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Tac gia Jay Earley

Duoc gi¢i thiéu nim 1968 béi
Jay Earley (nha khoa hoc may @+
tinh va tdm 1y hoc, ngudi My)
= Cong trinh vé phan tich van
pham dugc danh gia la mot
trong 25 bai bao xuat sac nhat
cua tap chi “Communications
of the 4.C.M " trong 1/4 thé ky
= Earley noi tiéng hon trong
nganh tam ly hoc lam sang,
chuyén vé tri liéu nhom, tac
g1a cua Pattern System
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Phan 2
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Y tuong: automat tién thang

Thuat toan Earley cu thé hda mét automat tuyén tinh
khong quay lui (di thang, tir trai qua phai)

" Trang thai cua automat: tap hO’p cac b0 quan sat, mot bo
quan sat thuc chat 1a mot bién ghi nhan qua trinh dién
tién cta viéc phan tich vin pham trong mot tinh huong
cu thé nao d6

= Khi nhén ki hiéu dau vao, automat thuc hién viéc cap
nhat cac by quan sat dé xac dinh xem qua trinh phan tich
da dén dau

= Két qua o budc cudi cung cho biét automat doan nhan
dugc nhitng gi
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Y tudng: bo quan sat

= Xét chudi vao w = WyW,... W, ,

* Thuat toan st dung mot automat xu ly tu trai sang
phai (tor w, sang dén w, )

= Thuat toan st dung dau cham dé ngan giita 2 phan
cua luat sinh trong qua trinh ap dung luat do

= Noi cach khac, khi viet A—>a ¢ B, ta hiéu phan o di phan
tich xong, con phan B thi chua

= M0t bd quan sat [A—a ¢ B3, 1] cO nghia dang xu 1y

luat A—a B tu vi tri w; tro di
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Y tudng: tip cac bo quan sat

= Khi automat xét dén ki hiéu w,., c6 thé c6 nhiéu
phuong 4n phan tich khac nhau, tat ca cac phuong
an nay déu duoc luu lai dé sir dung trong cac budc
tinh toan tiép theo
= Tap hop S(m): tap cac bd quan sat dirng tai vi tri m
= Nhu vy, néu [A—a ¢ B, i] thudc S(m) co6 nghia 1a day

WW.,,...w,._, dugc doan nhan bdi phan o trong luit sinh
A—a -

= Thuit toan can phai sinh moi thanh phan trong S(m)
trudc khi chuyén sang ki hiéu w,,

TRUONG XUAN NAM 8



Y tudng: qua trinh tinh toan

= Thuit toan s& tinh lan lugt S(0), S(1),..., S(n)

= Pé dé dang thuc hién thuat toan, thuat toan bo sung

luat P—S vao tap luat (goi 1a start rule) va bo sung

bo [P—+ S, 0] vao S(0)

= Khi nhan ki hi¢u w,,,, automat s¢ bo sung vao S(m)
cac bo quan sat phu hgp, qua trinh tinh S(m) dung
khi khong con bd quan sat nao cé thé thém vao

= Sau khi tinh xong S(n), néu bo [P—S «, 0] thuodc
S(n) c6 nghia 1a day wyw,...w,_, c6 theé sinh b1 S
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Y tudng: 3 1énh co ban

1.

Prediction (du doan): vd1i moi bd [X—a Y B, |]
thudc S(k), ta tim mo1 luat sinh dang Y—vy va bo
sung bo [Y—e v, K] vao S(k)

Scanning (xét duyét): véi ki hiéu két thiic a = w,,
tim mo1 by [X—a ¢ a B, j] thuoc S(k), bd sung vao
S(k+1) bo [X—>a a - [, |]

Completion (hoan thanh): véi moi by [X—vy e, |]
thudc S(k), tim trong S(j) moi bo [Y—a ¢ X [, 1],
bo sung [Y—o X ¢ B, 1] vao S(K)
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Phan 3
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X

Ma minh hoa: ham chinh

function EARLEY-PARSE(words, grammar)
ENQUEUE((y - S, @), chart[@])
for i « from © to LENGTH(words) do
for each state in chart[i] do
if INCOMPLETE?(state) then
if NEXT-CAT(state) is a nonterminal then
PREDICTOR(state, i, grammar)
else do
SCANNER(state, 1)
else do
COMPLETER(state, 1)
end
end
return chart

TRUONG XUAN NAM 12



Ma minh hoa: 3 1énh co ban

X

procedure PREDICTOR((A - aeB, 1), j, grammar)
for each (B » y) in GRAMMAR-RULES-FOR(B, grammar) do
ADD-TO-SET((B > ey, j), chart[j])
end

procedure SCANNER((A - aeB, i), j)
if B c PARTS-OF-SPEECH(word[j]) then
ADD-TO-SET((B » word[j], 1), chart[]j + 1])
end

procedure COMPLETER((B - ye, j), k)
for each (A » aeBB, i) in chart[j] do
ADD-TO-SET((A » aBef3, i), chart[k])
end
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Phan 4
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Thuat toan Earley: vi du

BO luat:
P—> S // start rule
S>S+M| M
M—>M*T
T>1|2]|3] 4

Chuéi w =2 + 3 * 4
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Thuat toan Earley: vi du

S(@): ¢ 2 + 3 * 4

(1) P> eS (0) # start rule

(2) S>eeS+M (0) # predict tu (1)
(3) S>eeM (0) # predict tur (1)
(4) M> e M*T (0) # predict tur (3)
(5) M> T (0) # predict tur (3)

(6) T > e number (0) # predict tur (5)
S(1): 2 e + 3 * 4
(1) T - number e (0) # scan tu S(0)(6)

(2) M>T e (0) # complete tu (1) va S(0)(5)
(3) M>Me *T (0) # complete tu (2) va S(0)(4)
(4) S->Me (0) # complete tur (2) va S(0)(3)
(5) S>S e+ M (0) # complete tu (4) va S(0)(2)
(6) P~>S e (0) # complete tu (4) va S(0)(1)
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Thuat toan Earley: vi du

X

S(1): 2 ¢ + 3 * 4
(1) T > number e
(2) M>Te
(3) M>Me *T
(4) S> Mo
(5 S>Se+M
(6) P~>S e

S(2): 2+ e 3 * 4
(1) S=>S+ M
(2) M>eM*T
(3) M> T
(4) T > e number

(@)
(@)
(0)
(@)
(@)
()

()
(2)
(2)
(2)

# scan tu S(0)(6)

# complete tur (1) va S(0)(5)
# complete tu (2) va S(0)(4)
# complete tu (2) va S(0)(3)
# complete tu (4) va S(0)(2)
# complete tu (4) va S(0)(1)

# scan tu S(1)(5)
# predict tur (1)
# predict tu (1)
# predict tur (3)
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Thuat toan Earley: vi du

X

S(2): 2+ e 3 * 4

(1)
(2)
(3)

(4) T > e number
S(3): 2+ 3 e *4

(1)
(2)
(3)
(4)
(5)
(6)

S>S+ M
M>eM*T
M-> e T

T - number e
M->T e
M>Me *T
S>S + Mo
S>S e+ M
P->S o

(@)
(2)
(2)
(2)

(2)
(2)
(2)
(@)
(@)
(@)

# scan tu S(1)(5)
# predict tr (1)
# predict tur (1)
# predict tur (3)

# scan tu S(2)(4)

# complete tu (1) va S(2)(3)
# complete tu (2) va S(2)(2)
# complete tur (2) va S(2)(1)
# complete tur (4) va S(0)(2)
# complete tu (4) va S(0)(1)
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Thuat toan Earley: vi du

X

S(3): 2+ 3 e *4

(1)
(2)
(3)
(4)
(5)
(6)

S(4): 2+ 3 * e 4

(1)
(2)

T - number e
M->T e
M>Me *T
S>S + Mo
S->S e+ M
P->S e

M>M*eT
T » e number

(2)
(2)
(2)
(@)
(@)
(0)

(2)
(4)

# scan tu S(2)(4)

# complete tu (1) va S(2)(3)
# complete tu (2) va S(2)(2)
# complete tu (2) va S(2)(1)
# complete tu (4) va S(0)(2)
# complete tu (4) va S(0)(1)

# scan tu S(3)(3)
# predict tur (1)
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Thuat toan Earley: vi du

S(4): 2+ 3 * e 4
(1) M>M* e T (2) # scan tu S(3)(3)
(2) T > e number (4) # predict tur (1)

S(5): 2+ 3 *4 e
(1) T - number e (4) # scan tu S(4)(2)
(2) M>M*Te (2) # complete tur (1) va S(4)(1)
(3) M>Me *T (2) # complete tu (2) va S(2)(2)
(4) S>S +Me (0) # complete tur (2) va S(2)(1)
(5) S>S e+ M (0) # complete tu (4) va S(0)(2)
(6) P->S e (0) # complete tUr (4) va S(0)(1)

BO [P » S e, 0] thudc S(5), nhu vdy cé thé két luan
chudi w dugc suy dan tu P
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Phan 5

Danh gia thuat toan

TRUONG XUAN NAM

&

21



Panh gia chung

= Nhiéu phién ban cai dat sau nay co stra do6i chut it
so v6i thuat toan goc (thuat toan dugc gidi thi¢u
trong slide nay ciling khong phai thuat toan goc)

= La mot su két hop thong minh cia 3 trudng phai
= Tiép can top-down (budc prediction)
= Tiép can bottom-up (budc scanning va completion)
= Quy hoach dong (luu lai trang thai dé dung lai)
= Khong b1 han ché vin pham dau vao
= Do la top-down nén khong bi han ché béi suy dan rong
= Dung quy hoach dong khong bi han ché bai ky hiéu dé
quy (hoac dé quy trai)
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D0 phure tap tinh toan

= Lam viéc truc tiép vo1 luat dang CFG: khong can
phai tach thanh cac luat chuan chomsky, vi vay kich
coO tap luat khong qua 16n

= Trong tinh hudng tong quat: c6 do phurc tap tinh
toan O(n3) vdin 1a d6 dai chuoi vao

= Néu van pham khong c6 nhap nhang: d6 phc tap
tinh toan c& O(n?)

= Néu vin pham don gian (dang LL, LR,...): dd phtrc
tap can tuyén tinh ~O(n)

= Thuc hién dic biét tdt néu van pham d¢ quy trai
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Phan 6

Bai tap
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Bai tap

1.

Chi ra két qua cac bwdc thue hién thuit toan Earley
v&i w = aaabbb va van pham G sau:

S > AB | XB X > AT

T > AB | XB A— a B—-b

Chi ra két qua cac bwdc thue hién thuét toan Earley
v w = abaab va van pham G sau:
So>AA| AS | b A>SA| AS | a

Chi ra két qua cac bwdc thue hién thuit toan Earley
vl w = axaxyby va van pham G sau:
SH>aXY|aX¥YbyVy

X > x Y>S|y
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