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Basic Notions

Ar,. Ay

Inference Rule: =

< stde conditions on A,,..., A, B >

Derivation of a formula B from assumption A;,... A,,:

a sequence of formulas 5, ...,.5, such that
B=25,, and
for each §;

either S; is one of the A,
| or S; is an instance of an axiom A; ]

or there is a rule of inference IR and the formulas 5;,,...,5;,

with 1,...,7; <1 such that
| for appropriate substitutions of terms for the meta-
variables in R |

Siys - - -, 9;, match the antecedents of the rule,
S; matches the consequent,
and the rule’s side conditions are satisfied.

Notation: A,,..., A, E B.




The CYK deductive parsing system

e Item form: [A, i, /]
e Axioms: [A,i,i+ 1] if A — w;
e Goals: [S,0,n]

e Inference rules: [B’ifﬁi[g]’j’k] if A—- BC(C
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OptRel

L A

An example CFG

NP VP Det
Det N OptRel N
PN PN
TV NP 1V
1V TV
RelPro VP RelPro

€

bbbl

a
lindy
Trip
swings
dances
that




Pure Bottom-up (Shift-Reduce) Parsing

e Item form: |«e, j
e Axioms: |e 0]

e Goals: |Se, n]

e Inference rules:

Shift: —®J]

[awj+1.7j+1]

Reduce: —[E‘;:’é]]

3 [ ] . [ ] *
e Invariant: |[ae,j|: aw;i;...w, =" wy ... w,.

it B — 1~
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Example: bottom-up parsing

a lindy swings

o0

ae, 1]

Dete, 1]

Det lindye, 2|
Det Ne, 2]
‘Det N OptReles, 2]
N Pe 2|

NP swingse, 3|
NP IVe, 3]
NP VPe,3]

| Se., 3]

AXIOM

SHIFT from 1
REDUCE from 2
SHIFT from 3
REDUCE from 4
REDUCE from 5
REDUCE from 6
SHIFT from 7
REDUCE from 8
REDUCE from 9
REDUCE from 10




Pure Top-down (Recursive Descent) Parsing

e Item form: [e( j]
e Axioms: [eS5, (]
e Goals: [e n]

e Inference rules:

[.wj-i-lﬁaj]
0f3,5+1

Scanning:

Prediction: [: 57 if B— 1~

e Invariant: [ef3, j]: S =" w;...w;f.
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Example: top-down parsing

a lindy swings

0S5, 0] AXIOM

eNP VP,( PREDICT from 1
eDet N OptRel VP,0] PREDICT from 2
ea N OptRel VP,0| PREDICT from 3

oN OptRel VP, 1] SCAN from 4
olindy OptRel VP,1| PREDICT from 5
eOptRel VP, 2| SCAN from 6
o VP, 2 PREDICT from 7
o1V, 2] PREDICT from 8
leswings, 2| PREDICT from 9

o, 3] SCAN from 10




Earley Parsing |1970] as Deduction

e Item form: [i,A — a e[, ]
e Axioms: (0,5 — oS, 0] (where S’ is a new nonterminal)
e Goals: [0,5 — Se n]

e Inference rules:
[i,A->(X"lUj+1B,j]
7:714_>Ozle—|-1 .67.7+1]
[i,A—«aeBg,j]
[j,B—ev,j]

[i,A—aeBp,k|[k,B—~e,j]
[i,A—aBef,j]

Scanning: |

Prediction: if B — ~

Completion:
e Invariant: [i,A — a e[, j]:

S = wy...w;A,
*
AWjit - . Wy =" Witq - .- Wy
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Example: Earley parsing

a lindy swings

0,5 — Se 0] AXIOM

0,5" — eNP VP,(] PREDICT from 1

0, NP — eDet N OptRel,0] PREDICT from 2

0, Det — ea, 0] PREDICT from 3

0, Det — ae, 1] SCAN from 4

0, NP — Det ¢ N OptRel 1] COMPLETE from 3 and 5
1, N — elindy, 1] PREDICT from 6

1, N — lindye, 2] SCAN from 7

0, NP — Det N o OptRel,2] COMPLETE from 6 and 8
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Example: Earley parsing (cont’d)

2, OptRel — o 2] PREDICT from 9

0, NP — Det N OptRele,2] COMPLETE from 9 and 10
0,S— NP e VP,2] COMPLETE from 2 and 11
2, VP — oIV 2] PREDICT from 12

2, IV — eswings, 2] PREDICT from 13

2, IV — swingse, 3| SCAN from 14

2, VP — IVe 3] COMPLETE from 13 and 15
0,S — NP VPe 3] COMPLETE from 12 and 16
0,5 — Se, 3] COMPLETE from 1 and 17
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Head-Corner Parsing

Sample Grammar: S — NP xVP
VP — xv NP
NP — det *noun

Items: |[[,r, A : predict items, or goals
l,r,A; B — a.3.7,i,j] : head-corner (HC) items
a,7—1,7] : terminal items

Head-corner relation:
>, on N x (VU{e}) defined by:

A >, U if there is p= A — o € P with U the head of p.

>3 1s the reflexive and transitive closure of >;.
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Deductive Head-Corner Parsing

pinat = {[$,n,n+ 1] - [0,n, S]}
pHC(a)  — 111 v Al [b,j —1,5]F [l,r,A: B — a.by,j—1,4]}
pHC(A)  —(1.r A: C — 5.,ij]F [I,r, A, B— a.Cv,i, ]}
pHC(€) (i v AlF[l,r, A; B — .., j, 4]}
plPred ={ll,r, A; B— aC.By,14,5] F [1,1,C]}
prPred — _ (1 v A, B — a.8.Cv,i, 5] F [j,r,C]}
plScan ={la,j— 1,7,[l,7, A; B — aa.B.7,j,k| F

l,r,A; B — a.af.y,j — 1,k|}
prSean  _ (1 v A: B — a.B.av,i, 4], [a, 5,5+ 1] F

1, A; B — a.fa.y,i,5 + 1]}
ptCompl  _ (1 5 C: C — 5.4, 4],[l.r,A; B — aC.B,j, k] +

l,r,A; B — a.CB.y,1,k]}

[ﬁ{bnwl::{LnApB—ﬂmﬁC%LjLMﬁCECuﬁﬁmﬁmk

,r, A; B — a.6C.y,i,k|}
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