
Theoricall.com

puterscienceweeklus_upperbound-algorithmolni-ocnlog.nl
ˋ lowerbound-ihardnesss.cn

s-ncnlognlcompanson-basedefinitioniproblem.computingmodel.computation
资源

computahihty.tv

actability.randomnessp.NPimportantidefinition.tneoremg
Statement

𤄿

ipofideamtinMSTnf.in
⼀､ Problem

rl.G.ienaweightedgraphG.whatistheMST-ndewteanedge.chchwhetherthemeightincreasesornotOIEIlwhat.is
theweightof.is/hST?nbnarysearchkOllogQ3)Iandanintegerk.d.esGhaveasiwithweightatmo.tk?edecisionproblemPGivenastringw.is wth ?

"

z.GivenastringmiswtlilencodecG.kziGisagraphthathasaSTuithweightatmostb.lt
languageliiencodingofyes-instane.fi?了

\\
L

3
, Analphabetisafinitisetofsymbols.IE
⼼ 了 三的 , 13.x , 丫 了 三 : 1 3 I : 1 △ , ☐

,
0.x 了

a)AstnhgaerIisafinitesequenceofsymbolsfwmI.ly
Thekngthofastringwisgmbols.tw/BiemptyShinge,1ekO
G) eoncatenat.im , U : 0 1 0 , U : 1 1 0 ,

UU : 0 10 1 1 0

(5) exponentiatimiwi-w_wwie.WIw.no

itimesdreversalr.lv: 0 0 1 1
,

WRinoo4.AlanguageowI.su丝ofstringsaericnconcatenationiABiluoiutAandvtBIA.ie了 ⼆⽉

(2) exponentiation.AE A-A.AE 化 了
,
A
"
: AA

i

i会死

(3) AtiYAI.AT UÁ ± Á v1e)
i30

⼼ 式 : antofstnngoflengthiansistingofsgmbols.in 三

三
⼗
,

(5) reversaliARiiwR-n.coA)



5､

finiteautomatane.x.si→线-0 ⑨2o-statediagramlolllEIF.zo.in
itial state ( Unique)

cq.ws cqz , 0 10) ( 93 , 1 0 )

○ ,

finalstatelseveraljifstopatfinalstate.accepttheseque.no 192 , 0 ) ( 93, e)

(2) bef.AfiniteautomatnMiCKI.S.S.FI 131lq.ws/-Mlq',w')ifw:aw'andfiq,a):q',forsomeaEIdk:a
finitese.tofstates yieldsin.net

p exampleizozoo.lt灬= ∅
I., inputalphabetlq.wjticqiwiifcq.no) : ( q

'

⼼ orcqpbtnit.nl 9⼼ )

stkiinitialstatesqzgo.lt (M) ⼆ 仙旷
FEK-ase.tof find 5th cs.wjtfcq.ie ) , qt F ⇒

Macceptswfikxznktransit.infu吐⼼ tdWMMhcs.vn tǔcq, e) , qlt F ⇒ M reiectsw lwtinfiwconta.is 101 asa 的5时 了

↑ ↑ ↑

cuwntsymb.IM
0

0 1

2
1

5㘩MacceptsalanguageL.fi/UacceptsallstringsinLne
↓ mrejectsanstringsnot.nl >Ǚftso-5④0

A configurationis.cn element of kx unique
g.

↑ ↑

cunentre.mn"9 L (M) = { uiMacce.pt 以 1

state input

(4) Alauguageisregularifit.isacceptedbysomefniteautomaton.is
) TheoremiIfAandBareregular.sc v5 A V13 ｡

-_- MvPwof.IM/tilkA,I,SA,SA,FA),MB:lkB,I,SB,SB,FB)Ideai'1凹 IMuilkv.I.SU/Su,Fu )
,

"南 ikviKAXKB.SU:1的 ,
S B) , 1元 = (FAXKB) ULKAXFB)

_ _
_
.

1

8 u l (G , 913 ) , a ) = 1 SA 19A , a) , SB 1 9⽇ , a) )

foranycq.lt , 9133

tkAXRBandanyatIIDTheoremiIfAandBaveregulav.s.isAB

ǐ※-
,

Non-determinismwee.KZ
_ qcq.gg ) , 1 9. , a . 92 )

1. NFA cnnextstateisnotuniquecq.hn
.
92) … cqz.e.gs ) }a

l G, b) ✗S6 (2) e-transit.in
m 91

>@-@-⑨
ix.

rmcq.tob) 7m 192 , b) 1m19性
)

ukeatree.ae
… e t

b 1 91 1
abb)
会 gnntm

193 ,
bb) ✗ q 92 → g

b. - ↓ ↓ X

t.vn 191 , b) tm 192 , e) tm 193 , e).nl
qz → 93 91

ntransitionrelation.ba… ↓
✗ ↓ acce.pt

△ ≤ kxl IU
化 1) ㄨ K

q, 92 → 亗cDANFAisa5-tuple.lk , I , △ , S , F) ↓
↓

↓symbolnextcu.vent

stateMoninputwihctotherm.se
suacceptifcsnnh.iq/e)fwsomeqtFLlM)MacceptsalanguageLiflacceptseuengwtlrejecteveyn.tl

MagicialwaysmaketherightguessaE.X.lwtla.by?thesecondsymbolfnmtheendofu.is b)
ab

> ⑨1ns｡
"
_,@



(3) TheoremigivenNFANIDFAM.LI/U):LcN)
ㄑ= →

thiswgisobvious.Id.eu
, ⇒DFAMsimnlatesha-likecomputationofNFAN.ca491 了

a … e t a… ↓
q qz → 93 iqi.qz.GS

b. - ↓ ↓ ㄨ

b … ↓

qz-sgq.be… ↓
✗ ↓ acce.pt

191192 , 933

91
92 → 亗

b … ↓

4 91.92.933

NFANECK.IO , S , F)

DFAMilk.IS ,
S

'

, F
'

)

k
'
= 2

K
= s Q : Q

E K 3

F
'
⼆

IQEK-QMF-3U-qtk.Ecqkiptkicqestflp.es 了

s
'
= E 1 5 )

NFASIQID-UUqtQpilqa.proEIP 910 ⽓ ｡ o
T
t

i! ! ! !oh.IM) : L (N )

Example NFA a
DFA c.io

>頾上线 300>@-@
es ntooei-Gga.be

(4) Theore.ms/tlanguageisregularifandonlyifitisacceptedby some 㠈

151

Theorem-IfAandBareregular.soisAB.it-蘫惘
的 ⼆ ( 1的 , 三 ,

△A. 的 , 1的 ) NBICKB.I.OB.SB.FI3 )

N o = ( Ko , ⼯
, △0,9 , Fo )

K ｡ ⼆

KAUKBSo-SA.Fo-FBOOELAOOBUllq.GS?3)iqtFA3l67TheoremiIfAisregular.soisAt.AE A
'

ˇA
2
0 A
'
⼀ ⼆ 仙ns.meiwitA.k｡ 1 3

1 . 8国
的

lilthzifw



(7)

TheoremilfAisregular.soisfo-yo-N.to
2､

RegularExpressionlREXJIDR-acaubibhlmifwtlami.ws
tcntswithaandendsuithB3.aiA-wmic.d.LU) = 4

,
e

e 表示空串 , 中 表示不包含任何字符 中

atI.LI a) 上 了 以Precedene.xsosvampositeilU.co
,

⼥ ) t o hd = (a 1时1) 0 lb⼼)

R , U R 2 ,

LLRIVRDELCRDULCRzJRRz.LLRRD-LLRDLLRDPE.HR
: ( T R)

exampleidb.si/wtia,bi;whastwooccurencesofa3o_o出○→｡
上
⑥

iilcavbfalavb.MGlaubi

eweek31.NFA-REXIdeaistateehm.nu
tion

a. ｡⻙国三0 ⼼⾯䶪
'

ǎ
-o_o ⇔ o_o

qz q, q , qs

actbsimplifyMsothat.it-
,⇔ ǎ
-0

92 93 cnnoarcenterc.tk initidstate

ǎc--7 ǎ "⼀只 0cuuniquefinalseate.andnoarcleavesit.gr
Exampk qaereog 305t.efnfefogexample.R.itRjf 化了

,⼀点畿 >0 00 a pi-fviajse.cn3
94 94 92

t

｡

了-_-
bàbābva

蚍⽐ 93
- 华dbcbdb_dbeeioq594Proof.by

namicProgrammingInputisimplifiedNFAM-ck.I.GS , F)

1.. K = 1 91 , -9ns.5-qn-i , F : 39ns

2. U-p.Ua.lp.cl, 9m ) ⼥ △

3. tp.Ua.lqn.a.pt△

subproblemiforigiktu.in 了
,letRifbeaREX.at?LlRYj)iIwtiiIqi,until9j,eiwithnointermediatestate.huungindex > k 3



Goa.li

R.in

BasecasekoifijiRijifua.ua … …

, lqi.an.q.pt △

ifitjiRij-a.ua?v.--,cqi,an,aj)t △
脦i.

Recurrenceq.io ｡ ⾏ iii.煯
'

i Riiij-IR.is ij ⼀世↓Vǎfk
Rij.RU RǜlkǜiRǚ

trns_pqiaii-qjlconclusioni.TO
provethatl.is

regulariDFA.NFA.REXclosurepropertyiU.n.co
, ⽩ ,

*

2. Pumping Theorem Pumpinglength
↑

hetl.be regularlanguage.Thereexistsanintegerp.lsuc.hnthattwtlwhiciinpcanbedividedintothreepart.suxyz ,

satisfyingillylooaforamgiso.xyiz.tl
(3)

lxylEPexampleiaba.pl?roof:ifIisfinite,p=max(lwItl)
wtLAssumet.is
infinite.IDFAMacceptsL.pe#statesofNVwtLwithlwl3p.
w-aazi.an.nspso-so-iqi-o-oq.io

q,

qnnoaicjep.qi-qjsoteiotE-o-G-iog-nd_zsqa.co
x qi

y 的 z qn qi

117 icj ⇒ yno

⼭ Vt≥ 0 , xytztl
(3) jep ⇒ lykp

3､ ProveloT.in 303

vsnotreguiarProof.Assumeitisregular.lupbethepumpinglengthconsiderw-OPIP.by
pumpingtheorem.w-xyz.s.tl?lyls02)XgiZtL.foranyisoc3) lxyi ≤ p

Fromu) ( 3) ,

g-ok.forsomek31.thenxyz-OPTPtllcontvadictywithin4.pro
veiwtio.IM ,whasequalnumbevfdsandis3isnotregularassumeh.isregular-Lnctiisregular-iciini.in ≥ 0 了



Chapter 2
5 ,

uo.angua.GG!
"" " '"

9-regularnx-iiiiiii.si
startsymbds.Ainon-terminalsfzasbrulesab.citeminals

↓
S→ A

左边

non-termnalA-scA-esasbsaasbb-saaAbb-saacbb.lt
context-freegrammarG-cv.IS , R )

V :

afinitesetofsymbolszeithesetofterminalsvz.it
hesetofnon-termnalsstkiistartsymboIREN-xviafinitese.to

frulecA.meR.A-wnforanyx.y.ua?,foranyAtv-i.xAy=7xuyifcA,u)tR.
deriveinonestepaforanymutli.w-iuifw-uorw-i.su

↓

terminal

aderivationfromwtouoflengthnicnGgenerateswtziifs.tw
⼈ (G) ⼆ 个wt-Ggenerateswj.GgeneratesLCGJexample.cniǒmn,以

s-sosis-eliwtiabiwiwR3s-asas-bsb-S-asalbsblelalbls.es
→ a

s→ b



Week 4 nleftmostdeni.cnn

1. S→ s s s⇒ ss ⇒ (5) s ⇒ c) 5 ⇒ c) (5) ⇒ c) ( )

S → ( s)
s⇒ ss ⇒ scs) ⇒ S C) ⇒ (⼋) ⇒ ( ) ( )

s→ e tightmostderivat.in

Parsetree : 1{
s s

" ""
ě è

(ii)itheyieldoftheparsetreeataxa2.EE+ E
E E

E → EXE ˊ 1 \ Éi E
Et E → tuodiffer.int

E → (E) ｡
… 上班 '

a

a E X E ① gramnar 导致劰
E→ a

'

i
ǎ à a "的9"" 1

② language 导致的

3.li Et T ataxa E E :

ExpressionE.IET T : term

T-T ㄨ F T T i i F : factov
ㄒ→ F

ˊ _

F F i
F吧) -

a a

'

F → a

4 iàbickiijoriki 所有 ⽣成 此语⾔的 CFG 都有 歧义

↳

inherentambiguousf.Pushd.am

AutomataEContext-freelanguagePDA-NFAtstack.li#_tapeIstatI
-⽬stachAPDAis6-tupleFCK.IT

,
△
,
s . F )

° S :

invtialstatekiafinitesetofstate.Fiasetoffinalstate.ir
, tapealphabet.citransitionrelation.afinitesubsetoftistackalphabet.lk

✗ ( I o 化了 ) ✗ TT ✗ CkxTT

↓ ↓ ↓ ↓ ↓ ,

popnowcurrentcurrentthetopnextpushasnngst.atesymbdpauofiatefitothestackstac.hn



exampleikp.ci, 1 23), 19145 了 )

(cp.ae) , cq, 阿

国密贰 ↑
0埓 施啦

⇒ ⑨㗀

6､ AconfigurationofPDApisamembe.rofkxixf~stackcontentyieldsinonesteplpixmplqiy.plif ⺕ ccpa.rs.iq, g) tostx-ay.trtandpiyiforsc.me
Tt

ftp.X.xjtfcq/y,p)ifcp,x,x)=(q,yil3)orlp,x,x)tp...tp---tplq,y,ps)
② ① ③

pacceptsastringwtiifcsw.at?cq,e,e)forsomeqtFLlP)=Ywt这 :P acceptsw3.pacceptst.cm

7. E.x.li/wtialF:#O's= # 15

inw3Ideaiwhenreadaoiifstackisemptyorthetopisoip.us
h 1 0)

elselltopisipopcnwhenreadaliproofrersior.li
…

K = { s , q, f 了
,s-S.FI?fJI:30,13,T:io,1,$3

△ ⼆ } cis.ee) , (G $ 1 ) , 1 1 9 1 0 , $ ) , 19 0 $ 1 ) , llq,0,0 ) , lq, 003 ) , llq.co, 1 ) , cq.es )

1 同理 ⼀ … …

,
lcqe.SI ) , cfe113

Version 2 ｡

利⽤ PDA 可以猜likeNFAK.iq了 , Seq , Fiiq 了

三⼆ ⼗ ⼆ 3013

△ ⼆ { ( 1GO.ej.iq/o)),llq,o,o),lq,0O)),llG0,1jlq,e))....--3Version3io_o

>｡0
0 1 0- 00

0 , 1 →el.es,
" ' 的 "

1,0 → e

Week 5

forinputlalII.CFG-PD.NL→瞷𡢃
S-sasbsseIdeail.instack.non-deterministicallygenerateastringaccordingcFG2.com
pareittoinput3.aaeptitiftheymatc.hn



GivenaCFG.GE/V,I.R,S),constructaPDA,P=lK,I,TO,S,F),suchthat ⼈们让 (G)

K-ls.fi ,
住 你 了

,
ㄏ = V

,

△ = 1 1 (

S.ee/,cfSJ),tfe.A),cfiu)),tcAu)tRllf,a,aj,cfei),VatIj2.PDA-CFG
↓

simplePDADDef.AM?AP=lkI,T,o,S.F)issimpleifDlFl=l
(2) foreachtransitionlcp.am, cq.pnto.eitherx-tandlppllpushasymbolorxklandl3-enp.copasymbol

a) PDA →simplePDAIOiflFI.co
, ⼈们 为空

,
PDA → CFG

② iflFlsl.createanewstatefforeachq.tk
createatransitionllq.e.a.gg

③ 2.3.1

goalixieorp-eforeachccp.am

.iq/pnwithxteandB-tecreateastaterreplaaitwithl(p,a,x)ilne))
andneiej.iq, 13 ) 1

2 . 3 .
2 foreachlcp.am , lq.es )

withtcickcreatek-lnewstatesru-rk-ireplaceitwithlcp.li
G) , crlieDccn.e.cz) , ( 红 ,e) )

i

( cnet.e.CN ,
1 9,a)

2.3.3 foreachllp.ae) , cqpjwithpici.ch

注意 : push 顺序 由 CK.CM … 到 G

2.3.4 foreachlcp.ae) , Gent △

createanewstaterletbtTreplaceitwithlcp.ae/,crib)),lcr,e,b
), cqey



B)

simplePDA-CFGGivenasimplePDAP-ck.IT
, △ , S , if3)

constructaCFGG-CU.IS , R )

subproble.ms/Von-terminal:lApqiforanyp.qtkjApqtwt
É

ifandonlyifcpw.at?lq,e,e)S0SE=Asfstackn

height
App → e Uptk

有可能遇到死 串
foranyp.q.tk

如
←Apq-AprArq.foranyrtkifhfftli.ISA 9 #51ps

A-astackns-BApq-aApgbheightt.li
们 foranypiqia.bsatisfyingre.cndb

13 之后动不了 了
ccp.ae/,lpixnt△i-fiifiiiHP0pllqibm.iq/entLP'!ThiApq

, h.iq#steps
3､ 推论 prove.contextfree 可⽤

PDAICFGY.lwtia.li#a's=2tlb'sinw了

2 #b
'

s - #a's = ?
t.tl

stack-unangcounter-PDA-lk.IT
, △ , S , F)

K们 , F = i s 了 ,
I { a , b 了 ,

在 什 , -3

△ ⼆ 化 的 , e) , ( S , ⼗⼗) ) , ( 1 5, b , ⼀) , ( S , ⼗) ) , ( 1 5 , b,⼀) , ( S, e)) ,

lls.ae/,lS,-)),l(S,a,tj,cS,eJ)j5.Theorem:Everyregularlanguageiscontext.fre. 反之
,
context-f.ee 的 不是regularsimp.ly

, NFA→ PDA q｡
↑

harder.DFA-CFGM-lk.IS/s,F),G=lV,E,s,R)V-qvtK=7Qitlv-三)

Qiiwiffcqi.us 㖁 ( q, e)

forqtFS-QoliqitF.Qi-sebasecaseforanyqitk.ifslqi.cn
= g ,

Qi → aQj



66 , Thefamilyofcontext-freelanguagesisclosedunde.ru

otbutnotclosedunderni-A.Bcontext-freeGA-CUAiz.SA.tn
)
,
GBCVB.ISB. RB )

⼩ A V13 5 → 的 1 名 ⼭ A = 1 ǎbick : 以 3

13= { ǎbjckijk 了
(2) AOBS-SASBANB-iaibickiijkc-notcontext.free
137 肘 s→ e

1 5 → SSA (5)

AMBiAU-BWeekbl.PumpingTheoremforCFLLetl.be
acontext-freelangnage.Thereexistsanintegerpno.suchthatanywtlwithlwlspcanbfdevidedintofivep.ie

cesw-uvxyzsatisfyingnuvixygtl.foranyi.io
(2) Mtlyl > 0

1 3)

lvyltpexampleifanbnirn.co 了 : p : 2 .

eaebe

Idea ,

siuaz-uvQyztuvxyzsi.LY/YsuixyitL箱中 → uixyh

⼀点鏶 热
Y盘 类似地 ,都成⽴

u É

Proof :doesnotcontainA-AIa.CFG.G-CU.I.s.ligenerate L

#distinctnonterminals-lv.IT#requiredtreeheight,lrzlt2→ antainleafcte.mnal)
b

｡熊 fanoutsmaxjluliCA.int R 了

pickthesmallestparsetreethatgieldc.no#dntnS
So , let.pt b

' "玔

Ifatreeofnnodeshasfanoutsb-height.skgbn +1✗ longestpathhasatleastluzltlnon-te.mninds点鎭 ⇒ somenon-terminalappearsatleasttwicethenrepe.at thegraphab.ae



⼀点
Iflvltykgthenthereexistssmallert.ve

contradictoyi
so 101 tly 170

u

zpickthelowestQthatappearstwiceonthepat.hn
⼦树 关多 b

'""
≤ pNimftg

non.terminalappeaisatmostoncez.la
" 的

,

ns.ojisnotcontext-free.hetpbethepumpinglengthgivenby
thepumpingtheorem.PickurabPCPELBypump.ingtheorem ,

uiuvxyz.stcnuixyiztL.franyi ≥0 四 Nltlyl > 0 1 3) lvxykp

From 1 3) ,vandycontaineitheraorc.notbotht-uixyzctL.co
ntradictingwithcnshortRevie.no

CFG
DFA

RExregularlanguagetlicontext-fre.eunguge 器箲0
00吨对⽐｡↑

languagePDANFAEf.milautomaton PDA

1⻗ㄩ

i ↑

嚪⼀起

3. Turing Machine

rblanksymbolfaabbUUUUUinfinitetotherightle.fi
end ↑

⼈ statehn.io
1 , ← , →

symbol2.readdwriteATuringMaohineisa5-tupleM-ck.IS,
s.lt?ok:afinitesetofstatesoI:analphabetlcontainingOandLl).s;
initialstate-H-iy.nl
EK.haltingstates.gs( K- H ) ㄨ I → K X ( 三 v1← ,→ 了 )

L ↓ ↓ ↓

cuwent noxt wite mwing
state state



satisfyingicnforanyqtk-H.SI q , 0) = l p , 可

forsomepttknforanyqtk-H.foranyatz.ifslqmicpm.tnb≠｡
_,
即

left-endsymbdcnconfigurationioalibahiubhio.nl
q.oaob.aU0b7orlqi0aebawbJI@Aconfigurat.ionisamemberofkxolI-iojixllI-nilz.io,以 v4 了 )

Wesaylqi.owiqunlnlqz.owzqunifwrit.in
g (I) 81911 G) ⼆ 192 , 921

andaztI-gandmiwianduziuil.LI⇒ 1 1票可
↑
④ ⑨

moving
E) 8191 1 91 ) = 1 92 ,← )www.azguz-teilllleft

1噩幽⼆↓

nght 同理 18155027!囋-_-1

B) Mhaltswheneveritreachesahaltingconfiguration.Give.nu
inputwinitialconfigurationls.OUWJ-er-Macceptstheinputwifls.row) 感ly.oucnEHW-rffl0-Mrejectstheinputwifls.cm𡵓 ( n , 00GW)↑

_⑤

acceptGivenaTMM.h.cm) = 1 wtcz.io,以 : Macceptsw3

1 吓⽐ Mdecide.su) if semidecidest.CM) if
凹凸 acceptifwtl.cm) → recursive.ly

enumerablerecursivelanguagec-lgufwempapt.twthcmjrejectorkopingvfwtLCMjlanguage-4.TN
decideslanbncn.no 了

0101

alalalblblblclcldIcncheckfit.istheform 毗 都含

ab.cl2)

Week71.GivenM.hu) = 1 w ; Macceptswj-Msemidecidesl.CM?IfMhaltsonevengtime,thenMdecidesl.IM recursiveor.e.languagelanguc.ge
Everyrecursivelanguagemustberecursivelyenume.ine.

-



ExtensionsofTMI.mu

ltipletapeslll-fk-tape.si/if;(K-H)xIK-skxllI-03)UK.
→了 )

和原先的 表达能⼒相同

Idea : 3 - tapesingle-tapell.nl
冦躪

T-IE-sl-tlli.lt 即 IǕI
1211 ⼆ ( 2 1 在那

↳ 2为有下划线或 ⽆下划线

2.Two-wayinfimtetapeufiii.FM
"

!!䤗lǖ Fi
3. Multiple head

1尰䇚㠥 5､ randomac.us s

1Ixalai

6. Non-deteministicTMCNTMiANTMisasi-tupleck.I.as.lt 1

0 K

o I

o s

0 H

o △ iafinitetsubsetofcck-Hjx-xckxllI.io30K ,
→3)

DTM NTM

9 ⼤
｡

9 16 660

1 1 △
i



Mdeudes Lif 只能有有限个分⽀ ,
不能 写 成eveybmnchhaltscnforanyw.thereisanintegerN.dependingonwandMsuchthate.ve

ybranchhaltswithNS_tepsdifwtl.IS
omebranchacceptsw.ifwtL.everybranchrejectsw.MS
emidecidesLifforanyinputw.cn
ifwtL.IsomebranchacceptsW.inifwtlL.nobranchacceptsw.example.LUC - 3 100, 1 1 0, 1 0 00 , … ) 为所有合数的集合

114
,戚三⽇

non-determinist.ly

generatepandqifw-pq.acceptjotherwisereje.ci
7､ TheoremiEveyNTMcanbesimulatedbyaDTM.SKtch-aNTMNsemidecidesltnaDTMMsemidecide.SI

giwninputw.wtliffsomebranchacceptswlsomenodeis.instate g)
⑥ DFsxdoup.ing)

866
616屾⽒

明 ˇ

3-tapeDTMIFtstoretheinputlilre-lsimulateNTMli_Ie.numerateallpossiblecho.ie
3

枚举每 层选择 第⼏个 结 影

1 1

(
2

i
K K

8 , church-hngThesislntuitionfAlgorithmiseq.cnvakntto
Turingmachine.q.Fact.li/tnyfimtesetcanbeencodediai,...,anj

⇒

aooooolaoooolo-aiwgnFactziAnyfinitetuplewhoseek.me
ntsarefnitesetscanbeencodedl.A.B.ciD) ⇒ aooolaoolo.na-b.cnd-E.X.GGE) →

"

G
"

M: ( K , 三 ,
S
,
s , H ) →

"

M
"



lo.LI/''G'':Gisaconnectedgraph3M=oninputcio.iftheinputis
illegal.rejectibydefaultll.se/ectanodeofGandmarkit.2repeat
thefollowing3.fweaohmarkedn.de
4.markallofitsneighbors5.ifallthenodesaremarkedacce.pt
6.

elserejec.tl/,ProblemslDRl:ADFAibii';DisaDFAthat
aceptswjMn-oninputiiiil.mn

Donw ANFAADFA2.ifDaccept.SN
io-sbhiacceptsiii3.e.be

Drejectsw 1 .
"

⼼wtAnnifandonyifbiitADFArejectsiiwz.tn
efunctioniscomputub.lt

⼭ Rzi ANFA ⼆ 个
"

⼼⼼ :

NisaNFAthatacceptsw3MRz-oninputiiil.co
nvertNtoanequivalentDFAD2.mn/URi0n"

成 "⼼

3､

retumtheresultofMR.BRjARExilkhiRisaregularexpressionwit.hu tfm 了

MR, ⼆oninputhivl.co
nvertRintoanequivalentNFAN2.MN/hRz0n''R"

⼼
'

3､ retumthere.suHf Mm
到不了 fnd

14) Ryi EDFA = 1分 :D isaDFAwit.huD)-4 了
｡

MRuioninpat.li >0

ol.mnDFSonthestate.cliagramof D ｡

2. 若有 path 则 reject , 否则 accept

151 R5iEQDFA.in
"

伍
"

:D,andDzaretwoDFAswithLCDD-LDzDSymmetricdiffe.vent

A ⊕ 13 = (A 0 13) - (An B) LǛXO
1.A-BifandonlyifAtOB.cl



2
.
A⊕ 13 : (A 0 13) n (An)

= ( AV13) n ( ĀUB)

MRs-ioninput.TN " 172
"

l.constmctaDFADwithLLDTLCDDtOLCDzj2.mn/UR40niFWeek
8

1. A啊 : 1 分 "

⼼

DisaDFAthatacceptsw3DisaDFA.LID) ⼆ 亿 :D accepts.ws
不同 , 第⼆个给⾜了 D

wthD) ⇔ Dacceptsw ⇔ 分

iitADFAADFn.isrecursive ⇔

LLDisrecursive.ci/tCFG:'Gii:GisaCFGthatgeneratesw3ACFG
isinchomskynormformc.CNF)ifeveyruleisoneofthefollowingfoms.liS → e

可以证明 所有 ⼼都可以被表示为CNF2.A-BCB.cat云- 1 5 3

3 . A → a

generatelwknnl.weneedzn-ltimeslm.kz , 吹 了 )intotal.IRMstingsMa.cn
input

"

G
"

⼼
'

1.convertGtoCNF.GE cvii.R.si

2.enumerateallderivationoflengthatmostlki-13.acce.ptifanyofthesederivationgenerateswandrgec.totherwise

GAPDAE 个
"

⽇
"
⼼ :P

isaPDAthatacceptsw3Mczzoninputiiil.co
nvertpintoanequivalentCFGGZ.imMaon

"

G
"

⽓
"

｡

3.returntheresultofMGGECFG-iiiGisaCFGwithh.lu叫了
Mseoninput

"

G
"

S- A

A -7 013 1 . markterminalsande

13→ b 2 .whilethereisarulewithallymbolsy.caonitsrightaremarkedbutthesymbdatmostlRlloopsc.ie
ontheleftisnotmarked.im

arkthesymbdontheleft3.ifsismarkedreject4.e.be
-t iiiOc.fi?-

⽐

⼆0C4 EPDA ⼆ 仰
"

:P

isaPDAwithl.vn#3r.etransferPintocorrespondingCEGATMAdj.im



2 . countableAsetAiscountableifit.is finiteoribijectionfiA-w.uncountableotheru.se
111 Lemma ata.fia) ≠ flá ,

AsetAiscountableifandonlyiftinjectionf.AT

Proof
"
⇒

"

obviously
"

⇐
"

injection.fi Awr ,

needtofindhjectiongiA-rsortAinincreasingorderoff.jg.la
) : rankofa

Coiwy A.

AAnysubsetofacountablesetiscountableProofiinjectionf.lt
→N ⇒ iinjectionf.li→ N ⇒ A

'

iscountablellemmaAnylanguageisuuntabk.Prwfl.tt
Ibeanalphabet.weonlyneedtoprovetiscountabletssume.IN

, 1 3 式 上 了 e.co, 1, 0 0, ol.co, 1 1 , 000
… 3

maptotheirranks.li 出 尖 … … ,

141

CorollaylMiMisaTM3iscountable.Proofenwde.fm
"
;

MisaTM3.Thecorrespcndinglanguageiscountable.cotheoriginalstatementist.me,

⺕languageisnotrecursivelyenumerablel5llemmal.lt
Ibeannonempgalphahet

st

Letfbethesetoflangaagesoverzf.is
uncountable.pro

ofDiagonalizationsupposethatfiswuntabk.LI/L2.L3SinceIis
countuble.thestnngsinicanbelabeledassl.SI

, S3
,

-_- -_-

D-ISiisithilsitDifcndonlyifs.itLiti ⇒ DFLi.lifor V1.2.3 … …

1 if Sitki

ButDtf.lontradictyiaddsitoD.IS
5 3 54 … … …

existinga.in 0 0 1 取对⻆线 , 若 ⼭ 中有 Si , 则 分 不在帅 , 否则在

tablec.fi 0 1 0

这样的 ⼝不 与 前⾯叫有 li相同, 则不可 数i.

代表 51奾 4 0 1 1 0

0 1 1 1



3
,
Am = }⼼"⼼ :

MisaTMthatacceptswjTheorem.AT/nisrecursiveenumerablePr0
0fi_univevsaltwingmachinevioninputmiil.mn
Monwz.acce.pt"

⼼
"
⼼

ifMacceptswrqectifMrgectswUaccept.SN"
⼼

ifandonlyifMacceptswifandonlyifMhitATMTheore.mn
Atmisnotrecursive.proof
Ad ⼆ 个

"

⼼ : M

isaTMthatdoesnotacceptYvi3@ifAimisrecurive.Adis⽐"⼼
⇒ATMisnotrecarsive.ro/tdisnotrecursiveIyenumerable.

①

ifATMisrecursive-IMidecidesATMMToninputiil.mn
MtocheckwhetherMaccept.SN

"

2. If Maccepts
"⼼

reject3.ebe.li/Urejectsi'orloopingonN'acceptMdecidesAd
⇒

Adisrecursive@Adisnot.recu
rsivelyenumerablesupposethatAdisr.e.es⺕
TMDsemidecidesAdDoninputii-lacceptifitAdcMreje.com"orloopingoninreiatifniqAdcMacce.pt"

M
"

)

oruopingDoninputiiyacceptifDreject.sn"orloupngonbrejectorifDacce.pt"

⼝
"

hopingcontradit.gl ⇒ 流 也不可 判定



TheoremIfhandIisenumerablerecursive.thenh.is
recursive.ProofAimisnotrecuvsiveIMsemidenidesl.IMsemidid.SI

butisrecnuyenumerableM.cn
inputw, ⇒ Āmisnotrecursivelyenunobkl.mn/uandM'onwinpavallelz.if

Macceptswaaeptw3.ifNacceptswrejectwweek91.AT/n:iin
" "

⼼ :

MisaTMthathaltsonw3ATmi.in"

⼼ : MisaTMthatacceptswj-notrecurs.ie

旧约 ) Am Him

"⼼ "

⼼

ntoninputxl.mn/UonX2.ifMacceptsxMacceptsx3.ifM
rejectsxmaccept.suifandonlyif

⼼ looping
⼼ haltson v0

4. if Mislwping , 可以 不 写

NisloopingsupposethatH-misrecusive.IMHdecidesHtm.O.cn
input 试

"

吃, 相当于 input z.mn MHO on

"

⼼
"

⼼
'

61.constructNOusingM3.ifMHaaept.siw" ,相当 于 解失
⼼ _ oninput *

Pnhhm的算法 , .mn MonxlthenweknowMacceptswlz.ifMaccept.snacce.pt
"⼼⼼

'

N acceptsx y.elseMHreject.TW
"

3､ if Mrejectsx reject
"⼼⼼

⼼ loopingwnde.cides Atm , ⽭盾 ｡

4.

ifMisloopingNislooping~fzthesetofallnelangugecontain.inge



2 . L､ ⼆ 个
"

⼼ , MisaTMtntacce.ptse 了 不可判定
,

ATM 厶

"

⼼
"

w
" ⼼

weneedMacceptswifonlyifmaccept.se/U=0ninputx3.ifM
rejectswl.mn/Uonw2.ifMacceptsw"性 " , 归 约⼀种映射acceptsx-Macceptsw.thenniacaptsallinputs.ncludinge.lifMrejectsorwopsonw.thenmdoesritacceptanyinput.su

pposethathisrecursive.IMdecidesLIMA-oninput.hn"

⼼
'

,

ly.constructniusingiuhiz.mn/UlonN3.ifMirgects
"⼼

"

acwpts
"⼼ "⼼

4.

ifmacceptsivirgectivihiM-decidesAim.wrong3.bz
iivi.MisaTMthataccept.su 1strings 了 不可 判定

胍 红
"

⼼⼼
"

⼼
"

Macceptswifandonlyiifniacceptsallthe.tlWng,
之后 与 上 题 类似

413 ⼆ 个
"

⼼
"

以
"

MandMzaretheTMsthatacceptthesamesetofstringsbsuppose.bg
isrecursive.IM?decidesh3useMstoconstructMzdecidesLzM2=

oninput.in
"

l.constmct.ME

asfollowsME-oninmtxl.acce.pt
,

｡

"



z.mn M.cn
"

⼼
"

M:
"

1 1

checkwhetherMandMEacceptsthesameset3.ifM3acce.pt"⼼
"

ME
"

ofinputsacce.pt/ii4.ifM3rejectsiuiiuE''rejectN'We
knowmdeudesb.si contradicty , 不可判定

,

5. EFhiiMisaTMwitht.mn isregulav3

ATM Ei

仉
"
沁

"

⼼
"

U : oninput
"

⼼化
"

⼼ = oninputxuniwsalTMI.mn/UMWl.runM0nW
z.ifmacceptswrunvonx-e-Usemidecidesguz.ifMacce.pt5 W Uaccepts

"

⼼⼼
'

t.LU) = ATM
3. 3.el.se

4. acceptsxifvacce.ptsx Urejects
"

⼼⼼

regulafaneext-5.rejectsxifvrgectxb.ifMrejec.twfMdoesnotacceptw.LU
) : ∅feenotregularfreuns.ie

7.

rqectxmacceptswiLMTA-fcon-uxt-freeE.it'

N
'

s M isaTMwithLLMliscontext.fre) Tuaiue

E3-lhiiMisaTMwithLNisre.cn ive 了

都有 共同形式 : GivenaTMM.is ⼈⼼ t I ?
↓

fisaproper.no

n-emptysubsetofthedassofrecursiveenumerablelanguage6.tk{ "成" MisaTMwithLMtflRicesTheoremPwofAssumedtlflifftf.fiI)

tetAtf.IM/tsemidecidesAATMR

"

⼼ "⼼
"

Mt
"

⼼ :

oninputxl.mn
Monw2.ifMacce.ptsw



3.mn/UA0nx ungifMdoesnotacceptw.INT ∅ 伴⽣

4. ifMAacceptsxlifMacceptsw.LI/utIlMA)⼆⽉ tf
5.aaeptxb.ifMAreje.us ㄨ

如果可判知 , 那也 可以判是 Am , 但 ATM 不可 判定
,

7､rgectx8.it/Ungectsw ⽭盾 ,

q.rejectxweeklol.GivenaTMM.cl
oesLLMhavepwpertyP7pquivll.DEthesetofallrelanguagesaisfyingpcevaivenaTMM.isfmt.fm?0-heifnon-empty.pnpersubsetnhthenundecidab.lt
DFA PDA TN

ADFA Amn ATM

Ǚǚ:) decidableEPDAlhhkE.mnEQDFA unfundecidableALLPBAunde.cidabk

HTMALLTMAKPDAiiipisaPDAwitht.tl& : 这

jisnotrecursive-NOTAILPDA-IPYPisaPDAwithl.hn#ITisnotrecursive
HTM NOTALLPDA

"

M
"

⼼
'

"

pwewantMhaltsonwifandonlyifhl.PH 三
⼤

业

( S , ⽣以 ⼼
… 1inch ,

0 U些 )

等价地表示成 △Uswtmrtm △uahv → state 放在读写头之后

即 T Sw # - #
… # a #

△Uahv 于是构造 出

j-jstvinghcomputinghistoryofMthathaltsonwPaca.ptsallthestringsthatarenotcomputinghistory.fmthathaltsonw.CI#CziTtCkCiisaconfiguration



⼩ C.is notinthefomofous.no ｡

(2)CKisnotintheformofouahvcDIi.ci
txncitlplllnon-deterministical.ly

移动 ⼀步 , 只有这⾥的部分可能发⽣变化

testlnlenytestlyacce.ptgt
↓ 9"" G-0anfIjy.am ,

r.ci#litI 只有三个⼦⺟ , 可以建⽴
Gtl ⼆001aziajuhlfajtzi.hn

⾜够 的 吡 来判断 是否

判断框外 的部分不 ⼀样 ; ⽤㗅的 510h 符合 条件

细节 : 考虑到 ⼊栈 私 出栈 顺序 ,
我们 可以将偶数次 的 串 反转

即GKGKRIFNTALLPDAisreuniwythenHimisrecursive.co
ntradiun2.ReductionLetAandBbe.tw

languagesaerI.AreductionfromAtoB.is
acomputablefunctionf.it, 这 ,

suchthatforanyxtxtAifandonlyiffxitBLe.mu
AEBSupposethattreductionfwmn.toB

(I)

ifBisrecursive.soisA.Bisrewnsive-IMBdaidesBIfa.it
mchthatxtAifandonlyiffmtBMA-oninputxl.com
putefnnz.mn
MBOnfx13.returntheres.nltof B



12)

ifAisnotreuive.norisBWeekl01.aTMMprintsiionits.la
pe

A→ B
"

B
"

⽩
"

Aswrite
"

13
"

tothetc.pe

13 :writeiitothetapeandswapitwithifunctimq.it
→ suchthatq.no) :

"

Mw
"

GivenanystnngwLMw-onanyinputl.co
nstruct Mw

t.printwonthetapez.retumhiBtoninputwl.com
puteqcwiz.writeittothetapeandswapitwit.hu

A-onanyinputl.writeitothetape.rs
"

13
" "

A
"

getiiio2.RecursiveTheore.mn
ForanyTMT.thereisaIMRsuchthatforanystringw.tk

computationofionhiwisequivalenttothatRonw.to
n input

"

⼼wR-oninputwdosome.tn
ing 1.mn Ton

"Rw

允许写 如下代的 ｡

M=

oninputxl.obtainitsowncod.gg 1gal

ㄒ R

A→ B→ T

w 为
" "

T
'"

我 Awrites
"

的
"'
T
"

Bwites
"

A
"andveorderthecontentoftapeh.mniw



3.HR) = ?
"

以
"

了 个 ⼆

oninputhixRi.cninputxt.ifii-xl.obtainitsownc.noding 发2.aceptz.it为
"

== x 五､ else

3. accept4.rejectu.de
5.

rgect4.AT/nisnotrecursive.ITMMAdecidesAimN=onihput
x

1. obtain
"⼼

"

MA 的判断总是错误的 , 因此不存在这样的
2.mn Mn.cn

"

𠰺
"

✗

那么 Aim 不可 判⾜

3.it/UAacceptsiix4.rejectsx5.else6.acceptsx
5 , 哥德 尔 不 充分性定理 , iiftisavalidfor.VN四⼆年

ootherwiseastatemantx-aprvoftletybealanguagelthese.to
ftmestatemen-DApnofsystemforyisaTMUsuchthat.in
effectiveness.frx.ytt.Veitheracceptsorgectsn-PNableasoundness.fr

xcty.VN/.y)=oforallyViswmpIeteifforanyxtJ,thereissomeysuch that V1刈 ) = 1

Theorems.me
languagejdoesnothaveawmpieteproofsystem.lemmar.lt

hasacompletepwfsystemifandmlyifAisrecursive.ly enumerable ,

⇒ ) ⺕

completepnofsystemVMionihputxl.fr
ytiinincreasngorderoflengthz.itV1 xy) = 1

3
､ agtx



⇐ 1 ⺕MsemidecidesAV-oninputcx.gs
I.mn/Uonxfrysteps2.acceptsixy)ifMaueptsxwithhysteps

①⼀定会停机 ,满⾜ effatieness ②不好 ,对⽐ ,
⼊都不会被接受

,

满⾜ sundn

③ wmplete 显然满⾜

SOAimhasnocompleteproofsystemaproofsyste.mufor 不1M

R-0nmputxl.obta.in仅 "

2.forytiinincreasingorderoflength3.HUÜix , y) = 1

4.haltandacceptxIfviscomple.ie
Ragtsx ⇔ Iy.S.t.UIlix.gs -1 ⇔ üxt Āīu

6.Enumeratorwesayat.MN
enumeratesalanguagelifforsomestateqL-iw.IS

, 00) tǚcq ,

oewjs-outputwGTingenumerablehe-soutputstateTheore.in
:

AISTuringenumerableifandonlyifAisrecursive.ly

enumerable.ProofiAssumethatAisainfnitese.tn
Obvious

E)

IMsemidecidesAforstiiinincreasingorderoflengt.hr
un M 0ns

→ 可能 会出现 100

pngifMacceptssacceptsfori.li
2.3.4

" '

fr j I …

imnMongfuristepsifMac.cnSj

outputsj



7.AT/nMisminimalifl'NlciM''limpliesLwJtLlM)MINTM=l"

⼼ :

MisaminimalTM3koninputxl.obtainhiz.eu
umerateMINnuuntilobtainiiwithiBHRI3.mn

Bonxweknowt.IR)以 (B)
,butlRKIBi.wntradictoyuithBismnimal.SUwecan4enumerateMINTM.is

rwtr.e.Weeklll.LU
MbeastandardDTMthathaltsoneveryinputihe.rumingtimeofMisafunctionf.lv →

NS.inputlengthv#stepsOnanyinputoflengthn.Mhalts
withinfmsteps.2.DTIMEltwn-lhilcanbede.cidedbysomestandardD.TNwithinrunningtimeoltmnlodh.IR

" 了 "

⻔ 扫 第⼀遍 ,确⾜ ⻓度
DTI.ME (N_n)

2) 之后每次 ,
对 序列 ｡成 1

, 每隔 ⼀个删 ⼀个 ｡

⻔ 看 ｡ 利 是否 同时删 ⽓

ifusetwo-tape.weonlyneedown.tn,

i) ⼀个 tape 0 2) ⼀个 ta.pe 1

② Ifk-tapeTMintwntime.thenforsingleta.pe

onestep-oltmnstepslatmostztmtptwnstepsoltiisteps3.TN
Cob

hum-EdmondThesisAnyieasonableiandgeneraidote.mn
isticmodelofcomputationispdynomicallyrelated.lt
经 了 LIcanbedecidedbgsomestandardDTMwithpolymmnn.ingtimej

P-UDTIMElnksk305.TheoremEverycontext-free.la
nguageisinP.profi

chomskynormform



pe

A-BCA-alR12n-IDynamicPngrammingaazi-ansia.az
…

ansubproblemsforkisjendefineTIIJIFIAEV-Atiaiti.gl
GoaliTIIJInJBasecaseiforkien.TL⻔⻔ :)
Atv-IA-ai3ai-akaktiGA-BCRecurre.nu

T T
forkic.is n B C

j-ITIIJIjJ-UIAABC.BtTIIJIKJACETT.la⻔闩 了 3

kiittsubproblems.sn
｡
判断吣是否在对应集合

( 051persuhprobwmin.IR/.(lVlTlIl)2total:n3.lRl.(lVl-
灴 1 )

2
0 (n

3 )

6, SATlsatisfiabilitysproblemt.tt
X-ixn-xnbbeasetofbooleanvariablexii.xn.ii.in:1
iteralsadauseislikex.vn
UBVXIUX5abooleanformulaislikelXIUX2UXJJNX3UXYJMX.VNV45)
Atruthassignmentofx.si ✗→ 30,13

TsatisfiesFifFistmeunderT.SATigivenabooleanfomulaF.isFsatisfabte ?
作

"

,

Fisasatisfiablebooleanformula3SAIEP7.mknown7.LU
MbeaNTM.Therunningt.imeofMisafunctionfx-sN.Foranyinputoflengt.hn

,

everybranchofMhaltsuithinfwnsteps.M-oninputFI.no
n-deterministicallygenerateatruthassignmentTz.it
TsatisfiesF3.acce.pt
4. else

5. reject



8. NP-jlihcanbedecidedbysomeNTMwithinp.lynrunningtime 了

PENP PENP ? unknown PtNPiswide.ly

believedq.Theoremp-NPifandonlyifSATP_polynumial-t.im
evewfiabhelo.languageA.PTMV 满⾜这 三个 条件的 证明系统不总存在

d) foranyxti.my y t式 但对部分⽇ 成⽴

V1刈)
= 1 accept
rejecteffectivenessandvhaspolynomialmnningtimeaforanyxc.tl

t.VN/iy)=rejectforanyytIsoundnessl3)foranyxtA,IytZ.Vlxng)=
acceptcompleteness.withlykpolyuxnll.S.AT

ispolynomial-timeverifiable.lt

oninputFandTI.evaluateFusingT2.ifTsatisfiesF3.accept4.de
5.

rgect12.Theoremil.is
polynomial-timeverifiable-LtNPProof.siIV. -.- -.-

Nkoninputxldecidextlinpdycnntimell.no
n-deterministicallygenerateapnofywithlykpolyuxnz.mn

Vonxandy3.ifvacceptsxandy4.acceptx5.de
6､ reject

⇐) INTMMdecidesl.in polymtime

%V-oninputxandyi.io1.mn/Uonxfollowingydeterministicallyl66acceptxz.ifMacceptsx
可以验证嗬会 要求

3.acceptxandy4.de



5.

rejectxandgweek131.Theoremr.SATtpifandonlyifPENP-s.AT
is

NP-complete2.Polynomialtimereduction@computableef.I
→ 达

st.xtAifffxjtBOGivenx.fi/)canbecomputedinpolyclxntime
记作

AEPB.ci?hemmaiIfAEpBandBtP,thenAtPPro0f:xtA?-fx)
→

ftp.?time:polylM)polyclflX)l)timetHN)kP0
以"" pdyclfnnipylp.ly ( M 1 ) : 1"以 "⼋ )

四

(2) AisNP-completeifOAtNP2OVBC-NP.BE
pAxtsFebwleanformula.3.CO

ok-IevinTheore.ms/tTisNP-complete.Proof:IetBtNP.thenweneedtoprweBEpSATxtBiffFissatisfiable.in
CauseBtNP.INT/nNdecidesBinpolycn)timealQz..QntBE)CS.0laiaz-G

n) t
N
( … ) tN

… tn.ly, 009 V)

≤ nkunfigurations.fiengthnk
⽤状态标记读 写 头位置

(⼆) IOUSaiaz-antN-tNOUayUEDFEIXIVXz.vn) ⼋⼼ ) ⼈ ( )
"

⇔

n.li?篍:慦𢇃:鬱 ｡…

Xijc → 第i '们 列 是否 是 c

①

everycellcontainsacharacterctkozx.ie:1

NUWIIXijcy-actkuzkjcxctci-luiEXijCEIC.tk
吃

② firstrawcmtainsvnitialwnfigurat.ms
xnoNXizUNDSRXcta.in - ㄟ

③

somewllwntwnsyijx.gg引 ⇔YjXijy@ii.nohhibkqbǖbktl吣了 …
从 12⼗三)

(1 : 0

bi-bk-ll-bktzbybib-nbitzox.itV1附"狱州 ) ⼊ ⻔"⼼"

Ci 1in wu Xitij

ctkvIlbkzb-rmbktyqcjncsxlxijcVXijc-UJlbkibkle7.eek-2 k-1



L 符合 rule ,如 cq.bk.p.cn) , 则 ? 可能是

clibiiJbk.am1
? ? ?

｡ 类似

因此 ,存在上述的 tabk 可以 ⽤ ⼀个 bwl 函数表示

同时我们验证的过程也 是多项式时间的

这样我们就完成 了 证明

4. Lemmail.etAbeaNP-omplete.het/3belanguage.IflI)BtNP2)AEpB
thenBISNP-complete.pro
ofiIfcepAandAEPB.thenCEpB-tctNP.ca

, A + 1 2)

⇒

v-ctNP.ca?BtlD=)BisNP-complete 囫
5. 3SATilxivxzviylnc-v.ve- ) n ( … v_v

… ) …

eachclausehasth.ee literals 不能重复

① 3SATENP.simple ｡

② SAT ≤p 3SAT SAT 3的ㄒ

( ) ⼈ ( ) ⼋ ( ) → ( v v ) ⼈ … ⼋ ( U V)

xisxvylnlxivjJXIVX2-lxvxzvyjmx.vng) '" 3 12倍⻓度 常数

XVXZUX3VXYVX5-lXIVXz.li y ) ^ l j UoU ㄨ4⽐5 )

k项 → K- 3次 ,
⽣成 k-2个 ( ) , ⽽ 3ˋ k-2)次

,

多项式

四

6. Clique 4⼆⼼ E) 团 , 顶点两两之间都有边

a o o
' ib.c.d3vla.b.cl ✗

-
Chque :)⼼仪 ;

Ghasacliquewithatleastknodes3OCliq.netNp 略

② 3551 ≤p Clique 3SATCliquecx.li
XzvB)⼊⼼ v_v ⼀)⼈ ( ) G ,kmclauc.es
mgroupsofnodeslXIVXz.li

& ) ⼊ 内 以2 0 X3 ) 3m nodes ≤ qniedges
我们 只在不同组之间连边 ,

连接所有 不冲突的 点,

江安与 冲突 , 不 与 有这种情况



Fissatisfiable-Ghasadiqueatleast.mnodes

↳ ⾄少存在 m 个 互不冲关的点 → m个点的 团

｣
可满⾜ ← 直接让这啦啦变星为其

7､ VertexcoverG.ME) ⼀组顶点
,
使得所有边 ⾄少有⼀个 顶点在其中

a
｡

做了 v 3 a } *

b 0 ,

以 ⼀个
"

G
" "

我 : Ghasavertexcoverwithatmostkn.des 3

① UCENP 略

② 3577T ≤p VC 3的ㄒ VC

F: ( ) ⼋ ( ) ⼈ ( )

Gknvariablesmclauses02nnod.es不 不 Xz ⽯ … xn 不

o_o o_o o_o

② 3m nodesdfeoyi-mgrnic.kz
⽯

③ 在不同颜⾊的 同名顶点连 ⼀条边

覆盖⽩边 私红边 , ⾄少 需要 ntmnodes

可以证明 : Fissatisfiable-Ghasavertexcoverwit.hn atmost
kntzmnodes

6每个 gwup , 变是为真选⽩ 点 , 为假选红点
Week 1 4

1 . Iet MbeastandardDFM.Mrunsinfrnspaceifforanyinputofle.rugthn ,

Musesatmostfntapecells.cnPSPACE-IAsAcanbedecidedbysomeDTMthatrunsinpoly.nl pae 了

DTM
time ( 9 , D

,
_ i)configurathf.vn⇒

space
↓0和"

f-nmfn.int
"
= 2

0 1和" '

d

fm)
t

2
0𤘘" ⇐

alway.ru
潮头位置 由于保证停机,

因此运算过程不会出现重复的configuratnnso.PE
PSPACEEEXPEXP-IA.Acanbedeeidedbgs.me DTM wim 2

㕽"
time 了



2 ,

LetNbeastandardMM.lv

runsinfmspaceifforanyinputoflengthn.eu
erybranchusesatmostfinitapecells.NPSPAc.EE{ A : AcanbedecidedbysomeNTMinp.ly mspace 了

NPENPSPACE PSPACEENPSPAC.li

(1)

NPEPSPACEAENP-INTMdecidesAinpoywntimeain.li1
→ 分⽀ 数量 是有限的

11 6 6

i v

⇒ IDTM.M.polylnjtpolymnpoly.nl

121

PSPACE-NPSPACEAEWPSPACE-INTMNdeeidesA.in
polymspace

⑥

pint.me
nm模拟Nm还 需要存每次的选择

666
polywnspace.ec
- - 1 1

% % ｡
9266 ˇ

⇒DTMMdecidesAMpolylnlspaceNhasz.PH'"

distinctconfigurationsacwptiICim.tn--3 Cacce.pt in 2⽇叫" timeandpolywnspac.ee

ㄑ=) ] c' , Gnitial-c.in 2
1"以" "

timeandpolywnspac.ec
→

cacceptinzihntimeandpolyunspaceNKOninputG.cz
, t.CN a-sczintime.tt

1 . if t = 1

2. ifCECzorC.itN (2

3. acce.pt

4. e.be

5.

rejectb.foreachciusingatmostpolywnspace7.mn/UonG,c',t1z
8. runMoncicz.tl 2



9. ifbothaae.pts

1 0 .

aceptll.rgect.SU?representsthespaceuithinputtSlD-polyln)
空间 (⼗) = sltkjtpym-SUJ-P0lylnj.ly

t

可以复⽤

runMOnGmtial.caccept.in"

⇒ polylnj-polylnji-poly.cn ) 四

(3) PENPEPSPAC.EE EXP

WecanprovePGEXPHNPSPACE3.HierarchyTheore.infwncanbewmputed.in Olfmnspace
↑

(I) SpaceiforamgfiN-rsatisfyingcertaiztechnicaleeafitionsthe.ie

isalanguageAsuchthatO.in､
𣊭 ⿏䃳㗠!可器 器 品 器! !㐂

construc.tl?TMDlDDdecidessomelanguageAinOlfmnspace.
121 foranyDTMMthatruns.in

olfmnspace.DandMdifferonatleastoneinput.hn
"

"

⼼
"

⼼ D-oninput.IM
"

M + 1 .letmlnilfuncanbecomputedinOlfcnnspa.com
- z.computefm ,

"

M3 0

3.mn/Uon''M'':4.IfMaccepts''M''withintstepsandolfmncellsi

D-tttf5.rejectotntlb.e.be?.acceptDrunsinOlfm)spaceandDdecides
somelanguage.AndweeasilyknowDsatisfie.sc2)

12 ) Timeikoranyf.N-Nsatisfyingfwncanbe.computedinafnntimethe.veisalanguage Ai



(I) AcanbedecidedbysomeDTM.in Olfmntime
1 2) AcannotbedecidedbyanyDTM.no 1哿扣 )

timeD-oninputiil.le.tn:1
"

⼼

2.computefm) ,
需要时间 更新

wunter3.mn/Uon''M'forfYwgymySteps4.IfMaccepts''M"

withinfmyloglfnnsteps5.rejectb.else7.acceptweek151.FM
⼆ 惑 以 G) G ix) ⼆点cixiweneedtojudgewhetherGM.FI ㄨ )

直接 ⽐ : 0 ( II) ⼆ 0 ( d
'

):
随机 , samplertili.no d)

if Flihlr)
yes 0 (d)timee.be
no

"

Fail
"

ifandonlyifFMFGMbutFlrkGMPrl.FI
r) = G ( r) | F… ≠ G IX) ]defineHIXFFM-GIXJ-Pri.HN
) = 0 1 1-M Ěǚciiand Ici ≠ 0]

≤ 忒 ½ H… ⾄多 d个根
,
7 in

ifFNFGM.alwa.gs correct

重复跑算法
H F" ≠" ,

"

faiprobabih.ge 在

降低错误率 : 1
你咷 数

AlgorithmB.mn/tforktimesifFlx)t-Glx)insomeexecutionofA
noelsey.es ifkgd

"

Fail
"

probahiliy ≤ yksǎ



2 . GiventhreenxnmatricesA.B.C.whetherA.BE C

不⽤随机 0in
"8)

sampl.ecn ,⼝, … r n ) t 1 0 . 1 3
"

If A 113 i)== ci

yes 0的

timeelsenogaiiprobabilitydndni-d.nl?rlABi=cilAB-tC)D=A1
3-C i )dmdnzidnn-PrLDEolD-tdAssumedntoliprldnntdizrz.tn

tdmrn-olrzi.in) ≤ 去

Prldmtdizrztnetdmmojte-deferreddecis.in,

⼆ 三 Prldnntdnrztntdnrniolrz-rnj.Prcrz.vn )
(iii)

之 ⼠ ,

三 Prln.ms ±
以 ,

…

mjrepeatlogntime-failprobability-tn3.pro
babilisticTunngMacmneNon-dete.mnistic TM

每个分⽀ 可 选择的 ⾄多只有 两个 , 并 以 等概率选择住 个分⽀

Pr [b] = 2
- k

P.fi Pr IM

acaptswKIPrIbjbacceptswllagth-kobMdecidesalanguagel.tw
itherrorprobabilitysifcnforanywtA.PrIMacceptswjs.rs
a) foranywtlA.FI Mrejectswj ≥

I-SBPPithedassoflanguagesthatcanbedecidedbyp.ro
balisticpolynomialineTMwitherrorp.robahilityatmostb-canbereplaedbyanyc.at

多次mn 即可

Amplicauonlemmahetbbeaconstantwithoc.su/2,LetMbea probabilitypolytime TM



witherrprobS.Thenforanypdypwn.thereisaprobpoly.im

eTMNwithemrprobabiliyziPMJM-oninputxl.mn
Monx

independentlyforzktimes2.IfmostrunsofMacceptsxacce.pt
3. Ebe wrongarrec.tn

reject2kiwcprIMfailsJ-PrINfailsforwtimesforw.sk]
= 惠州 Pr [M

'

failsforwtimes]

= Ěicǔgwct g)
2kW 8 < f.wsk

iii) k

≤ skcrsjk.IR cǔ
wktl

≤ 8Mt SR 22k ≤ 148 1 1- 8 )R <I
'"
"

k 109 48 1 1
- 8 ) < - pm )

k >
,可器｡

So PEBPP RBPP ?UnknownIAtBPP.Atpiunknownx.Min.cnt 使图 不连通 ,
最少 需要 删 多少 边

undirectedgraph.tw , E) 假设最⼩ 割边集

oxfld → 9ˋ = 1-
d

→ … → ④_
i-oc.io｡

今 并到 只 剩下 两个 顶点
,
这时 剩下的他就是 ⼀个 到边 集 (注意到 会有 重边 )

如果每次 合并的边 都不在 ⼼中
,
那么 最后 剩 的 就是

t.emmaIfthemin.catofGhasatleastkedges.thenGhasatleastiedges.pro
of

⼀个顶点连着 的所有边 ,必然构成 制 边集 ,
则由mnmtnk

, 每个点 ,度数 也 ⼤于 k

因此 共⾄少 也 边 ,
四



AssumeGEG.cn→ Gz → … → G.az

RICEECGn-iJP.IE
≤ Elbn ) ] ≥ 1 - 㮺 = #

B[达 ≤ E (G2)] = PrIEEElbltECGID.RIEEECGIDI.ECGnl ≥也
"

≥ ( 1-楍 ) ｡ 兴 : 或 早
死,

BIEEEIGrn3-j.n.fi

t.jrepeatnwnlnntimesretumbestnmnlnnfaila.lt
的
全

) Eé
""

≤ Ì

5. anotheremr 单边 对应复杂 类 : RP

(I) wtA.BIMacce.pts w ] ≥ 1 - 8

1 2) wtA.BIMrejec.tw] = 1

Week 1 6

1 .

ReadonceBranchingiogramstartnodequerynodeiblack.coutdegree: 2

outputnodered.outdegreaoxolox3agfgongivenlx.in,以 = 1 0 , 1 1
0 ) 根据 变量取值⾛对应边

｡ 钀 ｡藏 '

B 1 0,⼼ : 0 B" " " ⼆ '

0 1 Readonce : 到 outmtnode 的 路 上没有 重复的变量

← BEBzifxli-xn.V-assignmentlxiiynxziyz.ca Xneyn)
✗2 0 0xzBilyi-ynkBz.lyii. y n )i. " EQnnpillBI.Bzi.BiandBzarereadoncebranchingprogra.mx※※
o ,

mchthat 131 三 1323

只管㞊上
⼈ nomb-eanassignmentofa.in

lxinxs.nl/3)V2.ifB1lyi,c-yn)=Bzcy,,..yn)returnBF=BzlXinxin
ㄨ37 3 ､elsereturnBHBzBU.liI)三化" "以 1

RIB.ly…… ynj ≠ 132以 ,
- yn ) : 13 1 年 132 ] = 志



read-oncebranchingprog.am , B , 132 xivxzxtxzx.nu
XXzbooleanfunct.ion : Fi Fz

Xln ⽯ ⼼⽐2)
polynomial Pl

Pzjudgetwopolynomialwithnvariablesp.la
,
… xn ) ofdegreed

" 阰"⻓度

Pzlxii.xrnofdegreedR4.5.to) = 6 F 1 4.5 . 6) : 6

⼈randomhgsamplexnnxnfwmFieldFofkelement.si
55
2.HR lxii.hn ) 1721 Xl , … xn )

……这幽45

retumBi.BZ
5 的 56

3. e.be以"

谜 ｡

retumBIFBZZ.pe?o,l,...,p-l3,pisapime2tP-lEllmodp)2XlP-l)EP-
2

cmodpJRIPzPllxnxzi-xnj-B.la
, ⼝ ,

… Xnl

PER-Pzflti.i-xnkOLemmaprIPlxnixmJEProofIfn-I.tv
iviallyholdsAssumentk.i-holdswhenmktlflxxz.net

, XktI) ⇒ pixkti)
assume 前所 sample 好 了

phnl-PotpixktitkxitntPdxiP.pl
,
…Pdtxnxzmxkcasel.pro:P , ⼆ … = Pd = 0 R [ ] ≤ 㕺

caseziIPito.PrIPIXktD-OJEgprIfa.lu叮 ≤ 㕺 + t '等
四

如何 等概率地sample.SE?b2,-m3m--ibibibwgm 每⼀位都可以抛硬币失⾜ 0 或 1



pfnihgm7bibibignnPrtiissampledjiffraayitSDII.inIflrk 1091到 枚举 n次 去随机

rawmtape

131狉 P → 是否 可以通过某种 紧去降低随机化程度

l-ttkkakt-i-iteniPNPEXPBPPPEBPPEEXPGnjec.tn
P-NPR-BPPLemmaIfRNP.thenB.pl:P


