Z]jbZglZ
gh_ <h\gmlj _ggbo maeZo khhl\_|kl\mxsb _
xIky h[t_~bg_gb_fozjzdl _jbklbd "hg_jgbo m
gb gbcma_e pbdebqg_kdh]h kh_"bg _ lghy g2jb
_"bgbpu *eyihegh]h kdZgbjh\Zgby |Z[ebp $ b
kdZgbjh\Zgby |Z[ebpu &

<Z gh hilf_Iblv glh ~Zggh_ ij _"~klZ\e _gb _
gZlv g _kdhevdh g _aZ\bkbfuo qZklbgguo ieZc
g_kdhevdbfb dhjg_\ufb maezZfb dhlhju_ _s



f ""m kh[hc GZijbf_j ~ey dh”bjh\Zgby qZklk
mjzZ\g_gbydhjg_\hcuw(B) pm”_1ij_~klzZ\e_g \_d
[0000110000]WIlb dh”*bjh\db ij_"gZagZqg_gu bkdex
nhjfbjh\Zgby \_dlhjgh]lh ij_~klZ\e_gby ieZgh
dhlhjh_[m”~_| bkihevah\Zlvky g _cjhk_|_\hc fl
kZgghc\ihke "mxsbojZa™ _eZo
Nmgdpbyihl_jvijb h[mq_gbbg_cjhk_1Ib
Bkke_"m_fZjobl_dimjmg_cjhgghck_Ib h[mqg_ggh
fZevgh_\j _fy\uiheg_gby ey qZ kb gfdplg]thf Zecdrggh _ \ |
fy “hklb bfh_ijb ex[hfiheghfi&khg | ZP fLZd dZc
bklbgguc hilbfZevgucieZg \uiheg _gby aZjZg__g_
"Zggh]h bkke_"h\Zgby \dZq_kI\_ p_e_\h]h agZq_
emqr__ aZnbdkbjh\zZggh_\j_fy \uiheg_gby aZijhk.
gby
H[hagZgbf & gZdhjiheguoieZgh\\uiheg gbBy#aZijh
k ba\_klguf\j_f_ g _fl\uihéRy) gby* Mvh[mqgZ _Ikyijb[e
"ZlvibgbfZevgmx klhbfhklv ey \lP b PabizAph§Zxs_
\u[hjdb

M(P)/ PLQ(P:)|Pi* Ps, Pr # E}

" C(Ps) ij_~klzZz\ey | klhbfhklv ihegh]h ieZgZ \uihe
fZ itha\hey | gZkljZb\Zlvp_ e \mx nmgdpbx klhbfh
ih\_~ gby 1HR ih”dhgdj_Igu_1j [h\Zgby Kbkl _fZ
ebggu_kljZl _]bb hilbfbaZpbb q_j agZkljZb\Z _ fm:
kilb >ey fbgbfbaZpbb Z[khexlgh]h \j_f _gb\uiheg_
ijhklzy f_1jod) = L(Ps) :evl _jgZlb\gh 7ey ]ZjZglb
r gby hlghkbl _evgh [Zah\h]hieZgZ fh gh hij_" _eb
kilhbfhklv
L(P)
Base(Ps)’

]*Base(Ps) gZbemqgr___ ba\_klgh_ \j fy\uiheg _gby ™
gZ G_aZ\bkbfh hl\u[hjzf Ijbdb 1HR ihke_ "h\ZIl ¢

C(Ps) =



odviroxeg ‘

95e X L

8eLX |

klhbfhklv\ijhp_kk_jZ[hlu H[mg_gb_fh~_eb hkgh
pbb d\Z~jZlbgghc hrb[db

(M(P)! PLQ(P)|Pi* PP #E})°

jobl_dimjZ g _cjhk_Ib

jobl_dIimjZ g_cjhk_Ib 1HR ihdZaZgZHYZ jpkeZgj¥ a |
[hl1ZgZ "ey kha”“Zgby bg"mdlb\gh]h kf_s_gby ih”ol
aZpbb azZzijhkh\ kljmdIimjZ kZfhc g_cjhgghc k_1b jz
[u hljZ Zlv bglmblb\gh_ ihgbfZgb_Ih]l]h qglh *_eZ_
[ukljufb beb f _"e ggufb Ex"b bamqgZxsb_ ieZgu
ky jZkihagzZ\Zlv g_hilbfZevgu_ beb ohjhrb_ieZgu
gby k h[jZzaphf kh_"bg_gb_kebygb_fih\_joo_r kF
dexghfkh_ _~bg _gby \ jhylgh \vuau\lZ |baJulhggmx
rbjh\Zgb_ pbdebg_kdh_ kh _“bg _gb_ih\_jo *\mo ¢
jhylgh hq_gv gm\kl\bl_evgh d hrb[dZf hp_gdb dhe
o_r kh_"bg_gb_k bkihevah\zZgb_f lZ[ebpu nZdlh\
gby ©ihkljh_gby2 \_jhylgh ijb\h”bl d \u[jhkZf Kk_
kebygb_ f g_Ilj_[mxsboih\lhjghc khjlbjh\db kdhj_
[hlZlv ohjhrh bl » Dexq_\hc|l_abk khklhbl \Ihf ql
gufh ' ghjzkihagZlv ZgZebabjmy ih~" _j \vyieZgZ
kzZz :jobl_dlmjzfh®_eb 1HR ihkmlb ij_~klZ\ey 1k
wlbo rZ[ehgh\ dhlhju_bamqgZxlky Z\IhfZlbq_kdb
bkihevah\zgb_ff_Ih*Z gZau\lZ_fh]lh ~j_\h\b~ghc k
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aZgh gZ jbkmgdh]~Z fh™ _ev hp_gb\Z | gZklbgguc
dh”*bjh\Zgb_ gZ mjh\g_aZijhkZijhoh”?blq_j _ag_kc
kehz\ jzaf_jdzZ ~“h]h ba dhlhjuo mf_gvrZ_|ky <uo



Iv_]h iheghk\yagh]h kehy dhf[bgbjm Iky k \ _dlhjgt
dZ "h]h maezZ ~_j \ZieZgZ h”bgZdh\uc \_dlhj dh
dh \k_f maezZf >Zgguc ih”oh” ba\_klguc dZd "ijh
iebdZpbyihalhey | h[t_"bgylv ijbagZdb nbdkbjh\z
dh”bjh\dZ aZijhkZ kijbagzZzdzZfbi_j f _gghc jZaf_
ileZgZ H[h]Zs _ggu_\ _dlhjumaeh\azl fh[jZ[Zlu\.
"h\Zl _evghklv keh_\ *] \h\b”ghc k\_jldb khojZgy:
kljmdImjm *"Zgguo gZ \uoh”_ I|Ihke_wlh]hijbf_gy_
fbg_kdh]h h[t_~bg_gby k]JeZ b\ZxsZy ~j_\h\b”~gmx
\_dlhj G_kdhevdh “hihegbl _evguo iheghk\yaguo
"ey ij_h[jZah\Zgby wlh]h \_dlhjZ \ h~gh agZq_gb_
g_klI\_ijh]lJghaz fh~_eb *ey \\ _"*zggh]lhieZgZz
>j_\h\b~gu_ k\zjldb

K\zjlhgqgu g _cjhggu_k IbijbgbfZxl\oh”~gu_| gah
ghc kljmdImjhc 1Zdhc dZd \_dlhj beb bah[jZ _gb_
\u_ hibkZgby ieZgh\ \uiheg_gby kljmdImjbjh\Zgu «
gZijbf_j gZ jbkmgdZdbf h[jZahf ~j_\h\b”*gu_ k\z]
ZNZilZpby ljZz*"bpbhgghc k\zjldb bah[jZ  _gbc "ey "
ghc kljmdImjhc

>j \h\b~gu_k\zjldb y\ey |ky kIl _kI\ _ggufih”~oh”hf
ghij _h[jZah\Zgbx k\zjldb *"ey bah[jZ  _gbc k\zjldZ
I gZ[hj h[sbo nbevljh\ih dZ ~hc qZklb »_j_ \Z ieZ
ihgylgh qglh wlb nbevljufh]ml ho\Zlu\Zlvrbjhdbc ki
highr_gbcf_""m jh”rbl_evkdbfb \_jrbgZfb b bo ihlh
f j nbevljufhlmlbkdZlvo_ r kh_~bg _gbyih\ _jo kh
_fbebh[t_ "bg _gb_~\mohlghr_gbcijbgZebqgbb hij_
dZlZ <uoh” wlbonbevljh\ h[_ki_qb\Z_| kb]JgZeu b
gufb kehyfbg cjhk _Ib \uoh”gu_"Zggu_nbevljZfh
hi\_ITkI\mxsb_nZdlhju 1Zdb_dZd khjlbjh\dZ *hqg_jc
jZIlhjZzkh_"~bg_gby ij_"ihezZ]Zy h[t_~bg_gb_kebyg
" lhp_gblv [m~_lebijZ\hklhjhgg__ hlghr_gb_kh_
dmx dZj*bgZevghklv ij _"~ihezZ]Zy qlhbg” _dkfh |
DZ ~“uc ma_e ™ j \Z iezgZ bf__ I jh\gh "\Z ~hq_jg
nbevlj kh”_j bl ljb\_kh\uoe) edéhjRbevljijbf_gy_Ilk



dZ "hfmehdZevghfm mqZkldnmpla \]kMd maea\_dl
x; bx, dhlhju_azf gyRlkeygebklv_\ kha”zZ\Zygh\uc
e X,

"= ((p3 xp+t @3 X+ & 3 X)

A" kWA2 g _ebg _cgh_ij_h[jZah\Zgb_ gZi3b% kidBH/
eyjgh_ijhba\_"xjgb\uah” nbevljZ DZ ~uc nbevlj Z]
I "Zggu_baehdZevgh]l]h hdjm  _gby maezZz *_j \Z

Ah\ZI_evgh h[jZ[ZIlu\Z _1\k_ maeu ™ _j \ZieZgZ \ui
I _gb\Z | ]hijbf _gbfhklvdiezgZfex[hc\ _ebgbgu
[hjZ nbevljh\d”~_j_ \mljZgknhjfbjm_I _Jh \ gh\h_*
ghc kljmdImjhc ghkmaezZfb ij_"klZ\e_ggufb\_dlh
bghc jZaf_jghklb GZ ijZdlbd_ bkihevam _Iky fgh _
nbevljh\

Ihkdhevdm j _amevlZlhf k\zjldb~ j \Zy\ley |ky *jm
dh keh_\nbevljh\k\zjldb”_j \Zfh]lml[ulv©gZeh _
| _j\uc kehc nbevljh\ k\zjldb *_j \Z[m”_1 bf_Iv ~hKkl
ghfm” j \mieZgZ\uiheg _gby | _ dZ “ucnbevlj]|r
th dZ " "hfm jh*bl_evkdhfm e _\hfm ~hqg_jg_fm ijZ\h
m]hevgbdm jZkrbj _ggh]h ~_j \Z Dhebqg_kl\h bgn
fZ_fh_dhgdj_lgufnbevljhf gZau\Z_|lky | _p_ilb\gu:
<lhjhc kehc nbevljh\ [m”~ _lijbf_gylvky d\uoh”?guf”
b 1Zdbf h[jZzahf dZ ~uc nbevlj wlh]h \lhjh]lh kehy
nhjfZpbx ihemq_ggmmx\hbkodaeghf jZkrbj gghf ™ _j_
g_jgbowe_ fngllhhg_jgbo *ey "Imq 1l Zglthd h[jZahf dZ
kehc k\zjldb ~_j \Z bf__ I [hevr__j_p_ilb\gh_ihe_
s ]h <j_amevlZl_ i _j\uckehck\zjldb” j \Zbamqg:
db gZijbf_j jZkihagzZ\Zgb_h[t_"bg_gby kebygb _f
kebygb f Ih]*Z dzZd ihke_"~gbc kehc k\_jldb ~ _j \
iIjbagZdb gZzZijbf_j jZkihagzZ\Zgb_e \hklhjhgg _cp
kebygb f

IlhbkdiezgZ kihfhsvx g _cjhk _1Ib

G _cjhk_Ivij_"kdZau\Z | klhbfhklv ieZgZ \uiheg _¢
NZzl kZf ieZg \uiheg _gby gZijyfmx Ilhwlhfm ~ey ¥k
g_h[oh~bfh h[t_"*bgblvg_cjhk_Ivkf_Ih*hfihbkdz



Bkihevamy hfmg_ggmx fh* _ev b \ghTiH$sbcualze jdyk |
bkd\ijhkljZzgkl\ _ieZgh\~*ey”*"Zggh]haZijhkzZ <g_d
ithbkd hljZz Z lijhp_kkihbkdZ bkihevam _ fucljZ”b
aZlhjzfb [Za "Zgguo ijbwlhfh[mqg_ggZy g_cjhk_Iv
nmgdpbb klhbfhklb H”gZdh \hlebgb_hlljZ*"bpbhcg
k Ivij "kdZau\l\Z | g_ klhbfhklvih”ieZzgZ Z fbgbf.
\j_fy\uiheg_gby ihegh]h nbgZevgh]h ieZgZ \de:
ihr"ieZg WIZjzZagbpzZihalhey |\uihegblvihbkdihi
gZbemqgr__ 2 qglhJu gZclbieZg \uiheg _gby k gbadh
fhklvx ITh kmlb wlh k\h”*blky d fgh]lhdjZlghfm bam:¢
gZbemqgr_cij_"iheZ]lZ _fhc klhbfhklvx *h1_o ihj iF
mkeh\b_ hklZgh\db
Ihbkd "ey aZgjklkZjIm _| k kha*Zgby imklhc PLQ dmc
ghcihg cjhk | \ufhp _gdZfklhbfhklbgZklbgguoie
\'dmgm ihf _sZ I|Iky gZklbgguc ieZg k g_hij_" ezgg
jh\Zgby \k_o hlighrR(gpc®aijbf_j R = {AB,C,D}
bgbpbZebaZpby aZz”®Zzlky dZd

Po = ) [U(A)], [U(B)], [U(C)], [U(D)]
GZdZ "“hcbl _jZpbbba\ jrbgudmqgbbaWw idKelkygil
Jhl_g_jbjmxlky _]hChitredP;) dZ ~uc hp_gb\Z_Iky ¢
k Ivx brh[Z\ey |lky\dmgm Ihlhfdb khhI\_ITklI\mxI|\
ju_fh]lml [ulv knhjfbjh\Zgu imlzf mlhgg_gbykd&lgb
hit_*"bg_gby "\mo _Jhih~™ _j \v_\hi_jZlhjhf kh_"b
Children(P;) imklh ~ey aZ\ _jrzggh]h ieZgZ Z bgZq_ ij
kimigu_ *_ckl\by \ *Zgghf khklhygbb 0'3 Ke_"mxs¢

ke “m_1| gh\uc gZb[he_ i _jki_dlb\guc ieZg ba dm
hi_jZpby ihbkdZ \uihe@QyORy J&d 21 _dmsbc jZaf_j d
gb

Ohly\uiheg_gb_fh ghaz\_jrblvijbh[gZjm  _gbbih
Jhjblfe Jdh fh*bnbpbjm _ Iky *eyijh"he  _gbyihbkd
jbZglh\ ~h bkl _q _gby az”~Zggh]h\j f gb <wlhc\_
gZb[he__ i _jki_dlb\gu_we_ f _glubadmqgb ~h ~hkl|
hl]jZgbg _gby ihke q _]h \ha\jZsZ | hilbfZevguc h



gucieZg Wlhiha\hey lihevah\Zl _ex mijZ\eylv [Z¢
| evghklvxieZgbjh\Zgbyb\j f g fl\uiheg _gby aZi
guo aZijhkh\ fhlml mklZgzZ\eb\ZIvky bg*"b\b"mZevg
lu kh]JeZzkgh lj_[h\Zgbyf Ijb kjZ[Zlu\Zgbb IlZcf_jz "
ihegh]l]hieZgZ 1HR i_j dexqgZ _ |ky \wdklj ggucj_
lul\Z T gZb[he__i_jki_dlb\gu_ihlhfdb ihke "~g_]h:
ith*ieZgZ "hihemq_gby aZ\_jrzggh]lhiezZgZz

J ZebaZpbyijh\_*zgguo bkke_ ~h\Zgbc

<dZq_kI\_gZ[hjZzaZzZijhkh\ bkatze yraldl[Zeab kvZgguo ,0"
-RLQ 2UGHU YHQFK®@®DWNh gZ%hj3Zd gZau\Z_fuo "aZijhl
fbjz" LZdb_gZ[hju p_gylky [hevr_ qg_fgZ[hju kbgl_Ibg
dzZzd klvfg _gb_ qglhj _amevliZlu ihemq _ggu_gZ kbgl _ Ik

agZqgbfh hlebgzZlvky hlj amevlZlh\gZj Zevguo aZijhkZc
ljbf_jaZijhkZ
6(/(&7 0, W WLWOH6 PRYLHBWLWOH
)520NH\ZR WG N
PRYLHBLG@BRPL
PRYLHBNH\ZBWPO
WLWGHE W
:+(5(N NH\ZRUG( T VHTXHO ¢
$1'PL LQIRL Y% XOJDULDY
$1'W SURGXFWLRQB\HDU !
$1'W LG PL PRYLHBLG
$1'W LG PN PRYLHBLG

$1'" PN PRYLHBLG PL PRYLHBLG
$1'N LG PN NH\ZRUGBLG

Dhebqg_kl\hl1Z[ebp\aZijhkZo\Zjvbjmxlky hl ~h <
[hevr_ aZijhkh\

FZrbggh_h[mqg_gb_"ey hp_gdbdZj*bgZevgl
ljb kjz\g_gbb f_Ih h\ hp_gdb dZj*bgZevghklb kjZ\gt

| ey
Lhgqghklvihemqg _gguo hp_ghd = kjZ\gb\Zebkv ij_*
agZq_gbyknZdlbg_kdbfbagZq_gbyfbdZj*bgZevgl


https://github.com/gregrahn/join-order-benchmark

g _gby*hklmiguihke \uiheg gbyieZgZ £ wlhjZaf_
j_amevlZlh\ ithemqgzZ_ fu_ Z\lIhfZlbg_kdb [_a ~hihe
gbc
<j_fy\uiheg_gbyaZijhkh\ba-2% ,0'%ihieZgZf ihl
kbg_kdbfhilbfbaZlhjhfk bkihevah\Zgb_ f_ Jh kh[kI\
"bgZevghklb b ihieZgZf deZkkbq_kdh]h hilbfbaz
Ijb bkihevah\Zgb_fhp_ghddzZj*bgZevghklb ij_"kc
| j\ucihdzZzaZzZl_ev +kihkh[hp_gblvdzZqg_klI\hfh?_eb\
<lhjhc "_ ~Zzl\hafh ' ghklv ihgylv ihfh]zZxl eb [he__ lhqg
gZevghklbihkljhblv[he__ [uklju_ieZgu b _keb "Z Ih g
thegy lky\u[jZgguc gZ[hjaZijhkh\

1$58 1HXUDO 5HODWLRQ 8QGHUVWDQGLQJ b 1HX
&DUGLQDOLW)\ (VWLPDWLRQ

Ilh*oh” 1DU& Pjbf_gbflhevdh ey hp_gdb dZj*bgZevg
gZ h*ghfhlghr_gbb qg_]J]hg_"~hklZlhggh ey j_r_gby azZ”":
oh” [ue\u[jZg "ey ijh\_jdb wnn_dlb\ghklb f_Ih*Z H[mqg_
"ebehkv qZkh\ qlh kebrdhf *he]h *"ey \g_"j gby f |Ih~Z
j_ameviZlu [ueb iheh bl_evgufb b khhI\_IlklI\h\Zeb j_am
Z\lhjZfb hjb]l]bgZevghc klZlvb

Ilh*"oh” 1IHXUR&DJZG@VWW\Z | dhgp_ipbx@ $518[2\eyy \ha
ghklv hp_gdb dZj*bgZevghklb ijhf_ "mlhqguo j_amevlZl
h[mq _gby "Zgghc fh _eb dZd b ij _"~ihezZ]Zehkv ij_\urZ
aZl _ev 1$58 Fh” _evh[mqgZ I|ky[_amqgbl_ey ZgZebabjn
[Za_ "Zgguo |jb g _agZqbl _evguo baf g gbyo *"Zgguo h¢
ghklv h~rgzZdh ey ij_~hklZ\e _gby ]ZjZglbc \j fy h[mqg _g
kiI\ _gghf _gvr_Kkj g _Jhi_jbhrZ agZqgbfuo baf_g _gbc *"Z¢
kI\_ggu_hp_gdbkhagZl _evghhims _guba aZhlkmlkl\by
guo h”rgZdh hg_\b”gh glhh[mg_gb_ aZgbfZxs__[he__ ¢
f j gZkh\7?ey[Zau ,0'% kms_kI\_ggh mklmiZxs_cih fZ
dhjihjZlb\guf kbkl_fzf ij_"~klzZ\ey_ | kh[hcg_ijZdlbggh_

Mgblu\Zy "Zgguc hiul [uehj r ghbamgblvih®oh”u
gu_ \RSHQ VRXUFH KM;> < dzZq_kI\_ijbf_jZ jzkkfZljb
2SWLPLJHU #&2mki_rghj Zebah\Zgguc\3RVWJUHG4/



SRVWJUHG64/$42 $GDSWLYH 4XHU\2SWLPL]JHU

</"hiheg_gb_d-2% ,0'% jZajZ[hl@tdki®e2ah\Zeb kb
g _kdbc gZ[hjazZijhkh\ 73& '6 < wdki_jbf glZo azZijhku o
ith\j f gb\uiheg _gby mkdhj_gb_J[ukljuo aZijhkh\ hdZa
lh]*"Z dZd "ey f_~e_gguo m”*Zehkv *hklbgv *\mdjZlgh]h m
ijh\h"behkv \ 3RVWJUHG64/ kh klZg~Zjlguf ieZgbjh\sbdrf
o r kh "bg gbybkh “bg gby\eh  ggufbpbdeZfb
< gZklhys f bkke ~h\Zgbb ijbf _gyeZkv dhehghqgZy
kh\ufizZjZee ebafhf < ih”"h[guo kbkl_fZo kh_"bg_gby \e€
hldexq_gu ih ijZzdlbg_kdbfijbgbgzf jl4b1Zdhc dhgnb]mj
$42 g _\g_kbaf_g _gbc\ieZgu -2% ,0'% qlhihjh*beh ]bi
kh[ gebrvazf gylv©og hilbfZevgu 21HVW/RRS gZ +DV
jZ[hl_g_\ _jbnbpbjh\ZeZkyv
=em[hdh_h[mqg_gb_7ey ZiijhdkbfZpbb nmgdpbb
JZaebqby\ Zjobl _dimj_ p_gljZebah\Zgguo KM ;> b fZ
dhehghgguo KM;>g_h[oh*bfh mgblu\Zlvijb fh*bnbdZpbt
lh~h\ ZiijhdkbfZpbb nmgdpbb klhbfhklb GZijbf_j \f_klIF
"h\ ql_gby |Z[ebp bkihevam_fuo \ p_gljZebah\Zgguo KI
dhehghgghc KM;>bkihevam |kylhevdh f _Ih® >ey kh 7k
lhevdh f _ITh” +DVK-RLQ Ijb wlhf h[uggh_ "~ _j \h ieZg\ f.
KM;> “hihegy |ky IZd _ hi_jZlhjzfb hl\_gZxsbfb azZ j_r
Ij_ "~ ezgghklb bkihevam_ fuo\aZijhk_I1Z[ebpxzf Ih*u %L
Bkihevah\zZlvij_"eh’  _ggu_\klZlvyo \ayluo azZ hkgh\m |
dZd klvg_ ihemqgblky <dzZq kI\_j r gby~Zgghcijh[e _
"mxsb_ fh”bnbdZpbb
GZ[hj ~“hklmiguo hi_jZlhjh\ kh_"bg _gby [ue a.
>+DVK-RLQ 1HVW/RRS@ \ "Zgghc jZ[hl_ bkihev
Ijbgzf qlhJu ithemqgblv ijbagZdh\u_ hibkZgby hg [
hi_jZlhjzZfbi_j_ jZkij_~ e _gby~ZgguodZdihdZaZg

LZd dzd \f_klh g_kdhevdbo kihkh[h\ gl _gby |Z[ebp
I_glhevdh h*bg khhl\_lkl\mxsbfh[jZahfbaf _gbeZ
Hrghc ba keh ghkl _cl1Zdbo ih”oh”h\ y\ey Iky k[hj h]

Lj [h\Zgby d g fm dZd b \k_]*Z ij_"ty\eyxlky klzZg"Zjl



HashJoin
+
Redistribute Left

Jbkmghd 2LjZzgknhjfZpbyieZzgZ\uiheg_gby aZijhk
ijbagZdh\uo hibkZgbc

gbklhlZ ~hklZlhgqguc jZaf_j >Zggufb \ jZkkfhlj _gghc aZ
>ieZg \_ebgbgZz oZzZjzdl_jbamxsZy klhbfhklvieZgZ@ ?
kI\_\_ebgbgu o0zZjzZdl_jbamxs_c klhbfhklv gZijbf_j \j_
gZ lh ey k[hjZ h[mgZxs_c\u[hjdbijb”zlky \uihegylv aZi
aZijhkz lj_[m_I1\j_f_gb Zkmqzlhfg_h[oh”bfhklb kh[jZI
"Zgguo £ \j _f_gblj_[m_lky g_ijb_fe_fh fghlh :evl_jgZlIt
th*oh” g _|j [mxsbc\uiheg _gbyaZijhkh\ LjZ*"bpbhgguc
ey | hp_gdb klhbfhkl_c aZ “"heb k_dmg”u \g_ aZ\bkbfhl
ohly hp_gdb klhbfhklb g_ iha\heylij \ahclbljZ*"bpbhggu
gh kh[jZlv *hklZlhqgh [hevirmx b jZaghh[jZagmXx h[mgZx
[he__dhjhldh_\j_fybgzZmqgblv fh?_evjZ[hlZIvg_om _ ¢
IbfbazZlhj LZddZdg_cjhk_Iv\iuklmiZ_I\jheb\u”®_ebl_ey
\umqgblv hkgh\gu_ azZ\bkbfhklb b balZdbo *Zgguo Ihke_
Ij_"klZ\ey | kh[hc ebg_cgmx | _]j_kkbx hlh[jZ ZxsmXx ijt
kilhbfhklv H[ugqgh *"hklZlhggh *hh[mqgblv gZ [he__ dZq_l



dhihke ~gbc kehc LZdbfh[jZahfm”*"Zzlky h[mqgblv fh” e
ba jZah[jZgguo klIZ]l _c¢c bkihevamxl \ dZqg_klI\_\ _ebgbg ¢
Ibg_kdmx klhbfhklviezgzZz \j fy\uiheg _gby ljZdlbqg_kdF
gb\uiheg _gby azZijhkZ g \hafh 'ghba aZ\ebygby\g rgb«
IjbjZaghcl _dms _caZ]jmad_ kbkl fu”~ebl _evghklvbkihei
gZfh I kms_kI\_ggh\Zjvbjh\ZIvky >eyj r_gby wlhcijh
bkke ~h\Zgbbij ~eh”  _ghbkihevah\zZlv\f_klh\j f gbnZz
leZgZ ?agZq_gb_ jZkkgblu\z_fh_klzZg”*Zjlghc nmgdpb_
lhjZz ghkih”klZgh\dhcj ZevguodZj®*bgZevghkl ¢ Zg
gh\ylky "hklmigu ihke \uiheg gbyieZgZ >Zgguc ih”oh
g _gb_hlt _dlb\gh]hihdZaZzl ey \] f gguo aZljzZl gZ \uihe
Zglgh]h d\g_rgbf mkeh\byf

‘41 'HHS 4 1THWZRUN ih”oh”

ljbagZdh\h_hibkZgb_ "~Zgguo ij_"klZ\e _gg® _ q§ KIAEk
\hey | kljhblv \ _I\bklu_ieZgu jbkWighth gh "hdzZaZlv ijl

join

/\
/\ N

join ‘; join join

han et

(a) NleBbIN-rny6okuni nnaH (6) BerBuCTbI¥ NNaH

Jbkmghd 2 1jbf_jue_\h]h Jem[hdh]h b\ _I\bklh]h

ijbf_jhf H~Agh bahkgh\guolj [h\ZgbcdijbagZdh\uf hibk:.
4 OHDUQLQJ+tjZagu_khklhygby VWDWH kbkl_fu”~he
\u_hibkzZgby <\ _dlhj_ijbagzZdh\'41 fh gh\u”~_eblvIjbg
jm_InbgZevgh_ khklhygb | jfbgZevgh_ dh]*Z\k _[|Z][el



dh” bjm_|1 _dms__ khklhygbh VWDWH +\k_I|Z[ebpu dhl
fhf gl ey i _j\h]l]hrzZ]Z £ h*gZ ba "\mo |Z[ebp i_j\h]h kh_
dh” bjm_|I ~ ckl\b_ DFWLRQ = IZ[ebpu dhlhju_ijbkh_~
bf xs cky p_ithqd_kh_~bg _gbc aZdh”bjh\Zgguo \ij_"u
gZ hkgh\_wlh]h\ _dlhjZij_~kdZau\Z | fbgbfZevgmx hklz
_klv klhbfhklv 1l dms_]Jh * ckl\by iexk kmffm klhbfhkl _ c
N _ckl\bcijb mkeh\bb glh hgb [mA*ml hilbfZevgu >himklIbf
ebpu b mkeh\by kh_"bg _gby IZdh\u qlhieZg \uiheg_gb
\_ I\bkluf gzZijbf_j I(2dbB)# (C'#D) LZdhcieZg ih”?jZamf
glh\ijhp_kk__Jhihkljh_gby \dzZdhc Ih fhf_gl\j_f _gb|_
VWDWH [ueh gZebqgqb_ h~ghciZjukh _"bgzg@ubBY|[&kZp
wlhfrz] "~ ckl\b_f DFWLRQ h[yaZl _evgh[ueh kh_ _"~bg_
(C#D) LZddzdfh™ _evij_~kdZaulZ | klhbfhklvihke ~mx
gZy kl _dms_]h hgZ ~“he gZ agZ\Bqgih | A{le bblug gu LZd"
balZ[ebp kh_~bgy fuogZl|l dms frZ]_ "“he gZ [ulv aZ«
\_dlhj_ lThemqgZ_ |ky qglh\kj _~g_f\ _dlhj_gZwlhfrz]_[m
|Z[ebpWAiB b eb[@® eb[d +\ aZ\bkbfhklb hllh]h dzZdzZy |Z
_"bg_gbyy[m”~_lke \Z ZdzdZy kijz\Z Ghwlhl\_dlhj[m
khklhygby \dhlhjhfAZBedCplned m _ kh_"bg_gu qgqlh g_"hi
LZdbf h[jZahf ij_"eh” _gguc \ klZlv_ '41 kihkh[ dh”bjh\Z
N ckl\bc VWDWHDODDFWLRQ iha\hey | kljhblvIihevdh e_
A j_\vy h[jZzam _|ih kmlb hiI® _evguc deZkk »_j \v_\ Kjz\
ieZgh\ k\_I\bklufbieZgZfb\ qZklb wnn_dlb\ghklb "h kboa
\h"behkv Klhev y\gh_h]jZgbg_gb_f |h*Z '"41 \uau\Z |
eb \hh[s_e \uc Jem[hdbc ieZg [ulvemqgr_\ _ I\bklh]h" Fl
Z[khexlgh]h [hevrbgklI\Z aZijhkh\ e_\uc ]Jem[hdbc ieZg
n _dlib\g__ km[hilbfZevgh]h \ _I\bklh]hiezZzgZ ihkljh_ggh
IbfbazZlhjhf" Qlh[uijb[ebablvky dhl\_|ZfgZwlb\hijhku \
[hlu [ue ijh\_~zg wdki_jbf_gl “ey aZijhkh\ ,0'% -2% k fZ
l|Z[ebp bf g  [ueijhba\_~zgiheguci_j [hjieZgh\ >
kZ hij_~ _eyeky dZd emqrbcieZg hilbfZevguc 1Zd b em
ieZg J_amevlZlu kjz\gb\Zebkv f_""m kh[hc ZI1zZd _kie
ljZ"bpbhgguf hilbfbazZlhjhf Wdki_jbf_glihdZaZe ke_"m

&j _"b hilbfZevguoieZgh\g I gb h”gh]J]he \h]h Jem



<80 aZijhkh\ emqgrbc e \uc Jem[hdbc ieZg ijhb]ju\
kljh _gghfm ljZ*"bpbhgguf hilbfbaZlhjhf
K h*ghc klhjhgu wlb "\Z nzZdIlZ klZ\yl ih® khfg_gb_p_e_
ah\Zgby f Ih"Z'41 k”~jm]hc klhjhgu £ wdki_jbf_glijh\h~
Ijhkh\ k fZeuf dhebq_klI\hflZ[ebp LZdb_aZijhku ohjhrh
ljZ*"bpbhgguf hilbfbazZlhjhf <[hevrbo _aZijhkZo hrb[dk
eb\Zxlky k jhklhf]Jem[bgu”™ _ j \Z qglhijb\h*bldiezZgzf "Z
guo G _kfhljygzZj ameviZluwdki_jbf _glz jZ[hlZ kf_Ih~"|
gz
Fh~r _evij_"~klzZz\ey | kh[hc *\mokehcguci_jp_iljhg i
jhggmx k_Iv ijbgbfZxsbc gZ \oh® |l _dmsbc aZijhk b qZk
ith*"ieZzg H[mqg _gb_fh”® _eb gZijZ\e_gh gZijh]jghabjh\Zghb
hp_gb\Z_1| g_ flgh\_ggmx klhbfhklv Z “he]lhkjhggu_ ihl
dhgdj _Igh]h kh_“"bg _gby \ih?*ieZg Ke_ _"~h\Zl _evgh a”_ Kk
pby hlhf dZd \u]ey”bl nbgZevgh_ khklhygb kbkl fu d:
IjbkmlklI\h\ZIv\ nbgZevghfieZg_  lThwlhfm bkihevam _[|k:
aZijhkz £ dh”*bjh\dZ \k _]Jh azZijhkzZ 1Zd °~_dZd b dh”bjh\«
Dhrbjh\dZ gZ mjh\g_aZijhkZ 4 dh”"bjm _I\k_Zljb[mIlu b |
kl ¢ Lh _klv~*reyazZz”rZgghcko fu[Zau " "BgoguhL kbhE[ebpidfk
ZIjb[mAy,...,A,, dh”*bjh\dZ gZ mjh\g_azijhkA;"em”Zl]lklen 2

m

XS_C
+t0 _kelbg_ mqgZkl\m_I|\aZijhk _
tij_"kdZaZggZy k_e_dlb\ghkv ZkdgdmbZ _| ij_"bdZ
nbevlj
+1 _kelbmqgzZkl\m_Il\aZijhkA; gazieyk_g_lij_"bdZIlZ

GZijbf_j ey ko _fu[Zau”"*Zgguo
+(PS LG QDPH UDOQN
+ 3RV UDQN WLWOH FRGH
+6DO FRGH DPRXQW
bazZijhkZz

6(/(&7

)520 (PS 3RV

:+(5( (PS UDQN 3RV UDQN
$1' (PS LG !



dh”Abjh\dhc gZ mjh\g_ aZijhkZ40@n4_t\1dilhjg 0 O] ]*0.2
k_e_dlb\ghklv ijEMpddZd 200

Ihfbfh dh”*bjh\db gZ mjh\g_aZijhkZ a”_kv Ilj_[m_Ilky c
kh_~"bg_gby DFWLRQ Dh”bjh\dZkh_"bg_gby khklhblb
\Z /[ ijZ\h]hih”™_j \Z \k_]*"Zebkl 5 bkihkh[Zkh_"bg_
\hdh*"bjml by*rey dZ ~"h]h Zljb[mIlZ \ ko _f_ [Zau ~"Zgguo \ ¢
lhlh hlghkblkyebhgdlZ[ebp_ y\leyxs_ckyqgZklvxwlh]hi
azZijhk

6(/(&7
)520 (PS 3RV 6DO
+(5( (PS UDQN 3RV UDQN
$1' 3RV FRGH 6DO FRGH
$1' (PS LG !

bij "iheh bf glhgz!l_dms_frz]_ihkljh_gbBnig BRE hZ[eb
kh_Abg _gu Z~ _ckl\b_fyley Iky ijbkh_~bg Spb_jlikgrbghi

..............

HashdJoin
| + .
: Redistribute !

i right child
T J=[0100] T
HashJoin P
+
Broadcast
right child
[11100000] [00011100]
L=[11111100] R=[00000011]

Jbkmghd 2 jbf_jkharzgby\_dlhjgh]lhij_~klZ\e gb
khklhygby b~ ckl\by



<wlhfkemqgZ_ dh”bjh\dZfb4 /b5 [m ml\ _dlhjZ
+Q=[021111111]
+tL=[1 111110 Q0]
+tR=[0 00000 11]
lheghc dh”*bjh\dhc azZijhkZ bl _dms_]Jhkh_~bg_gby[m~_I
4 | 5b\ _dlhjZz dh*bjmxs_]h Ibi kh_"bg_gby - LZd dzZd
ithevah\Zeky lhevdh h*bg kihkh[ kh_"bg_gby + +DVK-RLC
hi_ jZlhjui_j_jZkij_"~ e _gby "Zgguo \ _dlhj dh”bjmxsbc
th kmlb dh”bjh\Ze kihkh[i_j_jZkij_~_ e _gby ~"Zgguo \ *h
-fh] bf _Ivke “mxsb_\b”u
+tJ =0 0 0 0] _kebi_j_ jZkij_.~ e _gb_"~Zgguo “hq_
[j _[m_Iky
+tJ=[1 0 0 0 _keb”eye_ \h]h*hg_jg _]J]h maeZ ijbf_g
SHGLVWULEXWH
+J=[01 00 _keb?eyijz\h]h*hg_jg ]J]h maeZijbf_g
5HGLVWULEXWH
+tJ =1 1 0 0] _keb ey "\mo “hg_jgbo maeh\ijbf_ g\
S5HGLVWULEXWH
+J=[0 01 0] _keb ey e \h]h*hg_jg ]J]h maeZ ijbf g
%YURDGFDVW
+J=[0 0 01 _keb*eyijZ\h]h*hqgq_jg_]J]hmaeZijbf_g
%YURDGFDVW
jobl_dimjz g _cjhk_Ibij_"klZ\e_gZ dg.jhkimygd_j\uc

kehcg _cjhk_Ib kh_"bgyxsbcky khkdjuluhkedhl|hpw \ kn\de
hg j "vkh_ _"“bg guk\uoh®Ogdtakejyghfklb <dZqg_kI\_ nmc¢
Ib\Zpbb bkihevah\ZeZkv dmkhqggh ihklhy{mglZ y}ndhg'dp mx E
dZj*bgZevghklb bl dmsbcih?®ieZg Z kdjuluc kehc dhf[b
\uoh”ysmx bai_j\h]lh kehy qlh[ukha”Zlvijhf_"mlhggu_\
sb \k [yjZaebggu_\a\ _r _ggu_dhf[bgZpbb ZIjb[mIh\ G
|1ZdZy Zjobl _dimjzfth I fh” _ebjh\Zlvkeh gu_ \aZbfhk\ye

<f_klh bkihevah\zZgby klZzg~Zjlgh]h ih*oh”Z h[mq_g|
ijbf _gy |ky 4 OHDUQLQJ h”bg ba ih”oh”h\ h[mqg_gby k
lj_gbjm _| fh* _ev Ziijhdkbfbjh\ZIlv 4 nmgdpbx £ nmgdpb?>
I kmffZjgmx klhbfhklv ke_~"mxsbo *_ckl\bc ih ljzf\_szZf
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Jbkmghd 2:jobl_dImjZzg_cjhk_Ib bkihevah\zZ\rZyky
wdki_jbf_glZo kih*oh~hf'41

kz \_dlhj4 ih”~iezg ihkljh_ggucgZl_dmsbc fhf_gl \_
Ij_"NijbgbfZz_fh_gZ 1l _dms_frz]_ \_dlhjZz5b- <ijhp_Kkk
gZ k bkihevah\Zgb _f4 nmgdpbb fh 'ghihemqgblv hp_gdn
\k_oihke "mxsbokh_~bg gbc”eydZ "h]h~"hklmigh]h gZ
\u[jZIv kZfh_ "~ _rz\h_bijhrhe ZIv ™ _ckl\h\Zlv "Z”*gh ihdz
kljh_giheghklvx DZ ~uclj_gbjh\hgguc wda_dtateygctioml h d
cosf(action) state® ]~ _

tstate £ ]jZnl_dms_]Jh khklhygby \ _dlhjZ 4 b/

taction x ijbkh_"bg _gb_ gh\hclZ[ebpudbf xs fmkyih

5b -

+ cost(action) + kKlhbfhklv wlh]hijbkh_~bg_gby

tstate"+ gh\h_khklhygb ihke \uiheg gbuwctignkh "bg



G cjhk _Ivxwlhizjzf ljbah\ZggZy fh® _ev ey ZiijhdkbfZz
agZqbf fhQ, e (fstae, faction) / Q(state, action) ] fsae £ Wlih \_dlhj
dh”bjmxsbc khklhfygdh =+ @lh \_dlhj dh”"bjmxsbcH+tdk|j
f ljufh” _eb dhlhju_bgbpbZebabjmxlky f Il@hfBOZdZbg}
dhjl_"Zbah[mgZxs _c\u[hjdbfh 'gh\ugbkeblvp e \h_ aq

y; = cost(action) + I?LQ! (state”, action’)
action-

]Mactiontijh[ _]Z I\k_\hafh gu_ \ kstatdtrygdkd\by jbkmghd

! BoamoxcHble Ha
cnepyiollem ware
nencTemA

Jbkmghd 2 jbf_jhij ~ e _gbyl jfbgh\ VWDWH DFWI
A j \_ ihriezg._

{vi} fhiml [ulv bkihevah\Zgu dZd p_e \u_ agZq_gby \
?keb [@[ueZ bklbgghc 4 nmgdpb_c \uihegyehkv [u ke _~r

Q(state, action) = cost(action) + I?LIQ:! (state”, action’)
action-



Nmgdpby hrb[db\ugbkey Ikyihnhjfme _

_ 1!N) _ o
L(Q)= N yi ! Q (state, action)
i=1
1ZjZf _ljufh~r"QebzZiijhdkbfbjmxs_c¢c4 nmgdpbx fhlml[ulvt
\Zgu kihfhsvx]jZ”"b_glguo f @h”"h\ >
QlhJu ih\ukblv klZ[bevghklIv Ilj _gbjh\hggh]h ijhp_kkZ
_]h kdhjhklv bkihevah\Zebkv *\_g_cjhk_Ib 1_j\Zy g_c
Ij_"kdZauyglvy\eyxsb_ky kmffhc klhbfhklbl_dms_]h~_cl
fobgbfZevghc kmffZjghc klhbfhklb \k_oihke ~“mxsbo " _c
"eyihkljh _gbyihegh]hiezZzgzZz <lhjh_ keZzZ]Z fh_fh ghihe
aZgby\lhjhc g cjhk IbgZ khhl\ _lkl\mxsbo\oh®guo *"Zgg
\'Thqghklb ih\lhjy | Zjobl_dImjm i_j\hc b hlebgqZ_Ilky ebr
f_ ljuazZfhjh ' _gubh[gh\leyxlkykbzyhXah\kj_ "~klI\hfdhibjh\.
gh\uo\_kh\i _j\hcg_cjhk_Ib\h\lhjmx H[hagZgbf \hjmx
1*"$ hagZqzZ_ | gqlh\_kzZ fh~r_eb g KhfghiieykZk¥f |j dhlhj
klhblih~[bjZlv bkoh”y baih\_~ gbylj _gbjh\hqgh]hijhp_
ImZpbb <7*Zgghc jZ[hl_\lhjZy g_cjhk_Iv h[gh\leyeZ \_kZ
Ilhke _h[mqg_gby gZ hp_gdZo klhbfhkl_c fh*_ev “hh
kdboagZq gbyo klhbfhkl ¢ >eywlh]hi_j\uc kehc aZfhjz
\_ kZlhevdh\lhjh]h kehy
< bkoh”ghc dhgnb]mjZpbb g _cjhk _Iv hdZaZeZkv g_k
>eyj_r_gbyijh[e_ fu[uebij_"eh” _guljbfh"bnbdZpbb
>h[Z\e_gb_/D\HU 1IRURDOL]DWLRQ >
<oh”ghc \ _dlhj "Zgguo “hihegy |ky gbkehf jZ\gu
h[sbf dhebqg_klI\hf [Z[ebp \ aZijhk_b |l _dmsbf dhet
\'ih*ieZzg_ Ohly bkoh”guc \oh”*ghc \_dlhj kh™_j bl
"ey hij_~_e_gby hklzZ\rboky rzZ]h\ihkljh_gbyieZgZ
e gb_ wlh]hagZq _gby kms_kI\_ggh mijhsZ | az"z
jhk_1Ib
'RXEOH 4 /HD@QGLQJI*h fbgbfmfZih\k_f\hafh guf
yf\ mjzZz\g_gbb a”_ kv kihfhsvx i _j\hc g_cjhk_Ib F
s ckygzZzdz ~hfrz]_ \ul[bjzZ_lky kZfh_" _rz\h_ " _c
thfhsvx \lhjhcg_cjhk_Ib h[gh\leyXsrZkiy\jZadqbkey_



ky hp_gdZ 4 nmgdpbb *"ey wlh]hdhgdj_Igh]h *_ ckl\

Q (state, action) = cost(action) + I?LQ; - (state’, action”)
action-

\"RXEOH 4 /HDUQLQJ bkiheam_ |ky nhjfmeZ

Q (state, action) = cost(action) + @, (state”, acion' @ (State”, action™)

Ihke \g _k _gbyljzo mdZaZgguo fh*bnbdZpbcijhp Kk
"blvky HArgZdhgZbemqrbcj _ameviZl?*eygZ[hjZaZijhkh)
"bpbhgghfm hilbfbazZlhjm kh\hdmigh_\j _fy\uiheg_gby ¢
43 [hevr_ [Z[ebpH~gbfbanZdlhjh\ h[tykgyxsbo wlhl_ a
[ulv h]jZgbg _gbygZ kljmdIimjmieZgh\ nhjfbjm_fuo *"Zgg

<j_fy\uiheg_gby azZijhkh\
leZgu leZgu
deZkkbg_kdh]h hilbfbaphhjZgghlh hilbfbazlhjz
<_jkby ba
hjblbgZevghc klZlvb qZkZ qZkh\
<_jkbyk
jy~hffhAbnbdZpbc qZkzZ

LZ[ebpZ 2J amevlZlukjzZ\g_gby ih*oh”"Z '41 kdeZkkbq_
hilbfbazZlhjhfaZijhkh\

1(2 1HXUDO 2SWLPL]JHU ih”oh”

< hlebgb_ hlih*oh”Z "41 f_Ih™” 1HR kihkh[_g nhjfbjl
leZgu\uiheg_gbyaZijhkh\ <~Zgghfih”oh”_g_ bkadtiervanm
\f_klh wlh]h Ze]lhjblfjZ[hlZ_1 bkdexqbl _seteg b igdyy if
| gpbZedZ “h]hih”iezgZ g _aZ\bkbfh hldhgdj Iguo " _cl
Fh? _evij_ "kdZaulZ 1 g_hklZlhggmx klhbfhklv Z fbgbfZz
bfhklvihegh]hiezgZ dhlhjuc fh™ _|I [ulvihemq_g ba l_dr
jbkmgd_ij_~klZ\e_gZ\bamZebaZpby h*gh]lhrZ]Z Ze]lhjb
gbxieZgZ\uiheg gbyazZijhkzZz < dlhjgu_ij_~klZ\e _gby

khhi\_ITklI\mxlhjb]l]bgZevghcjzZ[hl_kmqgzlhf\g_kzgguofh’
guo baf_g _gbyf ijbf _gzgguf\ih?oh”_ "'41



Bo3moxHble Ha 1] B

cnegywoulem ware

COCTOAHUA 1~ e @

st |

Jbkmghd 2 1jbf_jfgh  _kI\Z\hafh guo khklhygbc \ih

jobl_dImjzZ jZ[hg_]hijhHjlbkEgZevguc ih*oh”™ jbkinghd
eZ"Z | kms_klI\ _ggufb h]jZzgbg _gbyfb <h i _j\uo fh”" _ e\
ghlh h[t_fZ "hiulz"?ey “hklb" _gby ijb_fe_fh]h dZq_klI\Z
mklZgh\e_gh qglh g_h[oh*bfh g_f_g__ mgbdZevguo i
IjhkZ WIlh hagZgZ | g _h[oh”bfhklv\uiheg _gby khl g g _ |
j_Zevghc KM;> qlhijb\h*bl d~\mfijh[e_ fzZf g_ijb_fe_
f ggu_aZljZlub gj_af_jgZy gZ]jmadZ gZ jZ[hgmx [Za
thAlhlh\dzZ 5 \_dlhjh\Ilj_[m_lagZqgqbl_evguo\luqgbkebl_ev
GZ jbkmgd [ ij_"klZ\e_gZ fh*bnbpbjh\ZggZy Zjobl_
rZxsZy wlbijh[e fu Dexq_\u_baf g gby\dexqgZxl
+ AZf _gm j _Zevgh]h \uiheg _gbyieZgh\ gZ ijhp_~“mjn
flgh\ _ggh \ugbkey | hp_gdm klhbfhklb ieZgZ k bki
"NZjlghlh hp_gsbdzZz dzZj*bgZevghklb



t+ HlIdZa hl bkihevah\Zgby 5 \_dlhjh\
>7Z99Zy fh*bnbdZpby ihal\hey laZk_dmg”?uihemqgblv g_|I
jh\hgguo "Zgguo [_agZ]jmadb gZ jZ[hgmx KM ;>

esiquo dog)

1
3anpoc —:» BekTopu3auma
1

Hosbiii =
L] T 3
nonb3oBare/ibCKun | ° ' g‘ MNpepckasanve | 5
3anpoc 1 Bl ol °
@ o X S a
1 < = [+]
1 & 3 3 2
s © T —2 |3
1 2

MHaHaWudL)

(a) (6)

Jbkmghd 2
D >baZcg kbkl_fulHR \hjb]bgZe _
[ Fh*bnbpbjh\Zgguc "baZcg kbkl fulHR £ fh”bnbdZ|
[hjAh\uf p\ _Ihf

Bkihevah\Zgb_ Zjobl _dimju 7UDkdhRM&®H Uoh”*gu_ "~"Zgg
klZ\eyxl kh[hc gZ[h]j ™ _j \v_\ \ijhkl _cr_fkemqgZ_ ebkl\
g_gb_ h”gh gbkeh \hagbdZ | g_h[oh”*bfhklv Z]j_]1Zpbt
_"bgh_ij_"klZ\e _gb_ < hjb]bgZevghc Zjobl _dlmj_"ey
gZfbq_kdh_h[t_~bg_gb_ OD[3RROLQJbe® $XHWYDAHI
ghh]jZgbgq_ggucih®”oh” rbjhdh bkihevam_ fuc\dhfivxl_j
\h*ysbcdihl_j_bgnhjfZpbb
<A~Zgghcjz[hl_"eyj_r_gbywlhcijh[e_fuij_~eh _gh
oZgbaf 6HOI $SWWHQWLRQ ba Zjob@ ddimljlujidbt DugWwkrely P
roggmx kmffm\ _dlhjh\ ]J»_ \_kZ hij_ ~ eyxlky kZfbfb\ _ dl
tlha\hey | khojZgblv[hevr_ bgnhjfZpbbijb Z]j_]Zptk
+t Dhfi_gkbjm _IT hlkmlkl\b_ 5 \ _dlhjh\\fh*bnbpbjh\Zg
+t H[ _ki_gb\Z I[he__ [h]ZIh_ij_"~klZ\e _gb_"~Zgguo
Khhi\_TklI\mxsZy fh*bnbdZpby Zjobl_dImjuihdZaZgZ gZ |
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Jbkmghd 2 FhAbnbdZpby Zjobl _dimjug_cjhk_|I

1
0:5
0 0:5 1

Jbkmghd 2 AZ\bkbfhklvfZzdkbfZevghc \x ebgbgu

m]f_glZpby "ZggWwdkihevah\Z\r_cky KM;> _klv h*gZ hli
k[hjklZlbklbdih”*ZggufijbaZimkd_ KM;>h[eZ"Z |lwe f_
aZwlh]hk e dlb\ghklbij "bdZlh\ nemdImbjmx| hl azZimk
wlhf fhr _ev hq_gv gm\kl\bl _evgZ d wibf baf_g_gbyf QIl
| evghklvih® _ebblzZdbfh[jZahfih\ukblv zgzZ”"z ghklv
eh” gZ k\h_Jh jh*"Z Zm]f _glZpby *Zgguo ?z kmlv aZde X
nhjfbjh\Zgbb [ZlIqZ *"h[Z\eylvd k _e_dlb\ghklyfrmf FZkrl
agZq_gby k _e dlb\ghklb g _f[eb  k _e dlb\ghklv d I
rmf ijbqzf gZ hljJ0a0X 0[0.8,1] rmf g_ "h[Z\eyeky + k_e _dlIb'
wlbo hlj_adh\ bf_xl\Z'gh_agZqg_gb_ Hgb ihdZau\Zxl ¢
nbevljZlZ[ebpZ eb[h klZg lagZqgbfhf _gvr_eb[h zjZaf
ahddbkoh?*ghfm >h[Z\e _gb_rmfZ\IlZdbo kemqgZyo fh™ |



[0.2,08] fZdkbfZevguc jZaf jrmfZz h]ngbg{f@.Yn@@qo!bQ&)Z

+ iZjZ[hehc k fZdkbfmfh0.2h0\gbklb]Zxsbfky F§B.5 b \_I\y
fb i_j_k_dZxsbfb hkv Z[kpOkkbOBhgdkmghd LZdh_j_r_gd
k" eZeh h[mg_ggmx fh*_ev mklhcgb\hcd nemdImZpbyfl
j_aZimkd_ KM;>h”rgZblzZz _ fh® _evihdZaulZeZ k_[y h™*b

lhemq _gb_hp_ghdg_hij_ ~ ezgghklb QhMNdBEaxogbdh” nl
fbjh\Zgby h[mgZxs_c \u[hjdb h[eZ”"Z | kms_klI\ _ggufb ij
g_h[_ki_gb\Z lihegh]hihdjulby ijhkljZgklI\Z \hafh guo
Ibjm 1T hlkmlkI\by rmfZ\ h[mqgqZxsbo "Zgguo WIb h]jZgbq
d hrb[hqgufij_"kdZazZgbyfg_cjhgghc k_Ib qglh hkh[_ggh
jb\Z _fhcaz”"Zq_ >ey kgb _gbyjbkdh\ij "eZ]Z Iky jZkrtk
hp _gdm g _hij_ " ezgghklbij "kdZaZgby klhbfhklb gZjy”
_f Ih*ieZgu *ey dhlhjuo hp _gdZg_hij_~ ezgghklbij_\u
ihjhlh\uc mjh\_gv ~he gu Z\IhfzZlbg_kdb bkdexqgZIlvky b:
_kebboij_~kdzZaZggZy klhbfhklv\u]ey”~blijb\e_dZl_evg
ey |l dhfi_gkbjh\Zlv nmg~"Zf _glZevgu_h]jZgbq _gby f_Ih*
gZxsbo"Zgguo b fbgbfbabjh\Zlv\_ jhylghklv\u[hjZ km[h
\uiheg_gby aZijhkh\

G _hij_~ ezgghklv \ k\hx hg_j v ~ eblky gZ Ze_ ZI
fbg_kdmx@ Bo kmlvohjhrhijhbeexkljbjh\ZgZ gWilbkim gla

g _kdZy g _hij_ "~ ezgghklv hibku\Zz I'Ilh g _]h fh® _ev g_
guo “ey hfmg_gby g I\'g_dhlhjhc gZklb h[ezZklb hij_"_e
g_hij_~_ezgghklv hljz " Z 1 g_~hklZlhgghklv *Zgguo b ac
kbkl_f_ HgZ mf_gvrZ _Iky ih f_j_ m\_ebq_gby iheghlu F
gh khojzZzgy _|ky \ h[eZklyo k g_"hklZlhgqguf dhebq_klI\hf'l
< hlebgb_hlg z Ze Zlhjbg _kdZy g _hij_ "~ ezgghklv h[m
ghc klhoZklbgghklvx gZ[ex”Z fuo ijhp_kkh\ b g_ fh™ |t
ijb m\_ebqg_gbb h[tzfZ”*Zgguo <kemqZ_hrb[hd baf_j_ gl
ghklvgzZzaulZ_|ky Jhfhkd_~Zklbg_kdhc ~_fhgkljbjmy ihKk
Zlb\ghklb Dh]*Z g_hij_* _ezgghklv \Zjvbjm _Iky \ aZ\bkl
jZf_1jh\ hgZ deZkkbnbpbjm _Iky dZd ] | jhkd_~Zklbqg_Kk
kilbg_kdbc ih?*oh”ij_~hklZ\ey_ | f_oZgbaf ey bgl_]jZpbt
gZ[ex"Z_fufb ~rZggufbijbihkljh_gbb \u\h”*h\ ?]hijbgpbi
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Jbkmghd 2> fhgkljZpby jZaebgqguo \b”*h\g_hij_ " ez
ebg cghcj ]j_kkbb

ghklv azdexqZ |Iky \ jZzkkfhlj _gbb izjzf Ijh\ fh _eb dzZd
Ij_~ e gbc Zg_nbdkbjh\ZgguoagZg _gbc LZdhcih”oh?”
hp gdbg hij_ ~ ezgghklbqg_ |j aZgZebajZkij_~ e _gby\.
ibZevgh g \hafh gh\deZkkbq kdbo ™ | jfbgbjh\Zgguo f
+ lhemqg_gb_hp_ghdwibkl _fbg_kdhcg_hij_~ ezggh
:gkzZf[ebjh\Zgb_ij_"~klzZ\ey | kh[hc wnn_dlb\guc f_

gZ h[mg_gbb fgh™ _kI\Z fh”_e _c beb bo dhibc gZ jZs
kiI\Zo "Zgguo kihke “mxsbf h[t _*"bg _gb _fboij_ 7k
jZkij_~ e gb_ H~”gZdh ~Zgguc ih*oh” |j [m_| agZ«

| evguo j_kmjkh\ qlh ijb\_eh d jZajZ[hld_ Zevl _jg
bkihevah\Zgby G @R\SIZXYWk*\ [Zc_ _kh\kdhc Ziijhd]
kzfl[eyfh® e @ >URSRXW bagZqgZevghij_"eh  _gg
eyjbaZpbb kemqgZcguf h[jZahf h[gmey |\ kZ k _1b
gbx; jgmeeb\h\] fyh[mg_gby DZdihd@afgkj\hg§

k Ivk GURSRXW kehyfbi_j ~dzZ ~ufiheghk\yagu
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kdb wd\b\Ze glgZ [Zc_kh\kdhc ZiijhdkbfZpbb ]Zmk
wlhfihfoh® _dzZ ~h_ih”~fgh  _kl\h Zdlb\guo g_cjhgh
dZevgmx dhgnb]mjZpbx k_Ib Ijhp_kk h[mqg_gby fh
dZzd kh\f_klgh_h?2mjZaggbqguo fhr_en cdi®ebq_kl\h g
jhgh\'\ k _Ib ijbg_f*rey dZ ~“h]lh [ZlgZ h[mgZ _lky ke
dhgnb]lmjZpby >ey ijZdlbg_kdh]h ijbf_g gby ij_ "e
fgh™ _kI\_ggu_ijh]lhgu fh”® _eb ihjy*dZ g_kdhevdbo
guf GURSRXW f_oZgbafhfgzZwlzZi_ij_"kdZaZgby |
g _gguoij "kdZazZzgbc kem bllhg_qghc hp_gdhc Z
wibkl _fbg_kdhc g_hij_* e _gghklb fh*_eb WIhl ih’
gblv gz™_ "ghklvij_"kdZazZgbc [_a g_h[oh~bfhklb I
ghlh ZgkZf[ey fh™_e_c

lhemqg_gb_hp_ghd Ze_Zlhjbg_kdhcg_hij_" _ezggl
Wibkl fbg_kdZy g _hij_ "~ ezgghklv oZjZdl_jbam |
fhr _eb |h]*Z dZd Ze_ Zlhjbg_kdZy g_hij_~ ezgghk
gxx klhoZklbgghklv *Zgguo b ijbgpbibZevgmx g_\h
]h hftykg_gby gZ[ex*Z_fuoy\e_gbc :e_Zlhjbqg_kdZ
ihrjza™ ey |kygzZM\Zlbiz ]Jhfhkd_"~Zklbgq_kdmx h
ghc "ey \k_o \oh”guo *Zgguo b ] | jhkd _~Zklbqg_ k
ky \ aZ\bkbfhklb hl oZjZdIl_jbklbd \oh*guo “"Zgguo
kdZy g_hij_~ ezgghklv [m"mqgb nmgdpb_c hl \oh?”
I Julvg_ihkj_ _~klI\ _ggh kfh _ebjh\ZgZ b ij_~kdZa.
Ilvx dZd qZklv _z \uoh”guo *Zgguo < hlebgb_ hl g_
kdZy g _hij_~ ezgghklv hp_gb\Z |ky dZd ]Jeh[Zevg
agZq_gb_dhlhjh]h hij_~ ey |ky ki_pbnbdhcj rz f
ky g baf _gguf ey \k_o \oh”guo *"Zgguo WIh jZaet
ibZevgh_agzZqg_gb_ijbijh_dlbjh\Zgbb Zjobl_dImj g
hp _gdbg hij_ » ezgghklbij "kdZaZgbc Bamqg_gb_
g _hij_ " ezgghklb \uihegy |Iky imlzf aZf _gu nmgdg
d\Z~jZIbgqghc hrb[db gZ ke _"mxsmxX

2
" e oy



Fhr _evij ~"kdZau\lZ 1dzZdkj ¥g Zddgdbkigikbsxkem

gZ_ agZgbl _evghc g \yadb f_ ""mij_"kdZaZggufb |

g _gbyfbfh® _evm\ _ebgb\Z I hp _gdm”bki_jkbb hlj
ghklv \ k\hbo ij_~kdZaZgbyo H”gZdh eh]Zjbnfbqg_k
nmgdpbbihl _jvb]ljZz Idjblbg_kdmxjhev h]jZgbqgb\
Abki_jkbb b ij_~hl\jZszZy z klj_fe_gb_d[_kdhg_q

gbaf h[_ki_gb\Z | [ZeZgk f_""m gm\kl\bl_evghklvx
e_gghcmklhcgb\hklvxfh”_eb NhjfZevghwlh\ujZ :
[hevrbo g \yadZo eh]Zjbnfbgq_kdbc ge_g "hfbgbjm
d\zZz~jZlbqgh]l]h ge_gZ gZ blh]Jh\h_agZqg_gb_~bki_jk
Wdki_jbf _gluihdZaZeb qglh\*"ZgghcaZ”Zq_Ze_ Zlh
ghklv\k _J*Zij_g_ [j_"bfhfzezZz Z wibkl _fbg_kdZy g_ hij_
ghgzZklhhdzZzau\l\Z |ky\ukhdZ WIlhh[mkeh\e _ghkeh ghkl
\u[hjdhc \k_c h[eZklb hij_~ e _gby \k_]hijhkljZgklI\Z iez
Ijhkh\ kemqgZcguoieZgh\ ey aZijhkh\ kdhebqg_ kl\hf
djZcg fZezZy “"hey \k_o \hafh'guo ieZgh\ IThwlhfm ijb bl
eb\h\j fyihkljh_gbyieZzgzZz \dzqg_klI\_dzg”"b”~ZIh\ _c qz
ihrieZgu g_ihoh ' b_gZih?ieZgubah[mqgZxs_c\u[hjdb
[ulvdZd "ohjhrbf” 1Zd b "iehobf” <p_eyokgb _gbyjbkdZ
leZgZ bf_ | kfuke g_ jZkkfZljb\Zlv dZg®"b”Zlh\ k \ukhdbf
g _kdhc g_hij_~ ezgghklb fhr_eb | _j ~aZf _ghc ljZ”bpk
"mfguf” fh ghbl_jZlb\ghih~h[jZlvihjh]*eyagZq_gbyg_l
dhlhjhfm [m~_lijbgbfZlvkyj r_gb_h[bkdexg_gbbdZg”"b"
LZzdbf h[jZahffh 'gh h[_ahiZkblv kbkl_fm hl hrb[hd ijb\u]

gZeba j amevlZlh\ ih*"ohgZellHRgqgh j _amevIZIZf ihemc
f IhrZz'41 i j\hgZgZevgZy\ jkbyih*oh”"Z 1HR ba hjb]bg
aZeZom” rmxijhba\h?~bl _evghklvihkjzZ\g _gbxkljZ*bpbh
Wdki_jbf_gluk 1HR ijh\h*bebkv\~\mo jZaebqgguoj_"bfZ«
ljZebah\ZgghflzZ[ebqghfj_ "bf_bfZkkh\h iZjZee_ _evghf
< p_gljZzebah\zZgghf I1Z[ebqghf ] "bf_ fhAbnbpbjh\ZggZy
fhgkljbjh\ZeZ agZqgbl _evgh_ memqgr_gb_ ihkljhb\ieZgu
dhlhju_\ kh\hdmighklb \uih4&Ogyebkkv gZeZgh\ k]_g_jbjh\
ljZ"bpbhgguf hilbfbazZlhjhf HAgZdh \ fZkkh\h iZjZee ev



"bf _j_amevlZlu hdZaZebkv ijhlb\hiheh gufb 1ieZgu ihk
hilbfbazZlhjhf \uihegy®bkv*eZgg  |Z[ebpZ

<j_fy\uiheg_ghby aZijhkh\

LZ[ebqgucj_"bf KM}{>Dhehghqgucj_ "bfKM;>

LjiZ"bpbhggut[mqg_gglulcjZ"bpbhggut[mqg_ggjuc
hilbfbazlhjhilbfbazZlhjhilbfbazIhjhilbfbazlhj

< jkbyba
hiblbgZevghc klZlvb qZkh\ qZkz
< _jkby k qzZkz qzkz

/7 qZkZz qzZkz

jy~hffhrbnbdZpbc
LZ[ebpZ 2J amevilZlukjzZ\g_gby ih*oh"Z 1HR kdeZkkbc
aZijhkh\

<u\hrudlj Iv_clez\_

J amevlZlu ithemqg_ggu_\oh”_ ijh\_"~zggh]h bkke *
\'jZ[hlZo%> @ biha\heyxl k?_eZlv jy®» h[h[sZxsbo \u\h”h
klyob h]jZgbg _gbyoijbf _g gbykh\j f gguof Ih*h\ mkdt
64/ aZijhkh\\dhgl_dkl_az”~Zq~bgzZfbgqgh]l]hnhjfbjh\Zghb

<h i_j\uo g_h[oh?bfh hiIf_Iblv qglh kj_~b ijhl_klIbjh\
ebrv h*bg 2 fh?1ERI|] "klZ\eyxsZy kh[hc h[fmgZ_fmx nmg«
kilb aZijhkh\ 2ijh~ _fhgkljbjh\ZeZ mklhcgb\h_mkdhj_gb
kh\gZazjzg__ hij_~ ezgghfl_klh\hfgzZ[hj_ Bkihevah\Z
ba[_ "Zlvg_hilbfZevguoieZgh\ nhjfbjm_fuoljZ"bpbhggu
hilbfbazZlhjzfb hkh[ _ggh\kemqgZyo k\ukhdhc keh ghklv:
\bZevghc kljmdImjhc mkeh\bc Ijbwlhfijhgb_bkke ~h\Z
fh" _eb hp_gdbdZj*bgZevghklb kljzZl_]JbbazZf_guhl®_ev
fbazlhjz b z*Zilb\gu_f_oZgbafulbiZ $42 eb[hihdZaZel
gh_memqr_gb_ eb[hhdZaZebkvg jZ[hlhkihkh[gufb\ml
obl _dimju

HArgZdh *"Z" _ hlghkbl _evgh mki_rguc kelnddZ c[mb1 dgb
Ibg_kdh]hi_j hkfuke _gby kihabpbbijbdezZ”ghcijb]h~gt
memqr_gby kijZ\_"eb\u lhevdh ijb mkeh\bb nbdkbjh\Zgg
klZ[bevgh]h aZijhkZ Ijb wlhf

tkzZfZ fhr _ev h[mqZ _|ky gZ \u[hjd_ aZijhkh\ knhjfb

dj_lgh]l]h khklhygby [Zau *Zgguo
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ex[u_ baf _g gby \ *Zgguo h[gh\e _gb_ ~h[Z\e _gb
ijb\h~blvdjZkkh]JeZkh\Zgbxf_""m fh”® _evx b | Zev
Neyih~™ jZgbylhgghklb fh® _ebg h[oh”bfh zihkll
bebi _jbh”bg_kdh_ i _j h[mg_gb_gZ gh\luo *Zgguo

<kemqZ_klZlbgghc kbkl_fulzZdhc ih*oh” fh" | [ulv I
azZ"Zq_"bgzZfbqgh]h nhjfbjh\Zgby ]Jjmii h[t_dIh\ ]~ hJg
j_]Imeyjgh h[t_dluihy\eyxlky b bkg_aZxl ZijbagZdbi_j._
djZlgh \hagbdzZ_ | g_h[oh”bfhklveb[h\g_ij_ julghfhgeZz
ithkljh _gbbf oZgbafZ hp _gdb kl_i _gb mklZj \Zgby fh? e
| dmsbc fhf _gl\j_f gb Ihke_"~g__ ij_"klZ\ey_ | kh[hc hI~?
Zevgh g j_rzggmx aZ”™Zgm |j_[mxsmx j_kmjkh\ wdki_jb
b Zjobl_dimjghcih” _j°db HIkmIklI\b_ mgb\_jkZevgh]h j
\Zgby *_1jZz"Zpbb fh~_e_c b Z\IhfzZzlbg_kdh]h Ijb]]_jZ gZ
ihAh[gu_ kbkl_fu mya\bfufb b g _gZ”2z gufb \ mkeh\byo \1
klb "Zgguo

LZzdbfh[jZzahf ~Z" g _kfhljygZl_hj _Ibgq_kdb_ij_bfm
rbggh]hh[mq_gby *eyhilbfbaZpbb 64/ aZijhkh\ boijbf_
gZfbqghc kj_~uhdZau\Z_Iky khijy ' _gh k baf[ulhqgufb gZ
bg hij_ ~ ezgghklyfb Bgufb keh\Zfb azZljZlugZ\g_ "
A"h[guo ih”oh™”h\\[hevrbgkl\ kemqgZ \ij \urZxlihl _gpbz
ijhba\h”bl_evghklb

Bkoh”y bawlh]h \jZfdZo ~"Zgghc jZ[hlu [ue k*_eZqg ij]
\h~" h g_\hafh ghklb mgb\_jkZevgh]hijbf_g_gby bkke_"h
j_gbyZgZeblbqg_kdboaZijhkh\\az”*"ZgZo ]~ _ijbagZdb h]
kj ~"klI\hf keh' guo Z]j_]Zpbc Ih*h[gu_azZ”Zgb d kh Ze _
hljZzgbg_gghc hilbfbabjm_fhklb

L fg_f_g__ \Z ghih*g_jdgmlv gqlhkms_klI\m_Ilh[rb
dhlhjuoijbagZdb h[t_dlh\eb[hhklmigug_ihkj_~kl\_ggh
eb[hfh]ml[ulvihemqg_guijhklufbljZgknhjfZpbyfb|[_ag_|
s gbydZ]j_1Zlgufhi_jZpbyf Bf gghgzZlZdb_azZ”Zqgb hjl
r _jZa\blb_ij _"ez]Z fh]lhf_|h*Z *"bgZfbggh]h nhjfbjh\Z
ihijbgpbimb”_glbgghklb HIdZa hlihiuldb mgb\_jkZevg
kh\ ihal\hebe khkj ~hlhgblvky gZ [he__j Zebklbgguo kp

I+



\ukhdhqzklhlgZyi_j_hp_gdZ koh  _klb h[t_dlh\ bihke_"n
Ijb_fe fufb\ugbkebl _evgufb azZljzlZfb

Ke_"mxsZy qZklv *bkk_jlZpbb ihk\ys _gZ Zjobl_dImj
i _jbf_glZevghfm h[hkgh\Zgbx f_Ih*"Z "bgZfbqgh]lh nhjfb
jZ[hlZggh]h k mgzlhfwlbo h]jZgbqg_gbc



=eZ\Z F_Ih~u”~bgZfbqgh]lh nhjfbjh\Zgby ]jmii h[t_dIlh\ il
b glbgghklb
KijmdIimjgZy b k_fZglbg_kdZy kh]jeZzkh\Zgghklv d
bgl jhi_jZ[_evghklb
Nhjfbjh\Zgb _Jjmii h[t _dlh\ih ijbgpbim b” _glbqgghkl
bgnhjfZpbhgghc kbkl_f_Ij_[m_InhjfZevgh]h hibkZgby k'
fb LZdb_k\yab hljZz ZxI\_jhylghklvIih]h qlh”*\Z h[t_dIZ |
Im "~ kmsghklv Fh”_ev hibku\ZxsZy wlb k\yab kem bl h
s ]hijbf_g gby Ze]hjblfh\ deZkl _jbaZpbb b ZgZebaZ klj
ghklb <~Zgghc]ez\ ih®©kljmdImjhc@ihgbfZ Iky]jZnh
ko fmihl _gpbZevghc b glbgghklbf ""mh[t_dIZfb
JZkkfhljbffgh  _klI\h h[t_dlh\

| = {il,iz,...,iN},

]A_dz ~uc hfitEdhibku\Z_Iky\_dlhjhfijBa@gZdms ..., pg)

GZ fgh _kI\_ iZj h[t_dIh\ \\h~blky nmgdpby k_fZglb
F@i,j) #[0,1] dhlhjZy h1jZz Z 1 kl_i_gvbob” _glbgqghklb WI
[ulvdZd\jmggmx az~rZggufjZkklhygb f\ijbagzdh\hfijhk
qZ fhcfh” _evx >Ze_ _nbdkbjm Ikyihjh]

F@,j)%! 4 h[t_diuj kgqblZxlky b”_glbggufb
GZ hkgh\_agBGjpkighblky ]jzn k\ya_c
G=(V,E,w),

1" _
tV=1I12fgh  _kI\h\_jrbg khhlI\_Ikl\mxsbo h[t_dIZf
+tE* {(,j)|F@U,j)%!} 2fgh” _klI\hjz[_jf_""m3koh bfb” h[
fb
+w(i,j)=F(,j) 2\ _kj_[jZ hljz Zxsbc kl_i_gv koh  _klb
LZdhc ]jZn gZau\Z fuc kljmdImjhc kl\ya_ ¢ h[t_dlh\
"Zggufb *ey aZ”Zgb ]Jjmiibjh\db



Ihkdhevdm ]jZn kljhblky gZ hkgh\_hp_gdb koh™_klIb
hrb[db

teh ghiheh bl_evgu_k\yab?2jz[jZzf_""mh[t_dIlZfb g

b glbggufb

teh ghhljbpZl _evgu_ "k\yab”™ 2 hlkmlkl\b__jz[_jf_ "/

b glbgqgufb h[t _dlZfb

KijmdIimjgZy khljeZkh\Zgghklv hkgh\u\Z_Iky gZ ZgZe
~dlzfb »_dz ~Zy k\yav bf_ _|ldhgdj Igh_agZq_gb_beb
k\hckI\Z h[t_dlh\g_mgbl@\Z2xZ2dkdheih*oh”ij_"iheZzZ]Z |jZ
\k_c kbkl_fudzd h*ghjh”*gh]h gZ[hjZz\azZzbfhkl\yaZgguo w
pbybebjza®_e_gb_wlhc kbkl_fugZih~rfgh _klI\Zijhbal\h
gZ hkgh\__bamq_gby kljmdImju kl\ya_c f_""m h[t_dlZfb
f Ih~rbf_ | kms_kI\ _ggh_h]jZgbg_gb_ ihkdhevdm g_ m
gmx klhjhgm h[t_dlh\ HA*gZdh\Z ghihgbfzZlv qglh kljmdIm
kem bl ebrv”~hiheg gb _fdk fZglbg _kdhc kh]JeZkh\Zggh
\Z_ 1T kh™_j°Zl_evgmx g_ijhlb\hj_gb\hklv kbkl_fu b gZijyf
pbnbdb jZzkkfzljb\Zz_fhcij_~f_Ighc h[eZklb

>eyl_hj Ibg_kdh]l]h ZgZebaZ m~h[gh\\_klb b _Zevgr
gZgkgmx >@ KljmdImjZ y\ey |ky dhgkhgZgkghc _keb \k
g cgZoh~ylky\dhgkhgZgkghf khklhygbb <\h~blky dhgk

Fr(in,i2,03) = r12) (r23=r13)5 (Ar)) (r236 ris)

ijbgbfZxsZy agZqg _gby ba{bghh"  klI\Z

+  kdR(iy,iziz)=1 IThljhcdZ h[t_dlh\gZoh”blky\dhgkhg

ygbb

+  keM(iq,iniz)=0 I|hljhcdZ h[t_dlh\ gZoh”blky \ *bkkh

klhygbb
<j_ Zevguomkeh\byo fubf_ fZkkhgZgkgmxkljmdIimjm 2]
dhgkhgZgkgu_ Ijhcdb 1Zd b *bkkhgZgkgu

< hlebgb_ hl kljmdIimjghc kh]jJeZkh\Zgghklb dhlhjZy |
gbl _evgh gZ nhjfZevguo klyayo f_ ""m we_ f _glzZfb k_fZq
ghklv I1lj [m_I kh™ _j ZI _evgh]h khhI\_IklI\by f ""m djbl_jl
j_Zevgufb k\hcklI\Zfb h[t_dlh\ ?keb kljmdImjguc ih*oh”
“"h[jZamxl|l eb h[t_dlu k\yagu_]jmiiuih azZz”*Zgghfm nhjfZe



k fZzglbg _kdbc 2 "~ ckl\bl _evgh eb k]jmiibjh\Zggu_hJ[t_
kms_ klI\m"" Dexq_\Zyijh[e _fZ\hagbdZ | dh]*Z nhjfZev
jh\dbjZzkoh”ylky kkh”™ _j°Zl _evghcb”™ glbgghklvx h[t_dIh
kil _jbazpbbl_dklh\uohdmf_glh\ih\_dlhjgufij_"klZ\e ¢
Jezkh\Zgghklvfh _|[ulv”~hklb]JgmlZazZkqg_ I[ebahklb\\_ ¢
ghk fZglbq _kdZy kh]JezZzkh\ZgghklvijbwlhfgZjmrblky _k
kfukehfhdZ mlky\h~*ghfdeZkl j ba aZkemqgZcgh]h kh\
eh]bggh ijb ]jmiibjh\d_bah[jZ _gbc ih nhjfZevgufijbag
fZf p\_Ih\ \ h*bg deZkl_j fhiml ihiZzklv kh\_jr_ggh jZagt
bah[jZ _gby bf _xsb_koh b_p\ _Ih\u_jZkij_~ e _gby
Bgl jhi_jZ[_evghklv2wlhkihkh[ghklv kbkl _fulazZbft
"mdhfihg_glZfb ~"Zggufb b bklhqgbdZfb <azZ”~Zq_]jmiib
jhi_jz[_evghklv”~hklb]Z |ky dh]*Zkbkl fZgZoh”~blky\d
by\ley |Ikyk fZglbq_kdb khlJeZkh\Zgghc Lhevdh khqg_1Z
\Zgghklb iha\hey | kha”z\ZIv bgl jhi_jZ[_evgu_kbkl_ fu
khojZgyxldZd nhjfZevgmx p_ehklghklv 1Zd b kfukeh\mx
<Z ghih~rgq_jdgmlv glh kzfZzihk_[_kljmdImjZ 2wlh e
a _c ithemg _gguogZhkgh\ | dmsbo”*Zgguo LZdb_k\hc
+t mklhcqgb\hklvdhrb[dZf\ k\yayo
t\hafh ghklv fZkrlZ[ghc h[jZ[hldb
+ Z ZilZpby dbaf _g gbx*Zgguo
2hlghkylky g dkljmdIimj_ zZd Ze]lhjblfzf dhlhju_ _z h[jZ
"he g [ulvkihkh[_gdhjj_dlgh\u”® _eylv]jmiiu”~Z _ijb g:
]h dhebqg_kI\Z hrb[hd wnn_dlb\gh fZkrlZ[bjh\ZIvky gZ [h
AN Jb\ZIlv bgdj f glZevgmx i _j_ jZ[hldm ijb baf_g gbb kh
Zki_dlujzZzkkfzljb\Zxlky "Ze__ \jZa™_e _
<"Zgghfjzanr_e_ [ueZij_"klzZ\e_gZnhjfZevgZy fh™_
f ""mh[t_dlZfb hkgh\ZggZy gZ]jZn_ ihjh ~zgghf nmgd
kljmdImjZ kem bl hkgh\hc "ey ke_"mxs_]h wlZiZ 2 deZk
Jjmiiuihijbgpbim b” _glbqghklb ;ueb jZkkfhl]j gu jZaeb
ghc dhgkhgzZgkghc bj_Zevghc ZkkhgzZgkghc kljmdIimj
hrb[hd \ hp_gd_koh  _klb LZd _[ueZ mlhgg_gZ jhev kljr
khleZzkh\Zggh]h bgl _jhi_jZ[_evgh]hij ~klZ\e _gby "*Zgg
]ljiZnh\hc fh _ebiha\hey I mqgblu\ZlvdZdijbagZdb h[t_dlI



f ""mgbfb glh hkh[_ggh\Z 'gh \ mkeh\byo "bgZfbq_kdk
guo =jZn koh  _klb h[t_dIh\\ukImizZ |dzZdh[h[szggZy fZ
Ij_~klzZ\e _gbyij_"\Zjbl _evguo k\ya _c¢ ijb]l]h*gZy "ey "Ze
deZkl _jbaZpbhb

KjiZ\gbl _evguc ZgZeba f_|IhA*h\]jmiibjh\dbih b”"_ gl

Hg \bAguff IhAt@® ®ey h[t_~bg _gby Ih\Zjh\ \ ]jmiiuy
ihevah\Zgb_ijbgpbizljZzgablb\ghklb jbk

IIpencka3annbie
MHuo:xecTBOo
. MOJI0KUTEILHBIE I'pynnbi
CyLIHOCTEe#
CBA3H
. o . B ]
[ ]
. T\ 22\
KJaccupukarop 3aMbIKaHHE
[ 2 [ 2

(Ot D I A

Jbkmghd 2h~roh"gZ hkgh\ _ljZgablb\gh]h aZfu

Kmlv ihfoh”*Z aZdexqZ _Iky \ Ihf qlhJu *h[Z\eylv gh\
s _ki\mxsmx Jjmiim _keb hg ihoh ohly [u gZ h*"bg ba Ih\
Ohly wihlf_Ih™”hklZlhggh ijhkl\j ZebaZpbb hg\uau\Z
fu \ebyygZkljmdIimjm ]Jjmii <f_klh gzldh\ujZ  _gguo ]jmi
hrghc Jjmiiu bf_xI k\yab *jm] k *jm]hf b g_ bf_xI| k\ya_c
]bo]ljmii fuqgZklhihemqgz_f]jmiiu k\yazZzggu_f_""mkh[l
jbk Wlb k\yab g_dhjj_dlgu b \hagbdzZxlijb hrb[dZo ij
gby "\mo Ih\Zjh\ Ba aZ gbo ljZgablb\guc ih”oh” ijb\h"b]|
\gmljb Jjmii

AZN"ZqZ nhjfbjh\Zgby ]Jjmii h[t_dlh\ ih ijbgpbim b”_g
k\hAblkydaz~Zgq_\u”_e_gbykhh[s_kI\ FRPPXQLW\GH\
N khh[s_klI\h\]jZn_2wlhih~rfgh  _klI\h\_jrbg h[eZ"Zxs_
ghklvx\gmlj ggbok\ya cbhlghkbl evghfZeufgbkehfjz
ljb wlihf hlkmlIkl\m_1 kljh]l]h_mgb\_jkZevgh_hij_~_e_gb_
Ibd_hghaz”*Zzlky Ze]lhjblfbq_kdb 2dzZdj_amevlZIljZ[hlu



KOPPEKTHAas CBS3b
omuGoYHasH CBS3b

Jbkmghd 2Ljb]jmiiub”_glbgguo Ih\Zjh\ hrb[hqggh kh _
kh[hcfZeufgbkehfjz[_j

<A"NZgghfjza®_ e jZkkfZljb\Zxlky hkgh\gu_ih”oh”u ¢
s_kI\\]jZnZo ijhZgZebabjh\Zgu bo *hklhbgklI\Z b g_"hk
ki_pbnbdb jzkkfzZljb\Z_fhc azZz”~Zgb jZ[hlZ k jZa]j_ " _ggu:
"bgZfbdZ kljmdImju gZebqb_hrb[hgguo kl\ya ¢ hlkmlkl
hgbke ]jmii
F_Ih~ugZhkgh\_ HGJH EHWZHHQQHW¥V@*LUYDQ 1
Hkgh\Zgu gZ ihwlZighf m*"Ze _gbb jz[_jkgZb[hevr_
f "dezZkl _jghcgzZ]jmadhc H[_ki_qgb\Zxlb _jZjobq
lexkug _|j_[m_laz~z\Zlvgbkeh deZkl_jh\ fh gh\u
gh_ihijbgpbimfZdkbfbaZpbb fh*meyjghklb
FbgmkgbadZy mklhcgb\hklv d hrb[hqguf k\yayf 2F
luihke_dZ “h]l]hm~Ze_gby gbadzyfzZkrlZ[bjm_fhk
ghk(V aE? be®(V?d)
Fh meyjghklgu f Ih?"u ORGXODE@WW\ EDVHG
GZijbf_j IRXYDLQ KIlj_fylkyfzdkbfbabjh\Zlv fh”n
pbhgZe kjZ\gb\Zxsbc iehlghklv \gmlj_ggbo jz[_j
kemqgZcghc kljmdIimj_
lexkug_ |j_ [m_| az~Z\Zlv gqbkeh deZkl_jh\ hlghk
mklhcgb\hklv d hrb[hgguf k\yayf [eZ]h"Zjy ]Jeh[Ze
pbb \ukhdZzZy kdhjhklv \j_f gddF)keRYNIDNLQ
Fbgmkwnn_dl ©ihjh]Z jZaj_r_gby?2 2 g_\uyleyxl| fZ



kiI\Z ehdZevgu_ fZdkbfmfu g _lgzldh\ujZ _ggh]h]
fmfZ qgm\kl\bl _evgudbgbpbZebaZpbhb

IDEHO SBURSDJDWLRQ $O@GRULWKP /3%

ce]lhjblf \'dhlhjhf dzZz ~Zy \ _jrbgZ ijbgbfzZz I f _Idm
IjhkljZzgzggmx kj_~b _z khk_"~_c¢ Ih\lhjy Iky *h koh
lexkug_ |j [m_| az”~z\Zlv gbkeh dezZkl _jh\ fzZkrlZ
kdhjhklv \j f ggZy ke@vighl|ElygZ bl _jZpbx
Fbgmkg klZ[bevghklvj amevliZlh\ aZ\bkbfhklv hl
gby \hafh g®©azZo\zZl2\k_c k\yaghc dhfihg_glu h”
fh gh gb\ _ebjh\ZlvazZ kqgzlh[_ki_q_gbygbadhc *he
\V11Zn_

,QIRPPD @

Bkihevam_| fh®"_ev kemqgZcgh]lh[em ~Zgby k fbgbf
kzgby fZjrimlZ Hilbfbabjm IPDS HTXDWLRQ
lexku\ukhdZy lhgghklvgZ]jZnZo kyjdh\ujZ" _ggufl
b hlghkbl _evgZy mklhcgb\hklvdhrb[hqguf k\yayf
i _j_oh~h\kgb Z_I\ebygb_hrb[hd
Fbgmkam\kl\bl _e_ _gdkljmdIimj_]jZnZ \ kljmdImjZc
s _kiINVfh™ | Julvg wnn_dlb\ g hlghkbl _evgh gba
fhklv \j _f ggZy ke ®{FlbdMyV

:D O N WU @S

DezZkl _jbazZpby gZ hkgh\_jZkklhygby f_ ""m jZkij_
guo[em ~Zgbc nbdkbjh\Zgghc "ebgu Kljhbl b _jZjc
jZpbb

lexkug |j [m_laz~rzZ\Zlvgbkeh dezZkl jh\ fh gh\u
gh_ihijbgpbimfzdkbfbaZpbbfh*meyjghklb hlghl
\hklvdhrb[hgqgufk\yayf ihfh]Z Imkj_~g _gb_ihke
gbyf

Fobgmkagm\kli\bl e g d *ebg_ [em ~"Zgby b lj_ [m_1|i
gZkljhcdb gbkeZrz]lh\ |Ij_ [m_liheguc]jZn gbadZy
\j f _ggZy kehQ¥idgV)

F Ih*ugZ hkgh\_ki_dljZevghc@® hjbb
<dexqZxljZaeh gb_ EZieZkbZgZ beb fZljbpu kf_~
f gyxlkydzdij ~"\Zjbl _evgucrzZ]ddeZkl jbaZpbb



Fbgmikgum\kl\bl _evghklvdgbkeh\ufih]j rghklyf ke
ij_ 1Zpbb gbadzZy fZkrlZ[bjm _fhklv \j_ f g@QEwHeh"
A"O(V3) \azZ\bkbfhklb hl gbkez HibfjAgj gl gghklb ]jZ

LZ[ebpZ 2KjZ\g_gb_Zelhjblfh\dezZkl jbazZpbbih dexq._

E 1h~ qb?(gz”ag;i FZriZ[bim_fhklv
*LUYDQ:1HZPDQ = i
/IRXYDLQ

/DEHO 3URSDJDWLRQ /3%

QIRPDS N
'DONWUDS N +
Ki_dljZevgu_f _|Ih*u £ +

GZ hkgh\Zgbb ZgZebaZzZ fh gh dR&EexQBIWRSIMIDWLRC
/3% b/RXYDWO®ZN"Zx|I gZb[he__ ih*oh”ysbfb oZjzdl_jbklk
gby azZz”rzZgqb "bgZfbggh]h nhjfbjh\Zgby ]Jjmii b _glbqguo |
[mMmxl mdZaZgby qbkeZ deZkl _jh\ jZ[hlZxl ehdZevgh b fZ
rb_]jZnu Djhf_1lh]lh /3% fh  _I[ulvih“bnbpbjh\Zg "ey mo
Zlzd _ dzd[m~_lihdZaZgh *Zevr_ fh | [ulvwnn_dlb\¢
"b]f ODSS5HGRFHPh " eZ | _]Jhhkh[_gghih?”oh”ysbf ey
\mkeh\byo [hevrbo *Zgguo

;elhjblfuihbkdZ Jjmii

GZ hkgh\_ ZgZebaZzZ ijh\_"*zggh]lh \ij ~u"ms_fjZa"_
\h]lh f_Ih*"Z deZkl|l _jbaZpbb \ *Zgghc jZ[hl_\u[jZg Ze]hjb
f lhd /DEHO 3URSDJDWLRQ $OJRULWKP /3% Hg h[_
g_|Ilj_[m_laz”rzZgby gbkezZ deZkl_jh\ b e_]dh Z~2Zilbjm _Ik
\oh”"guo *"Zgguo

L fg f g _ ijbijbf_g _gbb/3%$gZ]jZnZo hgbs_gguc
"eyih\ur _gbylhgghklb \hagbdZ lijh[e fZ kgb  gbyih
lh\' hdZau\Z_Iky bahebjh\Zgghcbg_ihiZz*Z_I\nhjfbjm_fi
Ibqgh "ey az~zZq 1"_\Z gh fZzdkbfZevgh_ihdjulb_ h[t_d
[h k\yaZgguo >eyj r _gby ~Zgghcijh[e fuij _"eZ]Z lky
A\mowlZiguc ih”oh”"ddeZkl jbaZpbb

ce]lhjblf /3% j _Zebam_ | ke_~"mxsbc ijhp_kk GZ gZqZ
NZy \_jrbgZ ]1jZnZ ihemqgZ_| mgbdZevgmx f_ldm AZI_f\



guc ijhp _kk gZdzZ ~hfrzZ]_ \ _jrbgZ h[gh\ley | k\hx f_Idm
jZkijhkljZgzggmx f_Idm kj_~b khk_~gbo\ _jrbg < kemqZ
f_Ihd k h*bgZdh\hc fZdkbfZzevghc gZklhlhc \u[hj hkms _
h[jZahf Bl _jZpbb ijh*he Zxlky ~h "hklb" _gby koh”bfhkl
bkq_ jiZgby az”"Zggh]lh fZdkbfZevgh]h gbkeZ bl_jZpbc

>ey nhjfZevgh]h hibkZgby Ze]lhjblfz Ze] g_h[oh”
xsb_ihgylby FZljbpZ kiyaghklE\ey | kh[hc kbff_Ijbqggn
jZlgmx fZljbpm hljZ Zxsmx gZebqgb_beb hlkmlkl\b_ k\ya
>bzZlhgZevgzZy fZljbpB Kiht_pbdgZ*"bzZ]lhgZeb kl_i_gb\_j
I kl_i1_gv\_jrbguhij_ "~ ey |Ikydhebq_ kl\hf _z k\ya_c k
D= GLBdy,...,dv)

FZljbpZi_j _oh”Z\uqbkPy Dk WdZ&|jbpZz fAibd _1jZa
f_jghkNwn J*N dhebqg_klI\hh[t_dlh\ \_jrbg JgBbk&h rAgbdz
guof Ilhd gZ gzZqZevghc bl _jZpbb Ze]lhjblfZz fZdkbfZevg
<jZkkfzZljb\z _fhfkemqZ_iNghfZglhklhhl\_ TklI\m _ | bkoh”¢
klhygbx dh]*ZdzZz ~"Zy\ _jrbgZ ]jZnZ bf__ I mgbdZevgmx |
[ aihl_jbh[sghklbfh ghaZibkZlv

C(0)= GLDJ,...,1),

C(t+1)= PC().

ljb wlhf gh\u_f _Idb\ _jrbg hij_"_eyétl)eldeZd DUJPD]
e ]l hjbl@ >
<ohG t]jZ&y+t gZqZevgu_f_Idb
<uoh® + nbgZevgu_f _Ildb
R Z] thIZ\va+fZIjbpm K\yayhki@ Z
R Z ] <ugbkedbFlv Aj

R Z] JZkquIiIJ@L(EDl,sz,...,dN)
R Z] <ugbkPIFID' A
R Z] BgbpbZeba6G(tr@lwv C(0)
R Z] Ih@€R) g khrehkv
C(t+1)= PC(1)
t=t+1



RZ] ©=C(t)

ce]lhjblf hfez~Z | \ukhdhc kl_i_gvx jZkiZjZee eb\Z¢
j Zebam_ |ky \ jZkij_~ ezgguo \ugbkebl _evguo kbkl_fZc
ijZdlbg_kdmx ijbf _gbfhklv *ey h[jZ[hldb djmighfZkrlZ[g
klb]Z Iky [eZ]h"Z]jy ehdZevghfm oZjZdl_jm\uqbke gbc
"hc\ _jrbguaZ\bkbllhevdhhl zg ihkj ~klI\ _gguokhk "
Zelhjblfz \ iZzjz"b]f _ ODS5HGXFH ~ fhgkljbjmxsbc _]h
Ij_"klZ\e_ggZ bk

Reduce: HOBast METKa KaxKq0H
BEPIIMHBI — MO/Ia 10 MOJTYYCHHBIM
OT COCEJIHUX BEPIIUH METKaM

men HOBasi MeTKa (@) =mona(@)=0
- ———— nosas merka (2)) = mo1a(@ @) =@
merka = @

HOBAasi METKAa (@) =mona(@)=0

Map: oTripaBUTh METKY UCXOHOM

Hcxonubii rpa M
pagy BEPIINHBI B CMEKHBIC C HEH

Jbkmghd 2HAgZ bl_jZpby /3% \iZjZz*"b]f_ODSS5HGXF!
dz ~Zy \_jrbgZihkuezZ_ |I\k_fkhk_"yfk\hxf_Idm gZ\Ih
\_jrbgZzf_gy_l k\hxf_IdmgZ fh m hl\k_oihemqg_gguogZ

<jZfdZo "Zgghc jZ[hlu [ueZij_~eh _gZfh"bnbdZpby
eh” _ggZy ko_fZ khklhbl ba *"\mo eh]bg_kdb jZza®_ezgguo
| _j\ucwlZi ihkljh_gb_deZkl_jh\gZ kbeB g bd&k &hy gy
1iZn@=(V,E,w) m~*Zeyxlky\k _ jz[jZ ey dhlhjuoagZq
KOhM"KkF\(Zj) < 'svong 1"lswong 2 1hjh] khhl\_ITklI\mxsbc \uk
kl_i_gbkoh?kl\Z GZihemq_6Gghikaniedy_ Iky klZg”
guc Zelhjblf /3% WIlhiha\l\hey | knhjfbjh\ZlvgZqZe
]jmiiu k \ukhdhc h*ghjh*ghklvx
<lhjhc wlzZi ~“hZ]j_]Zpby b\dexq_gb_keZ[h k\yaZ
Ilhke 1ihkljh _gbygZgqZevgh]hjZa[b_gbyh[t _dlu g_
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Jbkmghd 21jbf_jjZ[hlu*\moklZ~bcgh]h Ze]hjblfzZz /3

mimklbe [u h*bgbaa _ezguolh\Zjh\ glhg_]Zlb\gh kdZa

/3% kKljmiibjh\Ze [u\k_Ih\Zju qlh g _]Zlb\gh kdZa_:
hrghjh~rghklb

id: 1731197069 | ¢

ju Vkbem g _"hklzZldZ kbevguo kl\ya ¢ ZgZebabjn

fh gh]lhijbkh _~bg gby d kms_kl\mxsbf ]jmiiZf >e\
jb\Zxlky jz[jZ k\_kZfb \ "Piidladgl DZ ~uc g_ih~de
gzgguc h[t_dlijbkh_"~bgy Iky d lhc ]Jjmii_ k dhlhjf
[hevrbf h[sbf\ _khf ijb mkeh\bb qlhl1ZdZy K)}yavVv ij_
LZdbf h[jZahf i_j\uc wlZih[_ki_qgqb\Z_I\ukhdbc mjh\
dezZkl_jhVaz kqgzlkljh]h]l]hnbevliZeghbdtkqgzl fy]dh]h *hh[
g_gby Ijbf_jjZ[hluij_"klZ\e_ g @&ZjbK\hfwlZi_ [ueb h[jZa

ke _"mxsb_]jmiiu

Nbhe Ih\u_

Dhjbgg \u_

A _ezgu_
WIlZ jZa[b\dZ dhjj_dlgZ klhgdb aj_gby h*ghjh~ghklb ]jm
\uimkdZ dgb]b b\dzZ ~hc ]jmii_ hdZaZebkv dgb]b k h*b
gZa\zZgbyfb b ]h*hf\uimkdZ GZzZ \Ihjhf _wlZi_dgb]Z k L
eZkv\ia_ ezgmx]jmiim |1ZddZdkg_cm”~Zggh]hIlh\ZjZ [u
Aim]bfb ]jmiiZzfb k\yabijhlb\ kdZ ~"hc”*jm]hc]jmiihc N

mdZazZg]hA\uimkdZ ghhil_ghdh[eh db kh\iZAZ 1khll_¢



Jh*Z\uimkdZ ihwlhfm k mqgzlhf *hklmighc bgnhjfZpbb ~h
a_ezgmx ]jmiimfh gh kgblzZlv dhjj_dlguf IThemqgzZ_ Ilky ql
lu k\yaghklbba Ih\Zjh\ljZzgablb\gucih®”oh”gZ]jZn_k m
kljmiibjh\Ze [unbhe_Ih\u_kdhjbqgqg_\ufb ZgZ]jZn_kg_r
kl]jmiibjh\Ze [u\hh[s_\k_Ih\Zju\ h*gm Jjmiim /3% K-
glhljZgablb\guc ih*oh”gZ]jZn_k m\_j ggufbjz[jZfb /3
[uohjhrh klhgdbaj_gby h*ghjh*ghklb ghg_b"_Zevghk
VWDJH /3% ijb\zedgZbemqr_fmj_ameviZIm
>ey\u[hjZihjh}hd blweak bkihevah\ZeZkvjZaf_q_ggZy'
klhysZy ba b” glbgguo b g b glbqguoiZjh[t _dlh\ Hkg
kljhcdb
+lsyong \U[DJZ_Iky IZd qlh[u kj_~b iZj h[t_dlh\ kh ag:
pbb koh”K(i\jg %!syong *hey eh ghiheh bl_evguoijbf_j
SRVLWLYH g_5) \urZeZz
tlyweak \U[D]JZ Tky IZd qglh[u kj_~bizZj h[t_dlh\ kh agZq
koh?kl\&k " F(,j) " !svong *hey eh ghiheh bl_evguo ij
IDOVH QHIJDWLYH20g ij \urZeZ
LZdh_ jZza™_e_gb_ ~bzizahgzZ \_kh\ jz[_j iha\hey | hI™_
k\yab bkihevam fu_ "eyihkljh _gby gZqZevguo deZkl _jl
e _aguo gh[he__rmfguo ijbf gy fuolhevdh ey *hh[t_"~
Fh*bnbpbjh\Zgguc Ze]hjblf khojZgy | dexq_\u_ "“hkl
wlhf~rZzl [he_ _\ukhdb_ihdzZaZl _ebiheghluijb Ihf _ mj
?lhozjzdl_jbklbdb
+ EhdZevghlZzwlZizZIlj [mxlIlhevdhbgnhjfZpbb h khk
+ FZkrlZ[bjm _ fhklZxebazZpby \hafh' ' gZ\jZkij_" ezgg
+ :AZilb\ghkM[Z\e_gb_gh\uo h[t_dlh\\hafh ' gh[_ai
kqgzlZz
+ Mklhcgb\hbklW]h\Zy kljmdImjZ keZ[h gm\kI\bl_evg
hrb[hgqgufjz[jZf

+

<u\h?rudqg_I\zjlhc]leZ\ _

lj_ ~eh” _ggZy "\mowlZigZy fh*bnbdZpby Ze]hjblfZ jz
lhd ihal\hey | "h[blvky \ukhdhc iheghlu deZkl _jbaZpbb ij
klb LZdhc ih?oh” hkh[_ggh ZdimZe_ g\ azZz”ZqZo ]*_ bk



klbaZrmfezg ZdZq_klI\hfh® _ebij "kdZaZgbyb”™ glbqgt
Ijbf_gbf”rey h[jZ[hldb [hevrbo h[tzfh\*Zgguo b bgl ]jZpb
kbkl fu Ij_ [mxsb_i_j hp_gdbk\ya c\j Zevghf\j f gb
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Ilh*oh”?u kjz\gb\ZebkvgZ kh[jZgghf\jmggmx |_klh\hf
\azZ”"Zq_ihbkdzZ b® _glbgqguo Ih\Zjguo ij_"~eh  _gbc ;ueZz
jby Ih\Zjh\ khklhysZy ba hdheh luk dzZjlhg_dIlh\Zjh\ B
jZahf[ueh\u[jZgh luk dZjlhg_d dhlhju_[uebjZa[blug.
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gZjbk

201

200 A

Yucno rpynn

1 2 3 4 5 6 7 8 9 0 11 12 13 14 15 16 17 18 19 20 21
Pasmepbl rpynn

Jbkmghd 2> fhgkljZpby jZaebgqguo \b”*h\g_hij_ " ez
ebg cghcj ]j_kkbb

Ba ihklZgh\db aZz~Zqgb NMn &gZjkhgkld Ih\Zjh\ “~ey dhlhju
KI\mCE {c,c,ad&,} £t bklbggh _ jZa[b_gb_gZ]jmiiub” _glbi
Imklv fu gZreb g _dhlhjh_ k\h KjZdkh kghak,} Lh]*Z fh gt
khklz\blvfZhbwm _f_{pu} dhlhjhc+wlhdhebq_kl\hdZjlhc
babklbgghc ]gmbiiuij_~_e_ggu_gZfbk ]jpndgmZy fZIljbpZ bk
am_|ky "ey\ugbke gbyjZaebgguo gbke gguo hp _ghd dz

HAghjh~rghi@w>koh  kiv h[t_dlh\\gmljb ]Jjmiiu

1, _keb(C,K)=0,

h =
1 S5 bgZg_



I+

I+

N
]_ Im |n

— gk, Ak,
HCIK)=1t = ORF—,
=1 i=1 aCikj
+ nil
In acikj ac'kl

H(C)=1!

i=1

Ilheghl4Z>+ "hey b* _glbgguo h[t_dlh\ h[t_"bg_ggu

oo b _keb(K,C)=0,
- H(K|C
11 BKO bgZq_

]A_ In |m Ak ack
HKIC)=1t -5 ORg—,

=1 j=1 ag ki

j=1
4 4
Im 3ok Ao
H(K)=! '=1n o@n—.

j=1

V f jz® +]Zjfhgbq_kdh_kj ~g__f “~mh~ghjh~gh

Ve = 1+ +)hc’
+h+c
"+ £izZjzZf |j +kptbevr_ iheghlZ bf__I[hevrbc\_k\jZk

+f gvr_  [hevrbc\_kbf_ I hAghjh”*ghklv

<lhjhcdeZkk f_Ih"h\hp_gdbdZqg_kl\ZdeZkl_jbazZpbl
lhjghf ih"oh”_ dhlhjuc bkke_~m_| dhebq_kl\h iZj h[t_dIl
h"bgZdh\h \ bklbgghfb gZc”® gghf\dZqg_ _klI\_j r gbyaZz’
]bfb keh\zfb dz ~zZyizZjZ h[t_dlh\fh  _|Julveb[h k]jmii
h[hbojZa[b Nibyo k]jmiibjh\ZgZ hi®_evgh \ h[hbNygZal[b_
kl]jmiibjh\Zgz \f_kl_\gZc”™ _gghf ghg_\bklNgghf K4ahb _
ibjh\Zgu \f_kl_\bklbgghf ghg_\gZc”™_ &ehf &Zahlkghbbw
g luj_oagZq_gbcfh ' ghjZkkqgblZlv ke "mxsb_f judZqg_



+

I+

Hp gdZNZmedkZ F@eehmé&Zlpbg kdh_ kj ~g__f
ghklvx biheghlhc \dhf[bgZlhjghf kfuke _

N , N N
FMscore = 1 = = 1

a —
Ni1+ Noz N1+ Nig (N11+ No1) &(N11+ N1g)

Bgr dk Jwg”Z kihijz\dhc gZ kem@Z< gjbkjxkkfhlj ¢
\k_oizZjh[t_dIh\ £ wlh kmffZ "\mo *"he_c "heyiZj ihiz
ijb mkeh\bb qlh hgb b *he ' gu [ueb ihiZklv\ h”gm ]Jjmiim
klb "hey iZj g_ihiZ\rbo\ hAgm ]jmiimijb mkeh\bb ql
[ueb ithiZzklv \ hAgm ]Jjmiim lhijZ\dZ gZ kemqZcghklv iha
wnn_dl hl\ukhdhc \ _jhylghklb ihemqgblv [hevrh_ qbkeh .
Ijb kemqgZcghfjZa[b_gbb

' (
H o,/ O' -m/XiO-m /ij //nO

acikj
i=1j=1 2 =1, %= C 2
ARI = / / — / / (/ ’
%+nx2p++ny2jo! -|n)20+ny21_0/r2]0
i=1 j=1 =1 j=1
N
1~ "
XI: aCikjs
i=1
!n
Yi = aCikj'
i=1
Ilhemqg_ggu_j _amevlZlu

<~"NZgghfjza™_e_ ijb\_~ guj_ameviZlu kjZ\g _gby |Z]
Jhjblfh\

tljZgablb\gh_ azZfudZgb_ k\yaguo dhfihg_ gl

+/3%b _]Jhfh*bnbdZpby ij_"eh’ _ggZy Z\Ilhjhf~Zggh]

+/RXYDLQ
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g | k\yab Ihke ~gb_~ ihemqZxlky bai_j\uo iml_f kjZ\
g _dhlhjuf ihjh]h\uf agZqg_gb_f <u[hj ithjh]h\h]h agZq_g
ebjh\Zlv khhlghr_gb_ gbkeZ h*gbo b *jm]bo hlI*"Z\Zy ijk
j_r_gby eb[hlhqghklb < jzZkkfZljb\Z fhcazZ”Zq_ bkoh”"c
liZnh\ khhl\_Ilkl\mxsbo jZagufagZq_gbyflhgghklbj r_ ¢
J amevlZluwdki_jbf _glh\ij ~klZ\e _gu\lZ[ebp_  DZ
\ur_ \k_jZkkfhlj _ggu_f Ihru\dZq_klI\_bkoh”guo "*Zggl
?keb ljZgablb\guc ihfoh” b /3% fhiml jZ[hlZIlv b k jZaj_ "
w$1%1j_ [m_lgZebgby k\ya_cdzZ *"h]h h[t_dIZkdZ ~uf Il
f ITh*h\ bkihevah\ZebkvjZagu_bkoh”gu_1]jZnu <k _]hlZ
=jZn b™ _glbqguo h[t_dlh\ k Thgghklvx + wlh ]jZ
deZkkbqg_kdbff_Ih*hf\"\ZwlZiZ hl[hjdZg*b~rZIh\
thl_jylviZjm b”_glbgqguo h[t_dlh\\kbem g_b"_Zev

g _ithkj _~klI\ _gghbaf j gb_jZkklhygbc ey hlh[jZgc¢
kihke "mxsbf kjz\g _gb_f kihjh]h\uf agZqg_gb_f 1
gb_ih~h[jZzgh lZdbf h[jZahf qglh[u*“hey hrb[hd khk

]liZn bkihevah\Zeky dZd bkoh?*gu_ *Zggu_ ~ey ljZg

lZzd" _ "ey /3% b/RXYDLQ
=jZn b~ _glbgguo h[t_dlh\ k lhgghklvx + ZgZeh]b
nm lhevdh “hey hrb[hd a®_kv khklZ\ey | < wlhf

[ ] [eZ]h*Zjyq _fm\hafh gZyiheghlZj r gbyaz"Zz
guo Ih\Zjh\m g _]Jh\ur_ Z h~ghjh*ghklvgb _>Zgg
\Zeky \wdki_jbf_gl_/3$% b/RXYDLQ
lheguc ]jZn dZ “hfmj_[jm dhlhjh]h khhI\_Tkl\m | &
[ebahklb f_ ""miZjhc Ih\Zjh\ WIhl ]jZn [ue g_h[oh?”
f glh\kf Ih "hf' $1%
/3% jZ[hlZ _I'klhgdb aj_gby h*rghjh~rghklb h"b*Z -
|1Zd dZd jZagbpZ aZzdexqZ |ky \jZaghf dhebqg_ kI\ |
jZaebgZxsboky Ih\Zjh\ kebrdhf[hevrZy *hey |lZdbo jz[_j
gbx jZagufb JjmiiZfb Ih\Zjh\ h*bgZdh\hc f_Idb qlh gZjmr
ohly \'Ih " _\j_fyih\urZ_liheghlm VWDJH /3% [_jzl emq
I_qb\Zy [he__ \ukhdmx iheghlm ijb g_agZqbl_evguo ihl
'LDQD [eZ]h”*Zjy “b\bab\ghc ijbjh*_~Zzl j_ r_gb_ k gzl
klvx h”rgzZdhiheghlzZijhb]lju\Zz _If Ih*m /3% >ey m~h[gh]l
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F_Ih~ HAghjhrghkheghl|¥ f_jZNZmedkihijZ\dhc g
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\1Z[ebp_1Zd  _ijb\_"~ gZ 9 f_jZ ihal\heyxsZy dhfie_dkgl
jh~rghklv biheghlm Ih9f j bf ggh VWDJH/3%$y\ey Il
jZkkfhlj _gguo f_Ih~h\ Mgblu\Zy hlkmlklI\b_ih\ur_gguo |
\'\br_g_h[oh”bfhklb gZebgby jz[_jf_""mdZ ~hciZjhc |
yley |lky [he__ m~h[gufgZijzdlibd_ ;he__Ilh]l]h /3% ohjhr
jZkij_ N ezgguo\ugbke gbc ODS5HGXFH qlhiha\hey |
j ZebazZpbx j rZxsmx aZ"Zgm k khlgyfb fbeebhgh\ h[t_

kh\ Bgl j kgufj ameviZlhfy\ley Ikykgb  _gb_h~”ghjh~gl
g_gbb klhgghklvx bkoh”guo *Zgguo k A h b jhkl h
khhi\_TkI\_ggh k A h WIlh h[tykgy_|ky kmlvx Z

eb hrb[hgguo jz[ jf_""m jZagufb ]jmiiZfb Ih\Zjh\ fZeh ¢
\k_ojz[_j /3%3©m[_jzlagZklvbagbo ?keb " _ bo~hklZlh

/3% g_ kijZ\blky k aZz”"Zq_c jZa™_e_gby b hklZ\bl jz[
g _gby g kdhevdbo ]Jjmii jZaguo Ih\Zjh\ *h[Z\ylky *hiheg
jz[jZzf_""mhklZevgufblh\ZjzZfbjZaguo ]jmii glhih\ukbl"’
IRXYDLQ ihdZaulZ _| h~rghjh~ghklv glhijzdlbq._
amevlZlhf /3% b hftykgy |ky |l f qglhh[Z Ze]hjbIfZ jZ][
lhf "~ ]jZn_ ihkljh_gghfih\ukhdhfmihjh]m lheghlZ m/R
Jhgb™ 2 ijhlb\ m/3$% Wlh k\yaZgh khkh[_ggh
f I1h~Z hgijbgbfz_ 1 j_ r_gb_hijbkh_"bg_gbb h[t_dIZ d
ijb\_~zlebwlhdjhkimfh"meyjghklb ?keb ~"h[Z\e_gb_h]
khk _"gbodezkl _jh\g_"Zzl\ub]jurZihp_e \hcnmgdpbb
ky bahebjh\Zgguf <hlebqgb_hl/3% dhlhjuc”Z  _ijbkeZ[h



hjez”"Zxs f kb]JgzZe i _j ~ZzIlf Idm /RXYDLQ ™ _ckl\m |
ba[ ]Z I\dexqg_gby h[t_dlh\kg _hg_\b~”ghcijbgZ”e_ "ghl
mf _j ggh_kgb  _gb_iheghluijbijZzdlbg_kdblhc _h~ghj
IRXYDLQ I* 1iZn kh”™ _j bl [hevr_jz[_j \Ihfgbke_ h
"Z lkyaZdhghf_jgh_kgb  _gb_h”ghjh~ghklb ~h bjhl
M\ ebq _gb_ dhebq_ kI\Z keZ[uo k\ya _c\]jZn_ijb\h”bl d
gbgZ | h[t_~bgylv h[eZklb dhlhju_jZg__[uebjZa™_ e gl
itheghklvx hibjZz lkygZ kljmdIimjm ]jZnzZ 2lh _klvgZgZ[hj
[ jf_""mh[t_dIZfb2bg_mqgblu\Z_| kl_i_gb ™ hklh\_jghKkl
mklhcgb\hklvdrmfmhdZau\lZ _|Iky h]jZgbq_gghc WIlhijhy
hlghkbl _evgh keZ[u_ k\yab _keb hgb kh_“bgyxljZg__ ].
fhlml ih\ebylv gZ Z]j_]1Zpbx deZkl_jh\ b ijb\_kIb d bo qZ

L fg f g /RXYDLQ emqr_kijZ\ey Iky kjhklhf”he
q_f/3% glh kh]l]eZkm _|ky k|l _hjb_c :e]lhjblf',$1$9gZ
A fhgkljbjm | hg _gv \ukhdmx h*ghjh”ghklv b

dmjZlguc oZjZdl_j "b\bab\ghc deZkl_jbaZpbb Hg gZqgbcg
thrZ]lh\h *_ebl _z hjb_glbjmykv gZ mf_gvr_gb_kj_~gbo'
klhygbc jZa[b\Zy bagZqZevguc deZkl_jgZ\kz[he__ h”g
dhcih”oh”™ohjhrhjZ[hlZ I\gZklbba[_ "Zgby\dexq _gbya
hit _dlh\ HAgZdh wlhijb\h*bldazf Igufihl_jyfiheghhbu
m',$1% JZaebqgb_f_""mgbfb h[tykgy_I|ky kihkh[hf\u
koh™ klb h[Z Ze]hjblfZjzZ[hlZxlgZ h~ghfblhf  _]jZn_ gh
ygb f ""mh[t_dlZfbih jZaghfm qlh\eby I gZihke "h\z
bgZlh dZdb_]jmiiu hdZau\Zxlky jZa”~ _ezggufb ',$1%
\uof _Ih*h\ g_ bkihevam_ | kljmdimjm k\ya _c gZijyfmx 2 h
Jeh[Zevgu_ijbagZdbjZaebqgbyf ""mh[t_dlZfb gqlh”*_eZ
\u[hjm f_Ijbdb Djhf_ITh]lh Ze]hjblflj [m_I|fZljbpm \k _o i
gbc glhh]jZgbqgb\Z | Jhijbf_gbfhklvaz~rzZqzZfbmf_ j gg
_]JhfZzehijb]h~*guf ey jZ[hluk [hevrbfb]jZnZfb

F Ih"bdZ hp_gdbdzq_kI\Z ]jmiibjh\db h[t_dlh\\j_ Ze

< mkeh\byo ~ ~g _\ghc h[jZ[hldb khl_g fbeebhgh\ h
gZfb h[gh\e _gbc "h[Z\e _gbc b m”~Ze gbc djblbg_kdb \Z
ebjh\Zlvdzq_ klI\hjZ[hlukbkl_fu”~bgZfbqg_kdh]hnhjfbjh\.



guo h[t_dlh\ ;bag_k eh]bdzZ gZijyfmx azZ\bkblhllhgghklk
][jmiibjh\dZz \_~ I dbkdZ gbx ZgZeblbdb g _dhjj _dlghc |
ihl_jyf H”rgzZdh ijZdlbgq_kdbc fhgblhjbg] dZq_KkI\Z gZ 1Zc
|Zdhc "bgZfbd_mibjZ lky\nmg”*Zf _glZevgu_h]jZgbqg_g
f jdZqg_kI\Z £iheghlubh”ghjh®cghklb

=eZ\gZy ijh[e fZ £ g \hafh ghklvijyfh]l]h baf j gbyi
dzZq_kI\ZIlj_[m_lkjz\g_gbyihemq_gghc]jmiibjh\db kihe
dhc \k_o h[t_dlh\ Gh kzZfzZz g_h[oh”~bfhklv Z\IhfZlbqg_kdh
dZ I bf_gghihlhfm qglh kha?rZgb_|Zdh]hwlZehgZ "ey \k_
pbibZevgh g j Zebam fhba aZ Jhh[t fZbihklhygguo
klZlbggu _° _~g_\gu_h[gh\e _gbyozjzZdl_jbklbd fh]lml k"
ithl_Ibg_kdb khar*Zggmx wlZehggmx jZaf_ldm mklZj_\r_«
ghlh "JURXQG WUXWK hp_gdZIlh]h dZdZy “hey\k_o km:
hit_dlh\ [ueZ gZc”_gZ kbkl_fhc ij_\jZsZ |lky\g_jZaj_rb

Hrghjhrghklv y\ley |Iky [he_ _ ~“hklmighc f _jhc dZqg_k
g_kdb _ fh gh hp_gblv\igmljb m"~_ knhjfbjh\Zgguo ]Jjmii
gh]l]h wlZehgZ H”gZdh b a®_kv \hagbdZxl ijZdlbg_kdb_ |
gmx hp_gdmdjZcg_aZljm~gbl_evghc QIlh[u ih?I\_jAblv
jb]ljmiiu”_ckl\bl_evghb”? _glbggu g_h[oh”bfhijh\_jblv c
IZjm h[t_dlh\\wlhc ]jmii_gZ khhl\_Ikl\b_djbl_jbyfb”_ gl
iujZaf_jhfwlh hagzZgz | ik&k!jdpR iZ] >ey hlghkbl _evghg
rhc ]jmiiublh[t_dlh\wlWMmiZ] <j Zevghklb ]jmiiufh]lml "l
jZaf_jh\\~_kyldbbeb”Z  _khlgbh[t_dlh\ Zdhebqg_kl\h]j
ebhgzfb >Z°__kebijh\_jylvg_ \k_]jmiiu Zebrvj_ ij_a_
hit fjZ[hluih jmgghc beb wdki_jlghc \_jbnbdZpbb \gml
ghc]jmiiuklZgh\blky g_ih~t_fguf”ey "~ _~g_\gh]hdhgljh
ijh\_jdb h]jhfgh]h gbkezZ iZj\gmljb ]jmii *_eZ Il ihiuldm I
hrghjh~rghklbgz\k_ffZzkkb\_~"Zgguobeb”""Z  gZagZqbl_
g kdbg hkms_ kl\bfhcazZ”Zq_c\mkeh\byo h]jZgbg _ggu
dhi_jzZlb\ghklb

LZdbf h[jZahf klZg~Zjlgu_ih”?oh?ud hp_gd_dZq_Kkl\
j_aijyfhc jzkqgzl h*ghjhrghklb b iheghlu £+ gZlZedb\ZxIk)
1jZdlbq_kdb_ ij_iylkl\by \ dhgl_dkl_[hevrbo ~bgZfbq_|
NZgguo <hagbdZ | hkljZzy ihlj _[ghklv \jZajzZz[hld_Zevl_



kdb j Zebam fuo b hi_jZlb\guo f _Ih”"bd dhgljhey dZg_ Kkl
NZ\ZIv agZqbfmx hp_gdm jZ[hlu kbkl_fu _~ ~g _\gh g_Ij
itheghcwlZehgghcjzZaf_Idbbebiheghcijh\_jdbfbeebhgh
Jjmii

ljb[eb zggZy hp_gdZ h”*ghjh”~ghklb

KlIZzg~Zjlguf ihfoh”hfih hp_gd_dZdh]h eb[hiZjZf _Ij
guoyley |kyjZkqzlwlh]lhizjzf_ljZzih\u[hjd_ k~_eZgghc
lebjh\ZlvkemqgZcgu_]jmiiubijh\_jylvbo h*ghjh?*ghklv g
fuklZedb\Z fky kg_h[oh”bfhklvxijh\_jdb \k_\hafh guo |
jbdzZ ~hc\u[jZgghc ]jmiiu ZgbkehizZjd\Z~jZlbggh ih gb!
Wlh h[klhyl _evkl\hih”*lZedb\Z Idg_h[oh”bfhklb k fiebjl
fbizju ljhkl _crbfihcoh”hfy\ey Ikynhjfbjh\Zgb_\dzZ ~h
fh guo iZj) h[t_~bg_gb_bo\h[s__ fgh _kI\hiZjb k_fieb
Gh hp_gdb ihemqg_ggu_ |IZdbf f_Ih~hf fh]lml iehoh hljZ
ah\zZl _evkdh]h hiulzZz lhevah\zZl_ev jz[hlZ I g_kiZjZfb
hit _dlzfb ihwlhfm\ _jhylghklv \klj Iblvg_ _h”ghjh*gmx ]j
pbhgZevgZ qbkem h[t_dlIh\ \ wlhc ]J]jmii_ Z g_qgbkem iZj
Ij_ " e _gbyjzZaf_jh\]jmii\ kbkl _Yuyjbk ldexqg_\mx hkh[_
hij ~ eyxsmxf_ |Ih*bdm hp_gdb ohlyih*Z\eyxs [hevrb
ky fZeufb jZaf_ jhf hit_dlh\ bf_gghj_~db_djmigu_
I h[t_dlh\ kh” _j"ZlagZgbl_evgmx "hex \k_o \hafh guo
kil _f <h i_j\uo ijh\_jdZ\k_oiZjh[t_dlh\y\ey Ilky\uqgbk
NZgghc hkh[_ggh”"eydjmiguo]jmii 1ZddZd dhebqg_kl\h i
<h \lhjuo ijhklh_jz\ghf_jgh_k _fiebjh\Zgb_iZjih\k_c k
gj_af_jghfmij_"~klZ\bl_evkl\m iZjba djmiguo ]jmii \ blh]
g_khhl\ _Ikl\m _1j Zevghc ihevah\Zl _evkdhc gZ]jmad _
N ckl\b_kfZeufb b kj_~gbfb]jmiizZfb

lj _ "eZ]Z fucf IhA*"\mowlZigh]hk fiebjh\Zgbyj rzZ _
I _j\hfwlZi_badZ “hc]jmiiu bk&\leiZdZqlltkg[_ki_qgqb\Z_lebg
Zg_d\zZz~jzZlbggmx aZ\bkbfhklvgbkezZijbf_jh\ hljzZaf_jzZ]
khojZgy_ | [ZeZgk fZeu_]jmiiu dhlhjuo fgh]h \ghkyl g_
1ZjdzZz ~Zy gh\kh\hdmighklb khklZ\eyxlagZgbl_evgmxq
Jjmiiu dhlhjuo fZeh \ghkyl[hevr_iZjgZ]jmiim ghbo h[s



Jbkmghd 2JZkij_~ e _gb_qgbkez]jmiiihjzaf_ jzf kb
h{t_dlh\\wlbo]jmiiZzo [_" _\uc =jZnbdh]jZgbq_gih hl

ijhihjpbhgZevgufbo\klj_gZ fhklb\kbkl_ f_ <lhjhcwlZi:
wlhlhij "\Zjbl _evghk[ZeZgkbjh\Zggh]hfgh _kI\Z £iha\
\mx\u[hjdm ]~ _\_jhylghklv\dexqg_gby iZju khhl\_Tkl\m _
gbihevah\zZl ey kih®h[ghciZjhc\|j Zevghc jzZ[hl_k kbkl

<Z ghhlf _Iblv glh\u[hjkdflggjhgZ i j\hfwlZi_ y\ey |
IbfZevguf dhfijhfbkkhff_""miheghlhc ho\ZlZ b\ugbkebl
ghklvx WIlh dhebqg_ klI\h *hklZlhggh "ey \uy\e _gby ]jm[uc
ghklb _keb ]JjmiiZz g_h”*ghjh?rgZ \ukhdZ \_jhylghklv h[g.
lZzdhf k _fiebjh\Zgbb ghijb wlhfg kha”Z I g _ihf_jghc\
]jmadb *"Z" "“eydjmiguo ]jmii Ijbf_g _gb_[he__ Z]j_kkb\
gZijbf_j nbdkbjh\Zggh]h dhebq_kI\ZiZjgZ ]Jjmiim ijb\_
kiI\bl _evghklb d hkh[_gghklyf djmiguo ]Jjmii \Ih \j fy dZ
gh_k_fiebjh\Zgb_g_h[_ki_gbeh[u”~hklZlhgghc|_ij_a_gd
Jjmii

Hp _gdZihdjulby dZd Zevl _jgZlb\Ziheghl_

Hp _gdZ iheghlu kbkl_fu ij_~klZ\ey | kh[hc f_Ih”*heh
azZ™"Zgqm kms_klI\_gghij_\hkoh?”ysmxihg_Iljb\bZevghklb
gby h*ghjhrghklb <ijZdlbq_kdboj Zebyo[hevrbo”~"ZggL
hi jZpbhgZebabjh\ZgZz g j adhgp _ipbxihdjulby FRYHI



"hey h[t_dlh\kbkl fu ~eydhlhjuo Ze]hjblfhfb” glbnbpb
kh™ j°Zl _evghagZgbfzy]jmiizZz | _ %%iiZgXeqf\hhfij bfm
kiI\h "Zgghc f_Ijbdb 2 _zihegzZy Z\IhfZlbabjm_fhklv b g_z
ghc\_jbnbdZpbb ihkdhevdm nzdlijbgZ~e_"ghklb h[t_dlI
nbdkbjm IkygZwlZi \uiheg gby Ze]lhjblfZ Nmg~*Zf glZz
Ilby aZzdexqZ |ky\ ]Jh [bag_k j e \Zglghklb gZebqgb_m
b glbqgh]lhiZjlgzjZ\]jmii_kha”Zzlhkgh\m ey bgnhjfz
bfh*"hihegyxs ]h ZgZebaZ "Zgguo b kbg_j] Ibgq_kdbo wn
1j_1Zpbywlhcf_I|jbdblj_[m_ImqgzlZijbgpbibZevgh]h h]jZ
hit _dlh\ \ kbkl _f_ kms_klI\mx|l b~ _glbggu_wda_fieyju K
Ibq_kdbc fZdkbfmfihdjulby az\ 100 fhzZfkigvfe gb_Ze]lhjb
Zl[khexlghfm agZq_gbxy\ey Iky f_Ih*heh]bq_kdhc hrb][d
>ey hp_gdb fzZzdkbfZevgh "hklb bfh]lhihdjulby F>1 i

"mxsbcgZmqggh h[hkgh\Zgguc ih®oh?”

Nhjfbjh\Zgb_j ij_a_glZlb\ghc \u[hjdb ba h[t_dlIh\

Zelhjblfhf\]jmiiu

Wdki_jlgZy \_jbnbdZpby kbeZfb Zk_kkhjh\ azZ”Zc

jmgghcihbkdihl_gpbZevgh b” _glbgguo h[t_dlh\ \h

JZkqgzl “hebijbgpbibZevgh mgbdZevguo h[t_dlh\\

WdkljZiheypbygZ] g jZevgmx kh\hdmighklv
<Z ghih”q_jdgmlv glh F>ly\ey Iky "bgZfbq_kdbfizZjzf
f_ g_gb_khklzZ\Z "Zgguo ihy\e_gb_gh\uo h[t_dlh\ baf_
lj_[m_lj_Imeyjgh]h hp_gb\Zgby

ljbf_jujzZ[hlu Ze]hjblfh\ bijbf_jubkihevah\Zgby ihen
Jimii

L _hj_Ibg_kdb_\udezZ”~db b Ze]hjblfbg_kdb_ j_r_ghby
Ij_~u”“msbo jZza® _eZo gZoh”yl k\hz g _ihkj_~klI\ _ggh_ij
kbkl fZzowe dljhgghc dhff_jpbb <~Zgghfjza®_ e ij_ "kl
jZ[hlhkihkh[ghklb hibkZggh]h ih*oh”"Z beexkljbjmxsZy
bkihevah\Zgby

+ MkljZg_gb_"m[ebjh\Zgby Ih\Zjh\\\u”~Zq_ihbkdh\u

+ Nhjfbjh\Zgb_h[t_~bg_gguo dZjlhg_d Ih\Zjh\



tlezZrdZ "?klv [uklj__~ "2?2klv”™_r \e_"b "KZfh_\ulh
gb_-~
t1j_~eh _gb_IlzZdh]h _Ih\Zjz\jZa”~_e_"Ba[jZggh_~
jZg__Ih\ZjaZdhgqgqbeky gZ kdezZ”" _
lj _~klZ\e_ggu_ijbf_juihdZau\lZxl dzZdj_amevlZlu jZ[hl
guo “"Zgguo jblkbk |1Zd b [bag_k p_gghklvihemqgZ fuo
memqr_gb_ihevah\Zl _evkdh]h hiulZ b dexqg_\uof _Ijbdie

Jbkmghd 21jbf_jjzZ[hlu*\moklZ~bcgh]h Ze]hjblfZ /33
"Zgguo P\ _lhggu_JhjrdbjZaguo hll_gdh\ihiZeb\ jZ:

GZjbkmgdj "klz\e_gijbf_jkij_~eh”  _gbyfb\u[jZggh
Ajm]lbo ijhr"Z\ph\ M dZ ~“h]lhij_"eh  _gby k\hy p_gZ b kjht
jZaguc j_clbglijhrzZ\pzZ Ihdmizl_ev fh _I\u[jZlvex[h_ij
fZy qglh\ex[hfkemqgZ_ ihemqgblgm guclh\Zj

lhoh bcijbf_jfh ' ghm\b”? lvgZjbkmdkded ihfbfh[ehdZ k
eh” _gbyfbA*im]boijh*Z\ph\ihdmizZl_ev\b”blih*"kdZadm
gh dmiblvih[he__\u]l]h”ghcp_g_m~2im]h]hijh*Z\pZ De
| _evihiz*zl gZ kljZgbpm kzZfh]l]h \u]Jh”*gh]h ij_~eh _gby



Jbkmghd 2 1jbf_jjZ[hlu\moklZ~"bcgh]h Ze]hjblfZ /33
NZgguo LZj) edb ey kZeZlZkjZagufb mahjZfbihiZeb

kbkl _fuihbkdZ ]Jjmii b® _glbqguo Ih\Zjh\ihdmiZl_exijbre
e ™ rz\u_ij_"eh _gby\jmggmx

GZjbkmgdij ~"klzZ\e _gijbf_jlh\Zjgh]hij_~eh” _gbyKki
lhf qglh wih “hklZlhggh \u]l]h”*gh_ij_"eh” _gb_gZ fzZjd_lie
[eZz]h~Zjy kbkl_f_nhjfbjh\Zgby ]Jjmii b~_glbgguo Ih\Zjh\
jh\ZzeZ Jjmiim k wibf Ih\Zjhf [eZ]h*Zjy q_fm klZeh ihgylc¢
" Ih\Zju Ih _klvIh\Zju\knhjfbjh\Zgghc ]jmii_ klhyl ~hjl

Ihfbfhijhg_]h gZebgb_]jmiib”_glbgqguo lh\Zjh\iha\
kdZadmhlhf glhm2Ajm]h]hijh*Z\pZfh ghdmiblvIiZdhc _
"hklZ\dhc jbk Wlhihe agh eyl oihdmiZl e ¢ dhlhjuf
"hklz\db

BgZdhg p gZjbkilmddAdaZgijbf j sz h~ghc[bag_ k f_«
dmizl_ev fh | “h[Z\blv Ih\Zj\ ba[jZggh_ qglh[u dmiblv _
Im dh]”*Z ihdmizl_ev [m”_| Jhlh\ kh\_jrblv ihdmidm ihf_
ij_"eh _gb_fh _lazZdhggblvky gZ kdez”_ GZebqgb_ ]jmi
ihalhey lihdzZazlv _fmlzZzdhc _ Ih\Zjhl~jm]h]lhijh*"Z\pZ
bf lh\Zjgufij ~eh” _gb_f\jZza”_e_ ’"Ba[jZggh_~ WIlhihfh
kh\_jrblvihdmidm [ _a*hihegbl_evguo ™ _ ckl\bc

LZd _ _klv jy®*jm]bo kp_gZjb_\ bkihevah\Zgby Jjmi
jh\ dhlhju_keh ' gh ijhbeexkljbjh\ZIv jbkmgdzZfb gh dhll
f gvr__\ebygb_ _gZwnn _dlb\ghklv fZjd lie_ckZ



Jbkmghd 2:ehd kij_"eh  _gbyfb*jm]boijh*Z\p

<u\hrudiylhc Jez\_

<oh” wdki_jbf glZevguo bkke ~h\Zgbc [ueb ijhZgZ
gu_f Ih*u deZkl_jbaZpbb "ey aZz”"Zgb ihbkdZ b® _glbqg!l
gbc KjZ\g _gb_ Ze]hjblfh\ \dexqgZy ljZgablb\gh_ aZfud.
nbdZpbx /RXYDLQ b ',$1% ihdZaZeh qglh "\moklZ*bcg
gZbemqgrb_j amevlZluih dhfie_dkghc f j dZq_klI\Z 29
dmx h*ghjh”rghklv b iheghlm WIlhlf IhA1Zd _hdZaZeky
l1ZzddZdg_Ij_ [m_lihegh]h]jZnZ k\ya _cbwnn_dlb\ghjZ[h
kbkl fZzo /IRXYDLQ ihdZaZe koh ' b_k/3%j amevlZluih h’
mkimibe \'iheghl_ ba azZ k\h_c dhgk_j\Zlb\ghklb ",$1% ¢
hrghjh?rghklv agZgbl_evghijhb]julZ _I\iheghl_blj_[m_
| evguo j _kmjkh\ qlh h]jZzgbgb\Z | Jhijbf g gb_\djmi
gzZo

>ey hp _gdb dZqg_kI\Z ]Jjmiibjh\db \ j] Zevguo mkeh\k
guf Ih*bdb mgblu\Zxsb_ h]jZgbqg _gby [hevrbo *"Zgguo
dZ h*ghjhrghklb g_j_ _a*\mowlZigh_k_fiebjh\Zgb_iZj h]



Jbkmghd 2:ehdkij_"eh  _gbyfb”~jm]boijh*Z\ph\ b ih
N r \e T

eZgkbjh\Zlv lhgghklv b \ugbkebl evgmx wnn _dlb\ghklv
\W A gzZzf_jZzdZqg_kI\Z "ihdjulb_"~ WIlb ih?oh”uiha\heyxl
g_klI\h kbkl _fu[_ag_h[oh*bfhklbiheghc wlZehgghc jZaf
\Z'gh\mkeh\byo "bgZfbqg_kdb h[gh\eyxsboky *Zgguo
ljZdlbg_kdh_ijbf_g _gb_ Ze]hjblfh\ ijh™® _fhgkljbjh\z
"eywe dljhgghc dhff_jpbb Nhjfbjh\Zgb_]jmii b _glbqg
_lihevah\zZl _evkdbc hiul mkljZgyy "m[ebjh\Zgb_\ihbk
12y Zevl _jgZlib\gu_ \ZjbZglu ihdmidb b h[_ki_qgb\Zy ih~k
guo beb [ukljuoij_"eh” _gbyo WIlhg_ I|hevdhih\urZ I m~h
e ¢ ghbkihkh[klI\m_Im\ _ebg gbxdexqg_ \uof IjbdieZlnl
Ij_"eh”  _ggu_f _Ih*ubZe]hjblfu~hdZaZeb k\hxwnn_dlIb\
qg_kdhf 1Zdb\ijZdlbg_kdhf Zki_dlZo h[_ki_qb\Zyj r_g
mkeh\byo [hevrbo b *bgZfbgguo *Zgguo
J_amevlZlu”~Zgghc]eZ\u him[ebdh\Zgu@ jZ[hlZo >



Jbkmghd 2lhr"kdZadZ hlhf glh~Zggh_Th\Zjgh_ij_"el
lh\ZjZ \u]h*g__ ~jm]bo

Jbkmghd 21h~AkdZadZ hlhf glhwlhl > _I1h\Zjfh ghdm
ijhA"Z\pZ k [he__ [ukljhc ~hklZ\dhc



Jbkmghd 2:ehd "GZreblzdhc  _“ITh\Zjhl*jm]h]hijh”Z)\
bkoh”gh _ 1Ih\Zjgh_ ij _~eh  _gb_aZdhggbehkv gZz



AZdexqg_gb _

Hkgh\gu_j_amevlZlu jZ[hluaZdexqgZxlky \ke_"mxs_
Bamg_guih”oh?udhilbfbaZpbb ZgZeblbq _kdbo 64
ah\Zgb _ff Ih*"h\fZrbggh]hh[mqg_gby dhlhjuc\dex
kdZaZgbydZj*bgZevghklibbg cjhk | \u_Ziijhdkb
bfhklb \uiheg_gby IhdZaZgh qlh ijb mkeh\bb agZ
Ilhd ij_~eh  _gguo\ebl _jZImj_f_Ih~h\ kihfhsvx g_
fh gh "hklbqv mkdhj gby \uiheg _gby keh ' guo aZij
guo mkeh\byo H”"gZdh gZijZdlbd_\mkeh\byo *"bg-:
ky "Zgguo \hagbdzZxlijh][e_ fu mklhcqgb\hklb fh*_ e _
\ukhdbo gZdeZ”~guo jZkoh?h\ gZ boi_j _h[mqg_gb_\
\j_f_gb
JZajzZ[hlZg f_Ih~ b” glbnbdZpbb k_fZglbq_kdb b”*
hkgh\Zgguc gZ dhf[bgZpbb [bgZjghc deZkkbnbdZ
ZelhjblfZz deZkl_jbazZpbb gZ ]jZznZo Ijhba\_7~zg |_I
g_kdhevdbo Zelhjblfh\\u”®_e_gby khh[s_kI\ Z1zZd
kI\Z Ze]hjblfh\ihdexqg_\uff_jZfdZq_kI\Z h”rghjh”~¢
gZj _Zevguo “"Zgguo :e]lhjblfjzZzkijhkljZzg _gby f Ih;
dZg_klI\_gZb[he__ih*oh?ys Jhihjy"moZjzZdl_jbk
KI\m jZ[hlu Ij_~eh” _ggZy Zjobl_dImjz z~Zilbjh\Zg.
guo kbkl_f k bkihevah\Zgb_fiZjZz*"b]fu ODS5HGXFI
fZkrl1Z[bjm_fhklv b ijZdlbg_kdmx ijbf_gbfhklv ih”c
ki_dlj_ijbeh” _gbc
JZajZ[hlZg fh *bnbpbjh\Zgguc *"\mowlZiguc Ze]hjl
gZ hkgh\_ /3% \dhlhjhfj_Zebah\ZgZ dZeb[jh\dZ il
kilb Kk mgzlhf *himklbfh]h mjh\gy hrb[hd b I
"Zgguc Zelhjblfihalhey lih\ukblviheghlmdeZkl_|
hrghjh~rghklb h[_ki_gb\Zy kljmdImjgmx kh]leZkh\Z
eh” _gguc f_|Ih™ Zijh[bjh\Zg gZ aZz*"Zq_ihbkdZ b"_ g
fzjd _lie_ck_ 1Ij_~hklZ\e_guj_amevlZlujZ[hlu kbk
lj_~eh” _gZbZijh[bjh\ZgZf_|Ih*bdZhp_gdbdzZq_KklI'
~dlh\ \dexqZxsZyihdZazZl _eb h”ghjh?*ghklb biheg
gbl _evguc ihdZaZl_ev ihdjulby dZd Zevl _jgZlb\m
hlkmlkl\by wlZehgghc jZzaf_Idb WIZ f |h*"bdzZ Z"Zi



aZj amevlZih\*"bgZfbq_kdhcdeZkl jbaZpbb\kbk
rbo "Zgguo b ijh~r_fhgkljbjh\ZeZ k\hx ijb]h~*ghklv i
wdki_jbf_glZevguo bkke_"h\Zgbc



Kibkhd ebl_jZImju

*267 5  QIRUPDWLRQ 7HFKQRORJ\ ,7
6\WWHPV DQG 7KHLU ,QWHJUDWLRQ ,QWHURSHL
BWDQGDUWLQIRUP

&UHSV3IRO|HKKBQRVG\VWHPY &DSDELOLWLHV 2¢
DQRG (QWHUSULVHV 6&23( ORGHO IRU ,QWHUR S
IHWZRUN &HQWULF 2SHUDWLRQV ,QGXVWU\ &RQ

5RVHQEHXNJILQ¥OLQDRGHOLQJ WKH 6WUXFWXUH
OHDQV RI 6WUXFWXUDO &RQVLVWHQF\ &RPSXV
2|_ 2K 2

'XOLQ,@WURGXFWLRQ WR WKH 7KHRU\ RI 6 WUXI
&RPSXWLQJ &HQWHU RI WKH 5XVVLDQ $FDGHP\R

'XQQ + 55HFRUG OLQNDJH $PHULFDQ -RXUQDO RI

+HDOWK 2 2 L < 2K 2
JHOOHJEXQAWH®$ W KRAHRU\ IRUUHFRUG OLQNDJH
VWDWLVWLFDO DVVRFLDWLRQ 2 2 L < 2 |

JRUWXQORWRPEQLW\ GHWHFWLRQ LQ JUDSKV 3K

< 2 2K 2

+DUDLRL\Q WKH QRWLRQ RIEDODQFH RID VLIQHG J
-RXUQDO 2 2 L « 2K 2

5RVHQEHWUYFKEHWHDVXUH $ &RQGLWLRQDO (Q
&OXVWHU (YDOXDWLRQ OHDVXUH 2

JRZNOHVWOOREIVRWKRG IRU &RPSDULQJ7ZR +LHU
-RXUQDO RI WKH $PHULFDQ 6WDWLVWLFDO $VVR

SDQG2ZEMHFWLYH &ULWHULD IRUWKH (YDOXDWLF
WKH $PHULFDQ 6WDWLVWLFDO $VVRFLDWLRQ 2

+XEHUMWDEKKHRPSDULQIJ3DUWLWLRQV -RXUQDO
L 2 K 2

ODQQLQJ$Q LOQWURGXFWLRQ WRLQIRUPDWLRQ U



%ORFNLQJDQG ILOWHULQJ WHFKQLTXHV IRUHQ

>br" @ $&0&RPSXWLQJG6XUYH\V &685 2 2L
>mebgly[p_\:e]lhjblf memqr_gby kh]JeZkh\Zgghklb kI
| jhi_jZ[_evghklb Gz~z ghklv 2 2 L <« 2K

OLDRAH <:DQJ 5RWRP $0HWD OHDUQHG 'DWD $X.
IRU (QWLW\ ODWFKLQJ 'DWD &OHDQLQJ 7H[W &
,QWHUQ &RQI RQODQDJHPHQWRI'DWD 2:LYDQ

'HHS /HDUQLQJ IRU %ORFNLQJ LQ (QWLW\ ODWF
6 7TKLUXPXUXJDQDWKDQ + /L 1 7DQJ >b ") @
2 L 2 K 2

6LOEHUVERDWK$6 XYGDUVKDWDEDVH VIVWHP FRQ
OF*UDZ +LOO 1HZ <RUN

'LWWULFRKLWHFWXUHDQGLPSOHPHQWDWLRQR

+DUPRXFKDXPDQ&DUGLQDOLW\ HVWLPDWLRQ $¢
SURFHHGLQJV RIWKH 9/'"% (QGRZPHQW 2 2L

+DQ < H&MUGLQDOLW)\ (VWLPDWLRQ LQ '%06 $ &
(YDOXDWLRQ DU;LYSUHSULQW DU;LY a

'HHS 8QVXSHUYLVHG &DUGLQDOLW\ (VWLPDWLR
9/'% (QGRZPHQW 2 2 | )

&DL %DOD]LQ/ANDLBHVVLPLVWLF FDUGLQDOLW\ F
ERXQGVIRULQWHUPHGLDWH MRLQ FDUGLQDOLMW
&RQIHUHQFH RQODQDJHPHQW RI'DWD 2 2 K

%BUXQREKDXGKXUDEDQ+ROHV $ PXOWLGLPHQ\
DZDUH KLVWRJUDP 3URFHHGLQJV RI WKH
FRQIHUHQFH RQ ODQDJHPHQW RI GDWD 2 2 K

'"HVKSDQGMUR I DO DINLWWIR,JLGHSHQGHQFH LV JRR
EDVHG KLVWRJUDP VIQRSVHV IRUKLJK GLPHQVL]
2 L < 2 K 2

*XQRSXORWHGOGIHBWLYLW\HVWLPDWRUV IRUPXOV
UHDO DWWULEXWHY WKH9/'"% -RXUQDO 2 2|



OXUDOLNULMKDRDWODW '(TTXL GHSWK PXOWLGLPHQV
SURFHHGLQJV RIWKH $&06,*02'LQWHUQDWLR
RIGDWD 2 2 K 2

6HOLQJHU 33EFHVD SDWK VHOHFWLRQ LQ D UHOI
VI\IVWHP 5HDGLQJVLQ $SUWLILFLDO ,QWHOOLJH(
K 2

'DQJ +6HYFLNS$ PXOWL GLPHQVLRQDO KLVWRJUD

DQG IDVW DSSUR[LPDWH TXHU\DQVZHULQJ 3U
WKH&HQWUHIRU$GYDQFHG 6WXGLHV RQ &ROOD

'REFXPHQWDWLR@GXDSWHU 5RZ(VWLPDWLRQ
IRSHV*X\HU &HQH 6TO GRFV FDUGLQDOLW\ HVWL

+HLPHO. IOHIHUODUN® MOl WXQLQJ *38 DFFHOHU/!
PRGHOV IRU PXOWLGLPHQVLRQDO VHOHFWLYLW
$&06,*02' ,QWHUQDWLRQDO &RQIHUHQFH RQ 0D
K 2

.LHIHU 0O (WWOLPDWLQJ MRLQ VHOHFWLYLWLHYV X

GHQVLW\ PRGHOV SURFHHGLQJV RI WKH 9/"% (C
2 K 2

/[HLV 9 BDDGLQDOLW\ (VWLPDWLRQ 'RQH 5LJKW

&LGU 2

/L) H:DQGHU MRLQ 2QOLQH DJJUHJDWLRQ YLD
W K H , QWHUQDWLRQDO &RQIHUHQFHRQ O0DQD.

=KDR = BHDOGRP VDPSOLQJ RYHU MRLQV UHYLVL
,QWHUQDWLRQDO &RQIHUHQFH RQ ODQDJHPHQW

'RFXPHQWDWLRNDWLEWLFV IRU RSWLPL]LQJ TX
VWDWLVWLEFV 2

.ULVKQDQ SHBIUQOLQJ WR RSWLPL]JH MRLQ TXHUL
OHDUQLQJ DU:LYSUHSULQWDU;LY 2



ODUFXV3DSDHPPDQRKXH® HLQIRUFHPHQW OHDU
HOQXPHUDWLRQ SURFHHGLQJV RI WKH )LUVW ,(
S$UWLILFLDO ,QWHOOLJHQFH 7HFKQLTXHV IRU 'D\

7TUXPPHU 6NMHL@QHUGE 5HJUHW ERXQGHG TXHU\
OHDUQLQJ $&0 7TUDQVDFWLRQV RQ 'DWDEDVH 6
< 2 K 2

ODUFXV 51BRD$ /HDUQHG 4XHU\ 2SWLPL]JHU 3U
(QGRZPHQW 2 2 | )

, YDQRYODUWXOBRYISWLYH TXHU\ RSWLPL]DWLRQ
&RQIHUHQFH 2WWDZD &DQDGD °?2

<DQJ= HHRUR&DUG RQHFDUGLQDOLW\HVWLPD'
WKH 9/'% (QGRZPHQW 2 2 | < 2K 2

=KX 5 H)/B7 IDVW OLJKWZHLJKW DQG DFFXUL
HVWLPDWLRQ SURFHHGLQJV RI WKH 9/'% (QGRZ
K 2

'ROWPDQQ &ADU@LQDOLWN HVWLPDWLRQ ZLWK O

SURFHHGLQJV RI WKH VHFRQG LQWHUQDWLRQ
LOWHOOLJHQFH WHFKQLTXHV IRUGDWD PDQDJH

/JHLV 9 HRRJRRG DUH TXHU\ RSWLPL]JHUV UHDOO
(QGRZPHQW 2 2 ¢« 2K 2

+H. H'BOYLQJGHHSLQWR UHFWLILHUV 6XUSDV
LPDIJHQHW FODVVLILFDWLRQ SURFHHGLQJV RI
FRPSXWHU YLVLRQ 2 2 K 2

*DVQLNRIMRGHUQ QXPHULFDO RSWLPL]DWLRQ P
'HVFHQW OHWKRG H SULQW DU:LY 2

‘X - HSMGHUVWDQGLQJDQGLPSURYLQJOD\HU QF
,QIRUPDWLRQ 3URFHVVLQJG6\WWHPV 2 2 |

+DVVHORWEOH 4 OHDUQLQJ $GYDQFHV LQ QH>
VI\VWHPV 2 2 |



&XL < HHDQHO SRROLQJIRU FRQYROXWLRQDO Q
WKH ,((( FRQIHUHQFH RQ FRPSXWHU YLVLRQ DQ
K 2

ODVZDQL $$WWBHQWLRQ LV DOO \RX QHHG $GYI
SURFHVVLQJ V\VWHPV 2 2 L

++OOHUPHDHUHPD®QHDWRULF DQG HSLVWHPLF |
OHDUQLQJ $Q LQWURGXFWLRQ WR FRQFHSWV |
2 | < 2 K 2

GULYDVWDYDRSRXW D VLPSOH ZD\ WR SUHYHQ
RYHUILWWLQJ L 2-0/5 RUJ 2 K 2

*DO *KDKUDPDURSRXW DV D ED\HVLDQ DSSUR[LPD
XQFHUWDLQW\LQ GHHS OHDUQLQJ LQWHUQDW
30/5 2 K 2

>mebgl[p_\:gZebaih”oh”h\ d hilbfbaZpbb azZijhkh\
kdbo KM;> H[jZah\Zl _evgu_j _kmjku bl ogheh]bb
K 2

>mebgl[p \Hp _gdZieZgh\\uiheg _gby 64/ aZijhkh\
ljZgkihjlguo aZ”Zq K I \hcgZmggh f Ih*bq_kdbc
gheh]bb "~ _e aguo “hjh]2 :HOGBB:K2 2 2 L <

Jy[p_\>meb®BKl ee dimZebaZpby ZgZebaZ\uiheg 1
ehghgghc KM;> L _abku”*hdezZ”h\ cf ""mgZjh~gh
| ee _dimZebazZpbyh[jZ[hldbbgnhjfZpbb” 2Fhkd\Z

>mebgBkke ~h\Zgb_k | ck~bkkhgzZgkzfb Ba\ klb

g_kdZy db[_jg_Ibdz 2 2¢ 2K 2
>mebg<K_~ gb_\ *"bkkhgZgkgmx eh]bdm <ugbkebl
bkdmkkI\ _gguc bgl_ee _dl 2 2 L <« 2K 2

%DDVDVWDQHBOGHSORLWLQIJ7UDQVLWLYLW\IR
6HPDQWLF :HE (6:& 6DWHOOLWH (YHQWYV 9LUW)
2&KDP 6SULQJHU QWHUQDWLRQDO 3XEOLVK



*LUYDQ1MHZPDQ 0 &RPPXQLW\ VWUXFWXUH LQ V
QHWZRUNV 3URFHHGLQJV RIWKHQDWLRQDO D
< 2 K 2

)DVW XQIROGLQJRIFRPPXQLWLHV LQODUJH QHYV
RI'VWDWLVWLFDO PHFKDQLFV WKHRU\DQG H[SF
3

=KX ;=RXELQHDUQLQJ IURP /DEHOHG DQG 8QOD
3URSDJDWLRQ | o hlg &DUQHJLHOHOORQ 8QL
2 285/ KWWSV POJ HQJ FDP DF XN JRXELC
&08 &$/' SGI

SRVYDOHUJIVWURPSY RIUDQGRP ZDONV RQ FRPS
FRPPXQLW\ VWUXFWXUH SURFHHGLQJV RI WK
2 L < 2 K 2

3RQV/DWDSKRPSXWLQJ FRPPXQLWLHV LQ ODUJ
ZDONV &RPSXWHU DQG ,QIRUPDWLRQ 6FLHQF
6\PSRVLXP ,VWDQEXO 7XUNH\ 2FWREHU

2K 2

6KLODOLNRUPDOL]JHG FXWV DQGLPDJHVHJIJPHQW
SDWWHUQ DQDO\VLY DQG PDFKLQH LQWHOOLJH

ODSUHGXFH VLPSOLILHG GDWD SURFHVVLQJRQ
>pb M @ RVGL L 286% 2 K

.DXIPDGBRXVVHHXYZGBGLQJ JURXSV LQ GDWD DQ |
DQDO\VLV 2-RKQ :LOH\ B6RQV

:glbih\ B>mebg:K; JNhjfbjh\Zgb_ ]Jjmii b _glbgguo h]
Ba\_klby J:G L_hjby b kbkl_fu mijZ\e_gby 2 2 ¢

Jy[p_\ :>mebglK\ur_gb_ kljmdImjghc kh]JeZkh\Zggh

ihbkdZ ]jmii b~ _glbgguo h[t_dlh L abku “hdezZ”h\

ghcdhgn_j gpbb " Bgl ee_dilmZebaZpbyh[jZ[hldbbg
2K 2



Jy[p_\>mebdgiKroh”dih\ur_gbx kh]eZkh\Zgghklb kljn
| _jhi_jZ[_evghklb L_abku”hdezZ”h\ hc <k_jhkkbc
j_gpby FNLB 2>he]hijm”~guc 2 K 2



Kibkhd jbkmgdh\

H[sZy kljmdImjZ bgl_jhi_jZ[_evghklb\ khhI\_Ikl\b

jobl_dimjzljZz*"bpbhggh]h hilbfbaZlhjZz aZijhkh\
KhihklZ\e _gb_lhqgghklb hp_ghddZj*bgZevghklb j
f Th Zfbb\j_ f gb\uiheg _gby aZijhkh\
Bkihevamyijbgpbi hilbfZevghklb ba h”~gh]hiezZgZz
kKh[kI\_gguf hilbfbaZlhjhf bale_dzZxlky ljb h[mgZx:
Ijbf_jZ WIbijbf_jubf_xlh~gbbl_~ “he]lhkjhqgu_
b hlghr _gby *ey kh_"bg _gby | _ ijbgylb_wlbo ehc
j_r_gbc\dhg_qgghfblh]_ijb\h~bldkh_"~bg_gbx\ h"
k\yvagmx dhfih{grlg.lm4} k hilbfZevghc kh\hdmighc
klhbfhkw%

AZijhk b khhI\_ITkl\mxsb__fmijbagZdh\h_hibkzZghb
\_dlhjudh?®bjmx!| Zljb[mlu\]jZAg a2ZijhtkZqZklb
kh_~"bg AbybijZz\hc qz&kdb LZdh_dh”~bjh\Zgb _
thalhey | hibkZlvdZd]jZnaZzZijhkzZ 1Zd b dhgdj_Igl
kh ~bg gb_ IhdZaZguijhf_ "mlhggh_ kh_~bg _gb __
kh_~bg _gb_ Ijbf_jaZijhkZ ho\Zlu\Z _I\k_hlghr_g|
ithwlhAg= A

:NZilZpbyijbagZdh\h]h hibkZgby *ey jZ[hlu kij_"Db
hi_jZlhjZfb kh_~bg_gby ;Zah\Zy kljmdImjZijbagZ
jZkrbjy lky ke \Z " h[Z\eyxlky ij ~"bdZlu KkijzZ\Z 2
nbabqg_kdb_hi_jZlhju <kemqgZ_ \u[hjZf_ ""m 1HV
+DVK-RLQ dijbagzZdzfkh_"~bg _gbyijbkh_"~bgy_ Ik
[bgZjguc \_dlh) mdZau\Zxsbc lbihi_jZlhjZz
jobl_dImjZ kbkl_fu 1HR

DhAbjh\dZ bgnhjfZpbb hazZijhk _

NhjfZl hibkZgbyieZgZ\uiheg_gby

jobl _dImjZ g _cjhk_1b
LiZgknhjfZpbyieZgZ\uiheg _gby aZijhkZ ey kha?”
IjbagZdh\uo hibkZgbc



ljbf_jue_\h]h Jem[hdh]h b\ _I\bklh]hieZgh\

ljbf _jkha”rZgby\ _dlhjgh]hij_~klZ\e _gby *ey |l _dm
khklhygby b~ _ckl\by

jobl_dIimjZ g _cjhk _Ib bkihevah\zZ\rZyky \~Zgghc

wdki_jbf_glZo kih*oh”~hf'41
ljbf_jhij_~ e _gbyl_jfbgh\VWDWH DFWLRQ UH.
AN\ ihhMieZg

ljbf_jfgh _kI\Z\hafh 'guo khklhygbc \ih?*oh”_ 1HR
D >baZcg kbkl_fulHR\hjb]l]bgZe_ [ Fh*bnbpbj

"baZcg kbkl_fulHR xfh*bnbdZpbbih”k\_qg_gu[hj’
FhrbnbdZpby Zjobl _dimjug_cjhk _Ib1HR
AZ\bkbfhklv fZzdkbfZevghc \_ekgbgu rmfz hl

> fhgkljZpby jZzaebgqguo \b”~h\g_hij_" ezgghklb\
ebg cghcj ]j_kkbb

Ilh*oh” gZ hkgh\_ljZgablb\gh]h aZfudZgby
Lib]jmiiub” _glbqguo lh\Zjh\ hrb[hggh kh_~bgzgc
kh[hcfZeufgbkehfjz[_j

HAgZ bl _jZpby /3%$\iZjZz"b]f_ ODS5HGXFH gZi_j\
dz ~"Zy \ _jrbgZihkuezZ I\k_fkhk_"yfk\hxf Idm g
rz] _dzZ ~"Zy\ _jrbgzZf gy I k\hxf IdmgZ fh®m hl\k
ithemqg _gguogZi_j\hfrz]_ f_Ihd
ljbf_jjZ[hlu\moklZ~bcgh]h Ze]hjblfZz /3% /3%
mimklbe [u h®*bg baa_ezguolh\Zjh\ glh g_]ZIb\gh
gZiheghl_ /3% kl]jmiibjh\Ze [u\k_Th\Zju qlh g.
kdZaZehkv [ugZ h*ghjh~ghklb

> fhgkljZpby jZaebgqguo \b”Ah\g_hij_" _ezgghklb\
ebg cghcj ]j_kkbb

JZkij_~ e _gb_qgbkeZ]jmiiihjzaf_jzf kbgbc b gb
h[t _dlh\\wlbo ]jmiiZo [_" _\uc =jZnbdh]jZgbg_g
gbkehf
ljbf_jjZ[hlu"\moklZ~"bcgh]h Ze]hjblfZz /3$gZj_Ze
"Zgguo P\ _lhggu_]JhjrdbjZaguo hll_gdh\ihiZzeb \
Jjmiiu



ljbf_jjZ[hlu\moklZ~bcgh]h Ze]hjblfZz /3$gZj Ze
NZgguo LZj) edb ey kZeZlZ kjZagufb mahjZfbihic
Jjmiiu

;ehd kij_"eh  _gbyfbjm]boijh”"Z\ph\

;ehd kij_"eh” _gbyfb*jm]boijh*Z\ph\ bih*kdZadZ
N r \e T

lh"kdZadZ hIhf glh~Zggh_1h\Zjgh_ij_"eh  _gb_\
lh\ZjZ \u]l]h”*g__ ~jm]bo

lh"kdZadZ hIhf glhwlhl ™ _Ih\Zjfh ghdmiblv m ~jr
Ijh*"Z\pZ k [he__ [ukljhc *hklZ\dhc

;ehd "GZreb lZdhc " _"Ih\Zjhl*jm]h]hijh*Z\pZ \ ke
bkohrgh_Ih\Zjgh_ij_~eh” _gb_aZdhggbehkv gZ ko



Kibkhd |Z[ebp

J amevlZlukjz\g_gby ih"oh”"Z'41 kdeZkkbq_ kdbf
hilbfbazZlhjhfazijhkh\

J _amevlZlu kjz\g_gby ih*oh"Z 1HR kdeZkkbqg_kdb
hilbfbaZlhjhfazZijhkh\

KjZ\g_gb_Ze]hjblfh\deZkl jbaZpbbihdexqg_ \ufd]

J amevlZlukjZ\g_gbyf Ih*h\ h[t_"bg_gby h[t_dlh
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