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Grammars
Parse trees

left vs right
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The limits of regular
expressions :

Certain languages can never
be recognized by regular

expressions .

Simple example : On th
L -

- EE ,
01

, 0011,000177J

Only option : *

0*1 '

→ this accepts
011

More real world : math equations
( Nxt 7) * 2) t 3) -1 )

Why ? At heart
,

(
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.

.  - J -
.



So
,

in our next level
down

,
we need something

stronger

Parsing:

- Given string of input tokens
,

a parser must determine
if the tokens generatea valid program

The basis of these are

context free grammars( CF Gs ) :

- terminals : tokens fi a scanner )
Ids

,
t

,
L

, ) ,
-

-

non terminals ( one a start

C usuallycapitalsHetero}
- production rules

.  '

-

E- → ( E )
→ idtide



Example : 07h

terminals : O - I Cad

L : S → 051

¥1
S → e ← I

( nonterminals : S
also start )

Show 000711 EL

¥1
s → 0€ 't

est
→ 00511
→

00051114
"

→ 000111 and )



(

bigger

)
term : ' I

,
-5,1

, g

Ef :
non terms : E

,

#
A

E  → E A E I

E →

fIE
) a

E → - E 3

E →

id
4

A  → t s

A → - 6

A → * 7

A → I s

A → T 9

Derivation: The process by which
a grammar parses -

definesflanguage
.

Ee : Show

-01×+5
) is accepted

by the

above
grammar :

E-  ⇒ - E ⇒ - ( E )

of
M

If
- ( E

A
E ) ⇒ - ( E t E )

⇒ - Htt E)Eid - ⇐ t IF



parsed : A graphical representation
of this derivation :

E
^

- E

IX
( E )

El HE
HIM I . Its )

Each

perentfh.ldfodsh.ws

one

step of the derivation

- leaves are terminals
- root is start non - terminal



Leftmost vs rightmost
-

Leftmost

derived on .
. one where

the leftmost non terminal is

replaced in each step

EI : - Gdtid )
E  ⇒ - E  ⇒ - CE )

⇒ - CEAE) ⇒ - Cid
AE

)
⇒

- Cid+ E) ⇒ - fitted)
- Rightmost : always . the one

on the right

( Often we 'll fix one way , Since
each tree has a

uniqueleft a right most derivation
. )



Note : Not necessarily unique !

Ee :

St2*6
⑦ E  ⇒ EA E

⇒ E€E A E

⇒ AG )AE AE

⇒ Ides ) t E A E

⇒ id Cs) tidCzT¥7d (6)

② E  ⇒ E A E



Ambiguity:

- Any grammar
that produces

More than one parse tree
for some sentence is

ambiguous .

This can be
very

undesirable !

We'll spend time trying to rule
this possibility in our

grammars .



←

Not : Any regular expressioncan also be written as

a grammar non term → char

( EFG )

Ex : ( a lb) * abb
-

Grammar .

-

S →
Aabb
A → e

→ at
→ b A

( However , the reverse is not true ! )
Still do regular expressions ;

Simpler t faster



A mere complex example : if statements

SLIM→ if ¥r thenHmt

I if experthen stmtebestmt
I other

then : if E
,

then if Ez then S
,

elseSz

2 parse trees :

( More next
① stint time . . . )

¥¥¥÷¥¥⇐
jpn stint stint

¥2 's
,

Sz

②
.

¥¥ ¥¥prther\tmt S2

Ev
'

si



Generated
:

Matcheach else w/ closest
unmatched then

How ?
- Rewrite so any statement

between an
" else "

a a
"

then " must be matched
( so no if  then w/ no else )

Grammar
-

:

stint
 →

mathed-s.tn#1unmathed-stmtmalEt-ifexprlhenma¥mtelse

I othermmtun¥hslnt
 → ifeepethenstint

I if

extortionmatehedstmt
else

unmakhedstmt
\



Dfc : A grammar is left - recursive

if it has a non - terminal A
with some rule

A → Ax

These are bad for parsers
:

A

/ \

A a

A
' !?

When scanning tokens &

trying to build a tree
,

not sure when to stop !



Ef : E  → E + T/ T

T → T* F / F

F  → (E) / id

Pay : ×+y* 10

However
,

we do have left recursion !



To eliminate :

A  → Ax |p
↳ A  → BA

'

A' → &A
'

I c

a¥EE¥¥,¥#
6



Bayard .

'

Any CFG can be parsed
↳ Chomsky Normal Form

CYK algorithm
Run time :

This is too slow !

Most modern parsers look
for certain restricted
families of CFGS

.

Result :



Topdownparsing
Called predictive parsing .

Works well on LL ( D

grammars .

Et : S → a Ad

A  → ab / a

Parse Cad :

Rule : string 4 S
,

apply rules until
one matches the

next input( backtrack If there
is a mistake )



Note : Left pearson is

very
bad on these !

A  → Ab

* b

¥
\ never maths an

input or hits a

conflict

So never forced to
backtrack

.



How predictive parsing works :

- the input string w is in an

input buffer
.

- Construct a predictive
parsing table for 6

.

- if
you canmatch a

terminal
,

do it

K move to next
character )

- otherwise
,

look in table for
rule to get transition
that will eventuallymatch

HartCnexttne ) :

The table


