
CFG: Formal Definition



Context-Free Grammar (CFG): Example Version 3
Example: a * a + a



Context-Free Grammar (CFG): Leftmost Derivation
LMD: a + a * aParse Tree: a + a * a

A parse tree may correspond to: 
+ multiple derivations
+ a unique LMD

Order of evaluation?



Context-Free Grammar (CFG): Rightmost Derivation
RMD: a + a * aParse Tree: a + a * a

A parse tree may correspond to: 
+ multiple derivations
+ a unique RMD

Order of evaluation?
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Context-Free Grammar (CFG): Rightmost Derivation
RMD: (a + a) * aParse Tree: (a + a) * a

A parse tree may correspond to: 
+ multiple derivations
+ a unique RMD

Order of evaluation?



Context-Free Grammar (CFG): Exercise (1)

Is the following CFG ambiguous?



Context-Free Grammar (CFG): Exercise (2.1.1)
Is the following CFG ambiguous?

Example: A Possible Semantic Interpretation?
if Expr1 then if Expr2 then Assignment1 else Assignment2



Context-Free Grammar (CFG): Exercise (2.1.2)
Is the following CFG ambiguous?

Example: A Possible Semantic Interpretation?
if Expr1 then if Expr2 then Assignment1 else Assignment2



Context-Free Grammar (CFG): Exercise (2.2)
Is the following CFG ambiguous?

Example: How many possible semantic interpretations?
if Expr1 then if Expr2 then Assignment1 else Assignment2

Can a derivation starting with Statement work?
Can a derivation starting with WithElse work?



Discovering Derivations

AST: (a + a) * a Input Grammar G



TDP: (a + a) * a 
Input Grammar G

Discovering Derivations: Top-Down vs. Bottom-Up

BUP: (a + a) * a



Top-Down Parsing: Algorithm

TDP: (a + a) * a 

Input Grammar G



Top-Down Parsing: Discovering Leftmost Derivations (1)

Parse: a + a * a



Left-Recursions (LRs): Direct vs. Indirect
Direct Left-Recursions:

Indirect Left-Recursions:



CFGs: Left-Recursive vs. Right-Recursive
CFG with Left Recursions

Example: a + a * a
CFG with Right Recursions



Top-Down Parsing: Discovering Leftmost Derivations (2)
Parse: a + a * a



Top-Down Parsing: Discovering Leftmost Derivations (3)

Parse: (a + a) * a



Removing Left-Recursions: Algorithm



Removing Left-Recursions (1a)

Directly Left-Recursive CFG:



Removing Left-Recursions (1b)

Directly Left-Recursive CFG:



Removing Left-Recursions (2a)

Indirectly Left-Recursive CFG:



Removing Left-Recursions (2b)

Indirectly Left-Recursive CFG:

C → At
B → Cd
A → Br

Does the order of variables matter?



Removing Left-Recursions (2c)

Indirectly Left-Recursive CFG:



Eliminating epsilon-Productions

Q: Nullable variables?



Top-Down Parsing: Backtrack

. . 
. . .

 .

Term’



FIRST Set

Right-Recursive CFG:



FIRST Set

Right-Recursive CFG:

Q. Will FIRST(Expr’) change if we add another rule?
Expr’ → Term’ Factor



FIRST Set: Algorithm

is nullable

are nullable



FIRST Set: Tracing
Right-Recursive CFG:

First choose rules 
whose RHS starts 
with a terminal

F, E’, T’, T, E



FIRST Set

Q. Will FIRST(Expr’) change if we add another rule?
Expr’ → Term’ Factor

Right-Recursive CFG:



Extended First Set

Right-Recursive CFG:

Q. How about FIRST(Expr’ → Term’ Factor)?



Is the FIRST Set Sufficient?

FIRST(+ Term Term’) =
FIRST(- Term Term’) =
FIRST(epsilon) =

. .
 .. . 

.

Expr’

. .
 .



Is the FIRST Set Sufficient?

FIRST(+ Term Term’) =
FIRST(- Term Term’) =
FIRST(epsilon) =



FOLLOW Set

Right-Recursive CFG:



FOLLOW Set: Algorithm

When ε ∈ FIRST(βk)
   FOLLOW(βk-1) = ?

FOLLOW(βk) = ?

When ε ∉ FIRST(βk)
   FOLLOW(βk-1) = ?



A → β1β2β3

Case 1: ε ∉ FIRST(β3), ε ∉ FIRST(β2)
+ FOLLOW(β3)
+ FOLLOW(β2)
+ FOLLOW(β1)

Case 2: ε ∈ FIRST(β3), ε ∈ FIRST(β2)
+ FOLLOW(β3)
+ FOLLOW(β2)
+ FOLLOW(β1)

Computing the FOLLOW Sets: Trailers



FOLLOW Set: TracingRight-Recursive CFG:

First choose rules whose 
LHS is processed.
Then rules whose 
RHS ends 
with a terminal.G, F, E, T, T’

Goal



Backtrack-Free Grammar



Top-Down Parsing: Algorithm with lookahead

. . 
. . .

 .

Term’



Backtrack-Free Grammar: Exercise



Left-Factoring: Removing Common Prefixes



Implementing a Recursive-Descent Parser


