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07 dmzgdaenos obmgomgdgeo boddasgmols sdm3abs, dobo aMsgol gomEsddbs dgodangds Bgdwgabso@om: jgsbdy-
dols Lod@ogang ogogg Ghgds. o9 LoTyol a@sg3d0 méo (396m Fodmmo B ghmgdagmo s@ss, yadmsddbomn g@ogdo
gL M@0 F3960m 9bps gg@megl @o JomoJom: oy bafyols aMagdo m@o Fggthm Fodmmos ggamgdagano, 3>3ob gom-
oddbog aM503T0 dom Mm@l [odm o 05GBLYdgdl. swgogmo Lsbabagos, GmMI sbigm aodwsddboan a@sgdo LGgano
bod@agarols sdm3abs Iabigbl a0g3398L 0bmEro®gdamo bod®sganols s3mabatby, 569 Jomggano s3m3sbols Jgm@yhy
aygobs dgodangdo.

AmpamA3 >S@dmhbps, gl m@ogg S3mzsbs (080l s dogbgeagsw, GmA gdmo dgbgogom gl meogy >dm35b> @R ogoE
25300496 55) Mm53056mo gansbiobamgols g.§. bergemo s3m3abgdos, obmy o3 jensbiols gggums ©obsdhgbo 5dm306> domby
504356100 336335900 35036950l 3bom. > ds@obios 0dols hggbgds, H™I gl sdm356980 Ms0dy bbgs >dm3aboby
004356405, MM 0l S3M3oba3 LB brogds: X496 ©ogoygsbm bgdoldog sdmzsbals begero bod@sgurols sdm3abatby
s gty bEgmo bod@sgmols 53m3abali 53 9gabalighgmby. o gobomgogmolifobgdgamos ol dmdgbGo, MM @oyge-
boli 36mE3 Lo (seram@omdBo) doxgdol AomEybmads 3menobmdog®o gablioom ogml gdmbsbwgOgeo. Go@ysb
060 3menobmdog®o gbliool jmddmboeiges mgommb 3mgobmdog@os, glsdagdgmos @oygobols @agobp a@dgmo
xodg0l 53900 Fgogasw ds0b3 oligm seram@omdl Jogogdm, Gm3ol dox ool AomE bmds3 bydmwsb dmeobmdo-
760 gabJ3n0m 0dbgds gAmbsbmg@mgmo. sdgesb 3sdmdmobamgmdl, @M oy glsdmgdgemo 0dbgds sbgmo Ldyma
odm3obgaols 3meabmdoy® AEMTo ook, bgdoldogh Lbgs s8m3obslisi gomagd®omon dmmobmdon® pamdo.
>80§ma 53 3dm356980bamgol 189G G0 semam@omdgdols 3mghs 56 030l SAE0EIDS, @M Sligmo sEramGomdo 56 S@-
ligdmdl (sdmzabols gJl3mbgbon®o Jages bmg@ols higgbgds), 396GBsm Mo bsjombos 06gm@IsGosdo. 0dobomgols,
@3 Go0dy >dmzabols LoliMgmyg ©sgedd oamm, Gondy LHymo 3m3shs gbms agoggsbmm 3aliby. bowos, G™E
165 sObgdMdEaL sdmzshs, BMImols LoliGamai by JoMggmoer Gamsis bbgs dgmmegdon @sIGgoies. sbigmos
ol 396 dosms 93s@oGgools sdmzsbs, GBm3genoi bgdmm oym babligbgdo.

aoags@gols s8misbs: Imzgdgeos a@sge G = (V, E) ©s bs@m@sgma®o Goibgo k. godygom, Gm3 a@ogel Fg96m
3905850531 08 [0dmyol, Gmdamgdoi o3 g90mbmab s@0sb ws3sgdodgdaemo. myy dmiggdgmos (330mgdols Gomso
Lod@sgmy, 0dygosh, ®md ogo Jmgm Mgl aogogs@agh, g obio bydobdogdo Fodm dnigdnm Lod@sgmgdo g-
dagogmo gemo (gg0mmo 80063 gopsnksmgds. Fgodangds m9 o@s dmiagdgeo g@agol k& Fggdmosbo bodmsgarols
3dgmes, Gndgmo o8 3Mogl aomsgstagl?

0dols bahggbgdemaw, @M gl s8mobs bEgEros, 9bes ©ogsdG0EMm, Gm3 GO E0dy LYo S3mEsbs, dagagromam
dgemols gobdgosms 193doMmo@gools sdmzebs, dolibg @anyggebgds: o3 dmanem sdmzsbol gemgdgbGgdo - dgmols yb-
Jaoob b ggems@o, Bgadmgdamo jmbogbiooms ©s mobogbdiaoom, aommsgddbsm adoysw, MmdgmoaiE m Fggemmo



250065 gds 35T0b ws dbmenmw 35306, 0y gl gbJGos mEgbdy 499dsMo@o aobrgds (s m wsdmgowgdymos k
-by)-

Jadde dsgagroma: dmnzgdgaos 9bos, Gmdgmoi hofg@omos jmbogbJEonmo bo@dsgado gu@dom ©s Dgoagds

4 33 maeobs ©s 3 wobogbJog@o hsbofg@molisgsh (momeygge Sligor hsbsfgedo ool byliGow 3 3gerswo — @@ jo-
(3005, MM sbgmo Lsbob g9bjiogdobsmgolog 493FGoGgdols sdmiEabs NP Ggaos):

F($1.$2,$';,£4) = (IL‘] V -ry V 1‘3)(.'1,‘1 V2V $4)(1‘2 V o3V oxy).

gmgge gl Jggabodsdmm ghmo 3gobdo 3@ogdo, bmmm gmggae moboyb]ion@® hebsfg@l dggnlisdsdmm bsdo
90 dsbgmmsb Fodommo ggemgdagana 3gsbdo (ob. bab. 1). o9 hsbsfgdTo ol dmdganomsis ggerswo & ob —uy,
dobo dglsdsdolo 3gobdo hobsFgmol gom-gho 33564l 9g@meyds Fodmma. segogo bshggbgdgemos, mmd k 3geawo-
560 > ¢ obobon® HobsfgMmosbo dm3gdgmo gubjiaool sligmo Lsbom gomesddhols Jgmgasm domgdgmo Moo
3o050985Mgdy k + 2¢ 3gsbdom 35Fob o dbmmmm 35T0b, oy gl ubJios Bgodagds kgBBo@mo@o aobwgl 3gerswgdols
3o 3ggnmo dbodgbgermdgdolismgols (my sGbgdmdls 3garaegdol sbigmo 3bodghgenmdgda, dsTob gbes dgodhgl dsmo
glsdsdolio 3gobdgdn).

X, ~X, X, -Xx, X, ~x, X, - X,

bob. 11 @geadiool bjgds

09 gm0 sdmzsbs Jgm@gby @soogzebyds, 3sTob gl gmédg SdmEabs 8 30Ggge by GRGMm Gogmo gbps agmb, by
dgm@g 5dm3060l go@olivg@gunsm Lago®m MIGos@ @0 sgram@omdal 30X gdol AomMEyhmds 5@ bs jargdo JoMmggumo
>dm(30hbol o@sbisdMgmom bago®m Mm3Godsgny@o seram@omdols doxgdols GomEgbmdaty.

1.4 SdmEsboms Lodogeol gensligdo

BoEaob gOmbs ©s 0dsgg sdmEsbals 39360 bbgsmalibgs smmam@omndygano sdmblbs ojgl, Bgodegds Fodmod@sls dbg-
36030 dgzomhgs: Gawol xMdos ghmo senamdomdo 3gm@Eglh? 8 Fgzombgsby d6gd@ago dsbagbos: GmEglsg geOmo
sanammomdo byjgamgd Halg@bl bodxsgl, gop®yg dgmemg — bogmgd AmbLS s segomb (gbling@gdols Yx@gob).
SALYOMIL sSEramBomdms Mo Godo: Is@agena@o ©o J0dE gBmdomo sSergm@Gomdgdo. doGomsesw bdsmmdgh Jo@-
SEET@ >0 MMH0mdol — ;08309 gt e doygGmbgdgdTo, aedmdmgmge ©obswye®gddo, dsBogmgmye 3Gmglio-
@0ob 35610636 T0 @s o.9. d96gdMogoe obidols ggombgs: @adrgboe 9uGAM™ 9935J@ G0 IsBomgma@o sEamGomndo
d0dg3emé0mmsh gostgdom? s@dmbbes, @m3 seram@omdgdols ,,as35Goa gangds” ao® 3399 230G bmdsl odgn-
Jgo: dogogmomsm, n MoEbgol obo@olibydol Sdnzebs FodpggOmdom sgam@omddo O(nlogn) doxl sbopmdgdl,
beogmm do@omgeg®@do jo — O(logn). mco n doGosbo Goibgol Gods@gdol sdmzsbs 30dpyg@Hmdom Seamcomddo
O(n) doxb sbpmdgdl, bomm Js@omgema@do jo — O(log n). sbognmaoyndswss baddy m@o 1 do@osbo Gogbgol go8-
Hogamgool Senam@omddo: Bodpggamdom sengm@Gomddo O(n log nloglog n) doxls sbemdgdl, bogmm Js@smyene@do
3o — O(log n).

5655 dbgemo odols figgbgds, Gmd @adwyb dgbliogMgasbis o0 g@l 3s@aggemao sgram@omdo, balidsw 0dmgh dox s
sbpmdgols dobo Fgbsdsdolo Bodpggmmdomo senamcomdo 0gogg SAmEobol aowsd@sl. STodmdsi smamGomdms
mge@0>do bdodop Js@omgma® smam@ondgdl gdgdgh o dghg dobo pAmobs s Agbliog@gdols Gobodobsiosl

Grogmdgh.

G>bgoe @sdmyogdgmo sgam@omdols Lobf@aggy? Go Mds gbes, o AgHo 8mbsgdo 0dbgds Eslisde)Iogydgemo, dom
AG90M 398 ©AML (dox ) Bmabpmdgdl senam@omdo gadmmgansl. dsgmomsw, n ba@a@omamo Goigbgzob pobs@olby-
a3l O(logn) o Lodrgds. Gog uGn owos n, Jom G980 doxos bsdomm. doa@msd 360Tghgmmds gl saBgmay
©slobaMolbgogm @oibgms bmBoliag: 1 o 1 doGosh Goibzl 9a®m LFGsyswe ogsbsGolibgdm, gopey n (3o



1024 dodosh Goabgl. odgwsb 3odmdwobsy, sguam@omdydols doxgdols Osm@ybmds sdmjowygdamos  dmbsczgders
bogdom bmdsbg. n gsgmo k dodosbo @oibgol mabs®obbgdobisls dmbsggdms bmdss m = n - k s sangm@Gomdols
30,400l HomEgbmdsg 0dbgds O(logm) = Oflog(n - k)) = O(logn + log k) = O(logn) (dmpamez {gbo, dmbsigdms
Moibgo 98600 LEGsgs 0bdmgds, goey monmyggeo dmbsggdol bmds).

Lhgoggomomss baddg ba@pahsbmols sdmsbols sgrammomdolisls: 8mzgdgeo agodgl n oo §30MHmo ©s @ama3s bogy-
Ao Gosbgo WV (bydahsbosdo hsGggmo Ggotmob dsJbodsgmado Fmbs). o] W 3gems@0s, sd0d™mB 0o goj@oq-
@Gop bgdolidogmo dgodamgds ogmb. my dob selsfg@sp godmymaomos b dodo, 35TFob dmbazgdms bdg@mm bmads gbws
ogols (n + 1) - & (momeggmo Ggodmol dsjlodsgrgto Fombs s TV 8odlodynd k doGosbo Goibgo dgodmgds ogmls).
sdB0ae, (n + 1) - k Loa@dol dmbasgdobamgols sgrgm@omdo sbpmdgdl O(n - k- W) doxl, G153, mogols b@og, omgl
W donbgggedo  Fgadangds agmb O(n - k- 28). s8@ogsm, O(n - k) 8mbsigdnls @obsdgBoggdmom agdotmgos O(n - k - 2F)
30K, B33, IPEM HMI gmdom, 9Jb3mbybizo@mo bEol Gogolss, Foa®sd, Asash 3Ga]Gogsdo k gu@mm bgans
0bAgds, goeeg n, gb gdbdmbgbon®@o bews dgqdhbyggmos IsGoms N -mgol. dog@ad bisgdo@mobios TV @sdmegbody
dogromboly gjodmaangddo ogmb, gb 3@mdangds s90egdeam ohgbl mogl.

by@ghobmols sdmEabobiogsb goblibgaggdom wobs@olibgdol s3m3565T0 gn@omwgds > gdcags wolisbadolibgdgmo
Goibggdols 360dgbgmmdgdl — sagm@omdols doxgdols GomEgbmds  dbmermm >3 Goibggdol GomEybmdsls s
Log®dgbs @wsdmgowadgao, bomm bg@absbools sdmsbado jo doxgdol @ompgbmdsTo goesdlyzgd Gmenl mgom
W ma35dmdl, @53 k dodol dgdmbgggsdo 2k —1 g0degdo ogml. sdoGmd bydahbmols sdm3abols sgpam@ondls ,qligs-
©wm3mEobmdogal” gfmegdgh, Gspyoab ogo jo s@ob gJldmbybion@o, Boa®sd 3Gs @0 odo Fgdbggedo gosmgdom
35§oMs Aozbggdobsmgols Bolo godmmganols dox gdoli Gamegbmds momgdol 3mmobmdoyn®se 0bGEyds.

0bg3m®@35§035T0 336G @A @AMl sdmEoboms 9§, NP jaoslio mads@dmdl — s@og@gadoboliGaero Gondobyols
d567069000m 3m@EobmBoy® ©AmMPo s3mblibaw sdmEabsms gansbio. sJgwsb 3mamobs@gmal Ggdmgengdoig — NP gensbo
— Nondeterministic Polynomial (yb 8go36op dgdmamddo 0dbgds hsdmygsgnodgdgamon).

dagomoma, 5d jamalido dgmob Isdoan@mbols 303e0ls 53m356s, 3@Mexg00l gomagamgol sdm3sbs, 3Moxdo obmeno-
@309 Fad@omms sdmiebs ©s ddogogro Lbgs. LoobGgmgbms Igdogan goddo: 0y dnEgdgmos aMogo ©s dolo
F3960mgb0l @omas d0dmggemds, sogogo aowalisdm§dgdgemos, gopagbl m9 s@s gl dodwgg@mds JsdognGmbols
(ogel o8 g@sgobsmgols. sliggy sgoeno gopsladmdgdgemas bgdoldog@o a@sxgolasmgols @s dolio & Fodmosho Lnd-
@Gogmolamgols, goa bl oy oda gl Lod@sge g obmemotgdam Fag@mms Loddmagmgl 58 g@sgolimgob, ob gomegga@-
agl 0 36> gb boddogang dmanosh 3@sxl? bmpsmam, Mg dmigdgmos Gondyg sdmabs s Jgdmggmagsbgl dolio
Lago®aqom sdmbablibo, spgogmow (5by dmaobmdoy®o sgogmGomdom) godamgds odols Fgdmf8gds, GoGmenss my)
2@ gl baga®aygm dgdmmagsbygdgeno s3mbablibo 53 sdmzsbols sdmbsblibo?

sdmzaboms 53 genslido geols SaMgmgg obgmo S3m3ebgdo, GMAgmms dmblibs wgBg@dobolidgmo dobdsbgdom
‘godengds Jmeobmdon@® ©OmTo (sby oligmo seam@Gomdgdom, AmBgenlisi hggh godm Aghggnmo), Gowash dsmmgols
>@s m9 gdmmagabgdamo bagadagom sdmbablibols goadmfdgds Fgodmyds Jmgobmdoy® @mTo, sGodgre mgom
o8 53mbabbbols Jmgbog go.

A3 bydme s@gbodbym, sAligdmal obgmo s3m3bydo, HMBgenbymai Hawsis gemsbiol gggens sdmzabs Jmgmo-
bmdog® e@mdo pooygabgds. my A gamsbdo gdsgommo gggms s8m3sbs @mdgmomais B sdmababy wonygabyds,
d570b 0dygosh, ™I B sdmzabs A-Omgmos. o9 sdobmob gohmeg B € A, 35T0b odygosh, dmd s8miasbs B A-
LiGgaos. HmymA3 S©dmhbes, JsdoaGmbol ogeol s8m3abs, aBagms gosgs@gols sdm3sbs, damols gabjcosms
4933560800l s8mzobs, by@ahabmols sdm3sbs ©s d@sgomo Lbgs NP-bGgmos: gb s8m3sbydo Jgoosb NP Lod-
Gogangdo ©> o ganslido gdagogmo  gg9ems 5dmobo o8 s8mM35bhdby wonygabgds 3mmobmdoy® @™o

53000, m7) gobdy dmdgenody NP-litigao sdmiabobamgols 3menabmdog® sgragm@omdls s @b, dsdob sligmo bi@sgo
> Momdo 53@MBoMoe o@dmbbpgds o gamsliols ggers Lbgs s8mabolimgolsi. e@golismgols obgm@ds@o ol
439805by oo 36mdmgds gdogabsoBse godengds hoBmygsgmodmyls:

P=NP?

09) gOm-gemo NP-Licrgemo s8mgsbolimgols 85063 3modgdbyds d3mgmobmdoyg@o sgngm@omdo, 35dob sbigmo sgnam@omao
>3 gamaliol gggems @abo®higho sdm3sbolmgobs madgdbgds @s P = NP. o9y 053830305 G0 ghmo NP-iGyeno
sdm3abobmgols ds0b3 dobo Jggms bugodos 2(27), 35T0b wsdGgorygds, Gmd NP genslido agadal obgmo sdmgshs,
Gmdgerog dJomobmdog® OmTo 5@ sdmoblibgds s P # NP. gl s3mabs gargol dsmgds®ogn®@ds obb@odadds 9§
smolifmgamols 3Gmdgngdoms dm@ols wasbisbgens ws Jols gapad@sdo owo xoaomz asFylis.

1.5  boslidgemo 53mdsdgdo s Bogdobgols 8sh]sbgdo

Aegmeg bgdmm smgbodbgm, badolidog@mo s8miasabs Agodangds obyg asMEsgddbom, MM 0g0 aos0d3gl 9. go-o®s
5dm35650, J3gAdmE GOl M9 5@ Aoais bodygs 3MbiPgdamo gbols gergdab@o?



4Mb309H g0 gbolsmgol dgodangds dgodbsls Gomais L@aboas®o” — LaliGygeo s3@mdsdo, GMAgmaz Bmzgdyuro
bodygobomgols 3ablisbegtogh, dgools m9) 5@ 0g0 dmgdge gbsdo. gl Lab®gao sgdmdasGo sbm-sbim §oogomboagls dg-
Fogom bodygol ©s bydmmmeme dmyg3gal obigbl — 30 o6 s@s. Ao 330G oMb Bobs ol 5zl Log@Hmm, Gma
®A0gg bolGgano bemdol ,,3GmE bmMolagsb” goages. Jsg@mad, Hmam®3 s@dmhbs, sbigmo 3GodoGogmo sg@mdsdo
‘bl 08533 Fgg0mbgad by 3339l 3sligbls, Gmamegdbyi hggnmgdmogo 3md3oudgmo asa3399os! gBmo dgbgregom
gb 3obom33M0 goJ§os, dog®sd 3mddogdg@gdol Mglin@lbo — Agblog@gds, 3GmEglin@mol Bramdsmgmdgdo ©s Libgs
- Y bEegoamos. JoGao gogmbngog@o wobiglools dglsdmgdammadals odgnggs badgs@mmdo s@ligdgeno @glig@lgdols
By begeagmmds — @s 0Jbgdmes, Gylig@algde gboyoagmo MM o6 gmgomoym? Fggdargdmom Lbgs 9630900l 3o
dmmgal (5dm356gd0b gamad@msb), Mabag sbans 39M goby@bgam? 5859 3sbyybo Gog@oebyols dsbdsbgdom dgodangdes
35339 — Lal@gmo 53@mIoGgools glslGgmm gblog@Hgdoms s Msdmegbody d3omg Fubjceoom gogstmmgdgmo
ao>dmdmgangenom.

omgdo@o s baliGgmo s3@mdado d38mgabsotae dgodmgds gobglisbmgOmm:

Labiegmo 5g§mBsdo oMol bamgaeo (K, X, 6. s. F), Lags
K séol Lsbegeo sg@mds@ols pgmda@gmasms babdgeo bod@sgang;
L oMol obdobo;
0: K x X — K >@ols dgmdstgmdsms g9bdos;
s € I séol bafgolo dpgmdamgmds;
F C K 560l badmgomem dpamdstigmdsms bod@ageny).

39 3omdol ©sFygoolsl balidgmo sg@mdsgo LoFyob dpamdsdgmdslidos. 3ol gdmga, Goi 533mBsd0 JoGggm Loddem-
gomb ag Foogombagli, 030 gomsgs 0d Jpamdsdgmdsdo, @mBgaos d(s, ag) = k1 gbdioom aobolsbrmg@mgds. dgmay Lod-
degmmls ay §sjombgols Jgdmgy 0go gomawols 08 3ramdsmgmasdo, Gmdgmoi aobolisbmgmgos 6 gubjaoom: d(k1,a;) =
ka. oo, m9 538™dsGo s@ob k; dpamds®gmdaTo s gdmdsgegmo Loddmerms a;, 030 gomsmols dpgmds®gmadsdo
6(k,,ai) = kiy1. o9 dmgmo Lodygol Fagombgols Fgdmega 53@mdsgo s@dmbbos dpamdstigmdsBo k s k € F, 53bmdgh,
@md 3obobod golizs dabgbo ,,30” ©s gb boGygs dmzgdgmo gbols gemgdgb@os (08 gholis, mMdgebsg goblisbmgmagh gl
>3™35G0). Fobsowdwygy d93mwbgggado gl Lodygs o3 ghols gangdgbBo séss. bbgs Lodygadom Gmad gmdgom, bmgog@mo
gbolsmgob dgodangds goJdbols Labidgmo sg@mdado, @mdgeroi bydobidogdo Lodygobomgol asblsbmg@agl, dgeals
07 >G> gl bogygs > gba'do.

0] bab®gmds 5g@mdsagds (ao, ar, ..., a;) Loddmamgdol Fozombgol Jg8mge Joowfos Bramdsdgmdal &, 35F0b ody-
gosb, @md dobo  ymbgog amozoss (k. a,...aiag). o9 LabGgemo S3EmMBodols gmbgogadsgoss (ki,a;...a1ap) s bod-
deme a,41 Fogombgol dgdmaa 030 aooags 3mbxoan@aiosdo (K, aiy1a;i...a1a0), 3530b §gogh: (ka2, aiyiai...a1ag) Fag
(ki.@;...a1ap). oy wy ©> wr G083y Lodyggdos ©o (k1,wy) > (k2. wowp) bobGmo sgEMIsGols Fpamds®gmdgdos,
dodob gFgem: (k1,wy) F}, (k2. waun) (gGHmo dpamBs@gmdoesh Gadmugbody Loddmenml Fsgombgol 993mga G8me-
96037 dox o gomogmogsdm dgm@;) dpamds®ymdsdo).

0d gbol, O™ ganlog Lab@gmo og3@mdsGo A aablabwg@sglh (09 bodygoms Lod@sgeng, Gmdgmlsg gb sgdmds@o
doowydl) smgbodbogm L(AT).

dopogoma: M = (K, X, 6.5 F), bsps

K ={q.q1} qg o 6q,0)

L = {a,b} o a  q

$ =4 Q@ b q

F = {q} qQ a O
q b 9o

Sgomo abisbabos, Gmd L(A) C {a.b}* obgm Lodggoms Lod@sgangs, GmBmygddoi b boddmenmgdol Gomobmds
gafos. mgg sg@mdsdo doowgdls Lodygsl (aababa), Jobo dpamBs@gmdgdo ogbgds:

(90, €) Far (go-@) bar (q1,0a) Far (q1-a) Fay (q1.aba) Far (go. baba) =p; (qo, ababa) by (go. aababa).



Goaoh dmanem Loddmmml wadydaggdols gdwga 536™MoG0 go FpamdsmymdsTos, GBmIgmoi badmgnmms, S3EMAodds
gb bodggs doomm ©s, 5gesb godmdeaba@y, ogo bgdmm smfgMogno gbols gengdgb@os (egFo Aomegbmadols b Lioddm-
el gogogh).

530 dsGadols Godgmatigmo smfg@s sesdosbgdobamgols smbsddgmae bis dome dbganos. sdoGmad dgdmomyls sg@m-
358gdols @osg@adgdom s@fgdols dgmmeo. bgdmm smfg@omo 53masGols mosamads dmygsabognos bobs@do 2.

a

N b
o
bab. 2: LoliGgaro og@mds@ol wosg@sds

9l 03039 duds@mgmo mbosbo g@ogos, @mdgm o gmgger (3g0mb goglsbop sg@mds@ob gemo dpamdsmgmds 9-
gbadadgds @ (g1, g2) Fodmb 5§ gMos boddmanm a 8570k s dbmenmp 35T0b, M9 4(g1. a) = g2. 5dob oMo, badmgnmm
damds®gmdgdo mAdsgo Fhomss s@bodbgaa, bogom Lafyolio dpamds@gmds jo > boddmarmmo.

Lob@Agaro og@dmAodgdol @ gdo dgodargds bsjdsmm Gmgeo ogmb — 5bdobby, dpamdsmgmdsms Lod@sgegby o dw-
235O mdsm> FabJ300bg M jowgdgmo bmds LfMsgswe dgodmgds gonbodpmb. Jggdmm Bmyggsbogros bsbGymo
>gBMAsdols dogagmomo, Amdgerog dgdogy 6ol gobbsbmg@agls:

L = (abU aba)*.

bob. 3: @R gmdoboliGgeo LaliGguo sg@mdsdols dsgsgromo
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dotrxgbog, dobgobs aogomol Ladmgnmm dpamdsmgmdsdo H ©s hg@ogds.

dabgobols Yghgdgdols gdwgy badmenmm dsbigbo 08 x@gedo Fgos, bopsig gohg@gdagmas mags jo.

GoAOdom@sw bgdmm dnygshbogmo dobsabs gdogabsodsw hsog@gds:
K = {q0.q1, H} — 8pam3>@gmdsms bod@sgm);
Y={U.t,0,1} — 5635b0;

s = qo — LoFgobo dpgmdadgmads;
H — lLsdmanmm 3ogmdstgmds;
0 :(q0,0) — (qo.0. )

0:(q0,1) — (q1.1.>)

0 : (qo,U) = (H,0.1)

0:(q1.0) = (q1.0. )

d:(q1.1) = (qo-1. )
d:(q,U)— (H,1.7)

dgodyoom 9uam Gegeo dsbdsbol Bogsmomos .(. d@hbogngdols wslidol 3mTagdol sg@mdsdo, G™dgeroi d&-
hbogngaols @slidol Lobdodul sdmFagol. Fogoemomag, ()" sGabFmGamas @olidgma, bogm L (OOON00)” go -
Ly mes.

Lodggoghiom sdols sgnam@omdn gaegabsotop swofg@gds: 0dmd@sgy dsdyx gbog 306ggm mobe@ym d@hboarsdmy
») b (35Moga Loddmemdpy U, dmdgmog Jgdmdsgsmo dmbaigdols dmaml swbodbogh. Agigemy Jo@ggemogy



waba@gmo dGhbowo boddmummo X. sdol ydpgy 0dmd@sgy dsd3bbog Jodggm asblbogm d@hbogmodmy (7 ob
Agblog@gdol ggsmmols od3bgbs Jomgdeg B>. %96 o ggbs ©s dghg Fodzbgbs d@hbogols X boddmmmmo dg3gems
dcahbogrgdals glsdsdolio Tygoaols dmdasls boBbogl @s padbgboa d@Rbogngdls ol bws dgdmfdmgls Lolifmeay.
m9) BoG3bbog Imd@omdolisls aoblbogro d@Rboamo 56 Jgagbges, Fgaemdss (0doGmd, GmI obyg@ygaro dGbbogmo
5@ lgdmds, dols dodzbbog aoblibomo jo — 5Ms). M9 Wglisdadolise dstixghbog dmddasmdolisl Esbg@amo d@hbogro
s@ath Ygagbges (JogsmFogm dmbozgdol dmmml - 3a@oga Loddmarmls), 3>Tab gl 0dsls bodbogl, MM Yggms ©obyy-
@0 d@hbowro dgoagoms X Loddmmmmo s dbmarmw 0dols gomsdmfdgass bako®m, agbgmgds my >@s ma@hgbogn
Loddmanmms dm@Gols X Loddmamel gomes aoblibogro d@hbogno? mey a3bgogds, dsTdob @sTggdnmo oym dgiomads,
3564565 dgdagh 0 s hy®wgds. meg 5@, 35306 Fy3mds ©sTggdgero 56 ogm, JsbJobs dgkwmagl 1 ©s hgdmgds. m@ogy
F99mbg)35Tdo Isbgbo 03 saomasb 0dbgds oFgMmomo, bo@si magsgo bsdmmmme aohytpgds. bob. 9-do dmggobognos
»oad@hboangols gdmFdgaol” Gog@obaols dsbgsbs.

bob. 9: ,ad@hbogngols dgdmFagdols” Go@obyols dsbdsbs

Moaob Bog@obaol dobdobsl sdgl glsbgememe oo dgblog@gdels ggoeno, dol dgadamos bobdmemu @owo
Lodygol Rl g@o o, ogrsb yodmdwobady, dgdob aoggmygds, gopey dbmanme ,,30” b ,,565” dsbigbols as3gds b-
goalibgs dggombgathy.

oy dnEgdneros Goody obdsbo © @s gqbdgos f 1 X* — X, d5Tob  Fgndangds s@ligdmdpgl obgmo Gog@dobyols
dsbysbs M, @m3genog o3 gbJost ,gsdmomgenols”, sby Vur € T, w 8mbszgdom godg90mo M Gog@obaols dsbgobs
aodmmgansl babdger ©@AmmTo wosdmag@gdl ws dolio dgblog@gdol ggomby 9FgGgds O f(u)U. olgm gabldiogel,
GmAgaomsmngolisg desg oo Gog@obyols 3sbJobgdo s@ligdmals, @ ambogarn §Fmogds.

09 IMEgdgeos Gowae L obdobby s@ligdguo gbs L @s @omszs bodygs w € X%, Agliadengdganns s@ligomdeyls
obgmo §og@obaols dsbsbs T, Gmdgmoi Yw € L, w 8mbs3g8byg hg@mgds s adanggs oopgdom daligbl, bogm oy
w ¢ L dgodangds sa3 ghgthegl @ gboltgummue gosa@dgmml gadmmgms (58 gdmbgggsdo odygosh, @md T 65F-
0307 goblisbegdagl L gbols). sligm gbgols Ggin@logmap aspamgmseo gfmwegds. o T ghgtogds sadgmgy
03 ‘dgdmbggzsdo, o w € L oo dmyggdl godgmagon Isligbl, sligo gbsl @gsn@bogml qfmegdgh. 3bowos, Gmd
®949Obogmom asmamguroo ghgdol bodMogmy @gan@Logm 96sms boddsgmgl 8mo3agl. boobGg@glms gdmgyo
‘gg0mbgs: dgodangds Mg oGS oligmo Fobdoboli godmEsddbs, GmBgmoi Gomaigs gholl bafomrmdmog aoblsbmg@agh,
olsg, G©m3 dogo@wmm obgmo Bog@obyol AsbJsbs, @mAgana 0gogyg gbsls aobbsbmgmagh? bbgs Lodyggdom GmF gmgom,
0@ lgdg0b M9 5@ aligmo sanam@omdo, Hedgeros 4ggers G G bogma goomgmora gholismgol gmggmmgols dy-
by gos? HmamEA3 >dmhbbps, 5Gligdmdls oligmo GgaGliogesm aaeasmngmmasmo ghgdo, Gmdgmaz sGes Gy nmlioyuno,
oby sbgmo sanam@omdol goagbs gndagdgeros. gl s@ols sgpam@omdgdols mgm@ools g@m-gomo (396G@sgny®o
A0

Amama baldgm sgdmdsdgodo, obggy Gogmobaols dsbdobyddo, gmggero sdmisbolsmgols gognyg 9bws dgoddbob
dobobs ob og@mdsdo (0liggg, GMAMA3 Gogmgggero sdmisbobamgol 3o ggeo 3Gmadads ©s sgam@omdo bos
g0 Jdbab). oa@ed s@ligdmdls sadgmgy 9.V,  boggdbogrado Bom@mobaols 8obdsbs, @mdglisg bgdoliBog@o Libgs §ov-
Gobyob dsbdobols Lodgensigns dggdmos: ogo dmbszgdgdmeb goimas@ 0d dsbebols s@FgMmommadsls o@ydl, Gmdmols
LoBgma3osies bagodm ws Ag8amido hgdobdogho dmbsigdolsmgols o8 dsbgsbabisgom dmadiggs — sdols sbogne-
30s gmMAdowo@m@gao s hgghl ao@mdgde s@lgdaeno 3md30d e gdo, GeMdergdo 3Gmy@sdgdols badgegmydbom Lb-

goobbgs 49643090 omgamosh.
VA0 mdm Do Aggh sbgm pboggdlLagna® 8ob]sbgdls aabgobognsgm.
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MmO (3 >0dmhbs, yadmdngmganols bgdmmn dmygsbogo ,,3G0d0@07mo” dmpgmols 393050 3odxmdyligds @ dgo-
dgmgas: dgbliog@gaols Jo@omagmado jgomgdols ©sdadgds, dgbling@gdol bgdolidog@ gx®aby 9Gm dox o opsligaols
Ygbodmgdmds (hggbl gaddgdm s@Olgdge jmddogdghms RAM dmegaoli gdmmyds), m@dbogse Igubmgmago
dgbliogMgds, mGshbmdngmgdosbo dgblng@gdol @sdo@gds s libgs dgmmegdo Gondy lisg®dbmd g3o@s@glimdals 56 a3-
do@godl: gadmmgmam g9booms gmaslio ogogg Ghgds > Lobf@syg Fbmmme dnamobmdog@o Fodgmeom 0bMwgds,
@3 0ol bodbogl, MM gJlidmbgbEonmo bHPols Gogol 3Jmby semam@omdgdo obggyg gJu3mbybion@o @hgds, bmgem
Jmgobmdogio - oliggg 3maobmdog@o.

doa ol mgolmd@ogom goblibgsggdnm 93ems@glmdsl n og@ddol dmbs3gdby aodmmgmobamgols bagodem doxgdols
mgoebsb@olon  s@e@gBg@dnbolid gamds doGgdl — obgmo, HBmam@o figgh bab@Ggm Sg@mBsdgddo asbgobogngm.
080l bowgdmbli§@scome gobgobommm dmabsgdo dabbglidgbols s8missbs (Traveling Salesman Problem, dmgango
TSP), Gmdgedoi dmzgdgmos dgFmboaro atsgo G @ Mo@sis ba§gdsmamo Gogbgo K. >@ligdmdl o o6
od 3c>x3do oligmo a'bs, Gmdgmog googmol gggems 3gobdby o gogmogno Fodmgdol (mbams xodo S < K? (0
aobgoboanagm a@ogb, GmamA3 Jomadgob o dom dmaols 3bgdl dglisdsdolio dsbdogngdom, @oswaobgm, dgndanos
0 oG d0bbglidgbl, gdmos@mls yggans Jomado obyg, O™ K joemdgd@dby bagengdo dsbdogno gaostimls?)

9b genoliogg@o sdm3abs (Gmama3 dMsgoaa Libgs) 0dol Bogamomos, my) Gmam@o 3539]G M0 dgodengds ogml sGomg-
B9®doboliGgemo dobdobs @gdg@dobobGmmsb Tgpsmydoom.

09} Gogeobyol Asbobs dmbazgdoe 0mgdl a@ogols sefgtommdsl GW (33obdgdols boddsgamg V = {ur,...,vn} ©o
Fodmgdols LodGsgamyg E magolo glisdsdobio §Fmbom), olo bog@dy 0dbgds |G| = O(n?). gobgobognmm {vy,..., v}
Go3bggdols 39@anEo30900L (Fosbs3gmgagdol) Loddogemg S = {S1,...,Su} (momegageo sbgmo 39Gandsiools
hoboFg@ols bog@dy 5@ smygdsdyds n?, 5by mgom Imbszgdol Log@mdgl |GW|.

>M509HMdobolGmo dobdobs Foogombagl dmbazgdl @s ooy gbl a@sydo Fagemgdol Gaompgbmdsl. n Fggam-
bamgols 0go bab. 10-d0 dmygabogno Gog@obyols dabdsbols bodgmszosl maoFygals

J"

/
T s

=<(,) hofymy S, ——————» (,?'{'f”nih-;‘":' i 8ba

Baf'geny S,

bob. 10: TSP sdmsbols s@opg@g@dobobidaeo Gonmabaols dobjsbols mosg@sds

©3boFyolido dobobols dpamds@gmdss qo @s 0o 3odogeo Lodygom o@Gs@ BIBdnbolid o a505bG ds JOM-9Gm
deoamdammdsdo q;, Gmdgendo dgblog@gdsTdo hsFg@mb Si 3gmandoiosb. gdmgy aorsgs dpamdsmygmdsdo p @
Bgodmfdgols, s@ols meg oMo gl 3gAdygGaies Gody gg@go 3bs y@agdo (Fgdmggarols me s@s yggems Fggdmb). oy
5@, 2035 Lddmmme JEamToMgmdsTdo ,,0M5”. my) 3o, gsdmfdgal, oMol meg 5@ o 3hol bogddg bsgargdo ob Bmgo
K. o 40, 30053 damds@gmdsdo 307, Fobsopdmgy 993mbgggsdo — dpamds®gmdsdo ,,o06Ms”. spgogro Lsbabagos,
®md ggges dgbisdgrm gbolismgel, GmImols bmdsgss bogagdo ob Gmmo K, gl 356J0bs aopegs dpamds®gmdsdo
»d0”- 080l 358m, GMI M3g@EoE0gdo LBoFgty Si” S ,,dodmTay 2B M@ goeosh Gog@mobaol dsbJsbsby O(|GW|?)
O™ o bydbegds, Jngmo godmmgmols 3GME Lo 53 EAMTo hagBgge.

> lisbodbagos, @ma, Lolidgeno 53@mMBo@gools Alasgliaw, bydmm babliybgdo sGogHYHdobolig o skodgGBonmmads
Bogdobyols dsbobgadoz ohgbls magls.

1.6 o&o5dmblbowo sdmob5b0

AmamAG bydmm 5@gbodbgm, sGHLYdMdL @y @Loges@ aoamgenawo gbgdo, sbyy obigmo gbgdo, Gmdgmols ashd-
Lobmg@gmo Gogmobyols 8sbdobs Tghgdogds 35Tob, oy dolio dmbaizgdo >3 ghols bogygos s Fgodegds Lsg@mme
o® ‘dghgdogl, mg dobo dmbsgdo 53 ghols bodygs s@ss. >Jgeab asdmdpobs@y, Dgodmgds dmbogls olsgmo @s8, Gma
39 Gog@obyol dsbjobs TAI Gowasis dmbagdgdby ghg@mgl, Gomaiaby go — S6o.

15



39bygdthogos gdpgan ggombgs: Fgbadangdganos meg oo olgmo saram@omdol dyddbs, Gmdgmaog Imbsggdom do-
0@gol §ogobyol 356do60l sEFgHommdsls s @0dg dmbs3gdl s bobegm EMMTo goblobmgMogl, yhgewgds
0% 56> gl 3obJobs >3 dmbozgdby.

‘bmy dgdmbgggado 5ol goggmgds o Lodbgangls 5@ Fo@dmamaabl — godgggguero sbagnoboon dgodergds 0dol pow-
3965, hoga®mgds m9) 3@> JMbiH G geo 3HMmyMsds glsliGgem ogmdo, JsaMed 3Gmamgds oliss, ™3 AlisbGmme
3934 sdm3obol mogoligdgdo doamds ZoMmgds.

0dol @sbsdFogdese, GMA sbigmo  bmgewo sgramGomdo o6 s@ligdmdl, ogndgem LaFobosmdpgam: dmzgdammas
§0G0baols 3sbJsbs H, Gmdganog bgdobdmg@o bbgs Goydobgols dsbdsbobismgols TAM s dmbszgdobamgol X odgnggs
3obiggbls Aggombgaby, ghgtogds mey sty TM Bmbogdby X: hggb Aol godmeggm TAI 3obJobols > g@ommdsl ws
dmbs3gdb X: ,TM. X", H(,,TM, X”) agsdmggl 3slgbls ,,30” ob ,,065”.

Jagdmo dmygsbogros @sd@ ool doGomspo opge:

g7 dgom, GO 5OLgdmdl 3gmemg Gogdobyo dobdebs N, dmdganos 0gogg dmbozgdby dghgdegds dsdob @s Fbmmme
35306, g H 53 dmboiggdby om dafighmgds:

o o TAI Yghgeggds dmbozgddbyg X, oby H(,,TAM, X”) =,,30” = N(,X”) 56 Jghgtiqds;
o ;4 TA 564 Aghgrwygds 3mbszgdby X, obyy H(,,TM, X”) =,,0605" = N(,X”) ghg@mgds.
(3boswns, @M 53 N BobJoboling magobo seTg@ommds gbms 3jmbagls: ,,N”.

obgnd ogbgom dgdegan >dmobs: ghg@mgds mg st N(,N”) ?

- o N(N”) ghgdmgds, gb 0dols bodbagl, Gmd H(,N,N”) 56 Aghgemgds s, H 3sbobols gabbabmgdgdols
0obobdow, N(,N”) o@ Aghgtegds.

- 09 N(L.N”) o6 ghgdmgds, gl 0dsls bodbogl, Gmd H(,N. N”) ghgemgds s, H 356560l gobLsbmghgdols
mobobdog, N(,N”) ghgtrogds.

m@ogg dgdmbggzedo goTygogdom Fobsswdmgamdsls.

3G538mbliboe sdmzsboms Gadmpgbody dsgomomsm gagoderos dmgoygsbmm:

06gm@doGo gogwsh:

o 6)00Ld0gmo Go@obyols dsbgsbolomgols goblsbmg@gm, ghgtwgds mea o@s 0o 3adogmo dgbbogHgdom asdgy-
dobsls (09 gdogogne dmbogdo 5@ >@ligdmals)?

o Angdgeros m@o Gog@obyols obJobs My ws My, L(My) = L(M2)?
e 63d0Ld0g@0 Gog@mobyols Jsbobolismgols aoblisbmgdgm, ghg@mmagds me o@s 0go yggens dmbo3gdby?
e 6380L30gM0 Gog@obyols dobdobolismgol gablsbmg@gm, ghgtmgds my) 5Ms 0go Ma0dy dmbozgdby?

o dmzgdgeos Gon@obgols 3sbdsbs M. Gmam@os dols Bog@ bsfognmdmag oblsbaghagmo gbs — Ggagensdyguno,
363 JLH™, 0 Gg396boyme?

e >0l M) 56 Imsgdnmo JGmy@mads yzgmmsby dmgang 03 3Gma@sdams dmeol, Gmdgmoig gAmbs s 0dsgg
3nbozgdby gHmbsod Jaligbl agsdanggly?

domgdodngomab:
o Lodygol >dmzobs xaRYdLs ©s bobggatixanggddo;
e LoliBgmo >@FgMHoano 4 a56%mdogngdosbo BGsgamboo@mdgdols gdgogoengb@n®mas;
o > gab myg 5@s Budsdmgdoms m@o boddageny gHmbs @s 0dsgg %39zl 56 bobygotxaqals?

e 543 @9 oMo Ggogg@o ggbigo oligm asdmbsbyengdal, GMdganoi GEoambmdgdHmonen s seagd@nm a9bl
(30861 goiagh?



d60d3bgmmgabos Igdmgao dgogan: mg X sbdsbby gddbogmo Ly gbs s@ss8mblibawos (569 56 5@ligdmadls Gogedabyols
dobobs, Gmdgmog ol goblsbmg@agh) @s 0go Gy n@logmae msnygabgds 5339 sbdobdg dgddbogm L, gbo'by (569
>AYdMBL aligmo Mg a@bogmo gabdaos 7: ¥ = ¥*, @md w € L) = 7(w) € Ly), 35806 L2 56155 >dmblibswo.

1.7 boGogaol P o NP jansligdo

o0 dmagdgmos Gggaelogmo gabdgos f X' = X7, 35F0b gbps >@lgdmdogl ghmo 35063 Gog@mobaolb 3567565
M, GOdgenog 50 gabiEosl yodmomgols: M (u) bodbagl, Gmd w dmbsigdom godggdae Al-b aohgmgdols gdwge
dgbliog®gdol ggom by 9d6gds ofgdogma f(w). Ao mJds 9bos, bbgswslibgs bog@mdol w Lodggolomgol M gsdmmgesls
libgoabbgs ML dmsbmmdgdb, Gmdgumbisg Tgdmgaboo@ae swgbodbogm: TV (A (w)). godgrgds obg s@dmfibogl, Gmd
wy # wr © W] = |wal, doa@ed T'(M(w))) # T'(M(w2)). s80§md gobobognaggb 9g8mbggggdl, dmpglsg

Wy, ={wy,....up €Z* : Ju;| =n,1<i<k} @sThn) = lrg;&(xk{T'(u') | lw| = n}.
gl 0ol bo'dbogl, Gmd o GonGobaol dobgobs AL dmbsgdoe n Log@dol Lodygsl doo@gdl, dobo d4domdols PGH™E
yggemo Jglbodarm dgdombgggoesb dsgbodognygdls o@gdgh. Tar(n) mogol dbdog n ggemowby, 569 dmboigdol Lop@dyby
©admoEydamo gabdioss. bodmygmol mgm@osdo >0bGgdgbgdm 3 g9bdiool bewol @Gogo O(Ty(n)). s8omo
3Mb3Mgd e og@obyol dobdobol gadmmgemols Lobfsgol ‘bewals Gogo Goliwgds.
017 pobgobomagm  gg2ams Gog@obyols dobdsbol, Gmdgmoi dmagdagee [ K9bdiosl gsdmomngmmals, 35Tob Agodemgds

begowow gabdiool godmmgmols LobFMsgol Ggguobgds: Jggms brg@ol godmmgas. oy

L(f(n)) = 121i<11 {Tar,(n) | M; §ogedobgob 35bdobss, dmBgeoi [ g96Jcool godmomgmob},

d5Tob Q(L(f(n))) o3 316300l godmmgmols Jggos brgsdl 3gohggbgdl.

53A0350, GM3d 5dM(3b0l Jggms brgsdo 08l ag0hg9bgdl, me Go Lobf@sgols Fgodangds ogml 58 sBmizabols go@s-

Log@magma Jgdmmsgobgdamo yaaams by bfdsggo seoamédomdo, 569 8 Jgges brga@bg 9adm LGy sengm@omndo
@ 5Algdmdl. bywps brgsto jo oo F9bJ3ool godmbsmgmgamse dgdmmagabgdamo  pmb @95 gm0 sgram@Gomdols

%Bole?mls ds Jbodogny® @ompybmosls agohggbgol.

(o

L\\’\ﬁ(')b(')(ﬁg bgdmm 5@00bodbs, 0 Gs0dy sdmzebols s3mbablibgamaw Jmodgdbgds B @dobobamo Gogdobgol 8567560

/

M, dmdgarog Jmwobmdon® @dm3o s8mblbol 58 53m3sbals, 569 Tar(w) = O(lw|7), ¢ = const, 58 >Im3sbs ,,3mgno-
bmdog® eAm o >dmblibowel” 9Fmegdyh. 3mmobmdoy® AmTo sdmblbse sdmEsboms bod@agmgl sebodbaggh P-mo
(polynomial-time).

0% G503 >dm3560l gowabisgMgmoap 5Gligdmdl oligmo sGH3E B @30boliGamo ds6]sbs ND, Gmdgenoi dmgobndoy®
@AEdo 5dmblibol 58 sdm3obob, o6y Ty D(Jw]) = O(|w|®), ¢ = const, >3 >d3obols ,,0Go0gBgAT0bobFHErom Jmeno-
bmdog® ©AMTo sdmblibopl” 9fmmgdgh. stogBg@dnbolidgmap dm@obmdog® AmTo sdmblibsw sdmiasboms Lod-
@agem gl >bodboggh Loddmenmmo NP (non-deterministic polynomial-time).

3boos, ®m3 P C NP, Gopgob ©gdatdoboli§mo Bogmobyols 3s6J56900 s@owg@g@debolidyeol 3g6dm gdmbgy-
3oo, boma3 gmgam doxdo dngdgmgos gombsbogos aoblsbrgdynmo @Goody s@hggobols LaAgemgdols gomydy.
dog@od 5A55 3o3gdnmo Jaligbo 0bgm@mds§ogols 4dbodgbgemmgabgls ggombgobg: P = NP? 569 >@ligdmdls o) o@s
55090 gMdoboliG o dobobols yoadgddaboliGymmaols bmasweo Jgmmeo, Gemdmols gogasmsi drgmds@gmdsms
Lodd@agang 9JL3mbgbog@am 5@ 3o0bBHEyds?

0By4goob, ™3 5dmzabs A 53m3obs B-by ©ooggabgds dmgrobmdond @GmBo (A <p B), o9 5@bgdmdl mGo Gogeob-
a0l @obJobs M (Gmdgmoig A sdm3shol blibob) o My (Gmdgemoig B o8mEabab blbol) o 3mgnobmdon® ©®mTo
3o8mmgmsmo Gg39Mbogmo gubjios 71 LY — E* obgmo, @08 w € L(M,) = 7(w) € L(M).

NP Bbod@sgmolbamgol aadmygmagb g.f. L.6m9qa” sdnasbsms gamoll, obg obgm sdmEsbsms Lod@sgamgl, Gmdgng-
3bges o3 Loddagmol yggas obsdhgho s3mEabs Jmeobndoy® e@mndo wonggobgds.

Lbgos Lodgggdem GmI gnjgom, A sBmiEsbs NP-Gorgenos, "9

VBe NP, B<p A.
07 G083 NP Gorgeno sdm3abs mgommbsig NP gaosll g3gmghol, 8530b 583mdgh, @md gl sdmiabs NP-ldomos.

dbodgbgmmgsbos ol god@o, Gmd SFnEsboms Jmamobmdog®d @A™ o ©oygabol 3GmE Lo GHSbbodmmos:

A<pB. B<p( = A .
‘fﬁi\



gb 4o 035l 6oTbagl, Gmd 0y g@mo NP LG sdmEsbobmgol 85063 s@dmbbes dmanobmdon® @®mTo dmdgdagy
sgoam@omndo, sligmo sgogm@omdo NP Loddsganol yggems sdmzsbolimgol smdmhbogds @s P = NP — bydolidog@o
5>dM(3965 ,,M95m9@” (3mEobmdo@) AMTo sdmoblibgds. Jog®sd me s@dmhbrgds oligmo NP LiGigaro sdm3sbs, @m-
Agenoi 3meobmdog® padmdo gg@ sdmoblibgds (569 Jobo Jggms brgsdo 0dbgds 2(2")), 85T0b wsdGgoieyds P # NP
— NP bodésgengdo 00aligdgdls oligmo sdmabgdo, Gmamgdoi ©g@gtdebobGgma dsbdsbom Ggomyg® @mTo gg®
>dmoblibgds.

LoobB O ligbms gdpgan goddo: o P # NP, 3530b 05619393l obgmo sdmizebs A€ NP, dmd A ¢ P o5 A 56 s6ob
NP liéqaro.

smdlimdom NP Lidgeo sdmisbols @sdm@gbody dsgsamomos:
o Jodogn@mbols 304e00 aGondo

o dnyen GoEbgms oymes: dmggdgenos dmngen Gogbgms bod@ogerg 4. Ggodangds g sGo gb Lod@agmy wagymm
mé EobiGgdae Jagboddsgemare Ay, A (A1 U Az = 4, A1 N Az = 0) olg, (el Zeca,a0 = Bpea,b?

o ‘by@ghabmols sdm30bs
o Jgga®ogiols sdm3aba: dngdgamos MM g@magin. 2osM330m, G0l M 5@ JAmo aMsgo dgmegl Jgga®ogo

o 9dmgenglio 8sbdogno a@ogols T39Mmyals dm@ols: mggdaeos gfmbogno a@asgo s dolio me {ggem. maswaobym
od Mm@ F336ml Fmdob 9dmganglo 3be.

o IHs0bgdols by: Imgdgmos a@ago. @sbsby dobodsmg@o by, Amdgaoz o8 aMsgiols ggges F396Hmb s30mgol
(50bobodbogos, @m3 Gs0bgdol bydo wsdadgdomo 3gobdgdo godangds s lgdmdugl — obgmgdo, Gmdangdai

>® a3bgogds dm3gdaer adoy;do)

o aMogol Fgmgdgs: Imsgdgmos a@oga. ©sseaobym, gm 3m@s Msdpgho ggdmos badodem odobsmgol, GmI 53
aMog0l ymggero F3g6Hm Agomgdml Go@sis gMse olig, Hmd gmggm m@ Fgg0ml, dmdgamoig Fodmmas dggeog-
o0, Lhgo@olibgs gado 3Jmbgogls

Ao mJds gbws, s@Gligdmdls NP Gorgumo sdm3sbgdos, ®mdangdog s@os NP bdgeno, 569 5@ dgodengds domo ss@g)@g@-
dobobdymo dobJobgdom 3meabmdy® wamdo sdmblibs (Mo 03l bo'dbogl, M3 s@ss ybadagdgaro domo dyladgam
>8mboblibols 3meobmdon® wAMTo aowsdmfdgds), doadsd yggms s8msbs NP Loddsgmopsh 3sbby @anygobgds.
sligmo sdmabols dsgamomos Gog@mobaols dsbobsms ghg@gdols sdmasbs, Gmdganai hggh bgdmm gabgobogngm:
yagems sdm3ohs NP-pab daliby mo0ggebgds, 3s3Ms3 mgommb ogo ggé odbgds NP Lind@sgamgdo, Goppab sdmblibagas.
d9bgddogo obdol ggombgs: s@LgdmdlL asdmmganswo NP @mgero g9bjogdo, 569 oligmydo, Gedgmmns asdm-
mgeno3 Mo HGdobobamo dsbobgdom od Ygodmgds 3mmoabmdoy® ©@™mTo, Jog@ed GmIgmbaoa3 ggams oo~
bo@bgbo ¢9bjios NP Lod@sgmoosh msoygebyds? bhgs Lodyggdom @Gmd godgom, my dmEgdagemos gadmmgamspo
abdos £, Gmdganbaes dmaobmdon® ©OHmTo ooygebids gzgms g9blios NP Lod@sgmomsh @s m@o Lodygs
w, v, 030l ©sa 965, 19ddsMoGos oy oMs f(w) = v, gndangdgeros 3mgobmBoy® @M Jo.

sbigmo ¢396 30500l bod@sgang 3mbobondol boddanagMobiss, doa®ed 3Goj@0isodo o®3 m9) olig B@agmoe sMols (3bm-
dogno. 3o Togaomgdo 3s0biz oM ligdmdls: dnigdnm madsddo psspyobgm, mdygdashos M9 oMs Hamais Jnbydy-
Ao LEMSBGR0S? Ymggermgol 530l Jogobmdoyd @AMTo dowsdmfdgds sess gladmgdgemo.

1.8  Lodmyaol mym@oopsh godm@sbogro ool gbgdo

AmamA3 ghobym, Sdm356900 AxdmEghedy doGoma gmobae ‘dgodangds @ooygmls: gadmmgansoo s sMsgadmmgmaeo,
P 5 NP. 5cbgomals goggg 8@ogsmo sdmasbasms ganolio, 8sgasmomae obigmols, Gmdmols sdmblibsi grmystomdaen
e 3o Olog 1) dgodengds (wabo@olibgds, sSGomdgo e Mm3g@sEogdo s 5.9.).

3969000350 abidob Fgjombgs, GTo 3ggbdomgds bLodmygmol mgm@os? @sls 33dsdgdl ooy @doboliBgmmo -
GMI>gdol gddbs, Hmerols sGSB3 M9 3G5JHoggEro G eEabaios, s L asBmmgenols 3GmEgliol doagds3 go
Fgdemgdgeos?

>d dggombgatby dgboderm sligbo FomydoGogn®o shognobols Is@agmgmon Ggodengds: MaTo ggdomegds bodrgomn
Mobgms LodM@osgenyg, m4g ol oyl baFol Log@mme 3963 o Fomdmgowygbm? daog@sd 8 Goibgms ‘dgdmey-
300 Lo Adbmdmoaw aoss@goans gomyagmabol ©s baghmme domgdo@ogols gabgomamgds, mgm@gdams 3§40390s ©
Agoe@ 3bmgMgdsdo s@ligdamo 3Omdmydgdols jenslingoo30s. HMAMEA3 36mdogros, shomoboli sggds HMbL3g6-
©gbd e @oibgms 3569y Dgodangds, dog@sd 58 dgdmbagggsdo mygm@gdams 3@ Jo3gds FodmBmauaghamam dbgammyds.
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oligs 0bgm@IodogoToi: s@aeyHg@dablid e dobJoboms Jodmmydado dmwgenols BgdmGobs mgm@gdoms 3@ 30Gy-
35T, sdm3aboms JEabingogo300T0 abomabo@m @sliygbgdol godm@abodo agofymal byl

07) 33bggds shogro sdm3abs, 30Mgge 00y do 9bes wagsmaobmm, dgodangds M) s@s Jolio sangm@Gomdygrsw sdmblibs
0y >dmblbowos, 9bes ©335030bmm, 0l My oMo 0o NP lidyaa. Gopash NP iGgmo sdmasbgdolsmgols s@os
bmdogo 9589d@ @0 s3mbsblibo s mgrGogmo ggagooi 085bg Goggomomydl, HBmA sbgmo sgnaméomdols 3mghs
3635]803530 dogrosh dbgero 56 gdamdgaro gbws ogml, Sdo@mad 5@ gdgdgh sbigmo s8mabydol byl sergmeom-
d90l (gbgdoe @mI godgom, dgabsdo @omls o6 JoMasgyh). NP dgmo sdmzsbgdolismgols bE®sgo smam@omdgdols
3mgbols 90dgomdsls sdarogtgdh Bgdmgy dgwgyo:

5@ 5>@LgdMdL oligmo dmobmdogHo seym@omdo, Gmdgenos bydoliBog@o s@swyGg@dobobggemo babBaguo sg@mds-
Gobomgol 8ol gdgogemgbda® dobodsgrn@o dpamdsmgmdgdols 3Jmby ©gdg®doboldnm Loldgm s3@mdsGl dgoc-
296b.

JHmoE-geOmo odgeo sAols ob, @m3 gl ogmAgds g@mo Goody 9bogg@Lsgna@o dgmmeols sGLigdmdall asdm@Goibagls.
3o 399 dgdmbggzgddo s@os gadmeogbiygmro m3Godsgmy@o bmdol g MmdoboliGamo laliBygmmo sg@mdsGols ge-
agbo @o 9 gb bmds Immobmdon@o sedohbps, P = NP ©sd§ 30390

semam@omdgool goagbobab 9bps gogongsgmobfobmm bsdo sli3gdGoe (Gs mds gbgs, ygaes gl bagombo s@od odbgds
>JH e a@o, o P = NP):

I. Lob@agy: dgagbommo sSergm@oado hggbmgol padsgdsgmaomgdgmo bolif@sgom gbos 9domdogls
2. dmbszgdms Lobidany: seamG oot gbws omgmoyl gegal dmgel aoblsbgaol s@gby

3. bobybdg: gmgger dmbo3gdby sEandomdo bybGore 03 gegal gbrs odggmegl, AEameoi ol Fmgmbemggds

golbsmgol s@ss (3bmoogmo, Fgodangds m7) o@s NP Ligreno s3miabgsolbamgol bodogy 376d80b gompdmgensm
YL gengds (P = NP 3Gmdangds). sdodmd sbigmo s3m3sbgdolismgol gdgdgh obgm sgnam@omdydl, dmdmgdai gGm-
960 396J8b o6 SliGgmgdls:

30Mggem Goado 9bps gobglobmg@mm, bsdodmms my) @S sdmzabol 53mblibs ygaems 08 Bmbozgdhy, Goi mgmeo-
Moo dmgmbemggds — bAoGog mym@odo dmmbmgbogro dgg@o dmbsiggdo 3GsjBogsdo egmadom o6 agbgrgds.
dopomomo, a@ogol dgmgdgol SAmiab sEgorse aosnd®gds, mg > gobgobognsgm bgdobdog@d a@oyl s dbo-
omE JEosbsdgmgdon Jgdmgogsmamgom: 53 Fgdmbgggsdo Lo ds@olios 4 gg@o. s3sls g, s@smGoghbGom oy
2©5998%g @alidao momddols gggems sm3sbs 989dG M@ FowandMgds, w4y bgdolidogMo adagol dsgogam abgo-
bogogn bggols (o304 aMog3gdls). shmo soblbgds JoG@maegdby s o seam@omdms g39d@ O™

dosbgmmgdomo sgrammomdgdo: gmgger @bogdby dogdagmo dgogao babdo dgogaol 6 boobanmggdos. sdols dogs-
omo 3Mag0l Fodmygdom gomsgadgoi bgdmm boblighgdo sdm3abols sdmblibs dgadmgas dmgoggabmm. dmzgdnmro
a®ogobamgols gdmbgggomo 3Gobzodoo so®hog gimo Fodm, hadmg dolio m@ogy F3g0m Ladogdger bod@agengdo ©o
3®ogdo Fologmg yggms ol Fodm, Gmdgno s o3 dogdgmos 58 F390m dmsb. my 58 m3gtsogaol gdwgy dowmg-
390 3@®OP0 (35M04E0s, SEAMAH0Md0 paoliBEg. M7 SMS s 007y BSdgME).

>goan0 bohggbgdgmmos, Gma o8 semam@mdols 3adggdol gdoge Jo@gdnmmo gegan doJbodyd mGxgH Mg SdsMdgOL
m3Godomnd gogal (eegobsmgol gb ggemody 953990 seamdomdos 58 sdmabolsmgols).

0§ygoob, Gmd Gomois seam@omndol degao A(xr) sdmizsbol m3Godsggdo dgogaol Opt(r) 0 Losbenmggdos, oy
LegmEagds dgdegao JoGmds:

[A(r) — Opt(e)| s
max{A(r),Opt(r)} —

sligmo goblbsbmgtgdom 3M59g60b gapyamzgols sdmabol bgdmm dmyggabogo sgram@omdo M3Godogna@o dgegaols
8 = 3 boobmmggJoo.

oo™l 53m3sbs 3.¥. ,boF0mmddo; Bosbenmggdem” sdmEabasms ganalido grols: aligmo sdmEabgdolss, Hemdangd-
Loz bgdobdogao LobgbGom gg@ doggebrmgmygdom, dsa@sd ao@ 3990 bobglGom — 4o.

> ligamdl 53Mgmgg sdmzabgdo, GmBmomgolisg Jgndegds geOmo Go0dy) dosbenmgdomo sgram@omdols st g@s, Ge-
dgena bgdoldogto Fobsbfa® godlodgiemo § LobgbGom Jogobmmgugds m3Godsgnad dgmgal. sbgm SdmEabydl



LGgasw Gosbarmggdowo gfmegds. bbgs Lodygggdom GHmE gmdgom, @snfg@mgds sanam@ondo, Gmdgmaoig dmbszgdse
Ampam@3 boFyobo s3mzebols Imbazgdl, sbggg d LobgbFgl doomgdl @s gloadodolio LobagbGol 3sbgbl gsdmomngaols.

0§ J0390amos, Gmd TSP 58m3565F0 sligmo dosbemmgdgdo ggdangdgemos: bgdobdogdo ¢ > 0 @Goigbgobsmgols
dmodgobgds olgmo jmby@gdgmo dmbsigdo, Gmamaobmgolag bgdolidog@o doshamgdomo saram@omndol gogao be-
Lo Agegaol § Josdmdo 5@ ogbgds, dog@sd 58 s8misbols jgddm Fgdmbggagools asbbogmgs gomadgdals (3gemols:
04y eadsdgoom dmgombmgm, Gmd dnagdnm a®agdo Lydjgmbgool gmenmads bemegdmwgl, sbgmo sdmzobs

boVogomdMog doobmmggdomo bpgds. 09 jopgg ogogdm Jgbmgogol, Hmd aMogo ogml dmigdnmo ggienowy®
Lod@GYY by, oTnb 00 LEPYmsE Josbermggdswo brpgds.

mym@Egds 1.1: mg P # NP, 353906 TSP 56 >éob dosbgnmgdsmo dmgnobmBoy® o®mdo.

580340399 03538 30GMm, O™ 33M(35bs ,,2580508500dgm TSP € dosbgnmygdom” NP bGgmos, Gog P # NP
306md00 0 m@39sb ©osdd ogobl.

>3 3dm3065bg @ogoygabmem dsdom@mbols 304mols dm3abs. M9 dmggdaeros bgdoldog@o a@sge G = {V,E}, -
goEa0bom gFrbogo gtago G’ = {V'. E' «}, @mdgemBog V' =V, u,v € V' = (u,v) € E' @ w(u,v) =1, o9
(u.v) € E, w(u,1) = %I, my (v.v) &€ E (bsb. 11).

bob. 11 HC' s TSP 5dm35b330l a@5¢3980

3bowos, 09 G 365530 5@ LgdmAL dodogn@mbols 30400, G’ a@sgbg e LobylGom Sdmblibogno TSP dma 33l 3slbls
A, dmdgamoi |V Goibgol € Bogosdmdo ogbgds: -"‘_TM <e.

05 G 2658730 hdognGmbols 3040 56 >@Lgdmdl, 35Tob m3Gedogna@o domIGydo Opt > V| + @ odgwab aodmad-
woba@yg, dobo e tobgbom godmmgeogno Isbigbo A > V]| + I%[, 53 [V] 58mbablibols € dopsdmdo ggmod 0dbgds.

gbg 030, 09 G’ 2655y 5dmgblbom T'SP 5dm3obsl € LobygliGom, goglsbom Yggdengdm 0dols @s@ygbsl, sS@ligdmdls
0 56> dsdogn@abob 3ogero G a@oxdo s TSP s3mabols € LobgliGom sdmblbs NP bGgeol go8mwols.

A.0.9.
>d@ogoe, NP bEgaro s3m356g60 bad gmmolis@ dgadengds @sogmls:

L. Lo hobanmggdoe sdmEsboms genabio — LedTgbadme dosgnosh goYHm. dsbPo Tyweol, Asgamoma, @agogmy-
dams gLidgengdols sdmebs m@ 3GmEglod by

2. boFommadng doshamggdsm sdmzabosms gamolio — sa@gmygy Ao g, Jog@sd oMz by 9e3em godmmm, Gmdgan-
o3, Bogom0oma@, 3AsRMS doeas@gols sdmzabs dgwols

3. 5®5doobannggdsw sdmEaboms junalio — yggematby godme gualo, Gemdgedoi dgwols TSP, aGog3gddo woadme-
30090 {390mms bodMagmols sdm3sbs, LGygmo Jaga®agol asdmymyol S3msbs ©s bbgs.

> lob0dbagos ol ao@mgdmyds, MM s@ssdmblibag sdmabgd o dgodangds dmboigdms Loddsgenol sb JoGmadols oby
‘g boaogs, Gmdogo sdmblbopaw aomeandgl (Bmam@s, dogogromse, TSP sdm@EsbaTo dmbsgdms gboamgotisls
00 bsFommddo; Gosbmmggdowo ob bBmem doshammggdsmo o brgdmes).



Loob@gdgliems, HmE8 slige gdmbgggzgddo gagmomo >dm3obgd0 bdoMaw NP lidigeno brpgds. sdol bsognagbid@some
aobgobogmm ,,BoMmmdol @sgsMgol” dm(3obo:

Jnzgdneros n bbgo@albgs Godol gOmbso@o bmdols 3@ mo Goag@s ay. az, ... a, (mome odol gogg@ol Hom-
©gbmds lsbGgmms). dnEgdgaros sadgmgg Tabgde, o Gs Godol jgoemadgool opgds dgodangds gHmdsbgmols
3396000 ©> G Godobs — gHmdsbgmol bgdmm ©s Jggdmm. Aol godms, Goga@sms oG@osrgds 5@ dgodamgds.
©aoa0bgm, Jgodeegds My M dmzydgmo Jgoeds@gdoms ©s Feligdom bgdobidog@ae mowo godmmdols 3Jmby jgom-
GoBol 53905, M7 53 ggoeda@ol Jod3bgbs Jggms Jgmbgdo gobmogligdgmo jgop@sg o goagmols Godo Fobobfodos
dmigdgo. bob. 12-3o 3o@3bbog bohiggbgdos 53 Sdmzabob g@mo dsgsmaoma: dmygsbognos Lsdo Godol jgoe@sGgero
%0a79Ms A. B. C, 6m3gemns 23500400 Go@a3s ggtopss dgmgdomo. m@o gog@ol ghmdsbynby dopgds dgodmgds
35306 s AbmEnme d5Tob, M4 53 Fog@gdol Jglsdsdol 3390w ddg FgHgdo gHmbsoMas.

sEgoo slsddozgogmes, Gmd A. B.C gogaégdoms ©s A goageol dsdzbgbs Jgges ggmbydo popgdom bgdols-
300 Gotomdob jgoedadol spggds dgodamgds. dog@sd my sgomgdm D. E. F gog@gdl, 35dob dgodegds dbmgmme
2 x 2 43506580l 5390, obog 08 3oGmdom, mg) odzbghs Jgges gamwbydo D gogaesl magogdn.
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bob. 12: godmmdob wogs®zols s3m3sbs

033330390 E0d, Grd 58 sdmabolismgols sgrgm@omd o Sdmblibs 56 SAULYdMBL. Fog@ad me JoGHmasls ggigeom
©> gojombagm, dgodangds ma oM Go@sias k x k (K € N) jgop@s@ol 0sgiomgs (qlsbdgemme mowols dsgog@am),
85306 gl s3m3abs NP idano bpogds.

1.9 s>@syodmmgemase ¢9bJosms 3@s]Gogodo 3admyggbgdols dogsanomo

goggeno bgdmo mJdgmob dgdmgy dgodangds aoag0hbegl mmangg@o dggombgs: Gmam@ dgodagds 3mbydgdymo
mymAogeno dgegagdol 3Gs] o530 308myggbgos? gem-gamo stigmo as3myybgdols Lowgdmbl§@some gabgobognmm
9% »U5ddoabo mobgols” sdmabe.

GepMAGE 3bmdoos, mobgydo Pow@glse dgx0mo 3bmggergdo 5M0sh: aswamosh Gygdo, owydgh dmaydl, dpobs-
7o Joancagyb ©s FTyomlinggdydemgdls 5dgbgdygh. sbgm odoor-sdgm LoGdognls mabgo mogh 5@ 5bgdgdls, Lahsd magols
L5379 domls dmeomdEy o@ WasliAgmadli. mobggdols basgboe dmddgegdls Gon@obaol dshoba: godmmgarols 3Gm-
3gbd0 mog530 odom-sdgm sddol s dgbliog@gdols 3goemby oM g boddbmmmgdls Fg@b.

1962 §genls 9badgends domgds@ogmbids Godm@ Gopmd Fodmayghs ,,Loddosbo msbgols” sdmebs: dmgdgmos n dg-
2m3>Mmdosho §og@obaols Asbobs s6dsbom {0,1}, Gmdguoi F9Tomdals oGogemo 3gblog@gdols jgomom ofygols
©s AOEgbes hyhegds. @adrgho 1 odbgds mofgMogro dgbliogHgdols jgsembyg dobdsbol gohg@gaol Igdmaga? s be-
aoEaE: doJlodnd Msdrmgbo 1 Fgodengds wofgOml 1 dpymdsdmgmadols 3Jmby Goygdobyols AsbJobsd yohgdgdsdyg, oy
0ao d9damdal 3oMogmo IgblogHgdom ©snfygdl? o8 Goibgl godmlabaggh X(n) ¢ubjieom, Gmdgelisg Hopmls
A96d0sL gimEgdgh. sbagrmaoy@se godangds agligam Aggombgs: 8odlodnd @sdwgbo dox ol Tydmaa aohyBoyds
n dwamdstgmdols 3dmby Gog@mobyol 5670bs? Jpamdatigmdoli g Gogbgo swabo@byds gabjioom S(n) (o oy
Gobgol d5670bs o6 Wghgtogds, dsdob S(n) = 0). GEamO3 wsdGgogd9er0s, b mG0gy B9blcos 98Gm LfGsgee
0'bBgds, gopty 6930bdngmo ysdmmgenswo gabjios, S69 Mmogy sGagsdmmgmamos:

n |1 2 3 4 5 6
Xn) {1 4 6 13 > 4098 > 101999
S(n) |1 6 21 107 >47.176.870 > 1077

dog@ad, 5ol s dogbgeogem, Gow@glse oo dbodghgammads 5dgl dom Easmgmsl 3mbiGgdaeno n-mgols. dops-
Eomo©, m49) ‘dggoagbm bydmm bablghgd Boyg@mobaols BsbJobsl, GmdgeroE Gog-Gogmbdom aomssdmfadgol boga®s-
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ImEagds m®o JoGGogo Goibgol xodols babom, 35306 Jgodagds gmeedsbols Jodmmybols dgdmFdgas: megomgmom
>3 3567560l dpamds®gmdoms Aampybmdsls n, godmgomganom S(n) f9bjiosl o o3 85b7sbsl godydaggdm S(n) do-
%0l 256353 mdsF0. 049 030 53 AMTo 5@ ghgHrs, glig 030 swoMSlr@mb ghgHogds s Aggh Gogbgms mgm@aols
9om-960m qdbodgbgamgabgls Lisjombls go@sgkdon.

Ao @53, LsdFbodim, %, 9G-%g0mdom sligmo 3gal3gddogs bygdome dbpmgaboo.

1.10  dmgerg ©abgghs sSaramdomdgdol mgm@ools mgsgnbsb@oliom

sbognn 53m3abols @slidobsl by asgadggomm, Tgodangds Mg sGs dobn saram@omdman AoakMs. Mg sbigmo A3
Vadengogeos, 9bes 3obzlsbeg@mn, Gs ©sdsdgsomo dgbmamgss bogodm dmbs3gdgals @s JoHmbaby, @M ogo
>dmblibowo aobogl.

%) 533565 5dMblibo@os, by gsEy0bemm, sMoli my >G> ogo NP egao. mq s@ols, gbws ggdomm dobo bf@ogse
2oEad@ols abgdo — aobglisbmg@mm, o @sdodgdomo Agbmagogos bogodm dmbagdgobs s JoAmdsby, Gmd ogo
3merobmdg® ©HMTo sdmblbowo gobogl, sb Hmam@ godagds dobo sAmbsblbol Gogmsis 4 bobglGom gsdmmgms
- 5@0l ) 5@ 0o LHmam Joshmmmggdswo, bofommdmog dosbarmggdemon ob s@madosbenmggdawmo.

5doy3oM0 ,,93G0bE03900b” goagbobs ©s sdmEsbsms gmsbiogngszosdo gggbdadmgas bodmamols mgmaos, Gmdanols
25609393 sbgmo @od Aggdamgdgemo 0Jbgdmes.
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2.1 333 3039%0L LobiGgdgdo

256850 g0 2.1: ©588303900b LobGgds swofgdgos W = (X, L, A. S) mobggmon, lopsg

Z Lab@dygaro 5bdsbos;
o L C X" aodmmgmomo Loddsgags, @mdgmlsg W Loliggdol gbs gFmogds;
o ymggeo w € L Lodygs Go0dg domgdadosamo mdogddol dgbsbgo aodmbomgsdol ombabog s@dFgdo gbes

oymls;
o A C L as3mmgmawo Lod®agmys, Gmdgabsiz W Lobggdols sglomdgdols Lod@sgamg gfm@gds;

o S Fo@mdmopygbls godmmgmap LodGagmgl, Gmdgmbag ,,oobighbols jobmbgadols” od@agmmyg gfmegds ©s dgdpgao
Godob Lodyggooloagsh ‘dgemagde:
wyFwrH#. FHwr, bopog wi € L o # & L.
o wiFwF#.. . FHw, € 5, 3530b 53dmdgh, O™ w, J0GES306 253mEobsGYmdl wi, wa, ..., Wy 1-@db.

3ob3oMGgds 2.2: W = (£, L, A, §) 03383403900l Lobidgdsdo ws godmbomdgsdols @sddyoigds gfmwgds dodpgg@mdsls
b = w#...#ws, 09 ggges 7 < s obpgduobomgol 49dds@oGos: w; € A ob Jiy, ..., 7, <7 obgmo, @md w;, #...#w;, #w; € S.

0y >OLYOMBL u' goadmbomgodol sd@goigos W bobdgdsdo, 35306 535mdgh, GM3 w  godmygobogpas W Lolidgdsdo.
bowos, Gowaob A @s S godmmgmamos, sbiggg gladmgdgero 0Jbgds oligmo sargm@ondols s3ds, GMBgema3 bydol-
dogdoe dmiagdgero b € {E U {#}}* Lodygobmgol aoblisbmg@sgl, s@ol o9 meg @ b esddgogos W Lol gdsdo.
>Jgeob godmdmobady, dogomgm

ad> 2.1: 00 W ©088§303900b Lobiggdss, {b: b s 403g050 W LobEgdsdo} bod@agumy aodmmgmaos.

Lago®x0dm 2.1: ssd@ o m bgdmm dmygsbogno angdo.

Bgega0: bgdolidogho W wsd@goigdel Lobdgdobamgols bod®sgmmg {w : w gsdmygsbsgos W Lobdgdsdo} dggn@bos-
(OO AIOSMGEDSPOD.

©addgo3g0s: wo ogmb W Lobdgdsdo Ga0dg gsdmygabswo aodmbomdgado. M ogml obgmo Gog@obaols dsbdobs, @mdy-

o3 b dmboigdobmgols s8mFagal, smols M) 5@ 030 ©5IB 390> 3m3gdae W Liolidgdsdo. o9 gls sligs, M dgdoogh
b-1s B0g6 3330390 353mbomgadl, Fobsswdmgy AgdmbggssTo go odgdmagh un 3odmbsmdgsdl. 3bowos,

{w : w godmygabowos W Lob®gdsdo} = {far(r) 1 x € {ZU{#}}*}
A.0.9.

2.2 538303900 LobiGgdols dogogromo

dogomomolamgol dmgoggebmm gumgdabGodgmo Goibgms mgm@ools @sdGgogools Loliggds.
ZE' = (2[;. LE. AE. SE), l)OQh(;
e ={0,1z,(.),t...=,V,A,~, =, V. 3},

V={rw:uwe{0.1}*} (gemogonls Lod@magengs.
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206350 405 2.3: B9@Adgdol bod@ogmy 9Tmegds oligm 9dEodgl T LodGsgergl, Gmdmobingolisg 49385@0Gos:

L0eT,1eT,VCT;
2. mga,beT §gddos, sbiygg Hg®do odbgds (a + b) s (a - b).
dogogromse, §g®dos ((r10+41) - 1).

3563563 gds 2.4: sGomIgBogaer IGgmogo@ms LodGsgang oligm 9dcodgl P Lboddsgegl 9Fmogds, Gmdemolimgolsg
&g'ddo®oGoo:

1. bgdolidogmo m@a a,b Gg@dolimgols (a = b) € P;
2. oy A. B € P 300003589000, sbiggy 3@gmogodo odbgds (mA),(AV B),(AA D), (A - B);
3. gy eV s A€ P,3530b (JyA), (VyA) € P.

dopogmoms@ (Vr0(Vel((20 + «1) = ((«1 4+ £0) + x10)))) sGomdg@osaemo 3G90 5G0s.

2563503 gds 2.5: y ogml G0y (3gemsp0.

Loy a @5 b §g@mdgdos s oy y 3gerswo >d Gmdgmody Bgmddo agbgmgds, 3sT0b (a = b) 3600580 0039 ¥
33bggds ORMA3 Mogebagoaro (3gersw0;

2. 0y g0 G085 A S@omdgBogane 3G rogod o agbgrgds, 0303 Ggerowo (FyA) ws (YyA) 36w 4o§godo
©3Iao (33005050 33bargds;

3. o A, B 560mdgBogamo 30004583005 0 ¥y 3g3mon domTo msgolingumsm ob meddgensr agbgogds, dsdob
03039 ¥ ggeroo (AV B), (A A B),(A = B) @ (—A4) §36dgddo obggg magobygsm o6, dgbadsdolsm, ©oddyu

GasmomoE 3gbgogds.

Bys dsgomomTo 20 @s 1 3gemomydo waddamor, 10 3o GmamAG magobingsemo (3gemoro agbgugdo.
>ebobodbogos, G®A figgho 3oblobmg@gdgdom Ealivdggdos, MM ghmo s 0z0gy (geoowo Lbgo@olbgo 3356@mE do

o33 33EoEsw 3abgwgdmEygl. 0gogy 3grao Fgodergds gem 3Ggro e o bgowsbbgs swyoanby msgoliggoem

b Eaddym geopgdar 3gbgrgdmmyl.
39damddo A(ry,.....x,,) obgm IGO0 5@l swhbodbogl, MmMAgeBog L. ..., Ly, (33ERoP0 mogoliRmsw Asbgogds.

oligo sGomdgBoggue 3G 0godl, Gmdgan oz megobgsno gersmo 56 a3bgrgds, oBomdgdoyaaro 3odmbsmgasdo
aVeorrgds.

wogds 2.2: boddogang Le = {A 1 A s6omdgdogneno 3G 0030000} 3o3mmgenswos.

Logo@X0dm 2.2: afg@gm 3Gmpa@ads, Gmdgenoig w € i Lodygobsmgol aoblsb@g@ogh, s@ols me s@s 030 sGom-
dg8 04980 30003580 bgdmm dmygsboano 3s56dsGmGgd0l dobgogom.

>dodwy hzgh Abmenme Loddmgmms Jodryg@mdgdol 3omygggmo bod@egmggdo aobglsbrg@gm. shans jo 9bms wo-
3oanbmm, Gs dgdnbgggado 0dbgds sbigmo dodwgg@mds (LoGygs) 3g9dsc@odo.
9dga0 oblobmgBgds §9cdyddo 3gensmydols 3mbi@mgdaeno 3b0dgbgermdgdols hslidol 3GmiEgliols gm@dsgmobsiools

LA gommgdals ggodangsls.

3obdoMdS 2.6: 3gmopgool holids gfmwgds ¢ubdaosh ¢ 1 V= N. o1 @00y t §3@3F0 ¢ gabliool dobgegom
G3gemogool dglisdsdol 360Agbganmdgdl hogligadm, 9l 5@0bodbgds AmamEé d(t) s MY3MLosmse g3 abso®se
aobolabrg@gds:

$(0) = 0,8(1) = 1. ¢(a + b) = ¢(a) + ¢(b), p(a - b) = ¢(a) - p(b).

dogagmomo: dmagdgmos §g@do t = ((20 + x1) - (20 + rl)) ws ¢(x0) = 1. p(x1) = 2.
d5Bob ¢(t) = ¢(x0 + xl) - p(20 + 21) = (@(20) + ¢(£l)) - (G(x0) + (x1)) = (1 +2)- (1 +2) = 9.

A 30hg004o@ols, 1 3genswobs ©s t §g@dgdobmgol ‘dgdmgodebmm swbodghs Al =i 0lgmo 3G moodobmgol, Gmdgemog

A 3Ggwogeddo gmggen mogoliggag T ggeepls t Ba@dgdom ggigerom.
A1 To)lo=t, e =t BJGd0 g0mgmagdom RogfgBmmn Gdomamag A(t. ... 1,).



n € N dogbgobmgol @ s@bodbogls @@l (1 + (... +1)...).

(. v
~

n

ao6doMBgds 2.7: bgdolidog@o a. b §g@mdobamgol, A, B 3Ggmogs@olingols s 2 ggmapobmgols 393ds@odos:

a = b 3933560805, m9) d(a) = ¢(b) Ve RsliBolimgols;

AV B 4533560805, ) A 56 B (g6rmo 3506(3) 98o60@)00;

AN B 3938560805, m7) A. B mé0gg 9335608 0s;
—A 935005, 0 A oM ool k93oc0f0;
A — B %338560§05, 09 (B V (—A)) 19>@080s;

Jdz A 39336005, M7 5GLgdM3L @o0dg n € N aligmo, G083 Al,-5 453doG00s;

Ve A kg3dsG0dos, 0 Al =5 333856080s yzgems n € N-mgols.

dogagoma: dgdmgan IOgoogadgdo X9ddsdogos:
((z0 + 21) - (20 + z1)) = ((z0 - z0) + (((L + 1) - (20 - z1)) + (z1 - z1)));
(3r1((r0 + 1) = 20)).

9y603g60: LodsdBogobomgol V)dpamd gm@d3qgagddo 56 aodmgoygbgom LEgar sx@Abomgal, M3g@Msosms 3G0-
M0 IB 9o 0gGo@mJos jo Igdogabsodo aJbgds:

S+, =V, 3NV, >

2obdoMB gds 2.8: anma039M M3g@aosms sglinmdgdo s godmygabols Fabigdo
A, B ws C s6omdg§oggemo 3Ggmogadgoobmgols godmygabols Fgligdo s sglomdgdos:

L (0)A—>(B—- A)

L. 3 (A-B)»((A=(B-C)—>(A-0C))
2. A#A - B#B (roobggbs)

3. A->(B—-AAB)

4. ) ANB - A

4. ) ANB-> B

5.()A—> AVB

5.B—AVB

6. (A-C)->((B->C)->(AvB->CY)
7. (A- B)-> ((A- -B)—> -A)

& --4-A

t 9®Ab gl mpgds mogolingsmo y 3gemswoll dodsdmn A(y) 3Ggrogo®do, o A(t)-3o t §g@ddo Jgdogogmo yggeos
GgEoo magoliggogos (bgs Lodyggoom GmI gndgom, A 3Ggpogsddo t Gg@dols holidol Jgdrgy oligm 3Ggmosodls
3o gdm, Gemdgendoi t Gagddol yggems Ggero@o mogoliyggsenos).

dogogomo:

A(rl) = (3r0(1 + 1 + 20 = 1)) — (Fr0(1 + =0 = x1))



3G 04580 §g@dgdo 1,1+ 1 @s £10 mogobygomos £1 ggarsmols 30ds@o, bognm 20,1+ 1+ 20 jo >@o.

Vy600gbs: @9yt 56 sGobs magoliyggasgro y 3gms@ob dododm A(y) 3Ggmogoddn, 35dob A(t) Igodagds d3es®o gobuygls
03 dgdmnbgggeToi go, 0 A(y) 393350 0s. bgdmo dmygsbogmo A(y) 49835000, dog®sd A(1+ 1+ 70) 3o Igs®os.

3ob3s@E 0o 2.9: 5Jbomdgdo s aadmmgmals Falgodo jgobGmagdobismgols

bgdobdogdo A(y) (GmdgenBoi y magolbagsmos) 3Ggeogsdol, t (Gmdgmog y 3gmaol 80dsdn msgolbggomos A(y)-
B0) BgHdols o C IGgroodolmgols (GmdgeToi ¥y s@os mogolygnsmn) godmmgmol Falio s sjlomdas:

9. C — A(y)#C — VyA(y)
10. YyA(y) = A(t)
1. A(t) = JyA(y)
12. A(y) = C#3yA(y) > C

3563563 9d> 2.10: bo@@oma® Goibgms sjlomdgdo
bgdolidog@o A(y) (GmgeBoz ¥ magolngamos) 3@geogsdols s a. b gthdolmgols sJlomdgdos

13. A(0)AVYy(A(y) = A(y+1)) = A(y) obpgdiool sjlomds
4. a+1=b+1—=a=0b

15. =(a+1=0)

6. a=b—o(a=c—-b=¢)

17 a=b-oa+1=b+1

18 a+0=a
9. a+(+1)=(a+b)+1 } 8080("){]6015 odlmmaﬂl’m
20, a-0

2l a-(b+1)=a-b+a 2>dMogegdol sJlomdgdo

Ag 3obglob@ghmm, dmgmag 1,3 — 8.10 — 11,13 — 21 s5jlomdgdols hsbs§g@gdo, bmgnm Sk jo Gmama3 2.9 @s 12

Tabgdol hobsF g@gdo.

330 Fgodegds 3GmyMmsdgdol ©afg@s, Gmdmonsz bgdobdogho w Lodygobmgol magsmagbm, sGol 04 o6s 0go

Ag 56 Sg Lod@sgemgdo.

@gds 1.2-wb 308mdobsdy (Hmdgol dobgogoms ZE godmmgmomas), dgbisdmgdgmos bgdmm hadmysmrodgdgmo

306303980l AJmbyg Zeg = (X, LE, AE, SE) 3odmmgmopo pasd§ oigools LoliGgdol spgos.

dagomoma: gobgobogmm £0 = x0 3GgeogoGob 3@ 03900l xodgo Zg boli§gdsTo.

I 20 =101 — (00 =210 - 21 = 210)#
2.0=0-(0=0-0=0)#

w

. (20=21 -2 (20=210>21=210)) > (0=0—->(0=0—-20=0)) -
(r0=171 - (0 =710 - 71 = rl0)))#

.(0=0-2(0=0-50=0) (70 =711 - (20 = 710 —> 71 = r10))#
(
(

) =
.(0=0-(0=0—-0=0)) >VYrl0(20 =11 - (0 = 710 — r]l = r10))#
0=0—-2(0=0-0=0)) 5 Vrlvzl0(x0 = 21 — (20 = 210 — z1 = z10))#
)

(0=0— (0=0— 0=0)) - VrOVz1Vz10(z0 = 71 = (0 = 210 — 71 = x10))#

VrOVz1Vx10(x0 = 21 - (20 = r10 — 21 = 210))#

© ® N & w oA

. VzOVr1Vz10(20 = 21 — (20 = 210 = z1 = 210)) —
Velvael0(w0+ 0 =21 — (00 + 0 = 210 — x1 = 210))#

10. VolvelO(w0+ 0 = 21 = (20 + 0 = 210 — 1 = 110))#

(5glomds> 16)

(5dbomds 1(5))

(>Jbomds 1(5))

(FgLo 2)
(5Jbom8s 9)

(5Jbomds 9)
(5Jlomds 9)

(TgLo 2)

(5Juomds> 10)
(VgLo 2)



. VelVelO(w0+ 0 = 21 = (00 4+ 0 = 210 - 21 = 210)) —
Vrl0(zx0+0 =20 - (r0+ 0 =210 - 20 = r10))# (>Jbomads 10)

12. V710(r0+ 0 =70 = (70 4+ 0 = r10 = 20 = 110))# (Vabo 2)
13. Vrl0(r0+0=20 =2 (70 4+ 0 =210 5 20 =710)) = (70 4+ 0 =20 = (70 + 0 =20 = r0 = 10))#  (5JLomds 10)

14. 104+ 0=010—= (704+0 =10 = 70 = x0)# (Tgbo 2)
15. 20 + 0 = x0# (o5gbomads 18)
16. 70 + 0 = 20 — x0 = 20# (Fgbo 2)
17. 70 = z0# (Vabo 2)

o8 dogoomosh hobl, @M mgom 9ds@Boggbo g@mdgdobmgolsg go ©addgo3gdol xsdgo bsjdsme gy@dgeno dgo-
dengds 0gmb, doa@sd 58 gm@domobddo Jod@ogo Taligdol dhdggmdom Logdomp Gmymo mymegdgdol @sd@goEgds
Bgodangds (Asgsgmomap glsdangdgmmos gumgdybdodgmo Gogbgms mgmeools wgd0gddo dmygsbogmo yggums mgm-
G930l ©53B 30g05). §0g@abaol dsbJsbgdob Bligaglam oo gm@Edagobdo bsgdsmp Gogmae dgodmyds dmygghggbmls,
oM 2563359800 godx 0ol gdwgy bGP0z GumsMEyds, Goms3 GMAdsm@o xodgd0l s3gd0l oM dy dgo-
demgds dogbggm, 5303905005 04 5B Go0dy godmbasmdgsdo (sbiggg 3sMyggaemo ghgggol gdmga Gogdmabyols
Ao670bgd0b 3mb M@ map 53900l 300y gagodmos dogbhgogm, asdmmgmomos m9) s@s M0y Sdm(3560).

>J39 9b0s >@0bobml, @md hggh gmbi@mgdamo §addol 3§ 0330 dmgoygsbm s gomagsdmidgm. bbgs Lsjombos,
09 M ‘dgodagds @a0dy §gedol ©sdgoEgdol 3mghs, s bmysw dg8mbgggsdo s@esdmblibsmo s bdo® jmbiag-

&9 Fgdmbgggsdo s dsme Gmgamas.

2.3 4933508 gds, sMoFobosmdmgamddogmds s Lolidyany

a5bdoBHgds 2.11: 6gd0bdogdo 3§ s03930L LobGgds W = (2. L, A, S) séob gddsdode, o 4ggeos dsbido gadmygsbogo
a>dmbomdgodo kqddoGo@os;  oMofobsomdmgamddago, my SAO@3 gemo w € L bodygobogob Gmama3 w, sliggg dobo
9oGymRols ~w a53mygabs & Ygodmgds;  bimaro, oy bydolidog@o w € L bogygobmgols ob w 56 dolio qodgmes —uw
2odmygoboos.

bgdolidog@o 49dds@modo LobGyds sdogrdmagmap s@Mofobssmdpgamdtogo abgs ogml. 3983560Fgo0ligob goblib-
3589000 55§ 065303 gamdMmogmds 5@ aobobomagl §9@dms 49385G0Ggdol 56 3b0Tgbgmmaols Lsgombydl, sGsdgm
B 300l Lobdgdgdols Fobps jmIdobo@m@gmro 3Gmdangdss. sfgosh gsdmdpobadyg, g Lsgombo gm@dsgeo

Lolidgdgdobmgol 9RAM® sgomo goslisg®gaos, go®y 93dododgds.
0bG 900G Go0dyg 117 Lobdgdol gméy]@aemsds dgdegabsodaw dgod mgds woddgoaegl:

o 3ohg96mm, G@3 W Loliggdol sjbomdgdo kgddsmogos;
o 35hggbmm, 03 W Lobggdol aodmmganols Taligdo 3d3s@0d0s;

o bymo mMo Y gdoesb 0bpydioom 35dmdpobstigmdl, Gm3 W Lobdgdols gggms asdmygsboano §g@do 493
d>@oGoo.

> lssbodbagos, H™I sJliomBoms s godmygabols Fgligdols X9ddadodgools 0bGoEog@ag @oxg@gos dgodengds s@sl-
Fmdoi o@dmhbpgl: Gsdmpghody bmdogmo obdgds, Gmdemgdoz opFornswe 39ddotoGar ogem dohbgnmo, adbmaemme
330500 >dmhbes (ob. Asligamols Jstopm o).

bgdmm dmggsbogmo Zg Lobidgds dgg@o (doa®ed sts ggges) dgi3bogeols dogh d93dsmodomss dohbgagmo (pagols
bogobos sJlomds -—A4 — A).

bgdolidog® 49305(0§ s LEgaymgog LobdgdsTdo bgdolidogHo 53 bobdgdol gboby ym@Agmongdgmo Gg@dols §q9-
doBm0dgd0l womaghs seram@omdygaso Jgodengds:

g3 2.3: bgdolidog@ 498o60d wo bogee W = (T, L, A. 5) 3§ 303900 Loliggdsdo boddagemy {w € L: w igd8s60§os}
ASTIMFESOOS.
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3G 303905 @absdBgogoarsw dmgoggabmm sangm@omdo, Gmdganoi 3 LodGsgagl gsdmomgeols. Jo@gge Gogdo

abgs 5@0bodbnl, Gmd (ymggeogg bgdmm mJdgmopsh 3odmdrobsdy) bgdoldog@o b € (ZU{#})* §36dobmgols gbos-
daogdgemos 0dol goEsdmfagds, s@oli o sG> 0o Ga0dy BgMdols 393ds@oGgdol 88090, sjgrob asdmdpabaty
Agodangds (Z U {#})" bod@msgmols momaggds ©o 6gdoldog@mo w € L 8mbsgdolbmgol odols wawagbs, dolbo msdd-
40Gg%> 5AOlgdmdl LobGydsdo myy Bobo —u gadymgol (sdobomgol Ladomms Fbmenmw Esmaggdagero LodGogmmal
Lio@Yzg00l @og-Gogmdom gosdmfdgds). Mopash msgrado@ggmo 3§ 403900L LolGgds bEmoas, bgdobdoyemo w € L
aodmbom Jgodo dolido ob F3ddoBo@os, 5b dgeatio s, 5Jgosb 2edmAmobady, 0a@lgdgdl ob dobo, b Jobo Podymaol
3B 030 @ hggho seram@omdo gmggemgols dghgeogds. Goawysh 30Mmdols mobsblom W Lobdgds kg3dsmodos,
figgbo seoam@omdo bYme 3sbigbl @ssd@mybyol.

A.0.9.

2.4  pompgmoli s@OSLGYmygmaoamgdols mgm@gdgdo

ogmegds 2.22 W = (X, L, A. §) ogml @08y 3§ 3o3900b bobGgds @ mogydgom, Gmd 5@ ligdmdl gsdmmgmamo ¢46d;0s
H:{0,1.|[}* = L olgmo, G0d Yu,v, € {0,1}* bodygobogol gabdies H(ul|v) 85306 ps dbmgeme 5806 odgnggs W
LobiBgdsdo kgddsdod B@dl, GmEgbsg gOmggomosbo Gog@obaols dsbJobs A, Vghgdegds v Ambszgdby. 35806
{h € L:h 3938560800} bod@ogamyg sGos gadmmgmsgo.

©dHJ0(3905: dgogmo Lshggbgdgumos, Bm3 ghgMgool sdm3abs wanggebgds {h € L : I 533s60§0s} Lod@sgemyby.

Lagotixodm 2.3: @anyggabgor ghg@gools sdmaabs {h € L : h d93dsdo@os} Lod@ogargby.

9b0Tgbo: bgdmm dmygabogno mgmegdols 30GHmds gg9udbgds, Hm3 gbsdemgdgeos H(ullv) € L aodmmgens, dsgcod
bmgo dgdmbgggedo dgndmagdgmos 0dols oEaghs, 49o@oGos M9 oo gl bogygs L gbsTo (sdom mgmegds 5@
GV 0bso@mdmgagds ghgdgdol sdmiabols gadmmgeols dgdangdmmmdosls).

albjgbs: bydolidogdo &93doMmodo 3§ 03gd0l LobFgds W, Gmdgano Fobs mgm@dgdols 3060690b 53dogmRoengdl, s@ss
bAgmo (gb Fobs mym@gdols ©s gmgdols gogasm asdm3mobs®gmdls).

fgds 2.4: (doGomso @gds) Zi sbdgegdl Fobs mgm@gdols JoGmdgdls.

533303505 39809330 0dbgds Bmygsbogno

sdom 3G ogds

0gmgds 2.3: k930 SHomdg@o gnen yodmbomgsdoms bodMsgmyg oMss godmaganswo. o4y Zg k93856080, 3506
dobdo 00GLgdgal obgomo godmbomzsdo, Gmdgmbsg g3 ©ogo8BJGIdM @S IO YoMZYIG.

‘dgodangds 0dols 0dgo a3Jmbogl, @m3 s@slBgmymyom Lobdgdsl (Bsgamomsp Zg) oligmo sdlomagdom gogog3s-
MM3gdm, M3 5Jodmyg SGssdmblibawo 58m356gd0b ga@ad@s Fggdemmm (bogos, MMB sligmo sds@gdomo >Jlomdgdo
a>dmmgena@o 9bws ogml).

0d4goob, Gmad Goady Lobdgds W = (X. L, A, S) 3mogsgh Ze Lbobdgdsl, oy Lg C L, Ap C A @s Sg C S. Gopaob
bgdme dmygabogno mgmeigdgdo s domo Fgogagdo yggens Loldgdobmgoliss 493do@odo, dmdgenoig Zr Lobidgdsls
dmozagl, 4938o@odos gdogao

mymegds 2.4: bgdoldogho 9ds@moGo LobFgds, dmdgmoi Ze LobGydol dmoaagl, oMo bbgarygmeaogmo.

Lbgo Lodyggadom Gmd gmdgom, bgdolidogHo s@sbiGymymegogo LobGgdol ,,9gbgds” Fgodengds sglbomBgdom, G-
dgemms bodgomygdom odedmyg s3mblbage Lsgombgdls aswsgd@owom, dog@sd Ladsgog@me shogo sGssdmblibawo
3o3mbomJgedgdo aoa30hbpgde.

bgdmm dmyggebogmo ggaams Jgoga0 @ Lgdmaol mgm@gdas - Bggb goom s8mgbliba@o s8m3obgdal s@lgdmdols Agbsbyd,

dopMod JmbiGgdgmoe domo 3mghs YYdmgdgeos.  gA@-g@Gmo s8mgblibowo sdmEsbol sefges Dgbodegdgamros
&00gemol sis bsaganygmaoamgdol mgmajdaols Agdggmdom:
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mym@)ds 2.5: bgdolidogd dqddsc@od W = (X, L, A, S) 38403900l boldgdsado, Amdgenoi 1.1 mgm@gdol J0OHmdydl
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