BO GIAO DUC VA PAO TAO
TRUGNG DAI HOC NONG NGHIEP HA NOI

PGS.TS. NGUYEN VAN DINH

GIAO TRINH

AUTOMAT VA NGON NGU HINH THUC

Chuong 4
OTOMAT DAY XUONG VA NGON NGU PHI NGU CANH

Déi v6i cac 16p van pham duge phan loai theo Chomsky, 16p vin pham phi ngit
canh c6 vai tro quan trong nhat trong viéc ing dung dé xay dung cac ngdn ngir lap trinh
va cac chuong trinh dich.

Trong chuong nay, chung ta s& nghién ctru sdu hon vé ngdn ngit phi ngit canh
cling véi nhimg co ché dé sinh 16p ngdn ngit niy, dd 1a cac van pham phi ngit canh va
cac otomat c6 by nhé day xudng (pushdown otomata). Chuong niay gom cac ndi dung
chu yéu sau:

4.1. Cay suy dan trong vin pham phi ngit canh.
4.2. Rut gon céac van pham phi nglt canh

4.3. Dang chuan Chomsky va dang chuan Greibach
4.4. Otomat day xudng
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4.1. CAY SUY DAN TRONG VAN PHAM PHI NGU CANH
4.1.1. Céy suy din day di trong vin pham phi ngit canh
Dinh nghia 4.1

Cho Vdan pham phi ngit canh G = <Z, A, S, P>. Cdy suy dan ddy dii trong vin pham
G la mot do thi hivu han cé hwong, khong co chu trinh va thoa man bén diéu kién sau:

1. Méi dinh ciia c8y dwgc gan mét nhin la cdac ky hiéu trong tdp X U A. Goc cia
cay dwoc gan nhan la S.

2. Moi dinh trong dwoc gan nhan la mét ky hiéu nao d6 trong A..
3. Moi dinh ngoai (I ciia cdy) dwoc gan nhan la mét ky hiéu trong tdp .

4. Mot dinh trong dwoc gan nhan la A € A, con Cac dinh con cua dinh nay theo thir
tw tir trdi sang phai dwoc gan nhan B, Ba,..., Bk néu va chi néu ¢é quy tiac A— BiBa...Bx
trong van pham G.

Néu doc tit ca nhan & cac 14 theo thir ty tir trai sang phai, ta s€ nhan dugc mdt xau
nao d6 gom toan ky hiéu chinh, xau d6 s& 1a mot tir trong L(G) va duogc goi 1a két qua
clia cay suy dan day du trong G.

Thi du 4.1: Cho c4c van pham phi ngir canh:
1.ChoGi1=<{a, b, c, +, *, (,)}{S, A}, S, P>
Véi tap quy tac:

Pi:| S—>S+S|A*A|a|b]|c,

A (S+S) | a|blc.

Cay suy dan ctia x4u b+(a+c)*b trong G la:

Hinh 4.1. Cay suy dén ciia tir ® = b+(a+c) % trong G,
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2.Cho G2=<{a, b}, {S, A}, S, {S—>Sa| Aa, A»>aAb | ab}>,

Cay suy dan cua tir ® = a"b"a™ trong G, dugc cho trong hinh 4.2 dudi day:
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Hinh 4.2. Cdy suy dén ciia tir @ = a"b"a™ trong G

3. Cho Gz=<{>¥={a1, az,..., an}, {S}, S, {S— aSa, S— aa|aec £}>.

Cay suy dan cua tir ®®" = a182...anan. ..az2a1 trong Gs la:

Hinh 4.3. Cdy suy dén ciia tir ®@° = a;8,... @nan... aa; trong Gs
Dinh ly 4.1

Cho G =<2, A, S, P> la van pham phi ngir canh va we X+ . Khi d6 we L(G) khi
va chi khi ton tai mét cdy suy dan day di trong G ¢é két qua la w.

Chirng minh: DO o # & nén ta co thé gia thiét ring S— e¢ P. Bay gio véi moi Ae
A, dat Ga= <, A, A, P>, ta ¢0 Ga la van pham phi nglt canh. Ta sé ching to rﬁng we
L(Ga) khi va chi khi ton tai mot cay suy dan trong Ga c6 két qua 13 .
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Gia stir o 1a két qua cua mot cdy suy din trong Ga va n 1a s6 ky hiéu khong két
thuc trong cdy. Bang quy nap theo n, ta sé& chi ra ring we L(Ga).

Néu téng s6 ky hiéu khong két thic trong cay 1a 1, ky hiéu nay phai [a A va l1a
gbc cua cay, do d6 cac con cia A phai 13 cac dinh dugc gan boi cac ky hiéu két thuc,
ching han by, b,..., bk. Theo dinh nghia clia cay suy dan, ta c6 A—> bibs...bk hay A F o.

Gia sir ménh dé ding voi moi cdy suy din c6 sb ky hiéu khong két thuc khong
qua n—1. Xét mot cay suy dan trong Ga c6 két qua 1a © va trong cdy c¢6 n ky hiéu khong
két thuc. Goi cac con cta A theo thi tu tir trai sang phai 1a By, Bo,..., Bk. Néu céac dinh
nay déu 1a 14 thi cdy gdc A chi c6 mot dinh c6 ky hiéu khong két thuc, diéu nay khong
thé xay ra vi cdy suy dan Ga c6 n ky hi¢u khong két thuc. Gia sir trong cac dinh nay c6
cac dinh trong 1a Ci, Ca,..., Cm. Xét cac cdy con ma gdc cta nd 1a Cy, Ca,...,Cm, CAC CAY
con nay c6 sb ky hiéu khong két thic khong qua n—1. Goi ai 1a két qua cta cdy suy dan
gbc Ci. Theo gia thiét quy nap, aie L(Gi). Vi tap cic quy tic trong Gei chta trong tap
cac quy tic trong Ga nén ta c6 cac suy dan trong Ga 1a C1 |= a1, C2 |= 02,..., Cm |= om. Su
dung cac suy dan nay va quy tic A— B1Bs...Bx, ta nhan duoc:

A EBiB2...Bk F 01C102C2 ...0mCmom+1 f .. F 01010202 ... 0m0moms1.

Do két qua ciia cdy suy dan trong Ga 1a ® nén o = 10um202... OmOm®m+1 hay

we L(GA).

. (c;

LY} W2 Dl

Cly &) Cm
Hinh 4.4. Cay suy dén cé két qud la

Dao lai, ta can chimg minh rang néu co suy dan A |= o (o # &) trong Ga thi c6 thé
xdy dung mot cay suy dan trong Ga co két qua 13 ®. Ménh dé nay duoc chimg minh
bang quy nap theo do dai cua suy dan.

Trude hét, néu A F o = bibz ... bk (suy din mot budc) thi c6 thé xay dung mot
cdy c6 goc 1a A va cac con tir trai sang phai 1an luot dwgc gan cac nhén 13 by, by, ..., bk.

Gia sir ménh dé ding véi moi suy dan co do dai khong 16n hon n. Cho suy dan
trong Ga la A|= o c6 d6 dai n+1. Gia si quy tic ddu tién trong suy dan nay la
A—Bi1B;... Bkva Cy, Ca,..., Cm 12 cac ky hiéu khong két thuc trong cac Bi (1< i <k), tirc
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1a B1B2... Bk = m1C102C2... ®mCmoms+1, & day Ci F oi ¢6 do dai khong vuot qua n. Theo
gia thiét quy nap, ton tai cic cay Ti cua Gei ma két qua ciia né 13 i va do do ta co thé
xay dung trong Ga cay suy dan co két qua 1 @ nhu hinh 4.4. (trong hinh 4.4, ta v& ciy
suy dan vdi A = S)

4.1.2. Van pham phi ngir cinh da nghia
Dinh nghia 4.2

Cho van pham phi ngit canh G = <%, A, S, P>. Ta n6i van pham G la nhdp nhang
(Ambiguity) hay da nghia néu ton tai mét xdu o la két qua cia hai cdy suy dan khdc
nhau trong G.

Trong truong hop ngieoe lai, ta néi G la vin pham khéng nhdp nhang hay don nghia.

Mot van pham phi nglr canh dugc goi 1a nhap nhéng vinh ctru néu khong ton tai
van pham phi nglt cdnh don nghia nao tuong duong vdi no.

Ngon ngit do van pham G sinh ra goi 1a ngon ngit nhap nhang néu G 1 vin pham
nhap nhang.

Thi dy 4.2: Vin pham phi ngir canh sau 14 nhap nhang:
G=<{a, b, +, #} {S}, S, {S— S+S, S— S=S, S— 3, S— b}>,

Vi XU ® = b+axb+a 1 két qua ciia hai cdy suy dan khac nhau trong G, duoc cho
trong hinh 4.5:

Hinh 4.5. Hai cdy suy dén khdc nhau cho tir ® = b+a*b+a
Tuong duong v&i van pham G ¢ trén, van pham:

G' = <{a, b, +, *}, {S, A}, S, {S—> A, S—> A+S, A—> A*A,
A—> a, A—> b}>

l& don nghia va L(G’) = L(G).
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4.2. RUT GON CAC VAN PHAM PHI NGU CANH

Trong mot vin pham phi ngit canh ¢ thé ¢6 nhiéu yéu t6 du thira, chang han ¢
nhitng ky hiéu khong hé tham gia vao qua trinh sinh cac ngdn ngit, hodc c6 nhiing quy
tic dang A— B chi 1a mot phép d6i tén, hay cac quy tic c6 dang A— ¢ chi sinh ra tir
rong &... Nhitng yéu t6 du thira d6 1am mat thoi gian trong qua trinh hinh thanh cac tir
clia ngon ngit. Vi I8 d6 can loai bo nhing yéu t6 du thira khong c6 ich trong viée sinh
ngdn ngit, sao cho viéc loai bd d6 khong lam anh hudng tdi ngdn nglr sinh bdi van
pham. Diéu d6 c¢6 nghia 1a chi cin giit lai cac ky hiéu va cac quy tic co ich trong vin
pham G ma chung thyc sy 13 can thiét trong qua trinh sinh ngdn ngir ma thoi. Dudi day
ta s& lan lugt xem xét cac yéu té du thira trong van pham phi ngit canh cing véi nhimng
quy tic dé loai bo ching.

Noéi chung, moi ky hiéu chinh cua bang chir cai vao = ctia vin pham G déu duoc
st dung trong céc tir cia ngon ngit L(G), (trong truwong hop trai lai, ky hi¢u chinh khong
duoc str dung s€ dugc loai bo khoi tap X). Vi vay, dé cho don gian ta chi xét cac ky hiéu
thira d6i véi tap ky hiéu phu A.

4.2.1. Rat gon cac ky hi¢u thira trong van pham phi ngir cinh
Dinh nghia 4.3

Cho van pham phi ngit canh G = <2, A, S, P>, ky hiéu X € A dwoc goi la ky hiéu co
ich néu ton tai suy dan S|= aXﬁ|= o, trong do a, fe (ZuA)’, Xe Zud va we 2. Noi
cdch khdc, ky hiéu X la ¢é ich néu né tham gia vao qud trinh sinh mét tie nao dé ciia L(G).

Néu ky hiéu X khong thod man diéu kién trén thi X dwoc goi la ky hiéu thira.
(Useless symbols)

Tur dinh nghia trén, ta suy ra X la ky hi¢u thura néu X thudc mot trong cac truong
hop sau:

1/. Tir X khong thé dan ra mot xau we X”. Ky hiéu X c6 tinh chit nhu thé dugc
goi la ky hiéu vo sinh. (Non generating symboles)

2/. Tt ky hiéu xuat phat S khong thé din duge mot xau ndo cd chua ky hidu X.
Khi d6 ta n6i ky hiéu X 1a ky hiéu khdng dén dwroc. (Non reachable symboles)

Nhu vay mot ky hiéu 1a thira néu n6 hodc 1a ky hiéu v6 sinh hodc 14 ky hiéu khong
dén duoc.
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Thi du 4.3: Cac van pham duoc x4c dinh bdi cac tip quy tic dudi day, déu chira
cac ky hiéu thura:

. P1={S—>aSb|A|& A— aA }, d& thay A 1a ky hiéu v6 sinh.
. P2={S—> A A aA|g B— bB|b}, dé thiy B 1a ky hiéu khong dén duoc.
Bo dé 4.1 (Quy tdc loai ky hiéu vé sinh)

Cho Vdn pham phi ngit canh G = <%, A, S, P> véi L(G) = &. Khi d6 ton tai van
pham phi ngit canh G'= <X, A’, S, P> twong dwong voi G ma trong G’ khong chira
cdc ky hiéu vo sinh.

Chitng minh: Ta s& xdy dung van pham G’ theo quy tic sau:

. Bué6c 1: Xay dung tap A’ khong chira ky hiéu vo sinh: Khoi dau, cho A’ = &,
néu trong P c6 quy tac dang A— o voi Ae A, e X thi két nap A vao A’, tac la dat
AN:=N U {A}.

. Néu B— X1X2...Xn 12 quy tic trong P ma Xie X hodc Xi la bién da dugc két
nap vao A’ thi ta két nap B vao A’, tic 1a dat A= A’ U {B}.

Tiép tuc xét cac quy tac trong P, vi P 1a hitu han nén qud trinh sé dugc dung lai
sau mot s hitu han budc, khi d6 ta xay dung dugc tap A’ khong chira cac ky hiéu vo
sinh.

. Budc 2: Xay dung tap quy tic P’gdm cic quy tic trong P khong chira cac ky
hiéu vo sinh.

Nhu vay ta da xay dung dugc van pham G’ khong chtra cac ky hi¢u vo sinh, va vi
cac ky hi¢u vo sinh khong tham gia vao viéc sinh ra céc tir, cho nén 16 rang L(G’) = L(QG).

Thi du 4.4: Loai ky hi€u vo sinh ctia van pham phi nglt canh G = <{a, b}, {S, A,
B, C}, S, P>, véi tap quy tic:

S—»>aS|A|C,
P: A —>a,

B— ab,

C— aCbh

Theo quy tic trén, ta cd A’ = {S, A, B} va C la ky hiéu vo sinh, sau khi loai bo cac
quy tic ¢ chira ky hiéu C, ta dugc van pham phi ngit canh trong duong G’= <{a, b},
{S, A, B}, S, P’>, véi tap quy tac P’:
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S—aS|A,
P’ A—>a,
B— ab.

Bo dé 4.2 (Loai ky hiéu khong dén dieoc).

Cho van pham phi ngit canh G = <2, A, S, P>. Khi dé ton tai vin pham phi ngir
cinh G’ = <2, A, S, P> twong dwong véi G, ma G’ khéng chira cdc ky hiéu khong dén
dugc, tircla VXe A’ c6 a, fe (X UA)" dé cho S aXp.

Chitng minh: Ta ludn ludn gia thiét rang bang chit cai vao X 1a khong c6 ky hiéu
thira. Ta s& x4y dung vin pham G’ khong chira cac ky hiéu khong dén duoc theo quy tac
sau:

. Xay dung A’: Khéi dau, cho A’ = S, néu mot ky hi¢u A da duogc két nap vao A’
va néu trong P c6 A— o, véi ae (X U A)” thi ta két nap cac ky hiéu phu trong o vao A’
Thu tuc trén s& nging khi khong con bo sung thém duge bat ky ky hiéu phu nao vao tap
A’,varo rang la A’ chi chira cac ky hiéu dén duoc (tre 1a céc ky hi¢u phu dugc dan xuit
tu S)

. Tap P’chi gdbm céc quy tic trong P ma chtra cac ky hiéu dén dugc thudc tap A’

Nhu vy ta dd xay dung dugc vin pham G’ khong chira cac ky hiéu khong dén
dugc, vi cac ky hi¢u khong dén duogc khong tham gia vao viéc sinh ra cac tu, cho nén
L(G’) = L(G).

Ch( ¥: Ta c6 thé thyc hién viéc xac dinh cac ky hiéu khong dén dugc bang viéc
xay dung mot do thi phu thuoc nhu sau:

. Tap dinh dugc gén nhan 1a cac ky hi¢u phu Ae A

. Néu trong P ¢6 quy tic A— aBa’, vdi A, Be A, a, o’ 1a cac xau tiy y thi ¢6
mot cung tur A té1 B.

Tét céa cac dinh ¢o duong di tu S dén no trong dd thi phu thudc c6 nhan 1a cac
ky hiéu dén dugc, cac dinh con lai tng véi cac ky hiéu khong dén dugc.

Sau khi loai bo cac dinh khong dén duoc, viée xay dung tap quy tic P’ twong tu
nhu trong dinh 1y trén.

Thi du 4.5 Loai bo ky hi¢u thura ciia van pham phi ngtr canh G = <{a}, {S, A, B},
S, P>, véi tap quy tic:
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S—>aS|A,
P: A— a,
B— aa.

V& db thi phu thudc véi cac dinh 13 S, A, B

Hinh 4.6. Dé thi phu thuéc cho vin pham G trong thi du 4.5

Tir @6 thi phu thudc, ta thiy khong c6 dudng di nao tir S dén B, vay B 1a ky hiéu
khong dén duoc. Loai bo ky hiéu khong dén dugc B, va loai cac quy tic co chira ky hiéu
B, ta dugc van pham phi ngtr canh twong duong véi van pham da cho:

G’ =<{a}, {S,A},S, {S>aS|A A—>a}>.

D@ thay rang L(G) = L(G’) = {a" |n> 1}

Tir hai bo dé trén ta co:

Dinh ly 4.2

Moi ngén ngit phi ngit canh khéc rong déu c6 thé dwoc sinh ra tir mét vin pham
phi ngir canh khong co ky hiéu thia.

Thi du 4.6: Loai b6 ky hiéu thira ciia van pham phi ngit canh G = <{a, b}, {S, A,
B, C, D}, S, P>, vdi tap quy tic:

S— AB | CA,
B— BC | AB,
P: A— 3,

C— AB|Db,
D— aC.

Buée 1: Trude hét, loai bo ky hi€u vo sinh B, ta dugc van pham Gz voi:

. tap ky hi¢u phu: A1 ={S, A, C, D},
. va tap quy tac: P, ={S— CA, A>a, C— b, D— aC}.
Budc 2: Loai bo ky hiéu khong dén duoc cua Gi:

V& db thi phu thudc cua Gi nhu trén, khong c6 mot duong di nao tur S dén D, tir
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do xac dinh dugc D 1a ky hi¢u khong dén duoc, loai bo ky hi¢u D khoi tap ky hi€u phu,
loai bo cac quy tic c6 chira ky hiéu D.

(F——®

Hinh 4.7. Dé thi phu thugc cho vin pham Gy trong thi du 4.6

Cubi cung ta c6 van pham G khong chtra cac ky hiéu thira va tuong duong vai
van pham da cho:

Gz = <{a, b}, {S, A, C}, S, P>,
. voi tap quy tic: P2 = {S— CA, A—> a, C— b}.

4.2.2. Rat gon cac quy tic thira trong viin pham phi ngir canh

Céc quy tic dang A— € hodic A— B (vdi A, B 1a cac ky hiéu phu) dugc coi 1a cac
quy tic thira trong vin pham phi ngir canh, vi nhimg quy tic nay chi kéo dai cc qué trinh
sinh c4c tir trong vin pham phi ngit canh. Nhitng quy tic dang A— B thuc ra chi 1a mot
phép ddi tén, con véi quy tac dang A— &, thi néu ngdn ngir sinh bai van pham G c6 chira
tir rong, thi chi can mot quy tic S— ¢ 1a du, do d6 nhitng quy tic trén can duoc rat gon.

Dinh nghia 4.4

Cho van pham phi ngit canh G = <X, A, S, P>, quy tac trong P ¢6 dang A— &,
voi Ae A, duoc goi la s-quy tdc (e productions) . Ky hiéu Be A trong van pham G
dwoe goi la ky hiéu triét tiéu (nullable symbols) néu B suy dan dwoc ra & tire ld B |= &

Trong hau hét cic dinh 1y, cac thudt toan trén cac vin pham phi ngit canh G,
ngudi ta thuong gia thiét rang L(G) khong chira tir rong &. Néu L(G) khong chta tir
rong ¢ thi ¢ thé loai hét cac e-quy tic trong P dé duwoc mot van pham moi tuong duong
v6i G; con néu trong L(G) c¢6 chtra tir rdng &, thi van pham méi chi sai khac véi L(G)
mot tir rdng &. Néu can sinh ra tir rong, thi sau khi loai bo hét cac e-quy tic, ta chi can
thém vao van pham méi mot e-quy tic duy nhit S— «.

Céc e-quy tic cling 1am van pham phi ngit canh trd nén cong kénh. Pinh 1y dudi
day cho phép loai bo cac e-quy tic trong van pham phi ngir canh dé duoc mot vin pham
méi twong duong, chi sai khac mot tir rong.

Dinh Iy 4.3 (Logi b6 cdc e-quy tdc)

Cho vén pham phi ngit canh G = <X, A, S, P>, khi d6 ton tai mét van pham phi
ngit canh G’ = <X, A, S, P"> khéng chira cdc e-quy tic sao cho L(G’) = L(G) \ {&}.
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Chitng minh: Dé cho don gian, ta ludn gia thiét van pham G 1a khong chta cac ky
hiéu thira, (néu trai lai, ta ding cac quy tic 4.1 va 4.2 dé loai b6 cac ky hiéu thira).

Ta s& xdy dung van pham G’ khong chita cac e-quy tic theo cac budc sau:
Budc 1: Xac dinh tap N cac ky hi€u triét tiéu

. Néu A— & 1a mot quy tic thudc P thi A 1a ky hiéu triét tiéu,

. Néu B— ae P ma a 13 mdt xau gdm toan ky hiéu triét tiéu (ae N*) thi B 1a ky

hiéu triét tiéu

. Lap lai cac budc trén cho dén khi khong tim thém duogc ky hi€u triét tiéu nao nira.
Budc 2: Xay dyng tap quy tic P’ tir tdp quy tic P theo 2 budc:

. Budc 1: loai tat ca cac e-quy tac trong P dé nhan dugc P’

. Budc 2: V&i mdi quy tic trong P’ ¢6 dang (p): A— X1Xz...Xn thém vao P’ cac
quy tac méi nhan duoc tir quy tic (p) trén ddy bang cach mdi 1an loai bo mot tap con
céc ky hiéu triét tiéu trong vé phai cua (p).

Chu ¥ rang, trong budc 2, ¢6 thé xuat hién nhitng quy tic giéng nhau v nhiing e-
quy tic m&i trong P’, hiy x0a bo cac e-quy tic mdi va véi nhitng quy tac gidng nhau chi
giir lai mot quy tic.

Tap quy tic P’ x4y duyng nhu trén s& khong con cac e-quy tic, va dé thiy rang
L(G’) = L(G).
Vié¢e xac dinh tap cac ky hi€u triét tiéu N 1a rat quan trong trong qua trinh loai bd
C4c e-quy tac. Ta co thu tuc tim tap N nhu sau:
Procedure to find set of nullable symbols.
i:=0;N:=g;
N :=N'U{A|Aec A, ifany A—> e P};
Repeat
N*1:=N'U{B|Be A, ifany B—> XiXo... Xne P, Xie N' Vi};
1= i+1;
Until
Ni*L= Ni:
N := N,
Return (N).
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Thi du 4.7: Loai bo cac e-quy tic trong vin pham phi ngit canh G = <{a, b}, {S,
A, B}, S, P> voi tap quy tic:

S— ABA,
P: A— aA | g,
B— bB | .

Ta thiy céc e-quy tic 1a A— & va B—> ¢, theo thu tuc trén, ta tim duogc tip cac ky
hiéu triét tiéu 1a N = {A, B, S}. Loai b6 cac e-quy tic va thém vao cac quy tic mdi, ta
duogc van pham méi Gy voi tap quy tic Pi.

S— ABA|BA|AA|AB|A|B,
P1: A— aA|a,
B— bB | b.
Dinh nghia 4.5

Cho van pham phi ngit canh G = <X, A, S, P>. Quy tic trong P co6 dang A— B, ¢
day A, B e A, duwoc goi la quy tac don (unit productions) hay phép doi tén.

Quy tic don chi c6 tac dung lam kéo dai qua trinh sinh cac tir, vi vay ta s& tim
cach loai quy tic don ra khoi van pham ma khong lam anh hudng t6i qua trinh sinh ra
ngon nglr cua van pham dé cho.

Luu ¥ raing quy tic A— a, v6i Ae A va ac X khong phai 1a quy tic don.
Dinh Iy 4.4 (Loai b6 cdc quy tic don)

Déi v6i moi Van pham phi ngit canh ma trong tdp cdc quy tdc ciia né ¢6 quy tdc don
thi ton tai mot van pham phi ngik canh twong dirong véi né ma khéng chira quy tdc don.

Chirng minh: Gia st G = <Z, A, S, P> |a vian pham phi ngit canh c6 chta quy tic
don. Ta xay dung van pham phi nglt canh G’ = <X, A, S, P’> tuong duong véi G va
khéng chira quy tic don theo cac budc sau dy :

. Budc 1: Xay dung tip quy tdc moi P’ bang cach loai bo moi quy tic don trong P.

. Bué6c 2: V&i mdi quy tic don A— B di loai bo & bude 1, thém vao P’ quy tic
A— o, néu ¢ quy tic B— o trong P.

. Buéc 3: Néu trong P’ xut hién cac quy tic don méi, lap lai qua trinh trén.

Vin pham G’ véi tap quy tic méi P’ s& khong chtra quy tic don, va c6 L(G’) = L(G).
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Thi du 4.8: Trd lai thi du 4.7, v6i van pham phi ngtr canh G = <{a, b}, {S, A, B},
S, P> véi tap quy tic P c6 chita cac e-quy tic. Sau khi loai bo cac e-quy tic, ta duoc van
pham khong chta e-quy tic G1 = <{a, b}, {S, A, B}, S, P1>, véi tip quy tic P1:

S— ABA|BA|AA|AB|A|B,
Pi:| A—>aA]a,
B— bB | b.

Trong P1 ¢ cac quy tic don S— A va S— B, ta xdy dung tap quy tic P2 khdng
chtra quy tic don:

S—> ABA | BA | AA | AB|aA |a|bB |b,
P,:| A—>aA]a,
B— bB | b.
Ta nhan dugc van pham phi ngir canh G2 = <{a, b}, {S, A, B}, S, P>> khong chtra

cac quy tic don va cac e-quy tic. Co thé kiém tra dugc rang:
. L(G) ={a", b™, a'b), bla' , a'bla® | m, n, i, j, k > 0}
. L(G2) = L(G:1) ={a", b™, a'bl, bla, a'blak | m, n, i, j, k > 1}

Su sai khac gitra hai ngon ngit sau v&i ngdn ngir dau tién chi 1a mot tir rdng {&},
do trong vin pham G ¢ cac e-quy tic, con cac van pham sau thi khong cé cac quy tic
loai nay. Pé nhan dugc vin pham hoan toan tuong duong véi van pham G ma khong
chtra cac quy tic don va e-quy tic, ta chi can thém vao van pham G2 mot e-quy tic duy
nhat S— «.

Tir cac dinh 1y 4.2, 4.3 va 4.4 ta c6 két qua sau:
Dinh ly 4.5

Cho van pham phi ngit canh tiy y G = <3, A, S, P>, luén ton tai mdt van pham
phi ngit canh tuwong diong G’ = <%, A’, S, P’> khéng chita e-quy tic, khong chira cdc
quy tdc don va khéng chiva cdc ky hiéu thira.

Chitng minh: Ap dung céc quy tic trong cac dinh 1y 4.2, 4.3 va 4.4, rat gon vin
pham G theo thur ty sau:

Buée 1. Tir vin pham G, loai bo cac e-quy tic (néu c6) dé nhan duoc van pham Gu.

Buée 2. T van pham Gi, loai bd cac quy tic don (néu cd) dé nhan duoc vin
pham Goa.
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Buoc 3. Tu van pham Gg, loai bo cac ky hi¢u thira theo thur tu: loai bo cac ky hiéu
v sinh (néu c6) sau do6 loai bo cac ky hiéu khong dén duoc (néu c6) dé nhan dugc van
pham Gs.

Néu sau méot budce nao do, lai xuét hién cac quy tac don hodc cac ky hi¢u thura, thi
lai 4p dung quy tic twong Gng dé loai bo cho dén khi khong con cac e-quy tic, cac quy
tac don va cac ky hiéu thira trong vin pham cudi cung.

Thi du 4.9: Cho van pham phi nglr canh G = <{a, b, ¢, d}, {S, A, B, C, D, S, P>,
vé6i tap quy tic:

S—»alaA|B|C, (1-4)
A-saB |, (5-6)
P: | B>aAlb, (7-8)
C— cCD, (9)
D— ddd. (10)

Hay rat gon vin pham G dé dugc van pham tuong duong khong chira e-quy tic,
khong chira cac quy tic don va khong chira cac ky hiéu thira.

Budc 1. Tir van pham G, loai bd e-quy tac: ¢6 A 1a ky hiéu triét ti€u, ta loai bo
quy tic A— & va thém vao cac quy tic S— a, B— a, ta dugc tap quy tic méi

S—»alaA|B|C, (1-4)
Pi:| A-aB, (5)
B—aA|b|a, (6-8)
C— cCD, (9)
D—> ddd. (10)

Bude 2. Tir van pham Py, loai bo cac quy tic don: S— B, S— C:
. Loai bo S— B, thém vao S— aA | b | a, (do c6 quy tic B> aA|b|a)
. Loai bo S— C, thém vao S— cCD, (do c6 quy tic C— cCD)

Ta dugc vin pham G tip quy tic moi:

S—alaA|b|cCD,
A— aB,

P:| B>aA|b]|a,

C— cCD,

D— ddd.
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Buoc 3. Tu van pham Gz, loai bé cac ky hi¢u thtura: loai ky hiéu vo sinh C cung
vé6i cac quy tic chira C, ta duoc vin pham G3 tip quy tic méi:

S—alaA|Db,
Ps: A— aB,
B—aA|b|a,

D— ddd.

Tir Gs v6i tap quy tic Ps, c6 dd thi phy thudc:

O—® : ©

Hinh 4.8. Dé thi phu thuéc cho vin pham Gs trong thi du 4.9

R rang D 1a ky hiéu khong dén dugc vi khong co duong di ndo tir dinh xudt phat
S dén duge D. Ta loai bo ky hiéu D cung véi cac quy tic chita D, ta dugce van pham Gg
tap quy tic mai:

S—>a|aA|b, (1-3)
Ps:| A aB, (4)
B—aA|b]a. (5-7)

Cubi cung, ta co van pham Gs = <{a, b, c}, {S, A, B}, S, Ps> tuong duong vdi van
pham G va Gs khong chira e-quy tic, khong chira cac quy tic don va khong chira cac ky
hiéu thira, thoa man cac yéu cau cua dau bai.

4.3. MOT SO DANG CHUAN CUA VAN PHAM PHI NGU CANH

Lop van pham phi ngit canh c6 rat nhiéu ing dung va ciing 1a 16p van pham rat
rong. Van pham ma tit ca cac quy tac déu co vé trai chi gdbm mot ky hiéu phy, c6 dang
A— a, déu 1a cac vin pham phi ngit canh. Dé thuan tién cho viéc nghién ctru va tng
dung 16p vin pham nay, nguoi ta can chia nd thanh cac 16p nho hon, theo nhiing tiéu
chudn nao d6. Lép vin pham chinh quy ciing 1a mét 16p con ciia 16p van pham phi ngi
canh. Chomsky va Greibach da dua ra cac tiéu chuan dé phan chia 16p van pham phi
ngir canh theo cic dang chuan khac nhau, goi la dang chuan Chomsky va dang chuan
Greibach.

Ngudi ta ciing da chimg minh dwoc moi van pham phi ngit canh déu dua duoc vé
vin pham twong duong ¢ dang chuin Chomsky hodc Greibach.
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4.3.1. Dang chuian Chomsky
Dinh nghia 4.6

Van pham phi ngit canh G = <X, A, S, P> duwoc goi la van pham & dang chudn
Chomsky (Chomsky Normal Form-CNF), néu moi quy tic déu c¢6 dang A— BC hodc
A—a, véi A, B, Ce A, ae X (goi la cdc quy tic chudan Chomsky).

Tur dinh nghia trén, ta c6 nhan xét sau:

Nhén xét: Cac van pham ¢ dang chuian Chomsky s& thoa man cac diéu kién sau:
al. Khong chua cac e-quy tic,

b/. Khong chita cac quy tic don, dang A— B, v6i A, Be A,

c/. Khong chira cac quy tac ma vé phai ¢ ca ky hiéu chinh va ky hiéu phu.

d/. Khong chira cac quy tic co vé phai nhiéu hon hai ky hiéu,

Ta s& ching t6 rang c6 thé dua mot van pham phi ngit canh bat ky vé van pham &
dang chuan Chomsky.

4.3.2. Pua vin pham phi ngir cinh vé dang chuin Chomsky
Bé dé 4.3 (Convert CFG to CNF).

V6i moi van pham phi ngit canh G = <X, A, S, P> déu ton tai van pham phi ngir
canh ¢ dang chudn Chomsky G’ =<2, A’, S, P"> twong duong voi G.

Dé don gian trong chimg minh, ta c¢6 thé gia thiét van pham G 1a da duogc rit gon,
tc 12 G khong chua cac ky hiéu thira, khong chira cac e-qui tic va khong chira cac qui
tac don. (Néu trai lai, ta co thé ap dung cac dinh 1y 4.2, 4.3 va 4.4 & phan trén dé rat gon
G). Bé xdy dyng vin pham méi G’ & dang chuan Chomsky, ta chi can loai bo cac quy
tdc ma vé phai c6 chira ca ky hiéu chinh va ky hiéu phu hoic cac quy tic ma vé phai
nhiéu hon hai ky hiéu phu. Viéc loai bo cac quy tic khong chuin nay can dam bao nhan
dugc van pham maéi tuong duong, va dugc tién hanh theo hai budc sau:

Buoc 1: Véi cac quy tic vé phai c6 chua céd ky hi€u chinh va ky hi€u phy, tac la
cac quy tic ¢ dang:

A— X1 Xa... Xm, vOi Xje ZUA, (@D

Xét tat ca cac Xitrong quy tac (1), néu Xie A thi giit nguyén Xj, néu X;= ac I, ta
thém vao ky hiéu phu X, va thay thé cho ky hiéu chinh ac X trong quy tac (1), va thém
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vao quy tic Xa—> a. Lip lai qua trinh trén cho dén khi moi ky hiéu trong vé phai cua quy
tac (1) gdbm toan ky hiéu phuy.

Sau budce 1, ta nhan dugc van pham Gi = <X, Ay, S, P1> v6i Az va Py nhan dugce tir
A va P sau khi thém vao cac ky hiéu phu méi va cac quy tic méi nhu trén. RS rang L(G1)
= L(G) ma G; khéng chira cac quy tic ma vé phai c6 ca ky hiéu chinh va ky hiéu phu.

Bude 2: Bay gid trong G1 moi quy tic déu c6 vé phai chi gdm mot ky hiéu chinh,
hodc vé phai chi gdm céc ky hiéu phu. Ta can loai bo cac quy tic ma vé phai c6 do dai
16n hon 2, gdm toan ky hiéu phu, 13 cac quy tic dang:

A— Y1Y2... Ym, voi m>2, Yie A1 (2)
Ta thém m-2 ky hiéu phu Z1, Z»,... Zm-2 vao tap A1, va thém vao m-2 quy tac sau day:
A— Y171, Z1—> Y2722, Zo—> Y3Z3;...; Zm2—> Yma1Y¥m.

Ta nhan duoc vin pham méi G2 = <Z, Az, S, P> chi chita cc quy tic ¢ dang
chuan Chomsky. Dé& dang chi ra rang L(Gz) = L(G1) = L(G), vay G2 chinh la van pham
G’ ¢ dang chuan Chomsky can tim.

Dinh Iy 4.6

Véi moi ngon ngiv phi ngit canh L khong chita tir rong & luén ton tai mét van
pham & dang chudn Chomsky (CNF) sinh ra L.

Chitng minh: Do L 1a ngdn ngit phi ngir canh, nén ton tai mot vin pham phi ngit
canh G =<Z, A, S, P> sao cho L = L(G). Do L khong chira tir rong €, nén cé thé loai
hét cac e-quy tic, loai hét cac quy tic don va cac ky hiéu thira, sau d6 ap dung bd dé 4.3
dé duoc van pham twong duong G’ & dang chuan Chomsky ma L(G”) =L..

Thi du 4.10: Cho van pham phi nglr canh G = <{a, b}, {S, A, B}, S, P>, vo1 tap
quy tic P = {S— ABA, A— aA, A—» a, A> B, B— bB, B— b}. Hiy xay dung van
pham ¢ dang chuan Chomsky tuong duong véi G.

Trude hét, ta co thé loai hét cac quy tic don trong G, dé duoc vin pham twong
duong ma khong chtra quy tic don G1 v6i P1 = {S— ABA, A— aA, A— a, B— bB,
B— b, A>bB, A— b}.

Bay gio ap dung bd dé 4.3 cho vin pham Gu:

Budc 1: ta thay tit ca cic quy tic ma vé phai c6 chua ca ky hiéu chinh va ky
hiéu phu:
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+ Vi cac quy tic S— aA, A—> aA ta thay a boi Xa, thém Xa vao tap ky hiéu phu
m&i, thém quy tic Xa— a vao tip quy tic moi.

+ Véi cac quy tic S— bB, A— bB, B— bB ta thay b bdi Xo, thém Xp vao tap ky
hiéu phy méi, thém quy tic Xe— b vao tip quy tic moi..

Ta nhan dugce Gz vdi tap quy tic méi P2 = {S— ABA, A X.A, A a, B> XuB,
B— b, A—> XsB, A— b, Xa— a, Xp— b}. Tap P2khong c6 quy tic ndo ma vé phai c6 ca
ky hiéu chinh va ky hiéu phuy, va rd rang G2 ~ G1~ G.

+ Vi Gy, ta giam d6 dai vé phai cac quy tac co hon hai ky hiéu: thay quy tic S—
ABA boi hai quy tic S— AC, C— BA, va thém C vao tap ky hiéu phu.

Ta duoc tdp quy tic Pz = {S— ABA, A—> X.A, A—> a, B—> XsB, B—> b, A—>
XbB, A= b, Xa— a, Xp— b, S— AC, C— BA}

Cubi cung, ta dugc van pham Gz = <{a, b}, {S, A, B, Xa, X», C}, S, P3> & dang
chuan Chomsky, Theo cach xay dung, dé thdy rang L(Gs ) = L(G). (Sinh vién tu ching
minh, xem nhu bai tap).

4.3.3. Dang chuin Greibach
Dinh nghia 4.7

Vin pham phi ngit canh G = <X, A, S, P> duwoc goi la vin pham ¢ dang chudn
Greibach (Greibach Normal Form-GNF), néu moi quy tic cia G déu c6 dang A— a
hodc A— ad, véi ae X, 8 € A* (goi la cdc quy tic chuan Greibach).

Tur dinh nghia trén, ta c6 nhan xét sau:

Nhin xét: Cac vin pham & dang chuin Greibach c¢6 vé phai cia moi quy tic duoc
bat dau bang mot ky hiéu chinh, tiép theo 1 diy gdm khong hodc nhiéu ky hiéu phu.

Dudi day ta s€ xem xét mat thi du vé vin pham ¢ dang chuin Greibach:
Thi du 4.11: Xét cac van pham phi nglr canh:

» X¢ét van pham G =< {a, b}, {S}, S, {S— aSb |ab >, .

D@ thay rang G 1a vin pham phi ngir canh, va L(G) = {a"b" |n>1}.

» X¢ét van pham G’ =< {a, b}, {S, A}, S, {S—> aSA |aA, A—> b >,

RGrang la S| aSA... |a™SA™ | a"A" Ea"b". hay L(G”) = {a"0" | n > 1}, nhu
vay van pham G’ 13 twong dwong véi vian pham G, hon nita G’ 12 dang chuan Greibach,
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vi vy co thé coi G’ 1a két qua cua viéc bien doi van pham phi nglt canh G vé dang
chuan Greibach.

Nguoi ta da chimg minh dwoc rang v6i moi van pham phi ngit canh G = <%, A, S,
P> déu c6 thé dua dugc vé dang chuan Greibach, tirc 14 tir vin pham G c6 thé xay dung
duoc van pham G’ ¢ dang chuin Greibach, sao cho L(G’) = L(G). Tuy nhién viéc xay
dung van pham Gi1 nhu vay kha phtrc tap, ching ta khong trinh bay & day.

Cac van pham ¢ dang chuan Greibach c¢o6 rat nhiéu trng dung trong viéc xay dung
cac otomat day xuong, ma ta s€ nghién ctru ¢ phan cudi ciia chuong nay.

4.4. OTOMAT DAY XUONG

Nhu ta di biét, 16p cac ngdn ngir chinh quy do van pham chinh quy sinh ra ciing
trung véi 16p cac ngdn nglt duge doan nhan bdi otomat hiru han (don dinh hoac khong
don dinh).

Tuong tu, ta s& thay trong phan nay 13 16p cac ngdn ngit phi ngir canh do cac van
pham phi nglt canh sinh ra s€ trung vo6i 16p cac ngon nglt dugc doan nhan bdi otomat
day xudng khong don dinh (Nondeteministic PushDown Automata).

Déng luu ¥, chi co 16p otomat day xudng khong don dinh méi co thé doan nhan
hét 16p ngdn ngit phi ngir canh. Con otomat day xudng don dinh chi c6 kha ning doan
nhan dugc 16p con thuc sy cua 16p ngdn nglt phi nglt canh ma thoi. Tuy vay, 16p ngén
ngit dugc doan nhéan boi 16p cic otomat day xudng don dinh 1a kha rong, né bao gom
phan 16n cac ngdn ngir l4p trinh hién nay. O day, ta chi dé cap t6i cc otomat day xudng
khong don dinh, thuong ky hiéu 1a NPDA, hay gon hon 1a PDA. Dudi day, néu khong
c¢6 chu thich gi thém, thi cac otomat dugc dé cap dén duoc hiéu 1a céc otomat khdng
don dinh (PDA). Khi can chi 1& cic otomat ddy xudng la don dinh ta s& dung ky hiéu
DPDA-Deteministic PushDown Automata, hay gon hon la DPA.

4.4.1. Mb ta otomat diy xudng

Otomat day xudng ciing nhu otomat hiru han ¢6 bd diéu khién 1a tap hiru han cac
trang thai. Pau doc cua otomat cho phép doc 1an luot cac ky hiéu trén bang vao tir trai
sang phai. Tuy nhién, v6i cac otomat hitu han thi né chi luu trir cac trang thai ¢6 dinh
cua tap trang thai va mdt trang thai hién tai, ma khong luu trir dugce céc két qua cua qua
trinh doc Xau. Nhung cac otomat day xudng con c¢6 thém bd nhd lam viée (ngin xép hay
stack), nho c6 né ma bd nhé cua otomat day xudng duoc ting 1én so véi kha ning nhé
ctia otomat hiru han, vi vdy, cic PA c6 thé nhd va xtr 1y dugc cac thong tin trong qua
trinh doc xau vao. Ngin xép duoc t6 chirc theo nguyén tic ky hiéu vao sau thi ra trudc
(LIFO), giéng nhu 6 nap dan. Khi dua ky hiéu vao ngan xép thi ky hiéu d6 tro thanh ky
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hiéu dau cia ngan xép. Khi ngin xép doc thi ky hiéu d6 1a ky hiéu trén cung va khi ky
hiéu d6 dugc doc xong thi no6 s€ bi loai khoi ngan xép. Mot ngan xép nhu vay con dugc
goi 12 mot danh sach ddy xudng.

Mot otomat déy xuéng bao gém mdt bang vao, mdt bo nhd Stack va mdt bo diéu
khién nhu hinh 4.9 duéi day:

‘ a; | ay ‘ ......... ‘ a1 ’ a, | Bang vao

. -
B& dicu khien )
Ngin xép
(stack)

Hinh 4.9. M0 hinh lam viéc ciia mjt otomat ddy xuong

Can cr vao trang thai hién tai ctia bo diéu khién, ky hiéu vao ma dau doc dang
quan sat va ky hiéu trén cung ciia ngin xép, otomat day xudng s& chuyén sang mot trang
thai mé&i nao d6 va dong thoi dau doc co thé dugc chuyén sang 6 bén phai, ta goi qua
trinh trén 1a mot budc chuyén. Nguoc lai, néu ky hiéu vao khong anh hudng téi budc
chuyén thi ta goi d6 1a budc chuyén “nhim mat” va trong budc chuyén d6, dau doc van
dung yén tai chd. Thyc chét ciia budc chuyén “nham mat” 1 sy tam nglmg quan sat
bang vao dé chan chinh lai ngan xép va céc trang thai.

C6 hai cach doan nhan xau vao ciia otomat day xudng:

Céach 1: Xau vao duoc doc xong va otomat day xudng chuyén dugc vé mét trang
thai két thic nao do.

Céch 2: Xau vao duoc doc xong va ngan xép try thanh rong.

Sau nay ta s€ chi ra hai cach doan nhan trén la tuong duong.

Thi du 4.11: Cho van pham phi nglr canh:

G=<{0,1,c}, {S} S, {S—> 0S0, S— 1S1, S—> c}>.

D@ dang thdy rang L(G) = {ocoR | @e{0, 1}'} (R 1a xau viét cac ky hiéu cia xau
® theo mot thr ty nguoc lai). Chéng han, dbi v&i xau ® = 010011 thi xau wcw® =
010011c110010 s& c6 dan xudt sau day: (S, 0S0, 01S10, 010S010, 0100S0010,
01001510010, 0100115110010, 010011¢110010).

Mit khac xau ocoR c¢6 thé dugc doan nhan boi otomat déy xuéng nhu sau:
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Trude hét dat xau X = oco® 18n bang vao. Pau doc dich chuyén tir trai sang phai.
Ban dau ngin xép rong. Otomat ddy xudng co hai trang thai p, q trong d6 p 1a trang thai
dau. Khi 6 trang thai dau p, dau doc doc ky hiéu trén bing vao 13 0 hodc 1 va né dua ky
hiéu d6 vao ngan xép. Trang thai ciia otomat ddy xudng luc d6 van 1a p. Pau doc dich
chuyén sang bén phai mot 6 va doc ky hiéu trén 6 méi nay. Néu ky hiéu nay 1a 0 hoic 1
thi otomat ddy xudng dua ky hiéu d6 vao ngin xép, trang thai cua otomat van 1a p va
dau doc lai duoc chuyén sang phai mot 6.

Qua trinh d6 van tiép tuc cho t6i khi dau doc gip ky hiéu c. Khi d6 otomat s&
chuyén sang trang thai q va dau doc chuyén sang phai mot 6. Tai thoi diém nay ngan
xép xuét hién xdu . Ky hiéu bén phai nhit cia ® nam trén cung cua ngin xép, con
trang thai ciia otomat 13 q. Pau doc dang chi 6 bén phai ky hiéu ¢. Néu ky hiéu cta 6
nay bang ky hiéu cia 6 trén cing ctia ngan xép thi otomat day xudng loai ky hiéu trén
cung ra khoi ngan xép, ky hiéu dudi né lai 1én vi tri trén cing ciia ngin xép, otomat day
xubng chuyén dau doc sang phai mot 6, con trang thai van 1a q. Qua trinh d6 cir tiép tuc
va c0 hai kha ning xdy ra:

1. Otomat day xudng doc hét x4u x va ngin xép tré thanh rdng thi otomat dimg lai
va doan nhan dugc xau X = ocor.

2. Ky hiéu trén cung ctia ngin xép khac véi ky hiéu vira doc duoc, ching to nira
bén phai x khong phai tir ngugc cta nira bén trai xau X, otomat s& dimg va khong chip
nhan xau X.

3. Otomat doc hét xau X nhung ngin xép chua bi loai hét, hodc ngin xép rong
trude khi doc hét xau x, ching t6 d6 dai ctia hai xau ¢ bén trai va bén phai ky hiéu ‘c’ 1a
khac nhau, otomat s& dimg va khong chap nhan xau x.

Nho ¢6 ngan xép ma otomat day xudng c6 kha niang nhé duoc nira dau ciia xau x
= wcoR va sau do né so sanh dan cac ky hidu phai nhét ciia nira d¢au (luu trit trong ngan
xép) voi cac ky hiéu trai nhat cta nira cudi o cua x. Otomat hiru han thong thuong
khong c6 kha nang nay.

Bay gio ta dinh nghia mot cach hinh thirc otomat day xubng nhu sau:
4.4.2. Pinh nghia otomat diy xudng
Dinh nghia 4.7
Mot otomat day xuong khéng don dinh (PDA) la mét bé bay:
M=<Q, % I, J o, 20, F>

trong do:
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. 2 la tdp hitu han khdc réng cdc ky hiéu, goi la bang chir cdi vao, méi ky hiéu
trong 2 goi la ky hiéu vao,

. O la mét tdp hitu han, khdc réng cdc trang thdi sao cho £ N Q = &,

. T'la tdp hitu han khéc réng cdc ky hiéu, goi la bang chit cdi ngdn xép, ma cdc ky
hiéu ciia né goi la cdc ky hiéu ngan xép;

. 20€ I'la ky hiéu ddc biét, goi la ky hiéu xudt phat ciia ngan xép (con goi la ky
hiéu ddy ciia ngan xép);

. Qo€ O goi ld trang thdi khéi dau ciia otomat;

. F <O goi la tdp cdc trang thdi két thiic, (F ¢é thé la tdp rong).

. Anh xa & Qx(Z U{e) x> 2Q* 1 goi la ham chuyén ciia M, ky hiéu 2Q* ™)
la tdp tat ca cdc tdp con ciia Q< I™.

Vi otomat M 1a khong don dinh, nén ham chuyén c6 dang 8(q, &, z) = {<di, yi>, i
=1,2,...,m} v6i két qua 1a mot tap cac cap gia tri <qi, yi> (véii= 1, 2,..., m).

Vi otomat day xudng don dinh thi két qua 1a duy nhat mot cap gid tri <qx, yk>
nao do, ciing c6 thé dugc xem nhu mét tap chi gdm mot cap gia tri 1a {<qx, y>}, nhu
vay, otomat ddy xudng don dinh c6 thé xem nhu mot trudng hop dic biét ciia otomat
day xudng khong don dinh. T4t ca nhitng két qua da dung voi otomat day xudng khong
don dinh ciing s& ding v6i cac otomat day xudng don dinh.

Dinh nghia 4.8
Mot dang thire dang:
&Qq, a, z) = {<qi, y>, i = 1,2,...,m}

trong d6 q, gie Q, ae 2, ze T, yie ", dwoc goi la mot budc chuyén cua otomat
ddy xuong M.

Budc chuyén nay duge mé ta nhu sau: otomat M dang & trang thai q, doc ky hiéu
a & bang vao va z 1a ky hiéu ¢ dinh ngan xép. Khi d6 nd chuyén sang trang thai qi, nao
d6, thay ky hiéu z ¢ dinh ngan xép boi xau vi, (i = 1,..., m), déng thoi chuyén dau doc
sang bén phai mot ky hiéu. Quy wdc rang khi dwa yi vao ngin xép, ky hiéu bén trai nhét
cua yi (ky hiéu dau tién cta yi) sé dugc dua vao truoc va nam ¢ phia dudi, con ky hiéu
bén phai nhit ctia yi s& nam & 6 trén cing ctia NGAn xép.

= M{t dang thire dang:

X0, & z) = {<qi, 5>, i = 1,2,...,m}
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goi la mdt bubc chuyén rong (hay echuyén, budc chuyén “nham mdt”) ciia
otomat ddy xudng M.

Thuc chit cta bude chuyén nay 13 ham ba bién &q, a, z) chap nhan bién thi hai 1a
mot ky hiéu rdng, tuong tw nhus-chuyén trong otomat hitu han. Khi d6 otomat day
xudng van chuyén sang trang thai qi va thay ze ' & dinh ngan xép boi Xau yi, con dau
doc thi khong dich chuyén.

Nhu vay, & mot thoi diém, tinh huéng tirc thoi cia otomat déy xuéng xac dinh boi
ba yéu t6 sau:

. Xau ye I'" trong ngan xép (quy wéc 1a ky hiéu bén trai nhat cia y nim & day
ngan xép).

. Trang thai qe Q.

. Phan xau vao ae X" chua dugc doc dén trén bang vao (voi quy ude ky hicu
bén trai nhit cia « la ky hiéu s€ dugc doc tiép).

Ba yéu t6 trén 14p nén mot hinh trang cta otomat M, duoc dinh nghia nhu sau:
Dinh nghia 4.9

Cho otomat dcfy xudng M = <Q, 3, I, 6, Qo, 20, F>. Mot hinh trang cua otomat
M la mot bo ba:

K=<q, a, >

trong do qe Q la trang thdi hién thoi cia M, ae X" la xdu con lai chia doc trén
bang vao, ye I la xdu trong ngdn xép, voi ky hiéu trdi nhat nam ¢ ddy ngan xép.

Gia sir otomat dang & trang thai g, Xau o = a18;... ake =, ¥ = X1Xz... Xme I' 7, khi
d6 hinh trang hién thoi clia otomat 1a by ba K = <q, aiaz... ak, XiXz2... Xm>. Dudi tac
dong clia 4nh xa chuyén trang thai 5, otomat M c6 thé chuyén tir hinh trang nay sang
hinh trang khéc theo nguyén tic sau:

1/. Néu <p, y>€ 8(q, a1, Xm) thi hinh trang K = <q, a1a... a, X1Xz... Xm> c6 thé
chuyén sang hinh trang K’ = <p, az...ak, X1X2...Xm-1y > va ky hiéu:

<Q, a1d2...ak, X1X2...Xm> |-<p, az...ak, X1X2...Xm-1y >, hay K |—K’.

2/. Néu <p, y>€ 8(q, & Xm ) (budc chuyén ‘nhdm mat’) thi hinh trang <q, aia;...
ak, X1X2... Xm> 0 thé chuyén sang hinh trang <p, a1az... ak, X1Xa... Xm-1y> va ky hiéu:

<Q, a182... Ak, X1Xz... Xm> | <p, a18z... &, X1X2... Xm1y>.
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3/. Néu c6 diy hitu han céac hinh trang Ko, Ki,..., Ka sao cho: Ko |- K1 |- K2 |-
F Ka thi ta ky higu: Ko F K.

4.4.3 Ngon ngir dwgc doin nhin béi otomat ddy xudng
Dinh nghia 4.10

Cho otomat dcfy xuéngM =<Q, 3, T, 6 o, 20, F>va we X". Ta néi rdng otomat
M dodn nhan tir o theo tdp trang thai két thiic néu ton tai mot day hitu han cac hinh
trang Ko, Ki..., Knsao cho: Ko F K1 b K2 |... | Ko, véi

1. Hinh trang dau Ko= <Qo, @, Zo >,
2. Hinh trang két thiic Kn= <p, & >, vdi p € F (p- trang thdi két thiic, con y tly Y).

= Ta goi ngdn ngit dugc doan nhan boi otomat day xudng M theo tap trang thai
két thuc, 1a tap tat ca cac tir dugc doan nhan boi M theo tap trang thai két thuc,
ky hi¢u 1a T(M). Vay:

T(M) = {we Z°| <qo, ®, zo> |=<p, g,v> pe F}
Dinh nghia 4.11

Cho otomat dcfy xuo”'ng M=<Q, % T, 5 (o, 20, F> va xau we X". Ta néi rcing
otomat M dodn nhdn xau o theo ngan xép rong néu ton tai mét day hiru han cac hinh
trang Ko, Ki..., Knsao cho: Ko F K1} K2 ... | Kn, voi

1. Hinh trang dau Ko = <o, ®, 20>,
2. Hinh trang két thiic Kn= <p, &, &>, vdi p la trang thdi tiy y thuéc Q.

=Ta goi ngdn ngir dugc dodn nhan boi otomat ddy xuéng M theo ngin xép rong,
1a tap tat ca cac tir dugc doan nhan bdi M theo ngan xép rong, ky hiéu 1a N(M).
Vay:

N(M) = {we 2"| <qo, ®, zo> F<p, &, &>, pe Q}

Thi du 4.12 Cho otomat déy xuéng M = <{qo, 01, 92}, {a, b}, {zo, 21}, 3, do, 2o,
{g2}>, trong do:

(1). 8(qo, &, 20) = {<o, £>}, (4). 8(qo, &, 2o) = {<01, Zoz1>},
(2). 8(q, &, z1) = {<0q1, 212:>}, (5). 8(q1, b, z1) = {<02, &>},
. (3). 8(a2, &, o) = {<qo, &>}, (6). (2, b, z1) = {<q2, &>}

(gié tri ciia ham chuyén 8(q, a, z) 12 khong xac dinh tai cic bd ba khac)
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Xét cac tir oo = aabb va p = abaab. Ta co:

Véi o = aabb, ta c6 hinh trang khéi dau Ko = <gp, aabb, zo>, diy cac hinh trang lién
tiép, bat dau tir Ko 1a: <qo, aabb, 26> | <qu, abb, zez> | <qu, bb, z0z121> | <qz, b, zoz2> | <qz €,
26> | <qo, &, &>,

Vay ta c6: <o, aabb, zo> |=<qo, g, €, theo dinh nghia, xau a = aabb dugc doan nhan
boi otomat M theo ngin xép rong.

Véi p = abaab, ta c6 hinh trang khai dau Ko = <qo, abaab, zo>, dy hinh trang lién
tiép, bat dau tir Ko Ia: <qo, abaab, zo> | <qu, baab, zoz1> | <qz, aab, zo> dén day, ham
chuyén 8(0z, a, zo) 14 khong xac dinh, otomat dirmg va khong doan nhan xau p.

Do d6 ae N(M), con B N(M), Bz T(M).

Ttr hinh trang Kn1 = <0, €, Zo> , néu xem déy 13 hinh trang cudi ciing, ¢ thé suy ra
rang otomat M doan nhan xau o, = aabb theo tap trang thai két thic.

Tong quat, ta c6 thé chimg minh duoc rang N(M) = T(M) = {a"b" | n>0}.

Chuy

1/. Néu otomat doan nhan ngdn ngit theo ngin xép rdng thi ¢ thé khong can dén
tap trang thai két thuc, trong trudng hop nay, c6 thé dat F = &.

2/. Ciing nhu d6i v6i otomat hitu han, ta c6 thé mé ta otomat day xudng bang dd
thi chuyén. D6 1a mot da do thi c6 hudng, co khuyén G voi tap dinh cua G 1 tip trang
thai Q. Cac cung dugc xac dinh nhu sau: Véi ae = U {e}; p, ge Q, ze I, ye I'", néu
<p, y>< 8(q, a, z) (tic 1a <p, y> 1a mot trong nhiing gi tri cia ham chuyén J) thi s& co
mot cung tir q téi p dugc gan nhan 1a (a, z/y).

Chang han, d thi chuyén ctia otomat day xuéng M trong thi du 4.12 la:

@- <a, 7yfzm >

<a, Zp/7py = <b, /e

Hinh 4.10. Do thi chuyén trang thdi ciia PDA trong thi du 4.12

Viéc v& d6 thi chuyén ctia otomat ddy xudng 14 kho khan hon truong hop otomat hitu
han, tuy nhién déy ciing 1a mot cach biéu dién kha thuan loi cho cac otomat day xudng.
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Thi du 4.13: Cho otomat diy xudéng M = <{qo, 91}, {0, 1}, {20, 1, 22}, &, Qo, Z0>,
trong do:

(0o, 0, z0) = {<Qo, 021>},  8(0o, 0, z1) = {<Qo, 121>, <q1, £>},
8(0o, 0, z2) = {<qo, 221>},  8(qo, 1, Z0) = {<0o, Z0z2>},

8(do, 1, z1) = {<qo, 212>},  8(0o, 1, z2) = {<qo, 222>, <q1, £>},
(01, 0, 1) = {<qu, &>}, 8(qs, 1, 2) = {<qo, 222>, <1, £>},

8(do, € 20) = {<qu, &>}, (0, € zo) = {<qu, &>}.

(gia tri ciia ham chuyén 8(q, a, z) 1a khong xac dinh tai cac b ba khac)

Véi @ = 110011, ta ¢ thé vé cay biéu dién cac kha ning bién doi cua cac hinh
trang nhu hinh H.4.11. dudi day.

Puong in ddm 1a diy dich chuyén tir hinh trang dau <qo, ®, Zo> dén hinh trang
cudi <qu, &, > Vay otomat M di doan nhan xau o = 110011 theo ngin xép rong. Céc
hinh trang t6 ddm la cac hinh trang tai d6 khong c6 budc chuyén, vi gia tri cia ham
chuyén 8(q, a, z) 12 khong xac dinh.

Kg=<qq, 110011, 25>
<dp, 10011, zpzp>
<dqn, 0011, ZpEaza™> <dqp, 0011, Zpza>

<dn, 011, ZpEazamn =

//\

<do, 11, ZaZememzy > <dqy, 11, ZpZame>

<dn, 1, ZnZamz m) 2o {qg 1, ZnEaTama™> <y, 1, ZnZa™
/ \ <o, 2. 2022222222> LA, €, ZaZaZa>
<o, €, ZppFp) 5 TpFp> <y, €, ZgZz e 21>
=do, 2, ZpZpZa=> =d1, 8, Zp=

En= <, g, 5>
Hinh 4.11. Cay biéu dién ddy hinh trang trong thi du 4.13
4.4.4. Sy twong dwong giira vin pham phi ngir cinh va otomat diy xudng

Ta da biét rang mdi van pham phi ngit canh s& xac dinh mot ngdén ngit phi ngir
canh, mat khac mdi otomat ddy xudng ciing doan nhan mot ngdn ngit phi ngit canh, theo
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ngin xép rong hodc theo tip trang thai két thiic. Ta néi mot van pham phi ngit canh
tuong duong véi mot otomat day xudng néu chung cing xac dinh mot ngén ngir. Trong
phan nay, ta s& nghién ctru sdu hon cac mdi lién hé giira cac otomat day xudng va cac
van pham phi ngir canh.

Dinh ly 4.7 <Convert CFG to PDA >

Cho L la mét ngén ngit phi ngit canh. Khi d6 ton tai mét otomat ddy xuong khéng
don dinh M dodn nhén L theo ngdn xép rong.

Chirng minh: Gia st G = <X, A, S, P> la van pham phi nglt canh sinh ra ngdn nglt
L. Ta xay dung otomat day xuéng M = <Q, , T, §, ¢, 2o, & > doan nhan L vdi:

. Q = {q} 1a tap trang thai chi gdm mot trang thai q,

. ' =2UA 1a tip cac ky hi€u ngan Xép,

. Zo= S la ky hi¢u xuat phét ctia ngin xép,

. e Q la trang thai khéi dau,

. Ham chuyén &: Q x (Zu{e}) x T>2°*T" dugc xac dinh nhu sau:

1. V&i méi ky hiéu Ae A, ¢6 8(q, &, A) = {<q, a®> | A>ae P,ac (T UA) '}
2. V&i méi ky hiéu ae T, ¢6 8(q, a, a) = {<q, &>},

Nguoi ta da chiing minh dugc voi otomat M xay dung nhu trén, ta c6 N(M) =
L(G). Chung ta c6 thé kiém chimg diéu nay qua thi dy sau:

Thi du 4.14. Cho ngén ngilr phi ngit canh L = {0"1" | n > 1}, hay xay dung otomat
day xubng doan nhan L theo ngan xép rong.

Trudc hét, dé dang x4y dung vin pham PNC sinh ngon ngir L:
G =<{0, 1}, {S}, S, {S—0S1, S—>01}>.

Theo dinh 1y 4.7, tir vin pham G, ta xay dung duoc mot otomat day xubng:
M=<{q}, {0, 1},{0,1, S}, 9,q,S, D>,

v6i ham chuyén 6 xac dinh badi:

. (0, &, S) ={<q, 1S0>; <q, 10>}. 1)
. 8(0, 0, 0) = {<q, &>}, )
- 8(a, 1, 1) = {<q, e>}. ©)
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Ta xét qua trinh doan nhan xau ® = 0011e L cia otomat M nhu sau (cac chi sb 1a
s6 hiéu cong thirc ctia ham chuyén duoc 4p dung trong budc chuyén twong tmg):

Ko = <g, 0011, S> } 1 <q, 0011, 1S0> | 2<q, 011, 1S } 1<q, 011, 110> } 2 <q
,11,11> |- 3<q, 1, 1> |- 3<(Q, &, €>. Vay otomat M doan nhan xau o = 0011 theo ngan
xép rf)ng.

Téng quat, ta c6 TIN) = L = L(G).
Dinh ly 4.8 <Convert CFG to PDA >

Cho L la mdt ngén ngir phi ngit canh. Khi dé ton tai mot otomat ddy xuong M
dodn nhdn L theo tdp trang thdi két thiic.

Chirng minh: Gia st G = <X, A, S, P> la van pham phi nglt canh sinh ra ngdn ngt
L. Ta xay dung otomat day xuéng M = <Q, =, T, §, 0o, Zo, F> doan nhan L véi:

. Q ={qo, q1, 2} 1a tip cac trang thai,

.T'=3 UAU {$} 1a tap cac ky hiéu ngan xép, v6i $ 1a ky hiéu méi, khong thude
2 UA,

. Zo=S 13 ky hiéu xuit phat cia ngin xép,
. o€ Q la trang thai khoi dau,
. F = {02} 1a tap céc trang thai két thuc,
. Ham chuyén &: Q x (XU{e}) x - 29X duge dinh nghia qua cac biéu thic sau:
1/.8(qu, &, 2) = {<01, a®> |z—> 0e P, ze A, ae T}
2/.5(qy, a, @) = {<q1, &>}, véi moi a€ X.
3/.8(q1, &, %) = {<q2, $ >}.
41. 8(qo, €, S) = {<q1, $S>}.
Ta s€ chirng minh L(G) = T(M).

Gia st e L(G). Khi d6 ton tai day suy dan day du trong G la: D = (S, uizivs,
U1U2Z2V2,..., U1... Un1Zn-1Vn-1, Utl2... Un= ®), & day zie A, uie %, vie £ U A (1<i<n-1) va
we X"

Duya vio cac quy tic cia G sir dung trong ddy suy dan day du D cua xau o,
otomat day xuéng M doan nhan o theo nguyén tic sau:

Ap dung ham chuyén xay dung & trén, trong cac biéu thic 4, 1, 2 ta ¢6:

<Qo, ®, Zo> |-<q1, o, $S> |-<q1, UrlUz...un, $V1RzaU1> |-<q1, UzUs...un, $Viiz1>.
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Gia st cac quy tic tiép theo (sau quy tic S— U1z1vi) trong D 14 zi— xie P (i = 1,
2,...,0-2) voi zie A, Xie T U A 5a0 cho XiVi=Ui+1Zi+1Vi«1. Khi d6 M sau thoi diém thuc
hién quy tic S—U1z1v1 n6 ¢ hinh trang <q, UzUs... Un, $v1Rz1>. Hinh trang ctia M khi
ap dung quy tic zi— Xi bién d6i nhu sau:

<Q1, U2U3... Un, $viRz1> |-<q1, us... Un, $viRxR> =

<1, U3... Un, $v2"z2 u> |-<q1, Us... Un, $v2"zo> |— |—<q1, Un, $Vn-1"Zn-1>.
Trong D, str dung quy tic zn1—> Xn1€ P v6i Xn-1Vn-1= Un, ta c0:

<Q1, Un, $Vn-1Rzn> F <qu, Un, $Vn1ix0a®> | <qu, &, $> | <qz, &, $>.

Tur d6 ta c6 day suy dan cac hinh trang trong M: <qo, ®, Zo> |= <Qq2, &, $> ma
gz2€ F nén M doan nhan dugc xau o theo tap trang thai két thuc.

Thi du 4.15: Cho van pham phi nglr canh:
G =<{a, b}, {S, A}, S, {S— aSh, S— aAb, A— ab}>.

Theo chig minh ciia Dinh 1y 4.8, ta xdy dung otomat dy xuéng doan nhan L(G)
nhu sau:

M = <{qo, q1, 92}, {a, b}, {a, b, S, A, $}, 8, qo, S, {02}>,véi ham chuyén:

. 0(q1, &, S) = {<q1, bSa>, <q1, bAa>}, 1)
. 8(qu, €, A) = {<qu, ba}, )
. 8(q, &, a) = {<qz, e}, ©)
. 8(qy, b, b) = {<qy, &}, (4)
. 8(qy, &, $) = {<a2, $>}, (5)
- 8(qo, &, S) = {<qu, $5>}. (6)

Chang han, otomat M doan nhén tir o = aabbe L(G) qua day hinh trang sau: (cac
chi s6 12 s6 hiéu cong thirc ctia ham chuyén dudc ap dung trong bude chuyén tuong ing):

Ko = <qo, aabb, S> |6 < gy, aabb, $S> } 1<qs, aabb, $bAa> | 3<qs, abb, $hA> }
2<q1, abb, $bba> | 3<qu, bb, $bb> } 4<qy, b, $b> Fa< a1, &, $ >} s<qz, &, $>. do gz 12
trang thai két thiic, nén xau o, = aabbe T(M)..

Dinh Iy 4.9

Cho otomat ddy xudng M. Khi dé ton tai otomat day xuong M’ sao cho N(M’) = T(M).
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Chirng minh: Gia st M =<Q, X, I', 8, Qo, Zo, F> la otomat déy xuéng nao do. Ta
x4y dung otomat day xuéng M’ =<Q’, 2, I, 8", o, 2’0, F’> sao cho N(M”) = T(M).

Mubn vdy ta dua thém vao ky hiéu trang thai méi q1, o2& Q va ky hiéu ngan xép méi
$¢ I' va dat:

Q> =Qu{a1, 92}, I" =T'U{$}, trang thai khoi ddu méi q’o=q1, z°0=$, F’ = &,
Ham chuyén 8’: Q* x (Zu{e}) X I"'— 2@ *T™ dugc dinh nghia nhu sau:

1/. 8(qu, €, $) = {<qo, $z0>},

21.8°(q, x, 2) =9(q, X, z) véi xe X, e Q, ze T,

3. 8(q, & z) = 8(q, & z) nu qe Q \ F, ze T' va 8°(q, &, 2) = 8(q, &, 2)U
{<q2, e} néuqe F, ze T,

4].5°(q, &, $) = {<q2, &>} voiqe F,
5/.8°(q2, €, 2) ={<Q2, &>} vbize T" U {$}.
Bay gio ta chi ra N(M”) = T(M).

Gia sir we N(M”). Khi d6 theo cac budc chuyén ciia M” thi ta c6 mot ddy cac hinh
trang sau:

<q’0, W, Z’0> = <Q1, W, $> |- K1 |- Ko |- |-Kt =<q, g, &>, voi t > 2, Ki = <qi, Wi,
zi>,wie 25, 0ie Q,zie I (i=1,2,..., 1.

Theo cach xay dung cua M’ thi

K1 = <o, W, $z0>, Kt = <2, €, > vawe N(M’). Tu d6 Ji <t sao cho K= <qj, g,
$z’> |— <qa &, $z’is1>, & ddy gie F, z’i, 2’ise T va Kj = <qj, wj, $z2°p> |— <gj+1, Wj+1,
$2’j+1>, 0 ddy wje X7, gje Q, z’je I, (1<j <i). Cling nhu Kj = <qy, ¢, $z’>, & day z’je
I (1<j<t).

Tur d6 ta c6 <qo, W, 20> |= <Qi, &, $zi>vado gi € F suy raweT(M).

Toém lai ta ¢6 bao ham thire N(M”) < T(M).Bao ham thirc nguge lai TMM) < N(M”)
duoc suy truc tiép tir cach xay dung M’ tir M. Vay N(M’) = T(M).

Dinh ly 4.10
<Convert PDA to CFG >

Cho M la mét otomat day xudng. Khi d6 ton tai mét van pham phi ngit canh G sao
cho L(G) = N(M)
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Churng minh: Gia st M = <Q, X, T, 5, Qo, Zo, F> 1a mo{t otomat déy Xuéng, ta can
x4y dung vin pham phi ngit canh G = <X, A, S, P> sao cho L(G) = N(M). Khong mét
tinh chit tong quat, gia sit ¢ N(M). Ta xay dung vin pham G nhu sau:

. A={8S, [pzq]}voip, qe Q, ze T', & day [pgz] xem nhu mot ky hi€u phu.
. Tap quy tic P xay dung nhu sau:
1. Vi moi trang thai pe Q, trong P ¢6 cac quy tic:

S— [0ozop]

2. V&i mdi bude chuyén 8(q, a, z) = <p, y>, véiac 2 ; q, pe Q; vy = 2122... 7, Z,
zie T, (i=1, 2, k) thém vao P cac quy tac:

[9zai]— a[pzipi][0azzp2]. .. [Ak12zkpk], Vi qi, pie Q.

3. Vi mbi bude chuyén 8(q, a, z) = <p, £>, voi ac 2; p, q € Q; z € T, thém vao
P quy tac:

[azp]— a
4. Véi mdi bude chuyén 8(q, €, z) = <p, & >,v6i p, e Q; ze I' thém vao P quy tic:
[gzp]— «.

Nguoi ta da chimg minh duoc rang van pham G duogc xdy dung nhu trén 1a van
pham phi ngit canh ma L(G) = N(M).

Thi du 4.15: Cho otomat day xudng M = <{q, p}, {0, 1}, {Zo, Z1}, 8, q, Zo, T >,
v6i ham chuyén :

.0(0, 1, Zo) = <q, ZoZ1>
.0(q, 1, Z1) =<q, Z1Z1>
. 0(0, €, Z1) = <q, &>
.8(q,0,Z1) =<p, Z1>
.0(p, 1, Z1) =<p, e >
.8(p, 0, Zo) =<q, Zo>
Hay x4y dung vin pham phi ngit canh G sao cho L(G) = N(M).

Ta s& xay dung vin pham G theo chimg minh dinh 1y 4.10. Tir cac budc chuyén
ctia M ta xdy dung tap quy tic clia van pham G nhu sau:
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S— [aZoq] | [9Zop]
V6i8(q, 1, Zo) = < 0, ZoZ1> ta cb cic quy tic :
[aZoa]— 1[qZoa][9Z10]
[aZoa]— 1[qZop][pZ1a]
[aZop]— 1[qZoa][9Z1p]
[aZop]— 1[qZop][pZ1p]
Vé6i 8(q, 1, Z1) = <q, Z1Z1> ta co cac quy tic
[aZ109]— 1[9Z10][9Z1q]
[aZ109]— 1[9Z1p][pZ1q]
[aZ1p]— 1[9Z1a][9Z1p]
[aZ1p]— 1[qZ1p][pZ1p]
Vi 8(q, & Z1) = <Q, &> ta ¢ cac quy tic :
[aZ10]—> ¢
V6i 8(q, 0, Z1) = <p, Z1> ta cb cac quy tac
[aZ109]— O[pZ1a]
[aZ1p]— O[pZ1p]
V6i 8(p, 1, Z1) = <p, &> ta c6 cac quy tic
[PZip]— 1
Vé6i 8(p, 0, Zo) = <0, Zo> ta c6 cac quy tic :
[pZog]— 0[aZoa]
[aZop]— O[aZop].
Cudi cung, cac ky hiéu phu dang [qZp] c6 thé dugc ddi tén cho gon:
[aZoa] = A, [aZop] = B, [pZoq] = C, [pZop] = D,
[aZ19] = E, [qZ1p] = F, [pZ1q] = G, [pZ1p] = H.
Vin pham PNC nhan dugc twong duong véi otomat day xudng M 1a

G =<{0, 1} {S, A, B, C, D, E, F, G, H}, S, P>, véi tap quy tic P:
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S—>A|B

A— 1AE | 1BG

B— 1AF|1BH | 0B
P: C— 0A

E— 1EE |1FG | 0G [e
F— 1EF|1FH | OH
H-1

Két luan: Néu ta goi P1, P2, P3 1an luot 13 16p cac ngdn ngit phi ngit canh, 16p céac
ngodn ngit duoc doan nhan boi otomat ddy xudng theo tap trang thai két thac, 16p cac
ngdn ngit dugc doan nhan boi otomat day xudng theo ngin xép rdng, theo cac dinh 1y
trén, ta co:

» P; C P2 (theo dinh 1y 4.8),
» P>  P3 (theo dinh 1y 4.9),
» P3 P1 (theo dinh 1y 4.10).

Vivay, P1= P2= Pg3, tuc la 16p cac ngdn ngilr phi ngt canh 1a trung voi 16p cac
ngodn ngit dugc doan nhan bdi cac otomat day xudng theo tap trang thai két thac hay
theo ngan xép rong.
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BAI TAP CHUONG 4

1. Cho van pham phi nglr canh: G = <{x, +, *, (,)}, {S, A, B}, S, {S— A | S+A,
A— AxB | B, B> x| (S)}>, va @ = (X+X#*X)*(X+x*x*x). Hiy tim mot suy dan tir S cia
o va v& cdy suy dan ddy du c6 két qua 13 o.

2. Chimg t6 cc van pham phi ngit canh sau 13 nhip nhang:
a). G =<{a, b}, {S, A}, S, {S—> A, A—> AbA, A— a}>.
b). G =<{a, b}, {S, A B}, S, {S—> A, A~ Bb, A—> Ab, B—> Bb, A—> a, B—> b}>.

3. Xay dung cac van pham phi ngit canh khong c6 ky hi€u thtra, twong duong voi
cac van pham sau day: (viét van pham xay dung dugc voi ddy di cac thanh phan)

a). Gy = <Xy, A1, S, P1> véi P1 = {S— aAa, A—> Sb | bCC, C— abb, E— aC}

b). G2 = <X, Az, S, P> vé6i P, = {S— aBa | BC, A— aC |IBCC, C— a, B— bcc,
D—>E E—>d}

). Gz =<3, As, |, P> vai P3 = {S— aAa, A~ bBB, B— ab, C— aB}

4. Xay dung cac van pham phi ngit canh khong c6 ky hi¢u thura, khong cé e-quy
tac, tuong duong voi cac van pham sau day:

a). G1 =<1, Ay, |, P> vai P1 = {l—> alb, > aABb, A—> B, B— ¢, A—> c}
b). G2 = <X, Az, I, P2> v6i P2 = {I— albl, I blal, - &}

5. Xay dung cac vin pham ¢ dang chuan Chomsky twong duong voi cic vin
pham phi ngit canh sau day:

a). G1 = <{a, +, *},{I, A, B}, I, P> v6i P1 = {I- I+A, 1> A, A> A*B, A B,
B— a}

b). G2 =<{a, b, +, *}, {I, A, B, C}, |, P> vdi P> = {I> A+B, A—> B*C, A— B,
B—a B—>C,C— b}

c). Gz = <{0, 1}, {I, B, C, D}, I, P3> v¢i Ps = {I- B, I C, B~ 0B, B— 1B,
B— 011,C—» 0D, C— 1C,C— ¢, D— 0C, D— 1D}

6. Xay dung cac van pham ¢ dang chuin Chomsky twong duong véi cac vin
pham phi ngit canh c6 tap quy tic dudi day:

a). G4 voi tap quy tic P2 = {S— AB, A— Sc, A—» a, B— dB, B— b},
b). Gs véi tap quy tic Ps = {S— SaS, S— b},
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¢). Gg Vi tap quy tic Pg = {S— aSS, S— b},
d). G7 voi tap quy tic P7 = {S— AA, A— aAa, A— bAb, A c}.

7. Hay xay dung cac otomat day xudng doan nhan cac ngoén ngir phi ngli canh
dugc sinh boi cac van pham sau:

a). G1 = <{a, b}, {S}, S, {S— aSh, S— ab}>.

b). G2 =<{a, b}, {S, A, B}, S, {S—> AB, A—> aAa, B—> bBb, A— a, B— b}>.
7. Hay xay dung cac otomat day xudng doan nhan cac ngodn ngit sau:

a) L = {a"o?®" | n>0}.

b) L = {wco® | we {0,1}", ki hiéu R chi xau nguoc cua xau o}
8. Hay xay dung cac otomat day xudng dodn nhan cac ngon ngir sau:

a) L = {a*"b" | n>0}.

b) L = {oc?oR | we {0,1}", ki hidu oR chi x4u ngugc clia xau m}

9. Hay xdy dung otomat day xudng doan nhan ngdn ngir L gdm cac tir e
{0,1}'ma co6 sd ky hiéu ‘1’ dung bang sé ky hiéu ‘0’. (Chang han 01001101e L,
01001110€ L nhung 10011¢ L)

10. Hay xdy dung otomat ddy xudéng doan nhin ngdén ngit L gdm cac tir oe
{0,1}'ma v6i moi tién t6 ciia o, cd s6 ky hiéu ‘1> khong vuot qua sb ky hiéu 0.
(Chang han 01001101 € L, nhung 01001110¢ L).

11. Cho otomat day xudng M = <{q}, {i, e}, {X,Z}, 8, q, Z>, v6i ham chuyén cho
bai cac cong thire: 8(q, 1, Z) = {(q, XZ)}, 8(q, e, X) = {(q, &)} and (q, &, Z) ={(q, &)}

Ap dung dinh 1y 4.10, hily xay dung van pham phi ngit canh G sao cho L(G) = N(M).
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