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EEEEET ¢ REEWE—E Xel MMM Y el
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context-free
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MEAMEER
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Nz% T 18 0 A ZE—1@E stack

Nz 1 WH 0 #E55—1@ stack pop I 1 ZEASE @ stack

Nz 0 W 1 7¢55 & stack pop I 0 ZE ASE—1E stack

iz 1 W 0 W5 —1E stack pop 18

= M1E stacks BIEIHERZ $ BIBKZE] accepting state ( BEBFR
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BaAHMZREE R EEREE 2-PDA
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BEJCITTE stack [EEEPE RIS

BRIz AFTE#H I —1{E stack 158

IERS stack [EEExEENE - HAEAZHEBEZMTE
FTIMIEFR B 25 —1{& stack

S stack FUME - IRES—1@ stack WIEIRMEERE —E=FIT
7

HPIIEEE stack WIBIRE B EHANTEEHEQMNAIE
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BIE#IEETOA - B2 1 58 stack pop IRIEEIBIEE AKZFE
TCEER 2 5% stack

2 1 9% stack BEEIE R - AREEHIESHTYXREE—RERA
a3t 5

EBEBZABEHELRIE  IUIEEBAREEER - FTlT
FIBZEEEA 1 98 stack BE ML

BIEIEET ML - BIESTE 1 9% stack 8 pop + ZEA TM FIEA
HZF - B 2 3% stack pop FITEA 1 3% stack

B 2 9% stack BRRAR Y - AREERBEALENIR - it
8 pop ENERLAZ HIT
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B —oBEEWIRT ER BRI
VIE|u | |-
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—

ABEE 2-PDA WATIRE (RKEREIEBIEAIE - 1 5% stack FIEEBTIBE
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1 +
Vv 0
E L
$ $

1 5% stack 2 5 stack
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% 3-tape TM TJU1E#E 2-PDA - 2-PDA TSI LI4E#E TM -
3-tape TM 2 TM WIBEN—1% - EfmTLE 2-PDA BB S A0HE
BEN—1%

MELEBERAZ 3-PDA thEERIL ( 4-tape TM 18%#E 3-PDA ~
3-PDA FAE DM@ stack FLEEIERE TM )

FLL 3-PDA 2 2-PDA B9¥BE NEN LB BRG] - mE B 18
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M = (Q7 27 Fa 57 qs,
= {q87 4o, 41, qaccept? qreject}

qaccept ’ qreject )

Homework 6 - 10

Theory of Computing 2020

56 /102



Hw8 Probleml

FRE—LTIZENTF W E—FPEEFTHFEE NE
00— R

start qaccept
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—& Enumerator EE— B LFEREEE:THE - —BAHREES
Elfanf=a==
FR BB T & Al IR 4R 75 Y (B 22 1%

—IKESE  —FEL ( RBEAE
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E= (Q? Ev Fa 57 do; Qh>

Q@ is a finite set of states

> is the output alphabet without #

I" is the working tape alphabet

qo is the initial state

gy, is the halting state, the eumerator halts when meeting g,
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§:QxT = QxT'x{L,R} x (XU{e, #})
HarE B —REEWIR - KIRREIARE T Feisttamay
UBREETLFENEHEBAMNE  BETEEZEA

B EREZE L & L=

oJDIBENFITE 0 € YU {#} - ERBEERNIEITA

ME § BHENERE—IER - MRBHEEH AMELS
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EHENTEREP  BLEATEIR

S # Syt St

WARTRABEED # - SUA(E # BB S € o
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mipEREEH I AR FHLIRBNAMEYAEY - REHRY
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T

MRIEHFEE - HEMREEE “out event”
F—RELEEEE - FHEHNZEAE - HBNES
T UE R B ERRIIRRER ¢
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PICIR|uv]|u
T
REEMZT  BA—EZFEE s 8 - F—REELE “out event” BIAR

RS first(s)
STRENERND

A s 5—R “out event” FFIARBER ¢

q
firSt(S) = Qaccept %Kﬁ;‘éﬂz “out event” E.'F_?'_*%%E/\\\ qaccept
Greject  Otherwise (RIS FUAIEH)
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HPEEATEEREAETREMNES  BANL FEERRERY
FEN] - PRI BB RAHE

ABEEHMIBERE

PRUAMIRIEStBEB REIZIZE - SiERREE “in event”

RO ZEEHEFELE GTHEEEFRIFERE  EB/RNE
2Py
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PICIRIE|D
/]\

HMoUZ  H—RBFE s - B4 “in event” WARER ¢ K -

REEE “out event” FFHIAREER (s, q)

TERERLT

q BEA “out event” BHIAREESR ¢

f(s,0) = { Qaceept G AEHEEE “out event” BHIFHR Qaccept

2]

qre ject otherwise (E%:;i’fgﬁ%)
ﬂilLI%QE’J%H%E)‘J'A;Eﬁ/\\\/faﬁ:ﬁj—%mWg T f(s,q)
ﬁlﬁli&-n%
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MRABMEFE s, B s,

A first(s;) = first(s,)

WHEMBRN ¢ € Q #FE f(s1,q9) = f(s0,9)
AR E M EF A EERRIE ?
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Hw8 Problem3

Y U] I

EME 7B E A AEEIAY first B f

fiI’St(81> = ﬁrSt<32) = qaccept/QTeject

KEMEFBESEIEE “out event” ZHIBERIES - T2
TEEBAWIES
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Hw8 Problem3

Y|U|I

7
EmEFEE BRI first 82 f

%ZEE ﬁrSt<Sl) = ﬁI’St(S2) 7& Qaccept/qreject

FEEEETFE—R “out event” M EENRMEEIAREE
I_ﬁﬂil?Eﬁfﬁ’\]ﬁ%%ﬂ—ﬁ%—%ﬁﬁfﬁﬁggE
ﬁﬁLXEﬁ{.?Ef+EEiEE/J??tJm —BE—1&H
MREEBEPEHP—IE accept 7 FBHI—IEHT—FE accept
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Hw8 Problem3

RITIN[OIC|H|A|N
T

Y U|I |C|H|A|N

1

S fE = B E AR first B2 f

LM “inevent” IE?

HEMEBEAENITRBEMERISHER - LI “in event” FFRY
R Z2—1XAY - BREREMRRER ¢

CAIEMERREER ¢ 25 f(s),q) = f(s,9)

PIAEEIRY ¢ BEEE “in event” 218 - &

f(‘sl? q) - f(827 Q) = qaccept/qreject

REMEFEEBE—KREEE “out event” ZRINEREEWIES -
S EE AR IEZ
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Hw8 Problem3

RITIN[OIC|H|A|IN
T

Y Ul |C|H|A|N

7
Em a7 EEAREAT first B2 f

% f(sb Q) - f(327 Q) 7& qacCept/qreject

RSB LUERAIINERAESE “out event”
ERMEEHEIANAEAT LIS EHNEAS (BEA—EER
B8 )

R EEH E A ENT Rt —EE2—E—KH
MREFBZETPHEHP—IE accept 7 » BI—EBH—TEEZ accept
E N HEES “in event” RIDALLERE
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Hw8 Problem3
RITINIO|S

Y|U[I|S

S fE = B E AR first B2 f

E—RETERAFSEEN LERNFS0E

PURKHAIEYER “in/out event” HIFRARKE

FE—REGEZ “out event” 5 - MEIREH ABKAZ—HNAR

( BERZ AN E XIS F AR )

RO LENESE  SU—KRHNREBBREE - AEGRAZE—
BRRAE....

oELERERBIM EEAFES o - sj2 B syn AEERFHRIE
R AR IER

FrLliEmME =82 “indistinguishable”
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Hw8 Problem3

7Y pETEES  EERNNMBEFSERIEZE
indistinguishable

o] A= first B2 f #H[E ) R &SR

HR—EFE s

first(s) UTIBEM A |Q| T&

f(s,q,) IOIBEMEA |Q| 12

f(s,qo) ROIREMR |Q| &

fs.0)) ETREHER |Q| 78

TEVESHENR - A Q|9 EolgEt
ﬁﬁL/{TJ/X I RERZESES

k58 Myhill-Nerode Theorem - FERHEIEEB BN N R B IERE

]]II

Homework 6 - 10

Theory of Computing 2020 66 /102



Hw8 Problem4

Decidable B2B] U BRIER enumerate RUREE .

B - BB 1@ decidable language + i ZEZEHE—& Enumerator E
RKIRIER enumerate %= 1@ language

Ha v BolfES - PO EBEFEHIETFNIER
HB4ER language 2 decidable - FTLIE B —& ¥ B Decider
BE—AE TERIERE X BENFHEIWEZNES Decider
R accept RIIFHEEHT - FRIAMHES

REBEN—EFE  REBET
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Hw8 Problem4

=B —ERIEF# LAY Enumerator E + 31 ZE Z B —1{& Decider
decides the enumerated language
%L—‘:’.‘ D BIAFSHE w

EHITE - WHEE EIRTEMEIME

= E W2 w i (EEARXARD ) R E &L w Bl accept
ARl reject

n IH;
ko

8
=3
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Hw8 Problemb
ALLpep = decidable

DFA A& A e-transition - B EREBATAF T —EEHE—
1& transition
PRLUEERIRE I LI ER - SASEERER —EAZ accepting
state FI%H
M = “On input (A), A is a DFA:
1. Mark the initial state
2. Mark the states that can be arrived from any marked states
3. Repeat step 2 until no state can be marked
4. If there is any non-accepting state marked, reject; otherwise,
accept”
/R DFA RIIREBRRIEZARM - FRLIERBEEH —ESFH
{2052 ALLpps = decidable BI%E
B BRESHEFRCMNER - 3 ALLpreduce Bl Epps 1
EQpea
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Hw8 Problem6

A={(R,S) | R and S are REs and L(R) C L(S)}

M = “On input (R, S), R, S are REs:

1. Construct DFA F, G recognizing L(R), L(S) accordingly
. Construct DFA G’ recognizing L(S)

2

3. Construct DFA H recognizing L(R) N L(.S)
4. Run Mp__ on input (H)

5. If Mp, _, accepts, accept; otherwise, reject.”

EAMHET—EME SCS < SNS =
FEPTER construction i 2BEEB FREBASEHY
oJi5H A 2 decidable VA5 i@
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Hw8 Problem7

€CFG
b iss 32 4Ey /3 454 OO

WNRAEFE Chromsky Normal Form FABE:EEBE SR
M = “On input (G), G is a CFG:

1. Converse G into CNF G’

2. If Sy — €in G', accept; otherwise, reject.”

AMA CNF By CFG RARREaIUEREENEFHEEMEE
CNF #5382 o] DIt 5 BRI B A 5T A AY
FRLL A, % decidable

=AM OI L reduce A% Acpg BIRE - EA (G €)
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Hw9 Probleml

A Z Turing-recognizable language - B1& 7 ELE Deciders
FREAASATETE M@ decidable language D - BAREEH A BIERIE
Decider #5 decide
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Hw9 Probleml

BRHERBLEZE  BAREERA—H

EREERIE

B ERNSEHREM - BT A 2 Turing-recognizable + FAiFRRE—
& Enumerator E I DIAERY A

1 EERSE i B TM B A M,

MER 2 B08E  FE—EBHREAFEERNE—EFE sc o
ﬁl:l %Bﬁb Tna ijEEE/JJ”EE?—'

RE2OME—RE
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Hw9 Probleml

S1 Sq " S;

M, | accept accept ... reject
M, | accept reject ... accept
M, | reject accept ... reject

it ﬁ?:EFiE ZE1B—1E TM M, recognize D
Mp = "On input s:

: nJrZZtH s & X BPRHIENL i
> . EA M, Bhites
3. If M, accepts, reject; otherwise, accept.”
EEMEEBL—8H A EPNEOUESZHEA— HE’JH%””
MB M, X852 Decider - EatEss —EEZFH - IR M, 2
Decider * D 7 decidable language

1958 - FE—ME D A8 A EPHIE Decider 8 HIE
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Hw9 Probleml

S REAE S AR M EE

—{E87F= " P 1 Deciders NFES
D 4rr = {(D) | D decides a language over ¥*} “ROJEEE
Turing-recognizable
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Hw9 Problem?2

F1E—1& decider - TILIHIER CFG G 2EBEMERBFSE ¢ £15
r EENFFE

BEMREEE L(G) H Yoy EMIE language HNIEE

—f@& CFL £ RL B9REMZ CFL ( 15 PDA 1 DFA FOREER TE—
REHR AL FTRY PDA )

BERXELRNZESER Eqpe B Decider #25RE1T]
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Hw9 Problem?2

M = “On input (G, z) where G is a CFG:

1. Construct a CFG G’ s.t. L(G') = L(G) N X*x¥*
2. Run Mg _ . oninput (G')

3. If MECFG accept, reject; otherwise, accept.”

T ESELSEEEEBERBESEA - TS C 2 decidable

Homework 6 - 10 Theory of Computing 2020
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Hw9 Problem3

an1oT1E5R] PDA #2E8HY useless state

AT B R R &R B, nonaccepting - AE B ERIE—(E state = AL
accepting

WMRIEEF PDA recognize REES A ZE - AINFRIEE state TEAE
R E
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Hw9 Problem3

M = “On input (P), P is a PDA:

7% PDA FRBAREEERE AX nonaccepting

Choose one state to be accepting

Convert this PDA into CFG G

Run My, __ . oninput (G)

Repeat step 2 to 4

If MECFG has ever accepted, accept; otherwise, reject.”

1.
2.
3.
4.
5.
0.
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Hw9 Problem4

#IZE PDA WENFEE2EAERZE

F pumping lemma OJIHIE - RE CFL ABEFE s REA
pumping length p LL_E - S0l UERERZEFHEME CFL N
mBEER—EEE—EEENRK p & 2p ZENFSE

MR p<l|s| <2p BB S

WR |s| >2p & s B woryz - AR 0 < |vzy| <p - wrz R
E—7ELE s 72 - BASREEER p

Homework 6 - 10 Theory of Computing 2020 80 /102



Hw9 Problem4

M = “On input (M) where M is a PDA:

1. Convert M into CFG G

2. Take p = blVI*1, where b is the maximum length of productions in
G, and |V| is the number of variables of G

3. Run My oninput (G,s) for some s with p < |s| < 2p

4. Repeat step 3 with all s satisfying p < |s| < 2p, if My,
accepts for some s, accept; otherwise, reject.”
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Hw9 Problemb

EQcr¢q is undecidable
B BH ALLope 2 undecidable HIBTIE F3HE 742

MR EQqpg & decidable
MBEREZME—EERN S B CFG G
mMEHEM CFG B G TEATE EQqp EHE
MBEFIEEE CFG @EBEEM X
BEM ALLp pe RATHIERES - FE
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Hw9 Problem6

= A BE reduce Bl —fBIIERFES B I A BAZERAE ?

ez A 2—1& CFL - T B = {1}
SAEWE BB we A < f(w)eB
ez A HIBRI CFG & G

F = “On input w:

1. Run M,__ . oninput (G, w)

2. If MACFG accepts, output 1; otherwise, output 0"
% Aope =& decidable - FTlL f 22 computable
NLETTHE] - 828 A oL reduce FXIEFRFES B B A TARKE

IERAY

2 <FH Homework 6 - 10
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Hw10 Probleml

Al ZFE R AM BIG g =& undecidable

BHRETESRAER Y REZERER  2BLEEPIUHAE
PCP RIRERIE =B 0I5

M = “On input P:

1. Construct CFG G with the rules:

S—T|B
T — tlTCll | | tkTak | tlal | | tkak
B — blTal ’ | kaa/k ’ blal | ‘ bkak

2. Run M4 pprae,. oninput G

3. If ManpiG,,, accepts, accept; otherwise, reject.”

MR AMBIG ¢ =& decidable - BBE 5 B8R40l decide PCP
RIZE - (B4 PCP BIBEARTHIRE - Bl AMBIG e £

undecidable
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Hw10 Probleml

ERAB/HEEE CFG ol LIZ2KERE) PCP fRE
—F%E S M BUMIIRESE - T 2 B MfRES

MEASHEN B —RBEEEE TR ¢, 3 b, - L EEAENN
Foa,

a; EBUNZRFS - FAEMESITEERRZ ¢ 480 b %
YNER ambiguous BET - i—EEFE—ME a B a;a,_;...ay
F15 T I B BEE T t,...t0;...a; = by..ba,...a; » TIFLE
£ot, = by,

ﬂh%fﬁﬁlambiguity - IUREPIBEN a B4l - a FIIAER
t.t; % by.b,
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Hw10 Problem?2

iR AME I EEEeBEER AN - B ZEBERRREA
B GE—EZEERIES 2DFA - BRI emptiness problem E,ppa
EATHERN

BEAEE—NRMTEBTL recognize {a™b"c™ | n > 0}
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Hw10 Problem?2

alala|b|b|b|lc|c]|c

T T
iiEE M ARMBEFE a WHEEEHE b NHEMRSE
REBEN b NEEZREH c B
RELENEHINE c BBAENEEEEIZEMER accept
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Hw10 Problem?2

BBEECIRIERE - STEHERAY emptiness R

KM ER Ary B reduce AL Eyppa

MBI ZE#M configuration :

218 —a 2DFA - ERE[E TM BA—EFSHNaA
configuration history - MM HEE accept Y history
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Hw10 Problem?2

ZR—aBEREAHRAFS
Pl C|R|u|

MREEBEERESEIEEFE  BREFE—ESEN
accepting computation history ; {1RAES - MAFE

PRI M EEMEERE — AR Ea KR EEAFE/
accepting computation history FYJ 2DFA

MREE 2DFA NESARZEN - MKREFE—EEZN
accepting computation history - I EEEBHREBEREREFSE ;| k2
MEHARERM history - I EEEWAESZE
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Hw10 Problem?2

B TEAXERAES 2DFA WNiTA - FI N EHEME R EE
Q|P|C|R|#|C|@|C|R|#|

B ESE—E configuration 2 A2 A EZN - EEEEHE AL
= 5/ configuration

BN R AMEEEHREMEARY configuration 2E 2
W IEEIT A

EEMNEEEAFES - Z£ittTiEE] state - AREE—E R
transition  BERBE §(qy, P) = ¢, C, R (5 : EE R 273 E8
R) &R IZENT]

==k

F“r

HKREE - OJPUIREMEAEHAEY configuration RERBE1EETE
IEmENANRESTAER D —EZER - HERRHERR
configuration EEEHEIRE......

Homework 6 - 10 Theory of Computing 2020 90 /102



Hw10 Problem?2

R &N - 2DFA WEER
~|#|P|R|I|N|C|E|S|S|%%]|u

% B 7518 configuration 2 1FTE accepting state
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Hw10 Problem?2

MU ERIBER T EMAKRE 7 #AE

Mg g v Bmal IR F&EET

N = “On input (M, w) where M is a TM and w is a word:

1. Construct 2DFA D from (M, w) as described in previous slides
2. Run Mg __ on input (D)

3. If Mg, accepts accept; otherwise, reject.”

PUEES EQDFA & decidable - BE MMM E—E Ary BY Decider 1
1B Ay 2 undecidable © FTlL E,pea 1132 undecidable
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Hw10 Problem3

Z3E H Rice's Theorem RARERE VB » ZiERRIF R

Bt {(M) | MisaTM and 101 € L(M)} E2H|E—EBEE

PHENESEEER “101”

NmHEEEE  MERMRETFEERNENESE
= 101 - ﬁﬁKE%ﬁl@h&E’J;ﬁZ&%

Fil TEIAEIR 101, 2 —EEEH B EESH property

PSS

H®X  "E8IAEE 101, 3 jIKZE trivial property - RSB —EGFE—

LEESEHHENESE S 101 - 5—EAE3 101
Fr B R A Rice's Theorem - 1575
{{M) | M isaTM and 101 € L(M)} =& undecidable
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Hw10 Problem4

HE—EAEESEABNEESHE  MUEK—EHmAFTS
EEEBEHELZRREETE ? EEMBEZE I decidable
EEZE 8-3 SRR B EEEEBHINEE N RIERIERES
FIERERRAEEIL GBS HTHENIERESELK - ER
DFA o] DL ?

BBRERBMABRALSNTGER LHEBIEE BE=HAITEEE
EVERRISARFEH —EgRGAEEAR - HHEH
"MRWEHERRALSEL.. . NEREEREN
BERLLHNREL@A - f5togE—=AEEE - HMEESHERE
FEREEAZTEETHEL language EIH
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Hw10 Problem4

BEGEM - HAEA ZHEF(E undecidable 78 reduce % X
REE P X B EHAUM M
A ZFH Ay reduce I X
M = "“On input (M, w), Mis a TM and w is a string:
1. Construct M’: “On input u:
1. Move to the right of v and put $
2. Write w after $
3. Simulate M on the w part
4. If M accepts, accept; otherwise, reject.”
2. Run M on input (M’,u) for arbitrary u
3. If My accepts, accept; otherwise, reject.”
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Hw10 Problem4

EE— SRR ATESRSELAEEE M BA w WESH
M M AEEXMABRNAE  RACIHEHABLASN $ A
HESE

FTA M 2— A&/ A RN E S

o ERZERES M’ OseiENEERA X 8 ) miEolsE -
EWMERSHEIERES BN GHReHE LM
ABEBENERE - X WAZ decidable

EHEMNMZRNR  BENETHHIERRES  BEEALER IR IR
FREEEEHMT Y EN DFA - AESBEEH oL Z 1
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Hw10 Problemb

USELESSty = {(M) | M is a TM having any useless state}
HRBEEREAERIIRE - —F N RRAZHE S I —EFH
AR - FTLUEHARBE A E A useless state

= reAHEEFE S 2 undecidable
8l USELESSppp ~—1% » 7 PDA RIIZEH Mo DI EHEm

EEEERT . MAE Eoe SUHEHN
(B Eyy ROHE - FLUSHERER
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Hw10 Problemb

M EBEHAL - B —aERRATEHRZEHE M BA wNE
EH - BB undecidable BJRE ( Ay ) BHETE—IEE
M = “On input (M,w), M is a TM and w is a string:
1. Construct M": “On input u:
1. Run M on input w. There is a state never triggered in this step
2. If M accepts w, traverse all states including the above state
3. Accept.”
2. Run MysprEss,, on input (M’)
3. If Mysgress,, accepts, reject; otherwise, accept.”
MERRRAR - B M BRET - EE2BEER M WEioZ%E - 1
E—1E¥&EIIRY state - BN LERSE MM transition
£ M accepts w NE NEATBEARGKRTR - et SERM - I
S — R AR
WE—EMREREREAME - BREHSBEVRAR - f5EA
8 - WESHIBT g0
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Hw10 Problemb

RE1S:& - USELESS+t),, =& undecidable

2 <FH Homework 6 - 10



Hw10 Problem6

A B Z—1& undecidable FES * & {¢,1,11,...} WFE

EREGANTRZBEANERNZ 1 NEE
MWEMIE 1 WHEZF
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Hw10 Problem6

BEEHR—ERAERE encoding GHEIEZEW - BREEBEEZEEN
undecidable language
tbﬂﬂnﬁ Ay BN Eqy
ELESEHERBERE encoding FIRMHH
SLE encoding B9 alphabet ¥ #32 B PRRY
L E B LM HRIMREE e € X*
O Y 2OREEES  HMAULIKE e £ 2 WIER
S EIRFRRAS « BES 1 WEEMT S
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Hw10 Problem6

F = "On input (M):
1. Compute the index ¢ of (M) in X*

2. Output 1?”
EEMME 7 —1 computable function - iF—&EEE# map 2 1°

BEFAMIMER - FARES -

I={1"| (M) € Exy A F((M)) = i}

WE I C {1} IR Bry <, I
B2 Eqy & undecidable - I &2 undecidable
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