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From Syntax Analyzers toFrom Syntax Analyzers to
TreeTree/Code /Code GeneratorsGenerators

•• Parse Parse TreesTrees

•• Syntax Trees Syntax Trees and and Abstract treesAbstract trees

•• How to extend AnalyzersHow to extend Analyzers: : Attribute GrammarsAttribute Grammars

•• Trees Trees and Code and Code as Grammar Attributesas Grammar Attributes
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εParse Parse TreeTree relates the Language PhrasesLanguage Phrases with a way a way 
of of RecognizingRecognizing them using a Specific GrammarSpecific Grammar

Parse TreeParse Tree

E::= E (+|*) E | num | (E)

E::= F + E | F
F::= H * F | H
H::= num | (E)

E::= F E' [0]
E'::= + E [1]| ε [2]
F::= H F' [3]
F'::= * F [4]| ε [5]
H::= num [6]| (E) [7]
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It relates TermsTerms with the SubtermsSubterms 
in in their their concrete concrete syntaxsyntax form

It relates TermsTerms with the  SubtermsSubterms
ignoringignoring anyany concreteconcrete aspectaspect  

Syntax and Abstract TreesSyntax and Abstract Trees
Sometimes, Parse Tree may be to Useless and Expensive

We need a general framework for Recognizing Phrases and
Producing different kinds of information about them
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Attribute GrammarsAttribute Grammars

One MethodologyMethodology,
One TechniqueTechnique,

One ToolTool for
Property AnalysesProperty Analyses (possibly Contextual)

and
Code GenerationCode Generation
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Attribute GrammarsAttribute Grammars
Syntax - 1Syntax - 1

Let G = {∑,V,s,P} be a Grammar
• P⊆ V x E∑+V
• L(G) = I(G)  -- see later on

Let GA ≡ {∑,V,s,PA,{ai}} be an atribute grammar extending G. Then:
• GA↓ ≡ {∑,V,s,P} = G,  con P=PA↓
• PA ≡ P x {αi}
• …

Let B∈∑+V be a (grammatical symbol of G).
Let {ai} be a family of symbols, called attribute symbols.
Attribute ai of B be

- a syntactic entity denoted by B.ai
- with, as associated meaning, a value that depends from the Parse Trees in which
   the attribute is considered
- the value type, if any, depends from the Attribute Grammar, extending G

Meta{ai} be a Programming Language extended with attributes, viewed as constant (final
              variables)
Actions {αi}⊆ {ai} x Meta{ai} be assignments of the form B.ai =ei  where ei ∈Meta{ai}
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Attribute GrammarsAttribute Grammars
Syntax - 2Syntax - 2

Let G = {∑,V,s,P} be a Grammar ….

Let GA ≡ {∑,V,s,PA,{ai}} be an attribute grammar extending G. Then:
• GA↓ ≡ {∑,V,s,P} = G,  con P=PA↓
• PA ≡ P x {α}
• ∀p∈PA, let p≡B:=β {X1.a1=e1,…,Xk.ak=ek}

• {X1,…,Xn}⊆Sym(β)+{B}
• Sym(e1)+…+Sym(ek)⊆Sym(β)+{B}
• no side effects (otherwise are called, SDD for
                            Syntax Directed Definitio

where: Sym(U)⊆∑+V is the Set of grammatical symbols in U

…
Actions {α} be assignments of the form B.ai =ei  where ei ∈Meta{ai}
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Attribute GrammarsAttribute Grammars
Syntax - ExampleSyntax - Example

Let GA ≡ {∑,V,s,PA,{ai}} be an attribute grammar extending G. Then:
• GA↓ ≡ {∑,V,s,P} = G,  con P=PA↓
• PA ≡ P x {α}
• ∀p∈PA, let p≡B:=β {X1.a1=e1,…,Xk.ak=ek}

• {X1,…,Xn}⊆Sym(β)+{B}
• Sym(e1)+…+Sym(ek)⊆Sym(β)+{B}
• no side effects (otherwise are called, SDD for
                            Syntax Directed Definition}

Where: Sym(U)⊆∑+V is the Set of grammatical symbols in U

E::= F EE::= F E’’  {E  {E’’.d=E.d+1}.d=E.d+1}
EE’’11::= + F E::= + F E’’22  {E  {E’’22.d=E.d=E’’11.d+1}.d+1}
EE’’::= ::= εε  {{εε.d=E.d=E’’.d}.d}

What does this grammar defines ?What does this grammar defines ?

What about the type of attribute of d?What about the type of attribute of d?
What about the value of E.d?What about the value of E.d?
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Attribute GrammarsAttribute Grammars
Semantics i.e. MeaningSemantics i.e. Meaning

E::= F EE::= F E’’  {E  {E’’.d=E.d+1}.d=E.d+1}
EE’’11::= + F E::= + F E’’22  {E  {E’’22.d=E.d=E’’11.d+1}.d+1}
EE’’::= ::= εε  {{εε.d=E.d=E’’.d}.d}

What does this grammar defines ?What does this grammar defines ?

An Attribute Grammar defines a set of An Attribute Grammar defines a set of Parse TreesParse Trees whose  whose nodesnodes are  are 
extended with extended with attribute-value pairsattribute-value pairs according to the Grammar and according to the Grammar and
the Parse Treethe Parse Tree

We need to define structures for:
• Labeled Trees
• Labeled Trees with Attributes

before giving semantics
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Binary Relation:Binary Relation:
Tree, Labeled TreeTree, Labeled Tree

Trees (are binary relations):
• T = <R, E⊆R2>
• T = <R, E⊆R2, L:R->U>  -- labeled on a set U

where: R=set of the nodes    E=set of the (directed) edges   L= Labeling Function on U

Operators: root: T --> R, arity: R --> N,  son: T x N --> T
Selectors: R(T)= R, E(T)=E, L(T)=L
Shortening: sons: T --> TN, L: TN --> UN

sons(T)=son(T,1)…son(T,arity(root(T)))            L(T1,…,Tk)=L(root(T1)…L(root(Tk)

+

F E’

E’

E

F

+ E’F

T = <R(T),E(T),L(T)>, T = <R(T),E(T),L(T)>, wherewhere::
    R(T) = {0,1,2,3,4,5,6,7,8}
    L(T) = {(0,E),(1,F),(2,E’),(3,+),(4,F),(5,E’),(6,+),(7,F),(8,E’)}
    E(T) = {(0,1),(0,2),(2,3),(2,4),(2,5),(5,6),(5,7),(5,8)}
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Grammars andGrammars and
Parse TreesParse Trees

- I(G) is the set of Parse Trees of G
- I(G) is obtained by =>*, using => on the tree set T(G).
Let: G ≡ <∑,V,s∈V,P≡{xi::=xi,1…xi,ki | i≤|P|}>

       T(G) ≡ {T≡<R, E⊆R2,L:R->∑∪V> | L(root(T))=s and
if (l,r) ∈ E then (l,r) ∈ {(l,r1),…,(l,rh) | L(l)=x & L(ri)=xi  & x::=x1…xh ∈ P} ⊆ E}

        => ≡ {(T,U)∈ T(G)2 | either arity(root(T))=0&L(root(T))=x=L(root(U))&L(sons(U))=x1…xk
                          for some x::=x1…xk ∈ P,  …

                         or L(root(T))=L(root(U))& son(T,j)=son(U,j) (∀ j∈1..k\i)& 
                                                                      son(T,i)=>son(U,i) for 1≤i≤k≡arity(root(T) }

 I(G) ≡ {T | Ts =>* T & arity(root(Ts))=0 & L(root(Ts))=s &…

E::= F E’
E’::= + F E’
E’::= ε

+

F E’

ε

E

F

Complete and Correct
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AST: Abstract Syntax TreesAST: Abstract Syntax Trees

Abstract Syntax Trees are the elements of:

One Binary, Anti-Symmetric, Relation “>” on Terms s.t:
       fk(t1,…,tk)>ti      (∀ 1≤i≤k & fk(t1,…,tk),ti∈ Terms)

Equally: > ≡ {(fk(t1,…,tk),ti) | 1≤i≤k, fk(t1,…,tk),ti ∈ T∑}
where: T∑ ≡ {fk(t1,…,tk) | fk∈ ∑ & t1,…,tk ∈ T∑}  --- Terms on ∑

Equally: > ≡ <R, E⊆R2,L:R->T∑>
where: E ≡ {(l, r1),…,(l, rk)| L(l)=Opt(fk(t1,…,tk)) & L(ri)=Opt(ti) (∀ fk(t1,…,tk)∈ T∑)}

∑ = {F0, +2}
T∑::= {F} ∪ {+(u,t) | u,t∈ T∑}

Opt: T∑ -> ∑
   Opt(fk(t1,…,tk) = fk F F

+(F,F)

F F

+
or

For a different label
-ing function L
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Attribute GrammarsAttribute Grammars
SemanticsSemantics

Grammar: G = {∑,V,s,P}
• P⊆ V x E∑+V
•  L(G) = I(G)

Attribute Grammar: GA ≡ {∑,V,s,PA,{ai}}
• GA↓ ≡ {∑,V,s,P} = G,  con P=PA↓
• PA ≡ P x {α}
• L(GA) ≡ {<T,L{ai}> | T ∈ L(GA↓) & ∀r0 ∈ R(T):

• sons(r0)=r1,…,rn ,(∀i∈0..n)L(ri)=Bi , B0::=B1,…,Bn{Bi.aji=ei,ji}i∈0..n ∈ PA

• Laj(ri) ≡ SemMeta(ei,j [Lak(rh)/Bh.ak](h≠i) or (k≠j))}
- E[V/x] means E where the value V is replacing x
- Fc(i) means F[V1/i]…F[Vn/i] for c(i)={V1,…,Vn}

T = <R, E⊆R2, L: R -> U>  ---  U-labeled Trees
TA = <T, L{ai}: R(T)-> W{ai}>  ---   U-labeled Trees attributated by values on W{ai}
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Attribute GrammarAttribute Grammar
ExampleExample

E::= F E’  {E’.d=E.d+1}
E’1::= + F E’2  {E’2.d=E’1.d+1}
E’::= ε {ε.d=E’.d}

TA={<R={0,1,2,3}, E, L={(0,E),(1,F),(2,E’),(3,ε)}>,
         Ld={(0,SemMeta(⊥)), …

     (2,SemMeta((E.d+1)[Ld(0)/E.d])),
     (3,SemMeta((E’.d)[Ld(2)/E’.d]))}}

F E’

ε

E

parse tree

1 2

3

0

The effective T
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Apply Semantics: AnotherApply Semantics: Another
Example [Example [AhoAho--pagpag.316].316]

S::= U  {U.count:=0}
U::= U1  1 {U1.count=U.count+1}
U::= ε {print(U.count}

TA={<R={0,1,2,3,4,5,6}, E, L={(0,S),(1,U),(2,U),(3,1),(4,U),(5,1),(6,ε)}>,
    Lcount={(0,SemMeta(⊥)), (1, SemMeta(0)), (2,SemMeta((U.count+1)[Lcount(1)/U.count])),

   (3,SemMeta(⊥)), (4,SemMeta((U.count+1)[Lcount(2)/U.count])), (5,SemMeta(⊥)),
                 (6, SemMeta(print(U.count)[Lcount(4)/U.count]))}

parse tree

U 1

ε

U

S

U 1

The effective tree

2 3

6

1

0

4 5

SemMeta(print(U.count)[Lcount(4)/U.count]) = SemMeta(print(U.count+1)[Lcount(2)/U.count])
= SemMeta(print(U.count+1+1)[Lcount(1)/U.count])
= SemMeta(print(0+1+1))
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E::= F E' [0]

E'::= + E [1]| ε [2]
F::= H F' [3]

F'::= * F [4]| ε [5]
H::= num [6]| (E) [7]

E::= F E' [0]

E'::= + E [1]

E'::= ε  [2]

F::= H F' [3]

F'::= * F [4]

F'::= ε  [5]

H::= num [6]

H::= (E) [7]

E.tree:= mk-tree('E', F.tree, E'.tree),
F.depth:=E.depth+1, E'.depth:=E.depth+1
E'.tree:= mk-tree('E'', mk-leaf('+'), E.tree),
+.depth:=E'.depth+1,E.depth:=E'.depth+1
E'.tree:= mk-tree('E'', mk-leaf('ε'))
ε,depth:=E'.depth+1
F.tree:= mk-tree('F', H.tree, F'.tree),
H.depth:=F.depth+1, F'.depth:=F.depth+1
F'.tree:= mk-tree('F'', mk-leaf('*'), F.tree),
*.depth:=F'.depth+1, F.depth:=F'.depth+1
F'.tree:= mk-tree('F'', mk-leaf('ε'))
ε.depth:=E'.depth+1

H.tree:= mk-tree('H', mk-leaf(num)),
num.depth:=H.depth+1
H.tree:= mk-tree('H', mk-leaf('('), E.tree, mk-leaf(')')),
E.depth:= H.depth+1, (.depth:=H.depth+1,
).depth:=H.depth+1,

Apply Attribute Grammar toApply Attribute Grammar to
Parse Trees: An ExerciseParse Trees: An Exercise

Let mk-tree be an arity-variant procedure that applies to a label and to n trees and results the tree rooted 
on a node having, as label, the first argument, and, as sons, the n trees, in the order of appearance from left.
Say: 1) the type of the attributes; 2) the family L{ai}; 3) the value of each attribute relating to 2+3.


