Attribute Grammars

Start with BNF grammars and augment them with data and compu-
tation.

We may associate with the left and right sides of any BNF rule,
some data values and computation.

The data values are called attributes. Computation is expressed as
so-called evaluation rules or constraint tests.

Recall that symbols in BNF rules correspond to nodes in parse trees.

We can think of each node in a parse tree as if it were a procedure
having:

e |nherited attributes (input parameters)
e Synthesized attributes (output parameters)

e (possibly) Evaluation rules/ condidtions
(computation with attribute values)



Example: Binary integers

The syntax is trivial (we don’t worry about leading 0'S)
We use {ab} as the binary digits in our language to distinguish
them from attribute values 0 and 1.
InBNF:  <bin> - <d> | <bin><d>
<d> - a | b

The grammar is unambiguous; every parsetreeis *‘left-skewed'’.

In particular, the parse trees for all n-bit strings have identical struc-
ture, and only the leaf nodes differ. But there is no information
about the actual integer represented.

Let us give an attribute grammar for this language in which an attri-
bute value is synthesized that corresponds to the binary integer
represented.

<bin>tv - <d>tv

| <bin>tv' <d>tv"' eva LV IV'1V
<d>tv - a0 | br1l

evalv'iv'tv - {v « 2V +V"}



L et us construct a parse tree for ‘‘bab’’, i.e., binary 5.

<hin>tv - <d>tv
| <bin>tv' <d>tv' eva LV IV'1V

<d>tv - at0 | br1l

evadlVv'iv'tv - {v « 2*V +V"}

/
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<bin> ! 5
<bin>! 2 <d>1 1 eval v 2
bt 1
<bin> 1 1 <d>"1 0 evd | 1 | 0 !

<d> 1 al 0



We wish to define an assignment statement that allows expres-
sions of "mixed type." Consider the following attribute grammar:

<exp> - <id>tt

Tt | <id>1t; * <exp>tt, carbinetypes: It; Ity 1t
| <id>1t; / <exp>tt, carbinetypes: It; Ity 1t
<id>- | t"int" | Jt"int" | SREE | N t"int"

Tt | A t"real" | Bit"real" | - - - | H1t"real"
Evaluation rule:
carbinetypes targ; larg, tresult -
If arg; = "real" then result — "real"” else
if argy = "int" then result — argy

\We use ‘' for assigment in the evaluation rule.)

Can we draw aparsetreefor"A /1 * J' ?

<exp> ! Mreal”
<id> N'real" / <exp>¢ "int" Combinetypes Vlrealn wuintu ﬂ\ ..real,.
A ¢riea| <id>} "jnt"  *  <exp> |"jpt* combinetypes |"int" | "int" ! “int"
<id> N'int"

[ ine /

j 1 int




Example: An attribute grammar for doublewords

<dword> - <word>tw <word2>|w

<word>tw - a <word>tw' concat"a"' |w' tw
| b <word>tw' concati"b" (W' 1w
| aT I|a:I | bT Ilbll

<word2>lw - a cond w="a"
| a cond left(w) ="a" assigntw' |rest(w) <word2>iw’

<word2>'w - b cond w="b"
| b cond left(w) = "b" assigntw' | rest(w) <word2>!w'

EvaluationRules:

assigntv lexp - {setv tovaue of exp}

concatls; 1S 1s - {setstos; sy}
left(w) — {1st character in w}
rest(w) - {al but the 1st character in w}



Derivation of "aabaab"

<dnord>
word>t  <wordz>y

a word>t concatl"a"| 1 wordz2>|

a a wrd>t concati"a"l 1
concatl"a"| 1 wordz2>|

aa bt"b" concati"a"l"b"t"ab"
concatl"a"| 1 wordz2>|

aa bt"b" concati"a"l"b"t"ab"
concat!"a"l"ab"1"aab" <word2>|"aab"

Now the first half of the doubleword is derived.
We continue with the derivation from <word2>.

<word2>. " aab"



<word2>. " aab"

a cond left ("aab")="a" assigntw’' lrest("aab") <word2>iw'

a cond left ("aab")="a" assignt"ab" lrest("aab") <word2>,"ab"

The condition and assign rules are complete, and so are omitted.
Remember that aab was derived from <word>, so we have
aab a <word2>1"ab"

aab a a cond left ("ab")="a"
assigntw' lrest("ab") <word2>iw'

aab a a cond left ("ab")="a"
assignt"b" lrest("ab") <wordz>l"b"

aab a a cond left ("ab")="a"
assignt"b" lrest("ab") b cond "b" = "b"




Parse tree for aabaab

<dword>
/
<word>!
a <word>! concat | | )
a <word>! concat|{ | | <word2>V_
-

a cond left("aab")="a" assign! | <word2>V__

a cond left("ab")_="a" assign! <word2>V__



Parse tree for aabaab

<dword>

=

<word>! "aab"

a <word>!"aab" concat | "a" |"ab") "aab"

<word2> | "aal
a <word>'"ab" concat| "a"|"b" ) "ab"

b 1 b"

a cond left("aab")="a" assign }"ab" | "ab" <word2>/ab

a cond left("ab")="a" assign 1 " |"b" <word2>} 0"

/]

b cond Ilbll=llbll



