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ll Minimal Basic

RemStmt

LetStmt

PrintStmt

InputStmt

GotoStmt

IfStmt

Endstmt
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if (test-expr)
then-statement

else

else-statement

T = fest-expr .
if (t)
goto frue .
else-statement
goto done
True:
then-statement

done:

14



BB

long It cnt=0; 1. long gotodiff _se(long x, long y)
longge cnt=0; 2. {
long absdiff_se(long x, long y) || 3. long result ;
{ 4, If (x>=y)
long result ; B. goto X ge vy,
If (x<y){ 6. It_cnt++ ;
It_cnt++ 7. result=y—x;
returny — X; 8. return result ;
} 9. X gey:
else { 10. ge_cnt++ ;
ge_cnt++ 11. result =y — x;
return X —y; 12. return result;
} 13. }
} 15




BB

1. absdiff se:

2. cmpq %orsi, %rdi
3. jge L2

4, addg %1, It cnt
b. movq %rsi, %rax
6. subg %rdi, %rax
7. ret

8. .L2

9.

addg %1, gt _cnt
10. movqg %rdi, %rax
11.  subg %rsi, %rax
12. ret

Compare X : y
If x>=ygotox ge y
It _cnt++
Copyy
result =y - x
Return
X_ge_V:
gt_cnt++
Copy x
result=x-vy
Return

16
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%orsp —

Caller
Frame
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1. Save caller-save registers  o4rsp registers

(Yorax, %rdx, %orcx, ...)

Caller
Frame

18



l AN{RIb IR R A A

1. Save caller-save registers

(Yorax, %rdx, %orcx, ...)

2. Put first actual arguments

to fixed registers
Push rest actual arguments

to stack from right to left

%rsp

Caller
Frame

caller-save
registers

arguments
(n~7)

19



pUEpSEREOE]EE el

caller-save
3. Call instruction registers
arguments

— Save return address (n~7)

retaddr

— Transfer control to callee %orsp

20



- REpSESSEE]ES S

caller-save

4. Save callee-save registers MRS
arguments

(%rbx, %rbp, . . .) (n~7)
retaddr

callee-save
registers

21



- REpSESSEE]ES coe

caller-save

4. Save callee-save registers MRS
arguments

(%rbx, %rbp, . . .) (n~7)
retaddr

5. Allocate space for local callee-save

registers

local
variables

variables

%rsp

22



- REpSESSEE]ES coe

caller-save
registers
arguments

n-3. save return value in %rax (n~7)

retaddr

callee-save
registers

local
variables

%rsp

23



- REpSESSEE]ES coe

caller-save
registers
arguments

n-3. save return value in %rax (n~7)

retaddr

callee-save
registers

n-2. de-allocate local variable

24



- REpSESSEE]ES coe

caller-save
registers
arguments

n-3. save return value in %rax (n~7)
retaddr

n-2. de-allocate local variable %rsp

n-1. Restore callee-save registers

25



l AN{RIb IR R A A

Nn-3. save return value in %rax

%rsp
n-2. de-allocate local variable

n-1. Restore callee-save registers

n. Ret instruction

— pop return address

— Transfer control to caller

Caller
Frame

caller-save
registers

arguments
(n~7)

26
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| Tiger Language

@?ﬁ—tl«n =
Merge.tig ® LK . IEET
let type any = {any :int} o EFE
var buffer ;= getchar() et
function readint(any: any) : int = ® REEIRETEN

let vari:=0
function isdigit(s: string) : Int =
ord(buffer)>=ord(“0") & ord(buffer)<=ord(“9™)
Inwhile buffer=" ““ | buffer="\n" do bufter := getchar()
any.any := isdigit(buffer);
while isdigit(buffer)
do (1 := 1*10+ord(buffer)-ord(“0”);
buffer := getchar() )

end
32



f Tiger Language  xg#stiss
| ® ZSigEt
Mer?;p;telgllist = {first: int, rest: list} * SMINEINEX
...... o 4R : 15%t
function printlist(l: list) = o FRELBEIFEH

If I=nil then print(“\n”)
else (pintint((l.first); print( «); printlist(l.rest))

[* BODY OF MAIN PROGRAM */

in printlist(merge(readlist(), readlist()))
end

var N ;=8

type intArray = array of int
var row ;= intArray [N] of O

33



B As simple as possible, but not simpler

Only base type of int and string
Only one dimensional array
Nested functions

— Escape analysis

Structured l-value
— No record or array variables
—  Only pointers to heap

2018-11-25 34
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\ r=1= I:I:I:l/\'-\q

| B EpthREDE
R = Keyword | Identifier | Number | ...

=R, | R, | Rs | ..

If s € L(R) then s is a lexeme

— Furthermore s € L(R) for some “R;”
— This “R;” determines the token that is reported

36



) oK ERHEN

R = Whitespace | Integer | Identifier | ‘+’
Parse “foo+3”

- “f” matches R, more precisely Identifier
- But also “fo” matches R, and “fo0”, but not “foo+”

How much input is used? What if
- X;...%x; € L(R)and also x,...x, € L(R)
“fe KL HC” R
— Pick the longest possible substring that matches R

37



E

X

VW
|

PN

CoE S ElR:

Last  Current Current Accept
Final State Input Action
o 1 ff --not-a-com
2 2 HJf --not-a-com
3 3 lif] --not-a-com
3 0 LE )--not-a-com  return IF
{} 1 iff --not-a-com
12 12 if| |- -not-a-com
12 0 1f] T-net-a-com  found white space; resume
Y 1 if - -not-a-com
9 9 if |-[not-a-com
9 10 if |-Fpot-a-com
9 10 if [F-npt-a-com
9 10 if FFngt-a-com
9 10 if |F-not-a-com
9 0 if F-not-p-com  ertor, illegal token '-'; restime
0 ] if --not-a-com
9 9 if -lphot-a-com
9 0 if -[hpt-a-com  error, illegal token '-'; resume

38



) SO ETFERBEL

R = Whitespace | ‘new’ | Integer | Identifier
Parse “new foo”

- “new” matches R, more precisely ‘new’
— but also Identifier, which one do we pick?

In general, if X,...x; € L(R) and X;...x; € L(R,)

“PrRocg” M-

- We must list ‘new’ before Identifier

39
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%Start INITIAL COMMENT
%%

<INITIAL>If {ADJ; return IF;}
<INITIAL>[a-z]+ {ADJ; yylval.sval=String(yytext); return ID; }
<INITIAL>"(*” {ADJ; BEGIN COMMENT;}
<INITIAL>. {ADJ; EM_error(‘“illegal character”);}
<COMMENT>"*)” {ADJ; BEGIN INITIAL;}
<COMMENT>. {ADJ;}

{BEGIN INITIAL,; yyless(1);}

40



B Lext] L ST E iR

« Comments

— May appear between any two tokens
— Start with /* and end with */
— May be nested

41
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View Shift :
> SEBEFAAET EBSENLT

void caller() void f(int x)

{ {

o ,
Static link :

> XRRIIRE

2018-11-25
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| BEHSSERFTE

semant.c K
translate.h 7|°IL%§79|359‘§
translation.c

frame.h temp.h
uframe.c femp.c

=
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| BEE (482)

Live In: kK |

L L T T

— = XQ_O (@ i B -h S5O

I

3

D

3
T

_|_

|_\

»
| F—

b
Live out d K
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| BEE (482)

Stack

T MM NAN T

E OO VT X D

49
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Live in: K
4 .= mem|r3+12]
2 :=rl-1
2 :=r4*r2

r4 := mem[r3+8]
rl .= mem[r3+16]
2 .= memjr2]

r3 :=r4+8
r4 :=r3
r1:=rl+4
r3:=1r2

Live out d K |

2018-11-25
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s (K=3)

Static link
int f(int a, int b) enter: ¢ « 13
{ a<«—rl
Int d=0; b«12
Int e=a; d—0
do { e« a
d=d+b; loop: d« d+b
e=e-1; e «—e-1
} while (e>0) ; If e>0 goto loop
return d, rl «—d
} 13« ¢
return (rl, r3 live out)

2018-11-25
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s (K=3)

* No way to simplify or
freeze
— All non-precolored nodes
have degree > K
 No way to coalesce
— No less than K

significant-degree nodes
for coalesced nodes

* The only way is spilling

2018-11-25 53



s (K=3)

Node Use+Def Use+Def | Degree Spill priority
Outside loop | inside loop
a 2 0 4 (2+10*0)/4=0.5
b 1 1 4 (1+10*1)/4=2.75
C 2 0 6 (2+10*0)/6=0.33
d 2 2 4 (2+10*2)/4=5.5
e 1 3 3 (1+10*3)/3=1033 |

2018-11-25



s (K=3)

enter: ¢l <13
M[coc] < cl
a<rl
b«—12
d—20
c<«—a
loop: d <« d+b
c«—ec-1
If e>0 goto loop
rl «—d
c2 < M[co]
13 «— c2
return (rl, r3 live out)

2018-11-25 55



s (K=3)

O d® DY O

enter:

3

rl

rl

2

3

M[Cjoc] 13
13— 0

loop: 13 «— r3+12
rl «rl-1

If r1>0 goto loop
r]l « 13

13 «— M[c, ]
return

2018-11-25
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