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I'pachpr orpanmaeHmit 690
Pemienue cucreM pa3HOCTHBIX OTpaHUYEHUN 692
YopaxHeHus 692
24.5 JloxazaTenbCTBa CBOMCTB KpaT4alIIMX MyTen 694
HepaBeHCTBO TpeyroabHHKa 694
Brustaue ocabneHns Ha OIICHKH KpaTdauIero myTh 695
Ocnabnenue U 1epeBbs KpaTdalInux myTeit 697
VpaxxHeHus 700
3amaun 702
3aKIOUNTENbHBIE 3aMEUaHus 706

I'napa 25. KparTuaiimie nyTu Meskay BceMH NMapaMy BepIIMH 708

Kparkoe copepxanue maBbl 710
25.1 3agaua o KpaT4yaMIIUX MYyTAX U YMHOXEHUE MATPUIL 711

CrpykTypa KpaTdaifiiero myTu 711

PexypcuBHOE pemreHue 3afaqu O KpaTdaiInx myTsIx

MEXy BCEMH IapaMy BEPLIUH 712

Briuncnenrue BecoB KpaTHalllinx MyTel B BOCXOSIIEM

TOPSIIKE 712

Viydienne BpeMeHr paboTbl 714

VhpaxxHeHus 716
25.2 Anroputm ®rnoiina-Bapiranna 718

CrpykTypa KpaTdaifiiero myTa 718

PexypcuBHOe pemieHue 3afauu 0 KpaTyaimux myTsax

MEX]ly BCEMU MapaMu BEPUINH 719
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BrrunciieHne BeCcoB KpaTdaiiux IIyTeil B BOCXOASILEM
MopsIAKe

ITocTpoeHue kpardaiiero Iyt

TpaH3UTHBHOE 3aMBIKaHNE OPUEHTHPOBAHHOTO Tpada
VYnpaxHeHus

25.3 Anroput™m /[>xoHCOHA ISl pa3peXeHHBIX TpadoB

3amaun

CoxpaHeHue KpaTuyalux myTei

T'enepanus HEOTPULIATEIBHBIX BECOB MTyTEM UX U3MEHEHHUS
Brluncnenue kparyaiinx nyTed MEeXIy BCEMU Mapamu
BEPIINH

VYhpaxxHeHus

3aKII0YUTEIbHBIC 3aMeYaHUsI

T'maBa 26. 3agaya 0 MakcMMaJIbHOM IMOTOKE
26.1 TpaHcnopTHBIE CETH

TpaHCcIOpTHBIE CETH U TIOTOKH

IIpumep noroka

CeTH ¢ HECKONBKMMH MCTOYHUKAMU U CTOKaMU
Kak paborars ¢ motokamu

VYhpaxHeHus

26.2 Meton ®opna-dankepcona

Ocraro4Hble ceTn

YBenuuuBarouue myT

Pa3pesbl TpaHCHOPTHBIX ceTei

bazoserit anroputm ®opaa-dankepcona
Amnanmus merona Popra-dankepcoHa
Anroput™ Oamonaca-Kapna
VYpaxxHeHus

26.3 MakcumaiabHO€E MapocoyeTaHnue

3a/jaua NOMCKa MAaKCUMAJILHOTO MapOCOYeTaHUs

B JIBYZIOJIFHOM Tpade

[Touck MakcHMaIbHOTO MTAPOCOUCTAHHS B JABYJOIBHOM Tpade
VYhpaxHeHus

* 26.4 ANropuTMbl MPOTAIKUBAHUS MPEAIOTOKA

WHTynTHBHBIE COOOpaKEeHUS

OcHOBHBIE Onepalu

Oneparyst IpoTaIKUBaHUA

Onepanyst nogsemMa

YHuBepCaNbHbII aIrOpUTM

KoppekTHOCTh MeTOAa MPOTANKUBAHUS NIPENIIOTOKA
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AHanu3 MeToja MpoTAIKUBAHUS MPEANIOTOKa 770

VYhpaxxHeHus 773

* 26.5 AJNropuTt™m “nogHSATH-B-HAYANIO’ 774
Homyctumsbie pebpa u cetn 775

Chucku coceneit 777

Pasrpyska nepenoaHeHHON BEpUIMHBI 777

ANTopuT™ “OHATH-B-Ha4YaI0” 780

Ananmu3 783

VhpaxxHeHus 785

3anaun 786
3aKIrounTENbHBIC 3aMEUaHus 793

Yacts VII. U30panHble TeMbl 795
Baenenmne 796

I'masa 27. CopTupywommue ceTu 799
27.1 CpaBHUBaIIINE CETH 800
VYipaxHeHus 803

27.2 Hynb-eqUHUYHBIN TPUHIIMIT 805
VYipaxHeHus 807

27.3 buToHHYecKas COPTUPYIOIIAs CETh 808
[Homydunstp 809

buTtoHnueckuit COpTUPOBIIMK 810

VYpaxxHeHus 812

27.4 O0OBeauHAIONIas CeTh 813
YipaxHeHus 815

27.5 Coprupyrolas ceTb 816
VipaxxHeHus 818

3anaun 819
3aKIIounTEeNbHBIC 3aMEUaHus 822

I'maa 28. Pabora ¢ MmaTpunamMn 823
28.1 CaoiicTBa MaTpuIl 824
Marpuusl U BEKTOPbI 824

Onepauuu HaJ MaTpUllaMU 827

OO6parHble MaTPHIIbI, PAHTH U JIETEPMUHAHTHI 828

ITonoxxuTENBHO ONpEIETICHHBIE MATPULIBL 831

VipaxxueHus 831

28.2 AnroputMm ymHOxeHus marpui lltpaccena 833
00630p anropuT™Ma 833

Onpenenenne NPOU3BEICHUN TOAMATPHIL 834

OO6cyxneHre MeToma 838
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VYipaxxHeHus
28.3 PerieHue cucteM JIMHEMHBIX YpaBHEHUM
0630p LUP-paznoxenus
[Ipsimas u oOpaTHast MOICTAaHOBKU
Beruucnenne LU-pasnoxenus
Brruucnenne LUP-paznoxenus
YopaxxHeHust
28.4 OOparmieHue MaTpuIl
Brruuciienne oopatHoi Marpuilsl u3 LUP-pasnoxkeHus
YMHOXEHHE MaTpHIl U OOpaIleHne MaTPHUIIBI
VYhpaxxHeHus
28.5 CuMMeTpuyHbIE MOJOKUTENBHO ONPEeIIEHHBIE MaTPHIIBI
Y METOJl HAMMEHBIIUX KBaJpaToB
MeTon HauMEHBIINX KBaJIpaToB
VYhpaxxHeHus
3amaun
3aKTIOYATENbHBIE 3aMeYaHH

I'masa 29. JIuneiinoe nporpaMmMHupoBaHue

Ilonmutnueckas 3amada
OO0mmii BUA 3a7a4 TUHEHHOTO MMPOTPaMMHPOBAHUS
Kparkwuii 0630p 3a1a4 TMHEHHOTO IPOTPAMMUPOBAHUS
IIpunoxxeHus JIMHEHHOTO NPOrPpaMMUPOBAHUS
AJNTOPUTMBI pellIeHus 33434 JUHEHHOTO MPOrpPaMMUPOBAHHUS

29.1 CrangapTHas ¥ KaHOHHYECKask (POPMBI 3a/1a4 TMHEHHOTO

IPOTrPaMMHPOBAHUS

CrangaptHas dpopma
IIpeobpa3oBanue 3ama4 JIMHEHHOTO TPOTPAaMMHUPOBAHHS
B CTaHJAPTHYIO OpMY
IIpeobpa3oBanue 3ama4 JIMHEHHOTO TPOTPaMMHUPOBAHHS
B KaHOHUYECKYIO popmy
VYhpaxHeHus

29.2 ®opmynupoBaHUE 33434 B BUAE 3a7a4 JUHEHHOTO

MIPOrpaMMHPOBAHUS

Kparuaiimue mytu
MakcuManbHbIN IOTOK
ITonck nmoToka ¢ MUHUMAJBHBIMU 3aTpaTaMu
MHOronpoyKTOBbIi MOTOK
VhpaxxHeHus

29.3 Cummiexc-airoputM
IIpumep cumImiekc-anropuTMa
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3amMereHue 897
®opMaNbHBIA CUMILIEKC-aJITOPUTM 899
3aBepricHue 905
VYipaxxHeHus 907
29.4 JIBOMCTBEHHOCTb 908
VYipaxxHeHus 914
29.5 HavanpHoe 0a3MCHOE JOIYCTUMOE PEIICHUE 914
ITouck HaYaIBbHOTO pelICHUs 914
OcHOBHas Teopema JUHEHHOTO MPOrpaMMHUPOBaHUS 920
VYipaxxHeHus 921
3amaun 922
3aKTrounTeIbHBIC 3aMEUaHUs 924
I'naBa 30. Ilotunombl U ObIcTpoe Mpeodpa3oBanue Dypbe 926
ITomuHOMBI 926
Kparkoe copepxanue maBbl 928
30.1 IIpencraBieHue MOJIMHOMOB 928
[IpeacraBnenue, ocHOBaHHOE Ha KO PHULHEHTAX 929
IIpencraBiaeHye, OCHOBaHHOE Ha 3HAYCHMSIX B TOUKAX 929
BricTpoe yMHOXKEHHE TOTUHOMOB, 3aIaHHBIX
B K03 unmeHTHO# Popme 932
VYipaxxHeHus 934
30.2 AII® u BIID 935
KomriekcHble KOpHU U3 €UHHUIIBI 935
HuckperHoe npeobpazoBanne Oypne 938
BricTpoe npeobpazoanne Oypobe 938
WHTepnoismus B TOUKAX, SIBISIONUXCS KOMIUIEKCHEIMHU
KOPHSIMU U3 €IMHUILIBI 941
VYipaxxHeHus 942
30.3 DddexruBHBIe peamusanun bIID 943
HreparusHas peanusanus bIIO 944
ITapannensHas cxema BIID 947
VYipaxxkHeHus 949
3anaun 949
3aKIIounTeNbHBIC 3aMEUaHus 953
I'maBa 31. TeopeTHKO-4YHCJI0BBIE ATTOPUTMBI 954
Pa3mep BXxOIHBIX HAOOPOB TaHHBIX M CTOMMOCTH
apu(METHYECKUX BBIYUCICHUH 955
31.1 DnemeHTapHBIE 0003HAUEHUS, TPUHATHIE B TEOPHH YHCEI 956
JlenuMocCTh U ACIUTEIN 956

IIpocTeie u cocTaBHBIE YHCTIA 956
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Teopema o J1el€HNHU, OCTATKH U PaBEHCTBO IO MOYITIO
OO01mue nenuTen 1 HauOoJbIne 00Iue IeJINTENN
B3aumHO mpocTsle 1enble ynucia
EnrHCTBEHHOCTH pa3iioXeHUsI HA MHOXHUTEIH
VYnpaxHeHus

31.2 HawmOosbInuii 00NN TETUTEND
Anroputm EBxnnna
Bpewms pabotsr anroputma EBkinaa
PasBepnyTas dopma anropurma EBkinma
VYipaxxHeHus

31.3 MonynpHas apupMeTHKA
Koneunsle rpymnisl
I'pymmier, 06pa3oBaHHBIE CIOKEHUEM M YMHOXEHHUEM
110 MOAYJIIO
Ilonrpynmst
ITonrpynmsl, creHepupOBaHHBIE AIEMEHTOM TPYIIIIBI
VYhpaxHeHus

31.4 Perienre MOIYJIbHBIX JUHEHHBIX ypaBHEHUH
VYhpaxHeHus

31.5 Kwuraiickas Teopema 00 ocTaTkax
VYipaxxHeHus

31.6 Crenenu anemMeHTa
BozBenenue B creneHb MyTeM MOCIEI0BATEIBHOTO
BO3BEJICHUS B KBaJpaT
VipaxxHeHus

31.7 Kpunrocucrema ¢ OTKpbITBIM KiItodoM RSA
Kpunrorpaduueckue CUCTEMBI ¢ OTKPBITBIM KITFOYOM
Kpunrorpaduueckas cuctema RSA
YopaxxHeHust

*31.8 IIpoBepka mpocTOTHI
[InoTHOCTH pacnpeneneHus: MPOCThIX YUCET
IIpoBepka MCeBAOMPOCTHIX YHUCEIT
PanmoMu3upoBaHHBIA TeCT IPOCTOTH Mutepa-Pabuna
Yacrora omubok B Tecre Mumepa-Pabuna
VYpaxHeHus
*31.9 llenounciaeHHOE pa3OKEHHUE
Oppuctudeckuil p-merox ITomnapaa
YnpaxHeHus
3amaun
3aKIIounTEeNbHBIC 3aMEUaHus
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I'maa 32. Ilouck moacTpok 1017
O0603HaYCHHUS U TCPMHUHOIOTHS 1019

32.1 IIpocreimuii anropuT™M Moucka MoaCTPoK 1020
VYhpaxHeHus 1021

32.2 Anroputrm Pabuna-Kapma 1022
VYipaxxHeHus 1028

32.3 Tlouck MOACTPOK C MOMOIIbIO KOHEYHBIX aBTOMATOB 1028
Koneunsie aBToMaThl 1029

ABTOMAaTBI TIOMCKA MOACTPOK 1030
Brruncnenne GyHKIMN nepexonos 1035
VhpaxxHeHus 1036

* 32.4  Anroputm Knyra-Moppuca-Ilparra 1036
[IpedukcHas GyHKInS 1151 00pasmna 1037

AHanu3 BpeMeHH paboThI 1040
KoppekrHocTh BRIYHCIEHHS NTPEPUKCHON HYHKINH 1041
Koppekraocts anroputma Kuyra-Moppuca-Ilparra 1043
VYipaxHeHus 1044

3amaun 1045
3aKIIOYNTENbHBIE 3aMeYaHHs 1046
I'mapa 33. BerunciaureabHasi reoMeTpust 1047
33.1 CsoiicTBa OTpe3KOB 1048
BexropHoe nmpousseneHne 1049

IToBOpoT MOCIENOBATENHHBIX OTPE3KOB 1050
OmpeneneHne Toro, IEPECeKaroTCs T Ba OTPe3Ka 1051

Jpyrue npuMeHeHus: BEKTOPHOTO MPOU3BEACHUS 1053
YopaxHeHus 1053

33.2 OmpenerneHue HAIWYUS TEPECEKAOIINXCA OTPE3KOB 1055
YhopsigoueHue oTpe3KoB 1056
[TepeMeliienre BhIMETAIOIIEH TTPSIMOI 1057

IIceBnokon, BBIABISIOMUI [IEPECEUECHUE OTPE3KOB 1058
KoppexrHocTh 1060

Bpewms pabotsr 1061
VYipaxHeHus 1062

33.3 TloctpoeHue BEHITYKIOH 000IOYKU 1063
CxkanupoBanue 1o ['paxemy 1065

Oo6xox o /xapBucy 1071
YipaxHeHus 1073

33.4 Tlowck mapbl OMMXKANIINX TOYCK 1074
AJNTOPUTM IEKOMITO3UIINU 1075
KoppekrHocth 1077
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Peanusanus u Bpems paboThl alropuT™Ma 1078
VYhpaxxHeHus 1079

3agauu 1080
3aKIIIOYUTEIbHbIE 3aMEYaHUs 1083
I'naBa 34. NP-nosHoTta 1085
NP-nmonnoTa u kimaccel P u NP 1087

Kak moxkasarp, uTo 3agada seisgeTcs NP-mommoi 1088

Kparkoe conepxanue 1iiaBsl 1091

34.1 TlonuHOMMAIBHOE BpeEMs 1091
AOCTpaKTHBIC 3a/1a41 1092
Konuposanue 1093

Crpykrypa GpopMaIbHBIX SI3bIKOB 1096
VYipaxxHeHus 1100

34.2 TIpoBepka 3a NOJIUHOMHAIHHOE BpeMs 1100
I"'aMUIETOHOBBI MK 1101

ANTOpPUTMEI BepUhHUKAIINN 1102

Knacc cnoxnoctu NP 1103
VhpaxxHeHus 1105

34.3 NP-nonHoTa ¥ NPUBOAUMOCTD 1106
IIpuBoguMOCTB 1106

NP-nonnota 1108
BrinonHuMocTh cxeM 1110
VhpaxxueHus 1117

34.4 JloxazarenbCcTBO NP-TIOJHOTBI 1118
BrImoTHUMOCTE (HOPMYIIBI 1119

3-CNF BBITIOJIHIMOCTH 1122
VipaxxHeHus 1126

34.5 NP-nonsble 3ama4n 1127
34.5.1 3amaya 0 KIHUKeE 1128
34.5.2 3anga4ya o0 BEpIIMHHOM MOKPHITHU 1131
34.5.3 3agaya 0 raMHJIBTOHOBBIX LUKJIAX 1133
34.5.4 3agaya 0 KOMMUBOSDKEpE 1138
34.5.5 3amgaua 0 cyMMe TIOAMHOXXECTBA 1140
VhpaxxHeHus 1144

3amaun 1145
3aKIounTEeNbHbIC 3aMEUaHus 1149
I'maBa 35. IIpuOauskeHHbIE AATOPUTMBbI 1151
OreHka KadecTBa MPUOIIKEHHBIX aJTOPUTMOB 1151

Kparkoe coneprxanue riaBbl 1153

35.1 3amaga 0 BEpIIMHHOM IOKPBITHH 1154
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VYipaxxHeHus 1157
35.2 3agaya 0 KOMMHBOSDKEpE 1157
35.2.1 3agaya 0 KOMMHUBOSIKEPE C HEPABEHCTBOM TPEYTOIbHUKA 1158
35.2.2 O6mas 3ama4a 0 KOMMHUBOSDKEPE 1161
VYipaxxkHeHus 1163
35.3 3amaua 0 MOKPHITHU MHOXKECTBA 1164
JKamgHpIi pUOIMKEHHBIH alrOpUTM 1166
Ananmu3 1166
VhpaxxHeHus 1169
35.4 Panpomu3anus U JIMHEHHOE MPOTpaMMUpPOBaHHE 1170
PanomMu3rpoBaHHBIN IPUONMKEHHBIA aJTOPUTM JIJIS
3ama4yn 0 MAX-3-CNF BEITOJHUMOCTH 1170
ATIpOKCHMAITUS B3BEIIEHHOTO BEPIIMHHOTO ITOKPHITHS
C IOMOIIBIO JINHEHHOTO IPOrPaMMUPOBAHUS 1172
VYipaxHeHus 1175
35.5 3agaua o cymMMe IOAMHOXKECTBA 1176
TOYHBIH aNTOPUTM C SKCIIOHCHIIMATLHBIM BPEMEHEM PaOOTHI 1176
CxeMa anmpOKCHMAIUH C TIOTHOCTHIO MOJTHHOMHATHHBIM
BpeMeHeM paloThI 1178
VhpaxxHeHus 1182
3amaun 1182
3aKIounTENbHBIC 3aMEUaHus 1186
Yacre VIII. IIpuioxenus: MaTeMaTH4ecKHe OCHOBBI 1189
Baenenmne 1190
Mpuaoxenne A. Paabl 1191
A.1 CymMsbI U UX CBOHCTBa 1192
JlunelHOCTD 1192
Apudmerndeckas nporpeccus 1193
CyMMBI KBaZpaToB 1 KyOOB 1193
T'eomeTpudeckas mporpeccus 1193
T'apmonnueckuii psn 1194
WuterpupoBanue u nuddepeHnpoBaHue psaaoB 1194
CyMMBI pa3HOCTEH 1194
[TpousBenenust 1195
VYipaxxHeHus 1195
A.2 Ouenku cymm 1195
Maremarnyeckasi HHIYKLMS 1196
ITounennoe cpaBHeHuUE 1196
Pasbuenue psiaos 1198
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[Ipubnuxenue MHTErpaIaMu
VYhpaxxHeHus

3amaun

3aKIIIOYUTEIbHbIE 3aMEYaHUs

Ipunoxenue b. MHoxecTBa U npoune Xya0:KecTBa

b.1

b.2

b.3

b.4

b.5

MHoxecTBa
VpaxxHeHus
OTtHo1eHus
VYhpaxHeHus
DyHKINUU
VhpaxHeHus
I'pader
VhpaxHeHus
HepeBbst
Bb.5.1 Cpoboanrie nepeBbs
b.5.2 JlepeBbsi ¢ KOpHEM U YIOPSAAOUYEHHBIE JEPEBbSA
b.5.3 bunapHbIe U TO3ULMOHHBIE 1€PEBHA
VhpaxxHeHus
3amaun
3aKIIIOYUTEIbHBIE 3aMEUYaHUs

Ipunoxenue B. Kom6unaropuka u Teopusi BeposiTHOCTH

B.1

OcHOBBI KOMOMHATOPUKH
IIpaBuia cymMMBI U IPOU3BEACHUS
Crpoku
IlepectanoBku
Coueranus
brHoMuanbHbIE KOAPPUITHEHTH!
O1eHKH OMHOMHANBHBIX KO3 (GUITUESHTOB
VYhpaxHeHus

B.2 BeposarHocth

B3

AKCHOMBI BEpOATHOCTH
JuckpeTHble pacnpeesieHus: BEpOsITHOCTEN
HemnpepriBHOE paBHOMEpHOE pacmpeeieHne BEPOsTHOCTH
YcnoBHas BEPOSITHOCTh U HE3aBUCUMOCTh
Teopema baiieca
VYhpaxHeHus

JuckpeTHble ciayyailHble BETUYNHBI
Maremarnyeckoe OXKUAaHUE CIyYalHOW BETUYMHBI
Hucnepcus u cTaHAapTHOE OTKIOHEHUE
VYhpaxHeHus
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B.4 Teomerpuueckoe 1 OMHOMHATBHOE PACIIPEACTCHHS 1243
I'eomeTpuueckoe pacnpeseneHue 1244

bunomuansHOE pacpenencHue 1245

VYipaxHeHus 1248

* B.5  XBoCTBhl OHHOMHAIILHOTO pacIpeelICHuUs 1249
VYipaxxHeHus 1254

3amaun 1255
3aKTIOYNTENbHBIE 3aMeYaHHs 1256
Bubunorpadus 1257
IIpenMeTHBIN yKa3aTeab 1277



