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CS 132: Compiler Design

Review: Arithmetic Precedence

e Naive expression grammar generates shift-
reduce conflicts, including

[E - E. + E, any]
[E - E* E. , 4

[E - E. * E, any]
[E - E+ E. , *]

[E - E. - E, any]
[E -~ E- E. , -]




Review: Arithmetic Precedence

e In the case

[E - E. + E, any]
[E - E* E. , 4]

we have seen E * E and the lookahead is +

e We can either shift the + onto the stack or
reduceviaE - E * E.

e Since we want multiplication to group more
strongly than addition, correct answer is
reduce.

Review: Arithmetic Precedence

e In the case

[E - E. * E, any]
[E - E+ E. , *]

we have seen E + E and the lookahead is *

e We can either shift the * onto the stack or
reducevianE - E + E.

e Since we want multiplication to group more
strongly than addition, correct answer is shift.




Review: Arithmetic Precedence

e |In the case
E , any]

E_ E. -
[E - E- E. , -]

we have seen E - E and the lookahead is -

e \We can either shift the - onto the stack or
reduceviaE - E - E.

e Since we want subtraction to be left-
associative, correct answer is reduce.

Resolving Shift/Reduce Conflicts

e ML-Yacc permits terminals to be given a
precedence and associativity.

%monassoc EQ
% eft PLUS M NUS
% i ght TI MES

e Each rule may have a precedence and
associativity.
— Defaults to that of rightmost terminal

— Can be overridden by %pr ec specifier
« Recall the unary-minus example




Resolving Shift/Reduce Conflicts

e Conflict resolution
— Assume choices are
e shift a terminal ¢
e reduce a rule A~
— Yacc will reduce
« if rule's precedence > terminal's precedence
< Or, if precedences are equal and both are left-associative
— Otherwise shift.
« Also shift if at least one missing a specified precedence
< (Yields original rule of default-to-shift.)

e Consider the previous cases again.

Another Example: Dangling Else

e Keywords t hen and el se may need precedences
when we have, e.g., arithmetic operators around.

e Consider
if 1 then 2 + 4
if 1 then 2 else 3 + 4

e Solution: give t hen and el se low precedence.

e What goes wrong if you make them left-associative,
though?




Semantic Actions

e Many terminals carry semantic information
— e.g., INT terminal having a associated integer
— e.g., STRING terminal with associated string

e Can generalize this to having information
associated with each node in the parse tree.

— Semantic actions compute information for
nonterminals, in terms of the values of their
children.

Semantic Actions in ML-Yacc

e ML-Yacc associates an arbitrary piece of SML
code with each production rule.
— Stack now contains not symbols, but
(symbol,value) pairs.
< Well, technically there are two parallel stacks.
— When a reduction rule A- 3 applies, runs the
corresponding semantic action to get the value for A.
e Usually computed in terms of values for the symbols in 3.
— LR parsing performs reductions in predictable order

« As if values were computed in postorder parse tree traversal,
although full parse tree may not actually be constructed.




Example: Calculator

W

%ermINT of int | PLUS| MNUS | TIMES | UMNUS | ECF
% ont erm exp of int

Ystart exp

L)
exp : INT (I NT)

| exp PLUS exp (expl + exp2)

| exp MNUS exp (expl - exp2)

| exp TIMES exp (expl * exp2)

| MNUS exp %rec UM NUS (~ exp)

Example: RPN Generator

L)

%ermINT of int | PLUS| MNUS | TIMES | UMNUS | ECF
9mont er m exp
Ystart exp

W
exp : INT (em t(Push INT))
| exp PLUS exp (emt ADD)
| exp M NUS exp (emt SUB)
| exp TIMES exp (emit MILT)
I

M NUS exp %rec UM NUS (emt NEGQ




Example: PN Generator

W

%ermINT of int | PLUS| MNUS | TIMES | UMNUS | ECF
%onterm exp of instruction |ist

Ystart exp

W

exp : INT ([Num(INT)])
| exp PLUS exp ([Add] @expl @exp2)
| exp MNUS exp ([ Sub] @expl @exp2)
| exp TIMES exp ([Milt] @expl @exp2)
| MNUS exp %rec UM NUS ([ Neg] @ exp)

Abstract Syntax

e Another use of semantics actions is to build
an abstract syntax tree

e Recall:

— Concrete syntax refers to the parse tree generated
corresponding to the grammar.

— Abstract syntax retains only the essential
information from the parse tree




Example

e Consider the following grammar:

<exp> <exp> + <ternp
<exp> - <ternp

<t er m>

<terner * <factor>
<fact or>

( <exp>)

<nune

<terne

<factor> ::

Concrete & Abstract Syntax

<exp>
=] []
<t er np <fact or>
I
o [ D]
< >
<factor> exp
| <exp> \
<nume t tl|<terms
<terme |
I <factor>
<f act or> |
. <nump
<nune

2- (3+5)




Concrete Syntax

e Concrete syntax is comparatively "arbitrary"

<nune ::
<exp> ::

one | two | three

<nune

add <exp> and <exp>
subtract <exp> from <exp>
mul tiply <exp> by <exp>

( exp)

subtract (add three plus five)
fromtwo

Review: Concrete Syntax

e Concrete syntax is comparatively "arbitrary"

<nun® ::
<exp> ::

11 2] 3]
<nun®

<exp> <exp> +
<exp> <exp> -
<exp> <exp> *

235+ -




Abstract Syntax

e Abstract syntax can be specified with a
grammar as well
— Doesn't matter if the grammar is ambiguous
— We always have a tree, not just a string

® S
I p—
@ DN
— + —
® D W

D
— 1 n

Straight-line Abstract Syntax

datatype binop = ... and stm= ... and exp = ...
9%
%ermINT of int | IDof string | ...

%mont erm exp of exp | stmof stm| exps of exp list
U%start stm

9%
stm: stm SEM COLON stm (ConmpoundSt n( st mL, st n2) )
| 1D ASSI GN exp (AssignStn( | D, exp))
| PRINT LPAREN exps RPAREN  (Print Stmexps))
exps: exp ([ exp])
| exp COMVA exps (exp :: exps)
exp : |INT (NunmExp( I NT))
| ID (1dExp(1 D))
| exp PLUS exp (OpExXp(expl, Pl us, exp2))
| stm COMWA exp (EseqExp(st m exp))
| LPAREN exp RPAREN (exp)

10



Symbols (Hashable Strings)

signature SYMBOL =

sig
eqt ype synbol
val synbol : string -> synbol
val name : synbol -> string

type 'a table
val enpty : 'a table

val enter : 'a table * synbol * 'a -> "'a table
val look : '"a table * synbol -> '"a option
end

Tiger Abstract Syntax: L-values

type pos = int

and synbol = Synbol . synbol
dat at ype var = Si npl eVar of synmbol * pos

| Fieldvar of var * symbol * pos
| SubscriptVar of var * exp * pos

and oper = PlusQ | MnusOp | TimesOp | DivideOp
| EQOp | NeqQp | LtOp | Le® | GOp | GO
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Tiger Abstract Syntax: Exps

and exp = Var Exp
| NilExp
| I ntExp
| StringEx
| Call Exp
| OpExp

| Recor dEx

| SeqExp
| AssignEx
| I1fExp

| Wil eExp
| For Exp

| BreakExp
| Let Exp
| ArrayExp

p

p

p

of

of
of
of
of
of

var

i nt
string * pos

{func: synbol, args

exp list, pos: pos}

{left: exp, oper: oper, right: exp, pos: pos}
{fields: (synbol * exp * pos) list,

typ: synbol, pos
(exp * pos) list

{var: var, exp: exp
exp, else': exp option

{test: exp, then'
pos: pos}

pos}

pos: pos}

{test: exp, body: exp, pos: pos}

{var: synbol, escape
body: exp, pos: pos}

lo: exp, hi: exp
pos

bool ref,

{decs: dec list, body: exp, pos: pos}

{typ: synbol, size

exp, init: exp, pos: pos}

Tiger Abstract Syntax: Decs

and dec = FunctionDec of fundec |ist

| VarDec

| TypeDe

wi t ht ype fundec

and field

c

{name

of {nane symnbol
escape: bool ref,
typ : (symbol * pos) option,
init : exp,
pos . pos}

of {nane: synbol

synbol ,

parans: field list,

result: (synbol * pos) option,

body : exp
pos : pos}
{name

synbol , escape: bool ref,
typ . synbol, pos

ty:ty, pos:pos} list

pos}
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Tiger Abstract Syntax: Types

and ty = NaneTy of synbol * pos
| RecordTy of field list
I

ArrayTy of synbol * pos

withtype field = {name : synbol,
escape: bool ref,

typ : synbol ,
pos . pos}
Example

e The Tiger program

(a :=5; atl)

translates to

SeqExp[ (Assi gnExp{var =Si npl eVar (synbol "a", 2),
exp=I nt Exp 5,
pos=4},2),
(OpExp{ ! ef t =Var Exp( Si npl eVar (synbol "a",
oper =Pl usOp,
right=IntExp 1,
pos=11}, 10)]

10)) .
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Positions

e In semantic actions, the ML code can get not
just values associated with tokens, but also
their start/end positions in the source code

— Instead of "exp"” or "expl"” or "exp2"
— Write "expl ef t " "expri ght ", "expll eft",
"explright”, "exp2l eft", "exp2ri ght"

e The abstract syntax tree contains only a

single character position for each node
— Choosing this is a "matter of taste"

A Final Digression

e In the SML language one can dynamically
make operators infix:

fun plus(n:int,mint) = n+m
val x plus (3,4)

i nfix pl us

val vy 1 plus 2

&l

e How is this handled in ML-Yacc?
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