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• How to define Syntax;How to define Syntax;
•• How to do Analysis; How to do Analysis;
•• At what extent Analysis can be done in  At what extent Analysis can be done in 
  Linear Time;  Linear Time;
•• How to build (Linear) Parser Generators; How to build (Linear) Parser Generators;
•• Relationship between Analysis and Inter- Relationship between Analysis and Inter-
  nal   nal Representation (Tree Representation)Representation (Tree Representation)

SYNTACTIC ANALYSISSYNTACTIC ANALYSIS



22

Scanner Parser
get

tokenSource is a
Sequence of
characters

Symbol
Table

Entries:
Lessemi

Entries:
Simboli

                 Syntactic Analysis (Parser) is driven from
Semantics Analysis which is asking for visiting a subtree not built yet

Rest of
Front end

tree

get

One Pass One Pass StructureStructure (Two phase pipeline)
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How to define SyntaxHow to define Syntax
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• It scans sequences of tokens to check for phrase structures
  that belong to the Syntax of the Language

• Syntax, just like Lexics, is expressed by a Language: The
  Syntactic Language

• Syntactic Langs are much more complicate than Lexical
  ones

{unvn | n ≥ 0}     has been proved not be regular

∈ {(uα)n (αv)n | n ≥ 0, α∈ L, u=“(”, v=“)”}
but   
num+(3-((id*id)+num)/id)

Syntactic AnalysisSyntactic Analysis

4
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Non-monotone C C

Kinds of GrammarKinds of Grammar
[Defined Language Features][Defined Language Features]

G=G=GeneralGeneral [Recursive Enumerable but Non-Recursive -{unvakermann(n)}]
AA==AmbiguousAmbiguous
M=Monotone M=Monotone [Recursive Languages - {unvn!}]
C=C=ContextualContextual [{unvnzn}]
LR(k)LR(k)==ContextContext--Free Free [{unvn}]
LALR(k)LALR(k)==ContextContext--Free Free [{unvn}]
SLR(k)SLR(k)==Simple LeftSimple Left--toto--right rightmost reversed right rightmost reversed [Viable-Prefix; Bottom-Up/k symbols{unvn}]
LL(K)LL(K)==LeftmostLeftmost--Left LeftLeft Left--toto--right right [Predictive; Top-Down/k symbols{unvn}]
OP=Operator-OP=Operator-Precedence Precedence [{unvn}]
LL==Linear Linear [Recursive Grammars; Regular Languages]
DFADFA= = -- -- [Regular Grammars/Expressions; Regular Languages]
NFSNFS= = -- -- [Regular Grammars/Expressions; Regular Languages]

GrammarsGrammars
InclusionInclusion

Grammar ClassificationGrammar Classification (Chomsky)
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Let G = <V,G = <V,ΣΣ,s,s∈∈V,P>V,P>
DerivationDerivation is a binary relation =>G su (∑∪V)* x (∑∪V)*

αAβ => αγβ   sse   A::=γ ∈P
Subscript, G, is omitted, in =>G, when the grammar G is clearly stated from the context

Definitions: DerivationDerivation, SF, SF

=>*: Transitive and Reflexive Closure of =>
• α =>* α
• if α1=> ... => αn then  α1 =>* αn 

=>+: Transitive Closure of =>
if α1=> α2 =>...=> αn and α1≠ α2 ≠…≠ αn

allora  α1 =>+ αn

Sentential formSentential form of G
        SF={SF={γγ | s => | s =>**  γγ}}
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L(G)={w L(G)={w ∈Σ∈Σ* | s =>* | s =>++ w} w}
(where  =>=>  is  =>=>GG )

L(G):L(G): Language GeneratedLanguage Generated
by a Grammar

Let G = <V,G = <V,ΣΣ,s,s∈∈V,P>V,P>

p1: E::= E+E 
p2: E::= E*E 
p3: E::= id

Example: Let G below
idid++idid∈∈L(E)L(E)

A A proof proof ((Lefmost DerivationLefmost Derivation):):
E =>(p1) E+E =>(p3) id+E =>(p3) id+id

A A different proof different proof ((Rightmost DerivationRightmost Derivation):):
E =>(p1) E+E =>(p3) E+id =>(p3) id+id

Then
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Ambiguous Grammars are
Bad Definitions for Lang. Syntax

p1: E::= E+E 
p2: E::= E*E 
p3: E::= id

Example: Let G below

idid++idid**idid∈∈L(E)L(E)

A A proof proof ((Lefmost DerivationLefmost Derivation):):
E =>E =>(p1)(p1) E+E => E+E =>(p3)(p3)  idid+E =>+E =>(p2)(p2)  idid+E*E +E*E =>=>(p3)(p3)  idid++idid*E *E =>=>(p3)(p3)  idid++idid**idid
A A different proof different proof ((another Leftmost Derivationanother Leftmost Derivation):):
E =>E =>(p2)(p2) E*E => E*E =>(p1)(p1)  E+E*E E+E*E =>=>(p1)(p1)  idid+E*E +E*E =>=>(p1)(p1)  idid++idid*E *E =>=>(p1)(p1)  idid++idid**idid

Then

Different Leftmost (Rightmost) Derivations lead to different Parse TreesDifferent Leftmost (Rightmost) Derivations lead to different Parse Trees
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Derivations (on the P-tree domain)Derivations (on the P-tree domain)
Let G = <V,G = <V,ΣΣ,s,s∈∈V,P>V,P>

Smallest set such that, ∀a∈ Σ∪V: 
• leaf: <[a,-]> leaf: <[a,-]> ∈ (Σ∪V)T

*

• ∀<t1,…,tn> ∈ (Σ∪V)T
*

• Tree: <[a,<t1,Tree: <[a,<t1,……,tn>]>,tn>]> ∈ (Σ∪V)T
*

• Forest: <t1,Forest: <t1,……,tn,u1,,tn,u1,……,um>,um> ∈ (Σ∪V)T
*, ∀ <u1,…,um> ∈ (Σ∪V)T

*

((Σ∪Σ∪V)V)TT
**

Productions on Productions on ((Σ∪Σ∪V)V)TT
**

A::=XA::=X11……XXnn ∈ P    sse <[A,-]>::= <[A,<<[<[A,-]>::= <[A,<<[XX11,-]>,,-]>,……,,<[<[XXnn,-]>>]> ,-]>>]> ∈ PT

AA
::=::=

AA

XX11 XXnn

A  graphical view

Relation => on Relation => on ((Σ∪Σ∪V)V)TT
** x ((Σ∪Σ∪V)V)TT

**

αΑβ  αΑβ  =>=> αγβ       αγβ      sse    ΑΑ::=::=γ γ ∈∈  PPTT
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A different proof of ambiguity that uses: The last trees 
of two different Tree-derivations p1: E::= E+E 

p2: E::= E*E 
p3: E::= id

Ambiguous Grammars
A Graphical View

Exercise: Show the same
but using leftmost
(rightmost) derivations
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A0::= e0
A1::= e1
…
An::= en

1) Partial ordering ≥G on non-Terminals
∀i≥0,   ei ≡ f(Ai1,…,Aini

)   then: Ai1,…,Aini 
≥G Ai 

Removal of Mutual Recursion, when possible

Aj ::= g(Aj1,…,Ai,…,Ajnj
)

Ai ::= f(Ai1,…, g(Aj1,…,Ai,…,Ajnj
),…,Aini

)

Aj ::= g(Aj1,…,Ai,…,Ajnj
)   con Aj1,…,Ajnj 

≥G Ai ≥G Aj
Ai ::= f(Ai1,…,Aj,…,Aini

)    con Ai1,…,Aini 
≥G Ai

From Grammars to LanguagesFrom Grammars to Languages
A methodology for finding L(G), given G
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S::= u A B v | B u
A::= v u v | B
B::= u S v | u v u

B B ≥≥GG  A A ≥≥GG  SS

S::= u A B v | B u
B::= u S v | u v u

S::= u A B v | B u
B::= u (u A B v | B u) v | u v u

S::= u A B v | B u
A::= v u v | B
B::= uu A B vv | u B uv | u v u

A::= v u v | B
B::= uu A B vv | u B uv | u v u

A::= v u v | B
B::= uu (v u v | B) B vv | u B uv | u v u

S::= u A B v | B u
A::= v u v | B
B::= uu vuv B vv | uu B B vv | u B uv | u v u

Example
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∀i≥0,   L(Ai) = L(ei)

•  L(e) is an expression on 2Σ*containing only:
X (finite products)
∪ (possibly, denumerable unions)

•  L(e) is continuos on 2Σ* 

Whenever  L(Ai) = L(ei) is recursive: L(ei) ≡ E(L(Ai)) 
Recursive equations X=E(X), have to be solved in the variable
X≡L(Ai) on 2Σ*using the TarskiTarski’’s s ((FixpointFixpoint) ) IterationIteration below:

X=X=∪∪ii∈ℵ∈ℵ  E(E(⊥⊥))ii

  E(E(⊥⊥))0 0 = E(X= E(X←←  ⊥⊥))
 E( E(⊥⊥))k+1 k+1 = E(X= E(X←←  E(E(⊥⊥))kk))

2) Productions as equations on languages  L(Ai)
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What about a system of equations

A system of Recursive equations:
{X1=E1(X1,… Xn),…, Xn=En(X1,… Xn)}

Xi≡L(Ai) on 2Σ*using the TarskiTarski’’ss ( (FixpointFixpoint) ) IterationIteration below:

XXjj==∪∪ii∈ℵ∈ℵ  EEjj((⊥⊥,,……,,⊥⊥))ii

  EEjj((⊥⊥,,……,,⊥⊥))00  = = EEjj((XX11←←  ⊥⊥  ,,……,,XXnn←←  ⊥⊥))
  EEjj((⊥⊥  ,,……,,⊥⊥))k+1k+1  = = EEjj((XX11←←  EE11((⊥⊥))k k ,,……,,XXnn←←  EEnn((⊥⊥))k k ))
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S::=u S | ε X= {u}×X∪{λ}

E(X)

E(X← ⊥)0 = {u}×⊥∪{λ} = ⊥∪{λ} = {λ} 
E(X← ⊥)1 = {u}×{λ}∪{λ} = {u, λ}
E(X← ⊥)2 = {u}×{u,λ}∪{λ} = {uu, u, λ}
E(X← ⊥)3 = {u}× {uu, u, λ} ∪{λ} = {u3,u2,u, λ}

E(X← ⊥)n = {un,un-1,…,u, λ}

L(S)={un | n∈ℵ} = u*= u*

Example1: Tarski’s Fixpoint Iteration


