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Pratt parsing (pratt 1973)
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A
E + E

T*T
Num

L 20 R 4
_l

— < m

A73

complete

mm— - — -

L TR T S T

— m m m m

L 2B SEU S .

m m
— <4 m+ +
+

scan — complete — predict

m - m. m

*
-

[ Cesl
[Dgs]
[3es]
[€c6]
[dg6 ]
[ Ceel

AN A S
Rjoi  Bii Bl E



SGE

E->E + E .
scan — complete — predict
E->T
T>T*T
T - Num
g E» E+ + E
by: E=» - E + E
AN

dgg: T > Num [Ces] 8eo: E > E + E [ Dog ]
DT NRa G R s B ENRE [a¢]
Hallikninit [3eg] 149t E> E - + E [by,]
deo: T > T * T [ege] Jog: E> E + E [304]
€t E > T [dee]
foo: E>E - + E [cgl

complete



SGE

— < m

L 20 R 4
_l

mm— - — -

L TR T S T

scan — complete — predict

[ Cesl
[Dgs]
[3es]
[€c6]
[dg6 ]
[ Ceel

* 5
Beo: E > E
h,g: E > E
it E = E
Jeo: E > E
Kgg: E » E

complete

+ +

-+ .

E [ Dos ]
E [a¢]
+ E [by,]
E [304]
+ E [age]



SGE

— < m

A7]

L 20 R 4

E + E

T*T
Num

mm — - — -

L R R 2

scan — complete — predict

[ Cesl
[Dgs]
[3es]
[€c6]
[dg6 ]
[Ceel

m rm m Im Im

D 2 R T

m rm rm rm [Tl

+ +

4+ .

E [ Dos ]
E [a46]
+ E [by,]
E [3e4]
+ E [age]



Earley parsing (eariey 1968)

o [RIBBYIC(T LR parsing &@LU
» scan = shift, complete = reduce
> predict (& LR TREA—FVY RVERKEIICITDTLS

« XEALUEBRTEEXXRTE(XIFR U (Norvig 1991
« BEN
> StEE2 : O(n3d)
> 5352 : Context-free language

> 3% : Context-free grammar



CYK algOrithm [Cocke 1969, Younger 1967, Kasami 1965]

PATT
- BIBVETEE
* Nn~n+tk BEBEDHDFTIEXAZIZEL TN
« ChomskyfEXERZ D ICED IR

[ Chomsky 1Z#EF ] -
LUF O DB UDFFTZIR0Y -
>A > BC
> A > 2
>»S > €




A7

A

E E,
E E,
TT,
TT,
TT,

L 2R R A

—Il_\I'I'I—II'I'ILnI'I'IVW

=
= =
=

N
— m

S > Num
E -» Num
T - Num
N, » +

N, » *



A7

— 4 m m Wn

L 2R N R

E + E

T*T
Num

A

E E,
E E,
TT,
TT,
TT,

L 2R R A

=

| m 4 m " m n
=

,_\
vy J
NZZ
— m

S > Num
E -» Num
T - Num
N, » +

N, » *



A7]

T,E,S

T,E,S

T,E,S

T,E,S

A

E E,
E E,
TT,
TT,
TT,

L 2R R A

=

| m 4 m " m n
=

H
vy J
NZZ
— m

S - Num
E - Num
T - Num

N, » +



A7]

T,E,S

T,E,S

T,E,S
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A7]

T,E,S

T,E,S
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A7]

T,E,S

T,E,S
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A7]

T,E,S
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A7]

188



A7]

189



A7]

Tl
T,E,S -
N2 Tl
T,E,S
3 * 4

190



A7]

T,E,S - E,S
« -
T,E,S -
i -
T,E,S
1 + 2 * 3

191



A7]

192



A7]

T,E,S

E,S

T,E,S

- T,E,S
- [l -
T,E,S -
. -
T,E,S
* 3 * 4

193



AR

194



A7]

- T,E,S
T,E,S
& 3

195



A7]

T,E,S

T,E,S
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A7]

T,E,S

E,S

T,E,S

Nz T1 -
T,E,S - T,E,S
T,E,S
% 3 * 4
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A7]

T,E,S

E,S

T,E,S

198



A7]

199



A7]

T,E,S

E,S

T,E,S

- E,S
- T,E,S -
Nz T1 - T1
T,E,S - T,E,S
T,E,S
* 3 * 4

200



A7]

T,E,S

E,S

T,E,S
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A7]

T,E,S

E,S

T,E,S

- E, -
- T,E,S - T,E,S
N, T - T,
T,E,S - T,E,S
. -
T,E,S
* 3 * 4
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A7]

T,E,S

E,S

T,E,S

T,E,S -
Tl -
T,E,S -
N2

3 *
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A7]

T,E,S

E,S

T,E,S

P75
S > EE

L 2 R
—
-]
=

204



CYK a|gOrithm [Cocke 1969, Younger 1967, Kasami 1965]

« (FEDCFGIEChomskyiZ#ER(C BENEHATIAE

- STRIBF(EXZEE0JEE
> EDSIEFEICETE I B & Earley parsing &(ZEE U
* BEA
» 58 E : O(nd)
> =55 : Context-free language

> 3% : Context-free grammar (ChomskytiZ#4EH2)



Valiant parsing (vaiiant 1975]

AT T
« CYKDRZTIEMART EARERRBIREIC
» THIBZEWVRD SIFNENICERT S



HEEEE HE
ol % Mg+
HE

207



INSHELERBRBIFAHRERD S

- /

208



x

209



EE_ o EE
—

g
H EBOTE R

EEss NS Ezes  EEES
EE o EE_ .|. "= NEE
i S

210



ENEN EEEZE EZEE B
BE g BE 4 B =
" T e

+

wtd R
/|

ENEN EEZN EZEN  EEES
BE g BE 4 B =
" Em

211



lllx

+

212



INSHEULESRL

213



o ENEE

x.

214









X3

JRINE



A, % X, + A, % X; + X, % B,

+



Cy



x + 2 4 + =
A, X, Xy X, X, B, c, C, X, X,
A 8 X + X x B + C = X
A, % X, + X, % B + ¢ = X

=t G, = A % X5 + (



A, 8 X, + X; % B, + X, ® B,

+ C,

221



C,



x + 2 4 + =
A, X, Xy X, X, B, c, C, X, X,
A 8 X + X x B + C = X
A, % X, + X, ® B + ¢ = X,

=r A C4| = X; % B, + C,



AL 8 X, + A % X, +
X, 8 B, + X, % B; + C,

224



C,

2 3
+
|

2 3
o
+
0

|

X,

A, ® X, + X, 8 B, + C,

225



A2
%

A3
A X
A, X

JRINE

C,

2 3
+
|

2 3
o
+
0

|

X,

A, ® X, + X, 8 B, + C,
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Valiant parsing (vaiiant 1975)

« BICEHF D& boolean 1TAEICES 3

« STEEDTRZRI HDTHDERBITIEAL
- BEND

> 582 : O(nP) (2 < p < 3, boolean 1TAEDETES)
>

=358 : Context-free language
> 3F : Context-free grammar (ChomskytR#EF7)
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LL(k) parsing [Sippu 1979]
- FEESTREILLEONDD, KIEHIEFA LB
- k> 1 DOFEEEEEMICEDIRL

Packrat parsing [Ford 2002]

o THRRBNEBITREZRD
- BRRUZEHLLLWTOISI VI SEOBXEMICET S

Packrat parsing with left recursion [Warth 2008]
- ERRBEOEZRZD KIS ICHRLIEED

GLL parsing [Scott 2010]
« TRZHEXETT CFG & O(n3) TEITI 2F&

Adaptive LL(*) parsing [Parr 2014]
e LL(k) D71 T 7P =EE®D CFG [TER



LL(K) parsing isippu 1979

PATT7
« DIENBHDEEF k XFEXTEGHGEHLUTROD
o AL (I LL(K) parsing



AA: abba

SGA

> > hnh
L 2R 2K N
m O O Q©

Cc Q

> >
c w

Qv QD



A : abba

LL(2)30%
Ok
S »>aaAaa
S->abAba
A->Db
A -> €



A : abba

actions
[S] aa » [a][aa][aaA][aaAa][aaAaa] | aa
ST | ab » [a][ab][abA][abAb][abAba] | ab
[aaA] aa - | aa
[aaA] | ba » [aab] | ba
[ abA ] ba » | ba
[abA] bb > [abb] | bb




A : abba

actions
[S]
[S]
[aaA]
[aaA ]
[ abA ]
[ abA]

WETEL
Xyl =z -y x RAYYD

aa » [a][aa][aaA][aaAa][aaAaa] | aa
ab » [a][ab][abA][abAb][abAba] | ab

aa » | aa
ba > [aab] | ba
ba » | ba

bb - [abb] | bb

oun

clt



[S] | abba

actions
[S] aa » [a][aa][aaA][aaAa][aaAaa] | aa
ST | ab » [a][ab][abA][abAb][abAba] | ab
[aaA] aa - | aa
[aaA] | ba » [aab] | ba
[ abA ] ba » | ba
[abA] bb > [abb] | bb




[S] | abba

A
—
actioms
:QJ aa » [a][aa][aaA][aaAa][aalhaa] | aa
'ST | ab » [a][ab][abA][abAb][abAba] | ab
[aaA] aa » | aa
[aaA] | ba » [aab] | ba
[ abA ] ba » | ba
[abA] bb > [abb] | bb

238



[S] | abba
> [a][ab][abA][abAb][abAba] | abba

actions
[S] aa » [a][aa][aaA][aaAa][aaAaa] | aa
ST | ab » [a][ab][abA][abAb][abAba] | ab
[aaA] aa - | aa
[aaA] | ba » [aab] | ba
[ abA ] ba » | ba
[abA] bb > [abb] | bb




[S] | abba
> [a][ab][abA][abAb][abAba] | abba

y

actions
[S] aa » [a][aa][aaA][aaAa][aaAaa] | aa
'S] | ab » [a][ab][abA][abAb][abAba] | ab
[aaA] aa - | aa
[aaA] | ba » [aab] | ba
[ abA ] ba » | ba
[abA] bb > [abb] | bb




[S] abba
> [a][ab][abA][abAb][abAba] | abba
- [a][ab][abA][abAb] | bba

actions
[S] aa » [a][aa][aaA][aaAa][aaAaa] | aa
ST | ab » [a][ab][abA][abAb][abAba] | ab
[aaA] aa - | aa
[aaA] | ba » [aab] | ba
[ abA ] ba » | ba
[abA] bb > [abb] | bb




[S] abba
> [a][ab][abA][abAb][abAba] | abba
- [a][ab][abA][abAb] | bba

\/

actions
[S] aa » [a][aa][aaA][aaAa][aaAaa] | aa
ST | ab » [a][ab][abA][abAb][abAba] | ab
[aaA] aa - | aa
[aaA] | ba » [aab] | ba
[ abA] ba » | ba
[abA] bb > [abb] | bb




[S] abba
> [a][ab][abA][abAb][abAba] | abba

- [a][ab][abA][abAb] | bba

> [a][ab][abA] | ba

actions
[S] aa » [a][aa][aaA][aaAa][aaAaa] | aa
ST | ab » [a][ab][abA][abAb][abAba] | ab
[aaA] aa - | aa
[aaA] | ba » [aab] | ba
[ abA] ba » | ba
[abA] bb > [abb] | bb




[s1 |

abba
a][ab]
a][ab]
a][ab]

][ abA]
[abA’
[abA]

[abAb][abAba] | abba
[abAb] | bba
| ba

][aa][aaA][aaAa][aaAaa] | aa
][ab][abA][abAb][abAba] | ab
aa

aab] | ba

ba

[abb] | bb

244



[S] abba

L 2R 2

O v Y QL

actions
[S]
[S]
[aaA]
[aaA ]
[ abA ]
[ abA]

][ab]
][ab]
][ab]

][abA][abAb][abAba] | abba
[abA][abAb] | bba
[abA] | ba
| ba

aa » [a][aa][aaA][aaAa][aaAaa] | aa
ab » [a][ab][abA][abAb][abAba] | ab
aa - | aa

ba > [aab] | ba

ba » | ba

bb > [abb] | bb




[abAb][abAba] | abba
[abAb] | bba
| ba

[aa][aaA][aaAa][aaAaa] | aa

[S] abba
> [a][ab][abA]
> [a][ab][abA]
> [a][ab][abA]
- :a::ag\\)/fa
_iﬁz
actions
[S] | aa » [a]
[S] | ab » [a]
[aaA] aa -
[aaA ] ba -
[ abA] ba -
abA] | bb >

[ab][abA][abAb][abAba] | ab
aa

aab] | ba
ba

'abb] | bb



[S] abba

> [a][ab][abA][abAb][abAba] | abba

- [a][ab][abA][abAb] | bba

> [a][ab][abA] | ba

> [a][ab] | ba

> [a] | a

actions

[S] aa » [a][aa][aaA][aaAa][aaAaa] | aa
ST | ab » [a][ab][abA][abAb][abAba] | ab
[aaA] aa - | aa
[aaA] | ba » [aab] | ba
[ abA] ba » | ba
'abA] | bb > [abb] | bb




[S] abba
> [a][ab][abA][abAb][abAba] | abba
- [a][ab][abA][abAb] | bba
> [a][ab][abA] | ba
> [a][ab] | ba
Ly
—E
actions
[S] aa » [a][aa][aaA][aaAa][aaAaa] | aa
ST | ab » [a][ab][abA][abAb][abAba] | ab
[aaA] aa -» | aa
[aaA] | ba » [aab] | ba
[ abA ] ba » ba
'abA] | bb > [abb] | bb




[S] abba

][ab][abA][abAb][abAba] | abba
][ab][abA][abAb] | bba
[ab][abA] | ba

][ab] | ba

R R AR
Y Yo v o

Q)

C

actions
[S] aa » [a][aa][aaA][aaAa][aaAaa] | aa
ST | ab » [a][ab][abA][abAb][abAba] | ab
[aaA] aa - | aa
[aaA] | ba » [aab] | ba
[ abA] ba » | ba
[abA] bb > [abb] | bb




LL(K) parsing isippu 1979

« LR &[@ERIC SLL(k), LALL(K), LL(k) D FTE

> SLL(K) [Rosenkrantz 1969] (F5E5EA (CRIXARZ ZE LR L)
- FEESOBEXEEMTES (EKIE SLL(K)

> SLL(1) = LALL(1) = LL(T1)

> ER®D LL(K) 3CEIF SLL(K) SCEICER ol
- BEND

> 5tEE : O(n)

> =52 : LL(k) language

> & : SLL(k), LALL(k), LL(k)




Packrat parsing (rord 2002)

ﬂbF‘fﬁﬁAu (X U T X EIiERZE—DI(CRODSD
- XELBIF

* BIR31F: en.wikipedia.org/wiki/Pack_rat 251



SGE

— < m m

L 20 R %

T + E

Num * T
Num
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SGE

— —~ m m

L 2B R 4

T + E

Num * T
Num
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SGE

— —~ m m

L 2R R R %

T + E

Num * T
Num
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SGE

— < m m

L 20 R %

T + E

Num * T
Num
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SGE

— < m m

L 20 R %

T + E

Num * T
Num
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SGE

— < m m

L 20 R %

T + E

Num * T
Num
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SGE

— < m m

L 20 R %

T + E

Num * T
Num
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SGE

— —~ m m

0: T E
0: Num 2: T
2: Num
> T + E
> T 1 *
> Num * T A
-> Num
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SGE

— < m m

0: T E
©: Num * 2: T
2: Num
~3: 2
> T + E
> T 1 %
> Num * T
-> Num
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SGE

— < m m

0: T E
©: Num * 2: T
2: Num
~3: 2
> T + E
> T 1 *
> Num * T
-> Num
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SGE

— < m m

0: E

0: T E

Q: Num Sk 2: T

2: Num L
~3: 2 ‘ %ﬁ%&\

> T + E
> T 1 * 2 + 3 4+
> Num * T A
-> Num

SGE

— < m m

L 2R R 4

T + E

Num *
Num

T
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SGE

— < m m

L 20 R %

T + E

Num * T
Num

INVORTYILT
A DFERZZEET

2: Num

357
EoTHL
* 5 $
AN
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SGE

— —~ m m

2 Num

0: T + E
| —2
Q: Num Logio¥ 2: T
2: Num

> T + E
> T 1 * 2 + 3 + 4 * 5 $
> Num * T A Ah
- Num
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SGE

— < m m

0: T E
Q: Num * 2: T
2: Num
BHA
~3: 2
> T + E
> T 1 %
> Num * T
-> Num
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SGE

— < m m

L 20 R %

T + E

Num * T
Num

EHoTHL

2 Num

266




SGE

— < m m

L 20 R %

T + E

Num * T
Num
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SGE

— < m m

L 20 R %

T + E

Num * T
Num
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SGE

— < m m

b 4V

T + E

Num * T
Num
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SGE

— 4 m

L 2B R 4

T + E

Num * T
Num
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SGE

— 4 m

b 4V

T + E

Num * T
Num
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SGE

— < m m

4. T +
4: Num Gk
‘ %ﬁ%&\
> T + E
> T 1
> Num * T
-> Num
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SGE

— < m

b 4V

T + E

Num * T
Num
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SGE

— 4 m

bl

T + E

Num * T
Num

A7]
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SGE

— < m

b 4V

T + E

Num * T
Num
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SGE

— < m

b 4V

T + E

Num * T
Num
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SGE

— 4 m

L 2B R 4
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SGE

— < m

b 4V
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SGE

— < m

b 4V

279




SOE
E

E -
T > Num * T

8: Num

T -> Num
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3: *
0: Num
1: *
2: T
4: Num
By %

SGE
E « T
E. 8
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6: T +
. 6: Num Jofiia ¥ :
E T '
E - 8: Num 9. *
T-> Num * T
T - Num

AR R

282




SGE

— < m

b 4V

283




SGE
E « T
E. 8

284




SGE

— < m

0: E
0: T o+ :
4: T +

6: T

6: Num *
> T + E 9
> T T
> Num * T
-> Num
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TE .

E
E - 1

T > Num * T

T -> Num

286




SGE

— < m

6: T 9: +
FEMTREL
\_
> T + E
> T
- Num * T
- Num
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SGE

— < m

b 4V

T + E

Num * T
Num

6: Num 2 Num
F bt 3: *
8: T 0: Num
6: T 1: *
9: + 2: T

4: Num
By %
8: Num
9 %

+ 4 5 $
A AS
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TE .

E
E =

T > Num * T

T -> Num

6: Num 2: Num
F bt 3: *
8: T 0: Num

1: *
9: + 2: T
4: Num
By %
8: Num
9 %
+ 4 5 %
EN:
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SGE

— < m

b 4V

T + E

Num * T
Num

6: Num 2 Num
F bt 3: *
8: T 0: Num
6: T 1: *
9: + 2: T

4: Num
By %
8: Num
9 %
+ 4 5 $
EN:
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SGE

— < m

b 4V

T + E

Num * T
Num

6: Num 2: Num
Tk 35 7
8: T 0: Num
6: T 1: *
9: + 2: T
4: T 4: Num
5: + S
6: E 8: Num

i
+ 4 5 %
S
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SGE

— < m

b 4V

T + E

Num * T
Num

6: Num 2: Num
Tk 35 7
8: T 0: Num
6: T 1: *
9: + 2: T
4: T 4: Num
5: + S
6: E 8: Num
0: T i

+ 4 5 %

S

292




Packrat parsing (rord 2002)

« SLL(k) Tk 20 UTcEBDEMHZED
> Xz ESE U TEREGM U THIRZ—DISRET B
> A5 HDDAEC—DICREDESZAINERL
> LL(*) (Parr 2011] (XTJ8E7R S SLL(K) THIXTHHD

« BIBVETIEBNE TH RIRDEREMT(E 0T BE
> ANDEBHSIBEICTZE > TERZED
« BEND
> 5T8RE : O(n)
> =558 : Parsing expression language
> & : Parsing expression grammar



Packrat parsing with left recursion warth 2008

AT T
« BXARITP (CEBIRIRE
. EBEREBIEIMRUABIETROELERA

0




SGE

— —| m m

A73

L 2 ZER R 4

E + T

T * Num
Num

BEVETEIEN— X TEBAT D,
TRSBXETESZAEVDHD ?



SGE

— —| m m

A7]

L 2 ZER R 4

E + T

T * Num
Num

RImsCS -

FERInECS -
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SGE

— —| m m

A7]

L 2 ZER R 4

E + T

T * Num
Num

imseS

FERImEC S

5 %
+ 7L
RN
Num: 75U

T
E

ANEFHD
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SGE

— — m m

A7]

A R

E + T

T * Num
Num

MoEERD

imseS

FERImEC S

AN
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SGE

— — m m

A7]

L R e 4

E + T

T * Num
Num

XoEERD

RImsCS -

FERInECS -

A
A
AN

A
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SGE

— —| m m

A7]

L 2 ZER R 4

E + T

T * Num
Num



SGE

— —| m m

A7]

L 2 ZER R 4

E + T
T
T * Num
Num
ANZERD
1 o $
AW
* 73 U
Num: 5
T



SGE

- — m m

A7]

A R

E + T

T * Num
Num

XMEERD

+

Num:

b

T

L
L
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SGE

- — m m

A7]

L R e 4

E + T

T * Num
Num

XoEERD

+

Num:

T
E

b
wab

L
L
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SGE

— —| m m

A73

L 2 ZER R 4

E + T

T * Num
Num

55— EXEERD

SBFTA]

Num:

b

T
E



SGE

— —| m m

A7]

L 2 ZER R 4

E + T

T * Num
Num



SGE

— —| m m

A7]

L 2 ZER R 4
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