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Question — MiniJava Extension
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class A{...}

A X =newS A();



Question — MiniJava Extension

Lexical analyzer
e Add a new token "NEWS”
e "newS" { return token(sym.NEWS); }

Parser
terminal NEWS:

Expr ::= NEWS ID:name LPAREN RPAREN
{: RESULT = new NewSObjectExpr(name); } |



Question — MiniJava Extension

Semantic analysis
e Scope analysis: “name” is refers to a defined class

e Type analysis: newS expression has the reference type of name (same as
“neW”)

e Stack object never escapes

e Can’t be returned

A foo() {
A a = newS A();

I-‘.e.tum a,
}
e Can'’t be pointed to from a heap-allocated object or array

e What if it's passed as a parameter?



Question — MiniJava Extension

Intermediate representation (LLVM)

e Translate newS exactly as new while using stack memory
e Use alloca to allocate an array of bytes on the stack
e % 0 = alloca [nBytes x i8]

where nBytes is the number of bytes the compiler calculates for the binary
representation of the object (vtable pointer + fields)

e Initialize the array to zeros
e store Iin aloop, or generate individual instructions per byte

e Continue the translation as usual (assigning the vtable pointer)



Question — MiniJava Extension

Assembly generation
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NestedComments with Start States

static int nestedCount =0;

%state comment

%%

<YYINITIAL>\*  {nestedCount++;
YYBEGIN(comment);}

<comment>\*/ { If (--nestedCount==0) {
YYBEGIN(YYINITIAL);
}
}

<comment>.|[\t\n] ;

45
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Int nestedStarCount;
Int nestedDollarCount;

N,

yyinitial

$/ * |

/*

/* or $/

Comment Comment

$ [$ or */ x

If other counter > 0

: Throw exception on $/
(or, split to more states) p $
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Example Predictive Parser

<S> id =<E>

<E> > <T><EP>
<T>—id| (<E>)
<EP> > ¢|+<E>

<S> — if (E>) <S> else <S>

<S> <S> : <S> @

def parse_S():
if id(input):
match(input, id)

match(input, assign)

parse_E()
elif if tok(input):

match(input, if tok)

match(input, 1lp)
parse_E()
match(input, rp)
parse_S()

match(input, else_tok)

parse_S()
else:
syntax_error()

def parse E():
parse T()
parse EP()

def parse T():

if id(input):
match(input, id)

elif lp(input):
match(input, 1p)
parse_E()
match(input, rp)

else:
syntax_error()

def parse EP():

if plus(input):
match(input, plus)
parse_E()

elif
rp(input) or
else _tok(input) or
eof(input):
return // ¢

else:
syntax_error()

def main:

parse_S;

If not match(input,
EOF) ...

16
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def parse goal():
parse_clock _noise()
match(input, dollar)

def parse clock noise():
match(input, tick)
match(input, tock)
parse_rest()

def parse rest():
if tick(input):
match(input, tick)
match(input, tock)
parse_clock noise()
if dollar(input):
pass
else:
syntax_error()
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wo Phase Solution
Dynamic Programming
Sethi & Ullman

* Bottom-up (labeling)

 Compute for every subtree
* The minimal number of registers needed

* Weight
* Top-Down
» Generate the code using labeling by preferring “heavier” subtrees (larger

labeling)
* Can integrate spilling




The Labeling Principle

m registers
m>n

m registers n registers



The Labeling Principle

n registers
m<n

m registers n registers



The Labeling Principle

m+1 registers

m registers n registers



The Labeling Algorithm

weight(Node: expression): integer {
switch node: {
case number(n: integer): return 1;
case localVariable(v: symbol) return 1;
case el: Node + e2: Node {
let lw: integer = weight(el);
let rw: integer = weight(e2);
if (Iw < rw) return rw ;
else if (lw > rw) return lw;
else return lw + 1 ;
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iteratively Computing Liveness

e Construct a control flow graph of instructions

e Every instruction uses a set of variables and defines a set of
variables
e example X = y+z liveOut(q)=liveln(n) U liveln(m) ) U liveln(p)

* use({y, z})
* def({x})

* Liveness Equations
* liveOut(exit) = {}
* liveln(n) = (liveOut(n) — def(n)) W use(n)
e liveOut(n) = ) liveln(m)

m: succ(n, m

 Computed iteratively from the exit node



Constructing interference graphs

 Compute liveness information at every instruction

e Variables ‘@’ and ‘b’ interfere when there exists an instruction
n:a < exp and ‘b’ € LiveOut[n]



enter [*12,rl, r3*/
c.=r3 /*c,r2,r1*/
a:=rl /[*a,cr2*
b:=r2 /[*a,c,b*
d:=0 /*a,c, b, d*
e:=a /[*e,c,b,d?*

loop:
d:=d+b /*e,c, b, d?*
e:=e-l/*e,c, b, d?*
If >0 goto loop /* ¢, d */
rl:=d /*rl,c*/
r3:=c/*rl, r3%*/
return /*r1,r3*/
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Compilation Phases

Text to structural Syntax,
representation code analysis
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