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BNF Grammars

You have seen many BNF grammars

A I A A A A

F I t x A

e 1 e e ax.e tile lee 12



BNF Grammars

This is shorthand for
A 1
A A A
A A A

r

r T x A



Chomsky Normal Form

Any grammar can be rewritten so that

every production is either

A a A BC

Many new non terminals will be created
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Example

A 1

A AXA

T

A 1
T X

A ATA
A 1

A A K

K TA



CYK Parsing

1 Suppose 6 is a grammar in Chomsky NF

2 Let w be a word of length n
3 Wi ith symbol of w

4 Define

parse B i j parse Craik for each A BC in G

parse A i k

parse A i it
for each A s s t s w in G



CYK Example
T x w 111
A 1

A A K

K TA



CYK Example
T x w 1 1

A 1

A A K parse A 0,1

K TA
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T x w 1 1

A 1

A A K parse A 0,1 parse T 1,2 parse A 2,3

KATA
parse.CA i j parse K j k

parse A i k

parse T i j parse A j k

parse K i k



CYK Example
parse A 0,1 parse T 1,2 parse A 2,3

parse A i j parse K j k
parse A i k

parse T i j parse A j k

parse K i k



CYK Example
parse A 0,1 parse T 1,2 parse A 2,3

parse A i parse Kit

parse CAR
parse A i k

parse T i j parse A.dk
parse k 1,3parse K i Ic



CYK Example
parse A 0,1 parse T 1,2 parse A 2,3

parse A i j parse K j k
parse A i k

parse T i j parse A j k
parseck 1,3parse K i k



CYK Example
parse A 0,1 parse T 1,2 parse A 2,3

parse A i j parse K j k
parse A i k

parse T i j parse A j k

p.mn Hyaggeygg

g

parse A 0,3



CYK Example
parse A 0,1 parse T 1,2 parse A 2,3

parse.CA i j parse K j k
parse A i k
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parseck 1,3parse K i k

parse A 0,3



CYK Example
parse A 0,1 parse T 1,2 parse A 2,3

parse A i j parse K j k
parse A i k

parse T i j parse A j k

parse K 1,3parse K i k

parse A 0,3

successful parse



Relations Mathematically
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edge a b

edge b C edge b d

edge d f edge fie edge g e

edge x y
reach x y

edge x y reach y Z

reach x z
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edge a b Edge Node Node
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edge a b Edge Node Node

edge b c edge b d Edge a b b c b dl
d f fie g.cl

edge d f edge f e edge g e

edge xiy
reach x y

edge x y reach y Z

reach x z



Relations Mathematically
edge a b Edge Node Node

edge b c edge b d Edge a b b c b dl
d f fie gel

edge d f edge fie edge g e
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edge x y U 8692 ay c Edge g 2 Reach

reach x y

edge x y reach y Z
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Relations Mathematically
edge a b Edge Node Node

edge b c edge b d Edge a b b c b dl
d f fie gel

edge d f edge fie edge g e

Reach Edge U Edge Reach
edge x y
reach x y

edge x y reach y Z

reach x z



A Recursive Definition

Edge a b

Reach Edge U Edge Reach



A Recursive Definition

Edge a b

Reach Edge U Edge Reach

Q How do we know this

definition makes sense



An Intuitive Idea

Define Reacho

Reach Edge U Edge Reach

Reach Edge U Edge Reach

Reachnt Edge U Edge Reach

If Reachnt Reachn then we have Reach



An Intuitive Idea

Define Reacho

Reach Edge U Edge Reach

Reach Edge U Edge Reach

Reachnt Edge U Edge Reach

If Reachnt Reachn then we have Reach



Why Might This Work

1 Reach Node Node

2 If Node m then Reach m

3 If Reachnt Reachal then

in m steps Reachnt stabilizes



Monotonicity
Define F X Edge U Edge X

Lemma If EY then FIX FLY



Monotonicity
Lemma If EY then FIX FLY

Proof 1 Assume EY
2 Assume a c F X Edge U Edge X
3 Case a C Edge

Then a c E FCY Edge U Edge Y

Case a c Edge X
a b c Edge and b C EX

b c EY since EY
a c f Edge Y

a c Edge U Edge Y
a c FLY



Formalizing the Intuitive Idea
Suppose is finite and F PEX PC monotone

Let Ro and Rut F Rn

1 k s t RK Rk I

2 This is the smallest fixed point of F

i



An Increasing Sequence
Lemma n Rn C Rntl

Proof By induction on n

Case n O

Ro R F

By definition ROER
Case n k.tl

By induction RK E Rkt

By monotonicity FCR F Rich
Hence Rktl Rkt2

So Rn Rnt



A Fixed Point

We know ROER Rn Rn E

Since X is finite P X is also finite

Hence in at most 1 1 steps Rix Rixit



A Least Fixed Point

If F S S then n Rn ES

Proof Assume S FCS
Proceed by induction on n

Case n 0

Ro D notes ROES

Case n k 1

By induction Ric ES
By monotonicity FCR FCS

Rict FCS
since S F S Ret ES



Datalog

If X finite and F P X P X monotone

then F has a least fixed point

2 Every inductive relation defined

by inference rules over finite sets

has a least fixed point semantics

3 Defining sets by such relations is

the Datalog query language



Datalog

Rla X R Wic

R X W



Limitations

U

w

edge 14 v7
u

edgelvin



Limitations

a edge x y

q reaching
w

edge x y reachly Z
edge a v h

reaches 2

edge v w edgelw.gl



Limitations

a edge x y

q reaching
w

edge x y reachly Z
edge a v h

reaches 2

edgelvin edgelwig No generic
transitive closure



Design Question

Is there a version

of Datalog which

has better facilities

for abstraction


