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Attribute GrammarsAttribute GrammarsAttributes: 
ontainers for stati
 semanti
 (non-
ontext�freesynta
ti
) information,Dire
tions: attributesinherit information from the (upper) 
ontext,synthesize information from information insubtrees,Semanti
 rules: de�ne 
omputation of attribute values.



Attribute GrammarsAttributes as Carriers of Context Information
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Attribute GrammarsExample Grammar: S
opingDes
ribes nested s
opes;
◮ a statement may be a blo
k, 
onsisting of a de
laration aprtfollowed by a statement part,
◮ de
laration parts 
onsist of lists of pro
edure de
larations,
◮ pro
edures, de
lared later in a list, may be 
alled from withinpro
edures de
lared earlier.attribute grammar S
opes:nonterminals Stms, Stm, De
ls, De
l, Id, Args, Ptype;domain Env = String → Types;attributes syn ok with De
ls, De
l, Stms, Stm domain Bool;inh e-env with Stms, Stm, De
ls, De
l domain Env;inh it-env with De
ls, De
l domain Env;syn st-env with De
ls, De
l domain Env;syn name with Id domain String;syn type with Ptype, Args domain Types;



Attribute Grammars ok is true,
◮ if all used identi�ers are de
lared, and
◮ if there are no multiple de
larations of oneidenti�er in the same s
ope.it-env, st-env are �temporary environments�, in whi
h de
larativeinformation is 
olle
ted.A 
he
k for double de
larations is made while
olle
ting lo
al de
larations in it-env.e-env is the �e�e
tive� environment, in whi
h pro
edure
alls are type 
he
ked.For ea
h nested s
ope, the e�e
tive environment isobtained by over-writing the external e�e
tiveenvironment with the lo
ally 
onstru
tedenvironment.



Attribute Grammarsrules0 : Stms → Stm1 : Stms → Stms ; StmStms0.ok = Stms1.ok and Stm.ok2 : Stm → begin De
ls ; Stms endDe
ls.it-env = ∅Stms.e-env = Stm.e-env + De
ls.st-envDe
ls.e-env = Stm.e-env + De
ls.st-envStm.ok = De
ls.ok and Stms.ok3 : De
ls → De
l4 : De
ls → De
ls ; De
lDe
ls1.it-env = De
ls0.it-envDe
l.it-env = De
ls1.st-envDe
ls0.st-env = De
l.st-envDe
ls0.ok = De
ls1.ok and De
l.ok5 : De
l → pro
 Id : Ptype is StmsDe
l.st-env = De
l.it-env + { Id.name 7→ Ptype.type }Stms.e-env = De
l.e-envDe
l.ok = undef( Id.name, De
l.it-env) and Stms.ok6 : Stm → 
all Id ( Args)Stm.ok = def(Id.name, Stm.e-env) and
he
k(Args.type, Stm.e-env(Id.name))



Attribute GrammarsLo
al Dependen
ies in the S
opes-AG
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Attribute GrammarsAttribute Grammars � TerminologyLet G = (VN ,VT ,P ,S) be a CFG, the underlying CFG.The p−th produ
tion in P is written asp : X0 → X1 . . .Xnp ,Xi ∈ VN ∪ VT , 1 ≤ i ≤ np , X0 ∈ VN .An attribute grammar (AG) over G 
onsists of
◮ two disjoint sets Inh and Syn of inherited resp. synthesizedattributes,
◮ an asso
iation of two sets Inh(X ) ⊆ Inh and Syn(X ) ⊆ Synwith ea
h symbol in VN ∪ VT ;

◮ Attr(X ) = Inh(X )∪ Syn(X ) set of all attributes of X ;
◮ a ∈ Attr(Xi ) has an o

urren
e in produ
tion p at o

urren
eXi , written ai .
◮ O(p) is the set of all attribute o

urren
es in produ
tion p.



Attribute GrammarsAttribute Grammars � Terminology 
ont'd
◮ the asso
iation of a domain Da with ea
h attribute a;
◮ a semanti
 ruleai = fp,a,i ( b1j1 , . . . , bkjk ) (0 ≤ jl ≤ np) (1 ≤ l ≤ k)for ea
h de�ning o

urren
e of an attribute, i.e.,

◮ a ∈ Inh(Xi ) for 1 ≤ i ≤ np or
◮ a ∈ Syn(X0) in ea
h produ
tion p,where bljl ∈ Attr(Xjl ) (0 ≤ jl ≤ np) (1 ≤ l ≤ k).fp,a,i is thus a fun
tion from Db1 × . . . ×Dbk to Da.



Attribute GrammarsAttributes as Carriers of Context Information
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Attribute GrammarsMore Terminology
◮ Produ
tions of the underlying CFG have instan
es in syntaxtrees.
◮ Node n labelled with X ∈ VN ∪ VT has an instan
e an ofattribute a ∈ Attr(X ).
◮ Hen
e, there areattributes asso
iated with non-terminals (and terminals),attribute o

urren
es in produ
tions, andattribute instan
es at nodes of syntax trees.
◮ The semanti
 rule for a def. attribute o

urren
e in aprodu
tion determines the values of all 
orresponding attributeinstan
es in instan
es of the produ
tion.
◮ Attribute Evaluation is the pro
ess of 
omputing the valuesof attribute instan
es in a tree using the semanti
 rules.



Attribute GrammarsAttribute O

urren
es and Attribute Instan
es
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Attribute GrammarsThe p�n�q SituationAttribute evaluation at node n labelled X is determined byprodu
tionsp applied at parent(n) for the inherited attributes of Xandq applied at n for the synthesized attributes of X .
X

p
qn



Attribute GrammarsSemanti
s of an Attribute GrammarLet t be a syntax tree to AG G , symb(n) ∈ VN , prod(n) be theprodu
tion applied at n.Attribute instan
e an of attribute a ∈ Attr(symb(n)) at n has to begiven a value from Da.Semanti
 rule ai = fp,a,i ( b1j1 , . . . , bkjk ) of prod(n) = p indu
es therelation on the values of the attribute instan
es of the instan
e ofprod(n): val(ani ) = fp,a,i (val(b1nj1), . . . , val(bknjk ))G indu
es a system of equations for t:
◮ variables are the attribute instan
es at the nodes of t,
◮ equations are de�ned by the above relation,
◮ re
ursion would in general not permit an evaluation of allattribute instan
es.
◮ AG, whi
h never indu
es a re
ursive system of equations, is
alled well formed.



Attribute GrammarsNormal Form
◮ Attribute o

urren
es ai where a ∈ Inh(Xi ) and 1 ≤ i ≤ npor a ∈ Syn(X0) are de�ning o

urren
es.
◮ All others are applied o

urren
es.
◮ AG is in normal form, if all arguments of semanti
 fun
tionsare applied o

urren
es.Consequen
es of Normal Form:
◮ Semanti
 rules de�ne values of def. o

urren
es in terms ofappl. o

urren
es.
◮ Computation of the value of an attribute in one instan
e of aprodu
tion (in a tree) requires the previous evaluation of anattribute in a neigbouring instan
e of a produ
tion.
◮ For later: Chains of attribute dependen
es inside a produ
tionhave at most length one.



Attribute GrammarsShort Cir
uit Evaluation of Boolean ExpressionsThe generated 
ode:
◮ only load�instru
tions and 
onditional jumps;
◮ no instru
tions for and, or and not;
◮ subexpressions evaluated from left to right;
◮ for ea
h (sub)expression, only the smallest subexpression isevaluated, whi
h determines the value of the whole(sub)expression.



Attribute Grammars
Code for the Boolean expression (a and b) or not 
 :LOAD aJUMPF L1 jump-on-falseLOAD bJUMPT L2 jump-on-trueL1: LOAD 
JUMPT L3L2: Code for true�su

essorL3: Code for false�su

essor



Attribute Grammars
Attribute grammar BoolExp des
ribes

◮ 
ode generation for short 
ir
uit evaluation,
◮ label generation for subexpressions,
◮ transport of labels for true� and false�su

essors to primitivesubexpressions translated into jumps.



Attribute Grammars
Synthesized attribute j
ond 
omputes the 
orrelation of the valuesof an expression with that of its rightmost identi�er x .Value of j
ond at expression etrue: The loaded value of x equals value of e,false: The loaded value of x is negation of value of e.Means for 
ode generation:Instru
tion following LOAD x is 
onditional jump to true�su

essorJUMPT if j
ond =true,JUMPF if j
ond =false.



Attribute Grammarsattribute grammar BoolExp
nonterminals IFSTAT, STATS, E, T, F;attributes inh tsu

, fsu

 with E,T,F domain string;syn j
ond with E,T,F domain bool;syn 
ode with IFSTAT, E,T,F domain string;



Attribute GrammarsrulesIFSTAT → if E then STATS else STATS �E.tsu

 = tE.fsu

 = eIFSTAT.
ode = E.
ode ++ gen
jump (not E.j
ond, e) ++t: ++ STATS1.
ode ++ genujump (f ) ++ e: ++ STATS2.
ode ++ f:E → TE → E or TE1.fsu

 = tE0.j
ond = T.j
ondE0.
ode = E1.
ode ++ gen
jump (E1.j
ond, E0.tsu

 ) ++ t: ++ T.
odeT → FT → T and FT1.tsu

 = fT0.j
ond = F.j
ondT0.
ode = T1.
ode ++ gen
jump (not T1.j
ond, T0.fsu

 ) ++ f: ++ F.
odeF → (E)F → not FF1.tsu

 = F0.fsu

F1.fsu

 = F0.tsu

F0.j
ond = not F1.j
ondF → idF.j
ond = trueF.
ode = LOAD id.identi�er



Attribute Grammars
Auxilliary fun
tions:genujump (l) = JUMP lgen
jump ( j
, l) = if j
 = truethen JUMPT lelse JUMPF l�


