WHAT WOVLD A COMPILER DO?

FinCiuae {sSfaio.wn,y
int mgin(void)

NICE TRY.

int count

for (count = 15 Count< =500 ; count+ +) |
printf ("I will nof Throw paper dirplanes n class,”)s |

refurn O

R

03

Today we'll look at the ac;csemlaly code that compiler's
aener'aJre...

10/02-/2-017 Comp 41 - Fall 2017



CODE GENERATION

A c;imp\e examp\e written in C-

int array[10];
int total;

int main( ) {

int i;

total = 0;

for (1 = 0; i < 10; i++) {
array[i] = i;

total = total + 1i;
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CODE WE MIGHT WRITE

.word 0x03fffffc, main

array:
total:

main:
Creates a — &
variable on

the stack

block:

test:
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.space
.space

sub
mov
str
str
b
mov
str
ldr
add
str
add
str
cmp
blt
add
bx

10
1

sp, sp, #4
r0,#0
r0,total
xr0, [sp]
test

rl, #array

r0,[rl,x0,1s1 #2] ; array[i]

rl,total
rl,rl,x0
rl,total
r0,r0,#1
r0, [sp]
r0,#10
block
sp,sp, #4
1r

; int array[10];

; int total;

; int main() {
; int i;

; total = 0;

; for (1 = 0;

; total

cprlmy-lezon

i< 10; i++) {

= i;

total + 1i;

98 that's net so bad
/




N

LET'S TRY THE COMPILER I

The Pa~;+e our C progrom into the MniARM C comPiler' at-
h++P://ceIoio.unc.edu/mcmi\lan/index.Py?run=arm

UNC miniARM C-compiler V 0.1 Pag+e and Pr‘egg [ComP“e]
{Em]; Compiled Assembly Code (Cut and Paste into simulator):
i - ey ..
TR - 3 Don't choose optimize yet.
MR e | e g
[} : sub sp, sp, #12
- Then take the aenermed
r3, [fp, #-8]
,,,,,, assembly code ond paste it into
. [fp, #-8]
A the miNARM assembler-.
. [r3, #0]
. [fp, #-8]
EEE g
R
. [fp, #-8]
L
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VNOPTIMIZED COMPILER OVTPVT

.word 0x03fffffc, main _"p Why is this
array: .space 10 /code so bad?
total: .space 1
.global main Because it generated for debugging.
main: Essentially, each line is +ranslated directly.
str fp, [sp, #-4]!
add fp, sp, #0
b S; S; 412 175, not a good day.
1dr r3, L4 /
mov r2, #0 total = 0; [ ]
str r2, [r3, #0]
mov r3, #0
str r3, [fp, #-8] for(i=0; ;)
b L2
_L3: _L2:
ldr r3, L4+4 . . 1dr r3, [fp, #-8] )
1dr r2, [fp, #-8] array[i] = i; e 3, #gp for(;i<10;)
ldr rl, [fp, #-8] ble _L3
str rl, [r3, r2, asl #2] mov r0, r3
ldr r3, L4 add sp, fp, #0
1dr r2, [r3, #0] total +=i; ldmfd sp!, {fp}
1ldr r3, [fp, #-8] bx 1r
add r2, r2, r3 _L5:
ldr r3, L4 _L4:
str r2, [r3, #0] .word total
1dr r3, [fp, #-8] ) .word array
add r3, r3, #1 for(; ;i++)
str r3, [fp, #-8]
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The compiler wrote code

OPTIMIZED CODE
that is both smaller and

.word 0x03fffffc, main _
.global main faster than our version.

Generally, moodern

[ )

main: 14 o 14 C—~compiler optimizers
* e - favor speed over code size.
mov r3, #0
It even relaid out TL2:
the variables so
_ ~ str r3, [r2, #4]'! _
:’:Li:rgi:l‘:ﬁes - T add Sy HEy r2 = 85[30ta:j
cmp r3, #10 ’
bne _L2
mov r2, #45
1de 3, L4+4 It precomputed total!
str r2, [r3, #0]
* bx 1r
_L5:
_L4:
.word array-4
.word  total 45, best ever!
total: .space 1
array: .space 10
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LET'S TRY 6VR OLD FRIEND

C
int gcd(a,b) {
while (a != b) {
if (a > b) {
a=a -
} else {
b=>b -
}
}
return a;
}
int x = 35;
int y = 55;
int z;

void main() {
z = ged(x, y);
}
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Human Compiler
main: 1dr ro. x .word Ox@3fffffc, main
' .global gcd
ldr ri,y ged::
bl GCD cmp ro, ri
bxeq 1r
str re, z _L6:
. cmp re, ri
halt: b halt rsbgt re, r1, re
rsble ri, re, ri
. cmp r1, ro
X .word 35 bne L6
y: .word 55 bx 1r
.global main
z: .word 0 main:
stmfd sp!, {r3, 1r}
1dr r3, _L9
GCD: cmp re, ri 1dr re, [r3, #0]
1dr ri, [r3, #4]
bxeq 1r . fod
subgt ro, ro, ri 1dr r3, _L9+4
str re, [r3, #0]

sublt ri,r1,ro

ldmfd sp!, {r3, 1r}

b GCD bx  1r
-L1e:
_L9:
The compiler wrote code that is .word  _LANCHOR®
both more compliant and portable ‘ -word  z
than our version. z ohobe1'y
SHill @ five-instruction leop, . @ global
but fest is moved fo the end. —LANCHOR®:
A push, but we win on code size. X word 35
y:
.word 55
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MORE OF A CHALLENGE

void swap(int *x, int i, int j) {
int t = x[1];
x[i] = x[]j];
x[j] = t;

}

void quicksort(int *x, int lo, int hi) {
int i, pivot;
if (lo >= hi) return;
pivot = lo;
for (i = lo+1; i <= hi; i++)
if (x[i] < x[1lo]) {
pivot += 1;
swap(x, pivot, 1i);

}
swap(x, lo, pivot);
quicksort(x, lo, pivot-1);
quicksort(x, pivot+1, hi);

}

int array[10] = {7,29,19,61,12,3,19,68,42,0};

void main() {
quicksort(array,9,9);
}
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COWP‘M%—FdllOW

Ll

One ok the most elegant

pieces ol code Ive ever seen
written on Jon Bentley, a UNC
Alum, and fFeatured in his book

"Proar'amminﬂ Pearls'

' Programming
Pearls

[ ceiges
T
NS 51 TR ‘

7. s
D o

.............. PEARSON



MaAN Vs MACHINE
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NEXT TIME

We look. into the hardware
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