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*IExercise 5.1.1 (b )
BERBE WRAA Y TR RS, AP RE A

Exercise 5.1.2 () TFT@maysik =4 7 ENEZXX 0*1(0+1)*49i5 3 :

S —> AlB
A—0Ale
B—0B|1B|¢

R T B R AR FFRAEET:

c) 00011.

BERE
—AN R EHES: S=>mALB =m 0A1B =>m 00A1B =>im 000A1B =, 0001B
=>im 00011B =, 00011
— AT AERF: S =m ALB=m Al11B =>rm A1l =>rm 0A11=>rm 00A11
(rm 000A11 (rm 00011

Exercise 5.1.6(b) &R4 a= B4 B>y, MaA a=y . R HAEME, 3
5 By b4 E AT )AL,
BERE: BHTHRS foy W F k.

Eab FHH 0, —RAB=y Bhamp , Fivia=y.

a4y BRI EKT 0, BFIRA: =B, =y, EF, =>4 6T 4K
VTS By K, HRIBEMER, B a='F R, BHE RN a=F
Foff >y L, BEXTHa=>y

IlExercise 5.1.8 # &z L7 Taey =4 Xty CFG G:

S > aShS|bSaS| ¢

B L(G)RFTA AABR AN4kAg afe b oy #6954,
B iR

BZIER: —AF w T eSARAANA K afeb, HHRE weL(G).

(=) B w FaSMEANHKE afe b, AT IIH AT |w|#AT)2
HhREH w E L(G)F.



Eah: KE O AHEsmEak R wRO0, Maw—Rs HFAFEXN
S>s, , BEAR S=¢, £eL(G).

Jagy: BEIW|>1 KRR w HE—ANFHAH a, BAw Fasapirk
# afe b, FIAETAN w RFAH w=awibwz, ¥ wide wo PERELSMEAA
HegaFeb, HiHR wiIEFTITRT, a (94K TF b 944k dERRIE,
S =*wi1, S=>*wz, E S =aSbhS =*awibwz2, FiA w e L(G).

(<) REBEW e L(G), BF S=*w, ZEHKE w b ASHEIANEKY a
Fob. FEIA TR S B w eI ST T RAAITEA.

Al WRZBFR—TGTAN, FLEC—RMEAT FAEX SDe, B w=e,
ERwFaLmRAANEK (04) #ateb.

JEsh: ME, BREZHESEES N +1F, P n>1l, FHEMNSFETNF
AR ESF BRI T —— AR, WRSIXTENFAZLK, A
4 X F @A AE /N4 aFe b,

R W HE-NFHA &, FR—AwWHN+)FHEE, €E—ZZWwTF
B X: S =aSbhS =*w,

— AL w1 w2, HE w=awibwz, B S =*wi, S =*wa, mIXHA
HF-8 FHARDTF n.

WA, wife wo FARE AR AN S afe b, Bk, w FARLESARF
¥4y aF= b.

I Exercise 5.2.2 18X G £—A4 CFG, FHEMEMT—AFA XN EAH IR € . 4o R
wELG)T, waiKEZ n, A—A mFTmeg weieF, iERA —/ A n+m AT 54
X T w g oA,

BERE

VEAHF S=>w i m. (S A G HFRES)

Hak: m=1. i —F A AKX SOw, RbAETEATH n+1L AN L8
SR (Wee), ERRL.

YA m>1. BRE—FEATFEXNS D X X X .
ZEHFr S= X XK X=2>*W . TRE w 2K/ W =W Wo...w,, HLF

(8) & X ALEH, M w =X,



(b) & X, AELLERHF, N X =>rw. AFHEm Yy Fm, §EREEL,
ﬁﬁ*&%;‘s\ﬁ X %%é]\#ﬁ'ﬁa E%,ﬁ\&%lwihmi.

ﬁ{—ili‘l%‘;f/} (a), ;iﬁﬁ——ﬁ%%% X, éﬁ;}ﬁ%, T’TVX'iA?b mi=0. 13*#"
EMAWTX%:

m=mq+m,+...+m,+1
BH, FE-RETwWHIMH (ZLTH) , L84
T+(Jwa+my) +(wo[+my) +...+(wil+my) = (Jwl+ [wol+...+w[)+(my +m;
+...+m+1) = n+m

PEHE.

X, X, e X,
Wy Ws Wy

Exercise 5.4.7(a)
BE R

B TIEERRL ), PIAiZ B ek A, RAEEFFOIAALE—,
$o+x—xyxy $IRAINEF:
E=+EE=++*EEE=+*-EEEE=+*—XEEE=+*—XyEE=+%—XyXE=+*—XyXy
$o+x—xyxy $IREHEF:
E = +EE = +Ey = +*EEy = +*EXy = +*—EEXy = +*—EyXy = +*-XyXy

B o+x—XyXy BT AE:
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BiAm 1 Myig =4 e FiEFT 6 LT XX A
(1) {ab2c™|n, m=z 0}
(2) {a"b™mcm|n, m= 0}
(3) {ambncPdd| m+n=p+q}
(4) {a™icid™ [ n,m,i,j>0An+m=i+j}

(5) {uawb | uw efa, b Alu|=|w|}

W

F A
(1) 4408 b F TR0 R, Z K40 atb2ne™ e, o] LU B2 i anb2n
RN C™ R o BRSO R T AL 108 5 ISR ? ToRE G, BOZA HER . (A
TR R B 9 B SC A  HAR IRT B 945, 388 T LA X — 1 (AU B ST 2% P8 I 24 45 )
BRI UEH) .
stFiEiES, AE—ANEAT AKX T EFLAXLE G[S]:

S —> AB

A— ¢ | aAbb
B¢ | cB

E: XERMA G[S] ATk G o445 4 S.

(2) W4 bR SCTE 3 SOE R A, A0 40 anbmem g e, w7 LA B AR T anbn
Faft 4o DMC™ {IH . BT SO R T R S S RSO PR, RO IR .
A SR B 3 LS A LA T B A0 S T LA — R B A 2 A I8 2
2t B B

stFiEES, AE—ANEAT AKX T L EFLAXLE G[S]:

S > AB
A—c¢ ‘ aAb



B¢ | bBc

E: XEZRMA G[S] ATk GoF4455 4 S.
(3) BATAT LA LR I Fpid

X TAET—A Lo hpd, nioRen alwd R, BRI AR I
FAFEA L a M1 d BEIAREERUOUIE, Fo T EE HRELF $

i DR FIZE AR dud FER, Eak bvdfBEX, iR —miga,
IEATRAEP AR A FE A a M ¢ HEIAREFER AL R 5 —FE
X IAFRAVEPL R A E A0 b A d BERIAGEHR L. XFRME N
BRAFITH u B v #MIEE L s, mMHAWRR b fEl. GER
RO AR R a'b* B cfd iE? )

iii. B, bfck PR R A LB A R ES B - bBe | & Ak

iv. BUEBAHERXA AR Rk, TR bl %, wial DERS UR 1
(AR E A — PR REE S

S—»asSd|A|D
A —bAd | B
D > aDc | B
B—»bBC|s

( E: aFr%Tde, bRV T RZ, a®xyTdaf, br%Fe.
A E R A, B AR D. )

(4) —/AIREM bR SRR

S—>AB|CD
A—>aAb|s
B>bBd|cEd|e
E—>cEd |s
C—>aCclaAb|e
D—->cDd | €

C ¥ A RSGER S H I, BUR ARG AR S5, tln, xbFuei, #&
FEUIPIAAR B 2SR P A Y (0 AR 22 A5 A7 50 H ANl 8)

(5) YA TF G[S|&—H#Eik:

S > Ab
A — BAB | a



Bea\b

BAm 2 4 diss {am™" | m>2n>0} 1 SCCHERIIE SO0 #—A4
BE A
T ENPINEG AEIRE R a, AL RBESH I a il b
S Al as
A— aaAb | ¢
T AH e R T AN IER LR EE AR m L aafe b, B4R mE a
S—»aSb|aS|e
S—>aaSb | asS | ¢

W—ANSkd T aaf b Bt XAE, AmEL_X. ATE£27 ML =X
Lk, RETHH aafo b Bt 77 X580 — A TR :

S—aaSh | A
A-Aale

B Am 3 3@ A ik, B R A SO TS UE S R AN T Sk
S—SaS | Sbs | scs | d
At R

ZOGERE AR IR, AT DAY R LS P AR e 303, R A RE &5 G P S itk —
BAH, BRI ER X

Bas b Al c RS nI IR sy, ARAE L e SRS SCEAR A -

S—SasS | A
A—AbA | C
C—CcCld

ML e N s &, B RS GRAR N

o

S—>SaD| D
D—>DbE | E
E—>ECF|F
F—d

BOLENTE .
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IExercise 5.1.1 (c)
B IRA

Gh, FHERREHERRE ww BBX, IAXHLIE, Fk, BRKEYEH>RE
AMREARFHE, RGRFEGEEHD n; BAREH ww $HX, FIABFE 1<i<n, &
B & i5fF nti AR 2RAE i ERF AT SRZEEHRNO>ARE, KES
A 2(i-1)+1 A= 2(n-i)+1; XRERMYFSRE, MEET CHLECETMER.

RBA L ATiEAE, T FAEXMART L 9—AETFTXARX Lk

sS—>E|o

O—alb]lcoc

E—>AB | BA

A—CAC | a

B—CBC | b

C—>a | b
EF, FRFFTHS, FLLEFOAXRTATHKEN S, FLLFE AT SABEKE
%, FRUEFAATEER aAh T OegE; FLLEFB AT SERD ATy &,

IExercise 5.1.7 (a)
Py S
stFweL(G), AT |w.
|w|=0 8, Aw=e; BAGHL & AKX, FivA welLG).

|w|=1 8, Z1&Fwe L(G), RAMKA AKX S>a®k S—b, Aihiw=az w=b;
w & A T # ba.

Llw|>18, F—FHEFLEEAFEXS >aSHS—>Sh, MAEMENIHETT T
IS ELTHFE W e L(G), FEIW| DTF|wl|; RFBIHER, WHEA T ba; &
Fw=aw Xw=w’b, FrvAw FLEHFE ba.

Exercise 5.4.7(b)
BE A

SAEPIHEA L & W, 4o F AR
AP E=*w, iff wi xAey e+, sfe—a 845 1, FFHw e ETAR
Gop+, f-tEHR YT x oy 983K
(onlyif) 1ashF E=*w #9454 k.
Fh=1, B E=w o A wax S w=y, only if 34 AL
FKk>1, MESHE—F—24HAT A4 KX E - +EE | +EE | -EE 2 —,
FHFEAER T FAXE — +EE. slt, W TATH w=+wWiwz , FFBA E =*wy
FrE=*Wo .  E=*wy A7 E =*wo 893S 48390 F Kk, FTvA wy A7 wo X



Foy ey B db+, «F-09 8435 1, AP EMAMRF+, «Fo-) R
Fx Aoy 9 &4 ZH, BMTAMEE: w=+ww, , F xFoy s)E50L+, *
Fo-t) 4% 1, BEFETANRT+, +Fo—t) LR T x oy 69848,

(if) ya#AF w9 KJE k.

k=1, Bw ¥ xfoy e§ &ab+, +Fo—t9 84 % 1, LH w=x K w=y, FTvh E =*w

#Fk>1, BwETAINRT+, »F—t§ GRS T xfoy )840, Frdweys
AT+, x R- ZX—, TEA+, BRMNFEWETAHAwW=+wiw, , XE
+ WL RBRIBE WP X Aoy 9B A+, wfo BB E L WHAETNR (BT
W X Ay RS, ¢ A — WSS 1, AT T E WA wo BT
FKE6 )., RAEHMERT: wi F= Wo AR x Aoy B9 b+, «Fe-09 845 1, B
HE P WEATARAR T+, +F— EBAR S T x Aoy 69880, AREFMEER, KMNA
E=*wi fmE=*ws, Hb, E=*w &L,

T@RIEW LA RSN, BT A AR B, AT KR A SR,
st F AR, ARG ik R)IWA T AL 0K, VAEL R BT = A 6L 454 8
W RS R,

KW RFIZSUETIRF B EAMF A S, NAAT w g RERGERA LR AR L E—
9.

Aah: W=l 8, S w=x Rw=y; ARAHEFEZESXREDyY, Ak,

Jagh: & |wl<k(k>1) B, wHBE—RAES. H|lw|=ki, FAwHE—FiE
S —FME AT EAFAEXE > +EE | *EE | -EE2— (A% k>1); Rk w695 —AG
Fh o+, NE—FHEFRE—E, RiE2 E= +EE; AR3E LT LR A ENFME, H4E wi.
Wo , A W=+wWiw, (ARIE_ER G P, A4 wifo w09 RE—F T, BAAHL? ),
HFAFE=*Wi AAE=*Wa; BA [wi|<k AR wo| <k, ARIFEIMHEIE, wifewo bk
EiF R, EFRE—E TS, HTFI A wHRART, BRE—NRA
.
B, %3R8,

MtAe: (1) % G ALTFX AL, HALFE46H {a, b, ¢}, FRFFTAH S, 74
RES4T:

S A|asc
A— B | bAc
B—¢ | Bc

KiE# L@G)={ablck[i+j<k, H¥ i.|. k #4%8R4#.
B TABIEP THGM (EFRXEFNEZ LN ):
1) sHEw, Bo*w LHALYE we{ck| k20}

2) sHETw, A=*w SHALYE we{bick|j>0, k>0, j<k}



3) AHMEMTW, S=*w B HAYE we{ablck|i=0, j20, k>0, i+j<k}
SR 1) #9IER:

SAEAHET W, R B=*w, Mwef{ck|l k>0}. 134T B =*wagiEFHHk

Aak: n=18, LHF w=ee{ckl k=20}.

Jagy: Bikn<mif, we{ck| k=0}, Gn=mat, F—FHFLREAT >
4 X B> Bc, MHw=wec 2B =*w’, BB=*wiyitsH4F m;
MAE)IMEL, we{ck| k=0}, A2 w=wce{ckl k=01

FiEs T we {ck| k=0}, B=*w., AT waLKE |w|.
Eah: |w (=08, soF w=e ; AFAEXNB e —K, TAHFHE B=*w.

Jagh: BaR|w|<nif, B=*wai., H|w|=ni, T4 w=we, HF wiki |
w’|<n; RFEEHERE, FIEFB>w;, XEAAEIEFB = Be, %
HIEF B> w.

A 2) a9iEH:

SAESET W, 4R A=*w, Mwe{bick|j>0, k=0, j<k}. J3HAT A=*
(WRDE( 272

Aah n=2 8 (n RAT4H 1), LH w=ee{bick|j=0, k20, j<k}.

Jagh: B n<mit, we{bick|j>0, k20, j<k}. Hn=m#, $—F3#k
FREMEAFAERNA > B, XRHEMEHATAEXA > bAc. H—FIEFERML
AT FAXA>B, WA B=*w; HR#EFLL), Awe{ckl k>0}, A
KA we{bick| >0, k=0, j<k}. F—FHFELIHNT AKX A
bAc, WA w=bwtc #= A=*w’, HA=*wWHRSFFH T m; RIEH
%, we{bick|j>0, k>0, j<k}, FR44A w=bwc e {bick|j>0,
k>0, j<k}.

FiEHET we {bick | j=0, k20, j<k} A=*w. JFATFwEKE |w|.

Arh: |w (=08, 6K w=e¢ ; AABEEFASBFB e (HefL1)), 7T
A A=*w,

EL: B W <nBf, A*wRz. H|w|=ni, T4 w=bwtc (w ¥ bk
BARFT0), aw=wTe (WP bty BEFTO0) stFar#k, ZRAW e
{bick| j>0, k=0, j<k}, H#HZ |w'|<n; WRIBEAHEL, HIES A*
Wi BA HEHESF A= DbAc, HAEF A=rbwe=w. &FEH, 2AA
w’e{ck| k=0}, w4 1) TeB>w BA A4ESF A=>B, B=Bc
fmB=e, HAEFATWC=W.

G 3) 443ER:

FAESHEST W, 4R S=*w, Mwef{abick|i>0, j>0, k>0, i+j<k}.
24T S =*w dgdE-FF Hn.



¥

JERR

ok

YA 4

n=3 8 (n RTHA 1, 2), %A w=ee{ablck|i>0, j>0, k>0, i+
j<k}.

Bikn<mbf, we{abick|i>0, j20, k>0, i+j<k}. % n=m#,
F—FFREEHATAEXS > A, HEEAFAEKXS > aSc. H—Fif
SERBATEAEXS A, NA A w; REGM2), Hwe{bick|
j>0, k>0, j<k}, AAELH we{abick|i=0,j>0, k>0, i+j<k}.
F—FFEZEAT FAKXS > aSc, 1A w=awc 2 S =>*w’, LS =*
WIS F T m; ARIBEMAEE, we{ablck|i>0, j>0, k>0,
i+j<k}, AR44f w=awcef{abick|i=0, j20, k=0, i+j<k}.

FEAET we {abick | i20, j>0, k>0, i+j<k}, S=*w. BHFw#H
KE |wl.

ok

|w (=08, %K w=e ; AAEBEHEFSSAFA e (HFH2)), T

VAR S =*w,

)3 44,

Bax|w|<nif, S=>*wRkz. H|lw|=ni, T4 w=awtc (w F a ek
AAFT0), w=bwec(wFatyXBFF0). xTal#, BAA W e
{abick|i>0, 20, k>0, i+j<k}, Hi#L |w|<n; HR3BTHEE,
HIEF S=>rw; BA HEESF S=aSc, #AEF S=>rawec=w., sF
BE, RARA W e{blck|j>0, k=0, i+j<k}, @& 2) T4 A w?
RAA#EEF S=A, A=DbAc, ®HHEFS=*bwc=w,

(2) &% G ALEFTXAAXE, RALHFELH {a b}, F#
H5HS, FEAXEST:

S—>a|aB | bA
A—al asS | bAA
B—b|bS|aBB

KEB L(G)={w | w e {a, b}* occur(w, a) = occur(w, b) }.
H£F, tF45 af% w, occur(a,w) &7 a £ w F ALK

AHERIXS AR w e {a, by, AT =008 (BIHP):
1) S=>*w iff occur(a, w)=occur(b, w);
2) A=>*w iff |w[>0 A occur(a, w) =occur(b, w)+ 1;

3) B=>*w iff |w[>0 A occur(b, w)=occur(a, w)+1

1) AL B BT

RN, WLUE (if) A1 Conly if) 43 JFERH .

B, WAVEANT=AXTd =>*028 (G—H n &), HERNTIEIEY: X
1 w e {a, b},

1) if S=>*w,then occur(a, w)=occur(b, w);



2) if A=>*w,then |w[>0 A occur(a, w) = occur(b, w)+ 1;
3) if B=>*w,then |w[>0 A occur(b, w)=occur(a, w)+1

(FEA) 1 X S=>*w,
M n=1 B, HS=>w %1 w=¢, B occur(a, w) = occur(b, w)=0.
2) AT A=>*w,
Y n=1 K, HA=>wHl w=a, ZAHW>0 A occur(a, w) = occur(b, w)+ 1,
3 KT A=>*w,
Y n=1 W, H B=>wil w=b, BH |w>0 occur(b, w) =occur(a, w) + 1.

(Hg8) 1D %4 n>1 B, S=>*w F—HLMHER S —>aB B S— bA.

FHRHAEX S - aB, NMHEFIREA S =>aB =>* aw’; i, FATH B=>*w’
T2 HUNT n, WRIBRAGER, H W|>0 A occur(b, w’) = occur(a, w’) + 1,
I w=aw’ & occur(a, w) =occur(b, w),
7 S=>*w FH— P74 RA S —» bA, MIHEFIEEN S=>bA=>*bw’; KK, K
T A =>* wigESEENT n, RIEBEMERB, H wW[>0 A occur(a, w’) =
occur(b, w’)+1, [Ft w=bw i/ occur(a, w) =occur(b, w).

2) H n>1 i, A=>*w F—BAHEH7ER A—aS Bl A— bAA.
FHRAENX A - aS, WHEFERN A=>aS =>* aw’; ki, TATH S=>*w
FIHE S HUNT n, ARIEIFAELE, H occur(b, w’) = occur(a, w’), Rtk w=aw’ i
JE |w|>0 A occur(a, w) = occur(b, w)+ 1.
#r A=>*w B4R A - bAA, MHERIE N A=>bAA=>*bw'w”, X
H, T|ATA A=>*w M A=>*w» SR EE/N T n, IRE AN, A (w’>0
A occur(a, w’) = occur(b, w’) +1 F1 |w”[>0 A occur(a, w”) = occur(b, w)+1,
I w=bww” jiHi& |w}>0 A occur(a, w) = occur(b, w)+ 1.

3) % n>1 i, B=>*w B EH™4K B - bS 2 B— aBB.
FH A B — bS, NHESFEFEN B =>bS =>* bw’; i, FATH S=>*w
FIHE S HUNT n, MR A998, B occur(b, w) = occur(a, w’), Ktk w = bw’ i
& |w|>0 A occur(b, w) = occur(a, w)+ 1.
# B=>*w A B —» aBB, MHEFEMEN B=>aBB =>*aw'w”, X
H, TATA B=>*w Ml B=>*w> [HESPHE/NT n, I HAHER, A (w>0
A occur(b, w’) = occur(a, w’)+1 F1 |w”[>0 A occur(b, w) = occur(a, w’)+ 1,
I w=aw'w” £ |w>0 A occur(b, w) = occur(a, w)+ 1.

Hk, BAVANT wl,  HEHEPITFEN: XA we {a b},
1) if occur(a, w) =occur(b, w), then S =>* w;
2) if [w|>0 A occur(a, w) = occur(b, w)+1, thenA=>*w;
3) if |w|>0 A occur(b, w) = occur(a, w)+1,then B=>*w

(FERE) 24 jw|=0 I}, Bl w=e.
1) Hi$E occur(a, w) =occur(b, w) L, 45 S=>*w tHERAL;
2) HIRAAL;
3) HIHRAAL



(F48) 24 |w|>0 i, BIFEE w i w=aw’ 20 w=Dbw’.

D)

2)

3

% occur(a, w) =occur(b, w).

FFw=aw’, A |w’>0 A occur(b, w’) = occur(a, w’) + 1. HIAZRE, B =>*w’,
Jirbh, 5 S=>aB=>*aw’=w.

#Fw=bw’, A |w’>0 A occur(a, w’) = occur(b, w’) + 1. HIAZNRE, A=>*w’,
Bk, H S=>bA=>*bw’ =w.

% |w[>0 A occur(a, w) = occur(b, w)+ 1.

#Fw=aw’, 14 occur(a, w’) =occur(b, w’). HVAGNEE, S=>*w’, FTLL, A A
=>aS =>* aw’ = w.

#w=bw’, A |w[>1 A occur(a, w) =occur(b, w’)+2. BER], AAFTE w1 Al wa,
WE w=wiws , P | w>0 A occur(a, w’1) =occur(b, w’1)+1 1 | w2[>0 A
occur(a, w’z) =occur(b, w2)+1. HIHANERE, HATH A=>*w’y FlA=>*w,, T
PL, B A=>bAA=>*phw i wW,=bw =w.

% |w>0 A occur(b, w) = occur(a, w)+ 1.

#Fw=aw’, IIE |w[>1 A occur(b, w’) =occur(a, w’)+2. LA, UAEE W’y 1 w’a,
WE w=wiw’z , BAR | wi>0 A occur(b, w’1) =occur(a, w’i)+1 Fl | w’2[>0 A
occur(b, w’z) =occur(a, w'z)+1. HIHZNREE, FRATH B=>*w’y fl B=>*w’, A
PL, A B=>aBB=>*aw’;w>=aw’ = Ww.

% w=bw’, A occur(b, w’) =occur(a, w’). HFIHALNEREE, S=>*w’, Fill, & B
=>bS =>* bw’ = w.



