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 Assoclate information with the programming language constructs by attaching attributes to
grammar symbols.

* Values of these attributes are evaluated by the semantic rules associated with the production
rules.

* An attribute may hold almost any thing.
» a string, a number, a memory location, a complex record.
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There are two ways to represent the semantic rules associated with grammar symbol

1 Syntax Directed Definitions ( SDD )
 Syntax Directed Translation Schemes( SDTs )

Syntax-Directed Definitions:
v" Give high-level specifications for translations
v Hide many implementation details such as order of evaluation of semantic actions.
v" We associate a production rule with a set of semantic actions, and we do not say when

they will be evaluated.

Syntax Directed Translation Schemes:
v" Indicate the order of evaluation of semantic actions associated with a production rule.

v In other words, translation schemes give a little bit information about implementation
details.
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SDT SCheme

E—->E+T
E—->FE-T
E->T
T—0
T—>1

T—>9

{print +'}
{print -’}

{print ‘0’ }
{print ‘1" }

{print ‘9’ }

SDD

E—->E+T
E-SE-T
E->T
T—>0
T—>1

VIEEPPELeTy o

E.COde - E-Cocel |T_C0de| |)+,
E.code = E.code||T.code|| -’

E.code = T.coc
T.C()de =‘O)
T.C()de =‘1)

TCOde :‘9;
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Conceptually with both the syntax directed translation and translation scheme we
» Parse the input token stream
» Build the parse tree
» Traverse the tree to evaluate the semantic rules at the parse tree nodes.

Input string - parse tree -dependency graph -evaluation order for semantic rules

Conceptual view of syntax directed translation
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» Asyntax-directed definition is a generalization of a context-free grammar in which:
» Each grammar symbol is associated with a set of attributes.
» This set of attributes for a grammar symbol is partitioned into two subsets called
1 Synthesized and
 Inherited attributes of that grammar symbol.
» Each production rule is associated with a set of semantic rules.

* The value of an attribute at a parse tree node Is defined by the semantic rule associated with a

production at that node.
» The value of a Synthesized attribute at a node Is computed from the values of attributes at the

children in that node of the parse tree
* The value of an Inherited attribute at a node is computed from the values of attributes at the

siblings and parent of that node of the parse tree
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Examples:
Synthesized attribute :

E—-E1+E2 {E.val =El.val + E2.val}
Inherited attribute :A—XYZ {Y.val =2 *A.val}
Semantic rules set up dependencies between attributes which can
be represented by a dependency graph.

This dependency graph determines the evaluation order of these
semantic rules.

Evaluation of a semantic rule defines the value of an attribute.
But a semantic rule may also have some side effects such as
printing a value.
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Production Semantic Rules

L—-E$ print(E.val)
E—-E1+T E.val = El.val + T.val
E—>T E.val = T.val
T—->T1*F T.val =T1l.val * Fval
T—>F T.val = F.val

F— (E) F.val = E.val

F — digit F.val = digit.lexval

Symbols E, T, and F are associated with a synthesized attribute val.

The token digit has a synthesized attribute lexval (it Is assumed that it is evaluated by the lexical
analyzer).

Terminals are assumed to have synthesized attributes only. Values for attributes of terminals are
usually supplied by the lexical analyzer.

The start symbol does not have any inherited attribute unless otherwise stated.
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Input: 5+3*4 L

Production Semantic Rules /\
L>ES$ print(E.val) E.val=17 $
E > EL+T E.val = E1.val + Tval e
E—-T E.val = T.val )y /N
T—->T1*F T.val = T1l.val * Fval T.val=5 Tval=3 * Fval=4
T—F T.val = F.val - - o
F—(E) Eval = E.val .va va digit.lexval=4
F — digit F.val = digit.lexval dig‘it.lexvalz5 dig‘]it.lexvaI:S
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Dependency Graph

Input: 5+3*4

N

E.val=17 $

E.val=5 + T.val=12

T /]:\V —
T.val=5 T.val=3 val=4

! ! d"II =4
Fval=5 Fval=3 IgIt.Iexval=

! !
digit.lexval=5 digit.lexval=3
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Pr 10N Semantic Rules

D—-TL L.in = T.type

T— int T.type = Integer

T — real T.type = real

L—L,id L,.in =L.in, addtype(id.entry,L.in)
L — id addtype(id.entry,L.in)

1. Symbol T Is associated with a Synthesized attribute type.

2. Symbol L is associated with an inherited attribute In.
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Annotated parse tree

Input: real p,q,r annotated parse tree
parse tree D
D / \
T /IL\ T.type=real }irFreal
real L , 1d3 real L,.in=real , 1d3
L ‘, 1d2 L,.n=real , 1d2
id1 id1
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Dependency Graph

int ' addType 10
1 interger 4 inh YP

~

S inh ~
' 8 addType id

6 addType jd
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of Inherited attribute

Tval =15

Production Semantic Rules

T—-FT T".inh = F.val | Trinh = 3
Tval = T'syn Fval =3 . £ -
T'—*FT,  T,inh=T.inhxFval A=
T'.syn=T'.syn 5

e P o T',.inh =135

— .syn=1.n digit.lexval = 3 * Fval =5 T syn=15
F — digit F.val = digit./exval g

digit./exval = 5 €
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Lval = 77
|
Ewval= 77 n
I
/al=n\
Tval=7 * Fval= 11
| /1N
a7 ( Eval=11 )
72 % "
( Eval=7 ) Eval=5 + Tnal=6

/ I\ | |

Eval=3 + Twal=4 Tval=5 Fval =6

Fval=35 -
., Eiat sk digit.lexval = 6

| | digit.lexval = S
Fval =3  digit.lexval = 4

digit.lexval = 3
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