Module 3 — Problems (Bonus)
Programming in assembly

Introduction to computers Il

José Manuel Mendias Cuadros
Dpto. Arquitectura de Computadores y Automatica
Universidad Complutense de Madrid
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Problem 18

Pseudo-code

#fdefine N 5
int x = 4;
int y = 5;
int v[2*N] = { 1, 2, -3, 4, 5, 9, 17, -15, 20,
int 4d[N];
int abs( int x )
{
if( x < 0)
X = -X;
return x;
}
int chebyshev( int x1, int yl, int x2, int y2 )
{
int dl1, d2;
dl = abs( x1-x2 );
d2 = abs( yl-y2 );
if( d2 > d1l )
dl = d2;
return dl;
}
void main( void )
{
int 1i;
for( i =0; i < N; i++ )
d[i] = chebyshev( x, y, v[2*i], v[2*i+1] ),
while (1) ;
}

12

C/C++

};
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Problem 18

Global variables

#define N 5

int x = 4;
int y = 5;

int v[2*N] = { 1,2,-3,4,5,9,17,-15,20,12 };

int 4d[N];

C/C++

4

.global main
.extern _stack

.equ N, 5

.data
xX: .word 4

y: .word 5
v: .word 1,2,-3,4,5,9,17,-15,20,12

.bss
d: .space N*4

ASM R

v[0]
v[1l]

v[9]
d[0]

d[4]

00000000

00010000
00010004
00010008

0001000c

0001002¢
00010030

00010040

fEffffff

NP O

12

Memory
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Problem 18

Main program (using labels)

C/C++f
void main( void )
{
int i;
for( i =0; i < N; i++ )
d[i] = chebyshev (
X,
Y/
v[2*i],
v[2*i+1l] );
while (1) ;
}

----------------------------------------------------------

-----------------------------------------------------------

main:
la
mv
1li
for:

bge
la
lw
la
lw
la
sll
sll
add
lw
1w
call
la
sll
add
SW
add

efor:

C/C++ R

sp, _stack <---
sl, zero
s2, N

sl, s2,
t0, x
ao,
t0, y
al,
s3, v
to,
to,
to,
a2, 0(t0)
a3, 4(t0)
chebyshev
s4, d

t0, s1, 2
t0, s4, tO0
a0, 0(t0)
sl, s1, 1
for

------- Stack initialization

Fomenne- Pass parameters

Calculate i*2
--2.=== Calculate the offset

- Add base and offset
cdeeee Load v[2*i]
Tj"" Load v[2*i+1]

i———- Store result

ciieees Storein d[i]
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Problem 18

Main program (using gp)

----------------------------------------------------------

-----------------------------------------------------------

00000000

00010000
00010004
00010008

0001000c

0001002¢
00010030

00010040

fEfff£££~f

NP U >

12

Memory

+— gp
<+«—— gpt4
<+— gp+8

<«— gp+48

main:
la
la
mv
1li
for:

bge
1w
lw
add
sll
sll
add
lw
1w
call
add
sll
add
SW
add

efor:

C/C++ R

sp, _stack <---
gp, X (.....
sl, zero

s2, N

s2, efor

0 (gp) P
4 (gp) DT
gp, 8

sl, 1

to, 2

s3, tO
a2, 0(t0)

a3, 4(t0)

chebyshev

s4, gp, 48
t0, sl1, 2

t0, s4, tO0
a0, 0(t0)

sl, s1, 1

for

sl,
ao,
al,
s3,
to,
to0,
to,

S QLD

------- Stack initialization

------- Initialize gp with the first
address of data

....... Load y
....... Load v[]

....... Load d[]




Problem 18

Functions

" The abs function is a leaf function and will not used preserved registers.

O It does not have to save the context.

15/01/24 version

" |treceives 1 argument and returns 1 result.
O Itreceives in a0 the data whose absolute value has to be calculated.
O The result has to be returned in ao0.
O It operates with a0.

: : C/C++h ASMF
int abs( int x ) abs :
( :
i bge a0, zero, else abs
if(x<0) nZg a0, a0 a
x =% else abs:
return x; reE
! 7 74

" The chebyshev function is a non-leaf function and will use preserved registers.

O It must save the context and the return address.
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" |t receives 4 arguments and returns 1 result.
O The 2 coordinates of each point will be passed through a0. .a3.
O It returns the result through ao0.




Problem 18

chebyshev function (local variables in preserved reg.)

= C/C++h ASM
g int chebyshev ( / chebyshev:
S int x1, int y1, add sp, sp, _3*4"'"""; ROLOGUE
S int x2, int y2 : :
5 y2 ) sv ra, 8(sp) e et Save context (ra, s1 and s2)
o { sw sl, 4(sp) :
int dl, d2; sw 82, O(sp) .. .G
dl = abs( x1-x2 ); sub a0, a0, a2 :
d2 = abs( yl-y2 ); call abs -t TELELE dl = abs( x1-x2 )
if( d2 >dl) mv. sl, a0 STTIIe:
dl = d2; sub a0, al, a3 :
return dl; call abs é‘“ """" d2 = abs( yl-y2 )
} mv s2, a0 ceerreeeedd
R O P 7 ...... if:
§§ : x1->a0, y1->al, x2->a2 y2->a3 : ble 82, sl, eif wewreedferrnn d2 < d17?
2 8 d1->s1, d2->s2 i mv  sl, s2 R . 4l = a2
&E) 3 --------------- eif:
§§ 00000000 v a0, sl AR W Store the result in a0
i E : 1w ra, 8 (Sp) ...........
™ g addr previous value of s2| ¢—— SP :
KIS . lw sl1, 4(sp) : EPILOGUE:
S S addr+4 |previous value of s1 I N
= . lw s2, 0(sp) : Restore context
S 8 addr+8 |previous value of ra add s < 3%4 :
addr+12 . P, SP, 37% ...
. re V
fEfffffff

Memory
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Problem 18

chebyshev function (local variables in temporary reg.)

C/C++

int chebyshev (

{
int dl1, d2;

dl =
d2 =

dl = d2;
return dl;

int x1, int y1,
int x2, int y2 )

abs ( x1-x2 );
abs( yl-y2 );
if( d2 > dl )

------------------------------------------------------------

x1->a0, yl1>al, x2-> a2 y2-> a3

dl->tl, t2->s2

------------------------------------------------------------

00000000

addr

previous value of ra

+«— SP

addr+4

fEffff£f£f

Memory

ASM R
chebyshev:
2dd sp. sp, -4 U
Sw ra, O(sp) .
sub a0, a0, a2 -
call abs .
mv tl, a0 ...
2dd sp. sp, -4 §
sw tl, O(sp) P
cub a0, al, a3 FEEEE §
call abs -
mv t2, a0 erereent
T 1, o(sp)
add sp, sp, 4 ...
if:
ble t2, tl1, eif &=
mv tl , t2 < .........
eif:
mv ao , tl < ...........
o ra, 0(sp) U
add sp, sp, 4
ret

PROLOGUE:
Save context (ra, s1 and s2)

dl = abs( x1-x2 )

Push t1 before the call

d2 = abs( yl-y2 )

Store the result in a0

EPILOGUE:
Restore context



Problem 18

chebyshev function (local variables in stack without using £p)

E C/C++h ASM
5 int chebyshev ( / chebyshev:
> i T e e .
R int x1, int yl, add sp, sp, -1*4 : PROLOGUE:
S int %2, int y2 ) sw ra, 0(sp) ERt EEEEEE Save context (ra)
o { add sp, sp, -2 *4 Reserve space for d1 and d2
int d1, d2; sub a0, a0, a2 "
dl = abs( x1-x2 ); call abs ERt EEEEEE dl = abs( x1-x2 )
d2 = abs( yl-y2 ); sw a0, 4(sp) . ...:
if( d2 > dl ) sub a0, al, a3 e
dl = d2; call abs fefeosred2 = abs( yl-y2 )
return di; sw a0, 0(sp) .
) 7 1w £1, 4(sp)
B T e, 1w t2, 0(sp)
§§ : x1->a0, y1->al, xX2->0a2 y2->a3 : | if: A d2 <d1?
2 3 | I d1=4(sp), d2=0(sp) | ple 2, e1, eie
9 E mv t]_, oV NR TTTTTTTTTTPPPPPPPTT! FEPPPPS dl = d2
“§ = 00000000 eif:
Q{ E - - mv a0 , o B CTTTTTTTTTTEEEEETYY TYRTTE Store the result in a0
o § addr a2 «— SP add sp, sp, 2*4 7 EPILOGUE:
S S addr+4 dl :
s 9 addr+8 1w ra, O(sp) g Free space of d1 and d2
S ra .
S Q addr+12 add sp, sp, 1*4.....: Restore context
ret |74
ffffffff

Memory



Problem 18

chebyshev function (local variables in stack using £p)

S , C/C++| ASM h
g int chebyshev ( / chebyshev:
< int x1, int y1, add sp, sp, -2*4 : PROLOGUE:
S int x2, int y2 ) SwW ra, 4(sp) Save context (ra and £p)
S :
o { SwW fp, O0(sp) Rl Update £p
int dl1, d2; add fp, sp, 2*4 Reserve space for d1 and d2

add sp, sp, -2*4
sub a0, a0, a2

dl = abs( x1-x2 );
d2 = abs( yl-y2 );

if( d2 > dl ) call abs A N— dl = abs( x1-x2 )
dl = d2: Sw a0 ’ -12 (fp) ...........
- 7 Sub ao , al , a3 -----------
return dl; :
call abs o d2 = abs( yl-y2 )
_ } 4 sw a0, -16(£p) ...
3 P T T A o gy I .
Sl | x1>a0 y1>al, x2>a2 y2>a3 iw ‘; ﬁgpi :
23 | d1 =-12(fp), d2 =-16(fp) 3 I P a2 < a1
O | - A .
v O .
S £ 00000000 ble t2, t1, eif .. ...:
a g\ . . mv tl, t2 G, dl = 42
= E addr-16 d2 <+« SPp eif:
% E addr—12 d1 mv ao , Sl < ........................... Store the result in a0
By 2 ddr=le e 1 | T T T
<) - : add sp, sp, 2*4
§ 2 aggr j prev!ousvalue of £p| - ri 4128 ) : EPILOGUE:
addr- previous value of ra £ ’ P Y Free space of d1 and d2
addr <+« 1P 1w fp, 0(sp) Restore context
: : add sp, sp, 2*4 . ..
fEEEEEEE ret V




About Creative Commons

" CC license (Creative Commons)

O This license enables reusers to distribute, remix, adapt, and build
upon the material in any medium or format for noncommercial
purposes only, and only so long as attribution is given to the creator.
If you remix, adapt, or build upon the material, you must license the
modified material under identical terms:
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Attribution:
Credit must be given to the creator.

Non commercial:
Only noncommercial uses of the work are permitted.

Share alike:
Adaptations must be shared under the same terms.
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More information: https://creativecommons.org/licenses/by-nc-sa/4.0/




