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Chapter 3
Learning Targets of Chapter “Grammars: Cap-
sule Summary”.

1. (context-free) grammars + BNF
2. ambiguity and other properties
3. terminology: tokens, lexemes
4. different trees connected to grammars/parsing
5. derivations, sentential forms

The chapter corresponds to [1, Section 3.1–3.2] (or [2,
Chapter 3]).
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Grammars and parsers

Syntax

• 2 chapters: grammars and parsers
• language specification resp. generation ⇔ parsing
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Bird’s eye view on a parser

Parser abstract syntax treetoken stream

The task of parsing is, given a stream of “symbols”
w and a grammar G, find a derivation from G that
produces w.
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Trees, trees, and more trees

program

stmts

stmt

assign-stmt

expr

+

var

y

var

x

var

x

decs

val=vardec

abstract syntax trees ⇔ parse trees/concrete syntax
trees
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(Context-free) grammars

Slogan: A CFG describes the syntax of a programming
language. a

aAnd some say, regular expressions describe its microsyntax.
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Definition

Definition (CFG)

A context-free grammar G is a 4-tuple
G = (ΣT ,ΣN , S, P ):
1. 2 disjoint finite alphabets of terminals ΣT and
2. non-terminals ΣN

3. 1 start-symbol S ∈ ΣN (a non-terminal)
4. productions P = finite subset of

ΣN × (ΣN + ΣT )∗

tokens = terminals of the grammar
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Notation for grammars: BNF

Backus-Naur form: What regular expressions are for
regular languages, is BNF for context-free languages.
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BNF example: expressions

exp → exp op exp | ( exp ) | number
op → + | − | ∗

exp → exp op exp
exp → ( exp )
exp → number
op → +
op → −
op → ∗

(1)



INF5110 –
Compiler

Construction

Targets & Outline

Introduction

Context-free
grammars & BNF
notation

Syntax-trees,
concrete and
abstract

Ambiguity

Chomsky
hierarchy

3-13

Variations exist

<exp> ::= <exp> <op> <exp>
| ( <exp> )
| NUMBER

<op> ::= + | - | *

exp → exp ( ” + ” | ”− ” | ” ∗ ” ) exp
| ”(” exp ”)” | ”number”

(2)
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Grammars as language generators

Convention
We will use α1, α2, β . . . for word of terminals and
nonterminals, w, v1 . . . for words of terminals, and A,B′ . . .
for a single non-terminal. We use also X for arbitrary
grammar symbols, a terminal, or non-terminal, or ε.

L(G) = {s | start ⇒∗ s and s ∈ Σ∗T }
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Derivation

exp ⇒ exp op exp
⇒ (exp) op exp
⇒ (exp op exp) op exp
⇒ (n op exp) op exp
⇒ (n−exp) op exp
⇒ (n−n)op exp
⇒ (n−n)∗exp
⇒ (n−n)∗n

left-most
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Parse tree

1 exp

4 exp

( 5 exp

8 exp
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7 op
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Common-sense sanitary conditions

• not formalized, just common-sense
• no “dead-code”
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Concrete and abstract syntax

Trees
Abstract syntax tree vs. concrete syntax tree (=parse tree)

CST: reflecting the (essence of) the derivation
process

AST: tree data structure, given back by the parser,
intended to reflect the essence of the parse tree
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Parse tree
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Trees

stmt → if -stmt | other
if -stmt → if ( exp ) stmt

| if ( exp ) stmt else stmt
exp → 0 | 1

stmt

if -stmt

if ( exp

0

) stmt

other

else stmt

other
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Trees

stmt → if -stmt | other
if -stmt → if ( exp ) stmt

| if ( exp ) stmt else stmt
exp → 0 | 1

COND

0 other other
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Ambiguity

Definition (Ambiguous grammar)

A grammar is ambiguous if there exists a word with
two different parse trees.

• important concept
• “determinism”
• unwanted, but common
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Expressions

What’s that supposed to mean?

34− 3 ∗ 42
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Ways to disambiguate

• reformulate grammar: precendence cascade
• specify precedence and associativity (outside the

grammar)
• make syntax more verbose1

• (live with it), non-essential ambiguity

1Lisp, anyone . . .
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Precedence + associativity

binary op’s precedence associativity
+, − low left
×, / higher left
↑ highest right

cf. also dangling-else
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Precedence cascade

exp → exp addop term | term
addop → + | −
term → term mulop factor | factor

mulop → ∗
factor → ( exp ) | number
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Precedence + associativity: C++
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Chomsky hierarchy

rule format languages machines closed
3 A→ aB , A→ a regular NFA, DFA all
2 A→ α1βα2 CF pushdown

automata
∪, ∗, ◦

1 α1Aα2 → α1βα2 context-
sensitive

(linearly re-
stricted au-
tomata)

all

0 α→ β, α 6= ε recursively
enumerable

Turing ma-
chines

all, except
complement
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