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f m J_MJ“_J sort(int v[ ], int n)
G e bt : {
T S int i,j;
o o1 PMIPS Assembly oo
e L for (i=0; i<n; i++)
anguage for (j=i-1; j>=0 && V[iPVI+11; i-)
swap(v, j); /* swap V[j] & v[j+1] */
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add bt pe Y o _ MUK NRYIND
o W UDN N9TINN WK swap mawnn 7'nna e 17 .$a0-$a3 D2 DNAWIN DNUNIS ,NNd0MD —
Swood, N2 NN (mxnna v,k) $a0,$a1 onaxa e swap-7 nonmon
TNV DTN Y . S0 nn Ny temp 1w ~
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NPPER AT SN T T muli  $t1, $a1, 4 #reg$t1=k*4
iy e add $t1,$a0, $t1  #reg $t1 =v + (k*4)
) 1 i —_—
OMAIRD W ATy # reg $t1 has the address of v[k]
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SWAP |Ihno

:$t1-27 4 nooin "y vik+1] nxa $t1 nrva vik] nx yoa -
w  $t0, 0($t1) # reg $t0 (temp) = v[K]
lw  $t2, 4($t1) # reg $12 = v[k+1]
# refers to next element of v

n9NmMN nianda $t2-1 $t0 on nx e Ny .

sw $t2, 0($t1) # v[k] = reg $t2
sw  $t0, 4($t1) # v[k+1] = reg $t0 (temp)
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swap 7¥ Xmn [Innosn

swap: muli  $t1, $at1, 4
add $t1, $a0, $t1

#reg$ti=k*4

#reg $t1 =v + (k*4)

# reg $t1 has the addr of vlk]
# reg $10 (temp) = vik]

# reg $t2 = vik+1]

# refers to next element of v
sw  $t2, 0(%t1) # vik] = reg $t2

sw 310, 4($t1) # vik+1] = reg $t0 (temp)

ir $ra # return to calling procedure

w $10, 0($t1)
w  $t2, 4(5t1)
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'DMAIN IRXPN ¢
$a1 -1 $a0 onaxa o'x¥ma n -l v DRINWNN —
$s1 -1 $s0 pama 1y j -1 panwnn —
n1'nn for-n NTIPD NR DN UK .
move $s0, $zero #i=0
i oITE N for-n NTIEoa [NNND 77nn e
addi $s0,$s0,1 #i++
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:sit NTIPoa wnnun
forltst: slt  $10,$s0,%a1 # reg $10=0 if $50>%a1 (i>=n)
beq $t0, $zero, exitl  # go to exitt if $s0>=%a1
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j foritst # jump to test of outer loop
exit1:
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move $s0, $zero
forltst; slt  $t0,$s0,%a1 # reg $t0=0 if $s0>%a1
i.e. (i>=n)
beg $t0, $zero, exit!  # go to exit1 if $s0>=%a1

{body of auter loop)

addi $s0,%$s0,1 #i++
j forttst # jumnp to test of outer loop
exit1:
20N TN NBONNK — VTR TR 9

N'N1I9N NI — [N

HINNN - IMIoN DR v e
addi $s1, $s0, -1 #i=1-1

NN QI 9102 NIMAN DNASN ¢
addi $s1, $s1, -1 #j--
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for2tst: slti $10, $s1.0 #reg $10 = 1if $s1 < 0 (j<0)
bne $t0, $zero, exit2 # go to exit2 if $s1<0 {j<0)
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muli  $t1, $s1,4 #regPt1=j*4
add $t2, $a0, $t1 #reg$t2 =v + (j"4)

:$t3 Ny vljl nx ot .
w  $t3, 0(5t2) # reg $i3 = v[j]
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$t2-aw nand 4 nooin "y $t4 amn X V[j+1] nx o

Iw $t4, 4(%12) # reg $t4 = v[j+1]
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D[] < vl nprman e
slt  $t0, $t4, $t3 #reg $10 = 0 if $t4 >= $13
beq $t0, $zero, exit2 # go to exit2 if $t4 >= $t3
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i for2tst # jump to test if inner loop
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addi $s1, $s0, -1 #ji=i-1
for2tst: siti %10, $s1,0 #reg$t0=1 if $s1<0ie. (<0)
bne §t0, $zero, exit2 # go to exit2 if $s1 < 0i.e. (j<0)
muli $t1, $s1, 4 #regPti=j*4
add $t2, $ad, $t1 #reg 312 =v + (j%4)
w  $t3, 0(312) # reg $t3 = v[j]
w4, 4($t2) #reg $t4 = v[j+1]
sit  $10, 514, $t3 # reg $10 = 0 if $t4 >= $t3
beq $t0, $zero, exit2 # go to exit2 if $i4 »= $t3

(body of inner loop)

addi $s1, $s1, -1 #--
j for2tst # jump to test if inner loop

A'AN 7N NRONARIN — WP PN 13

[INNS
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#first swap param is v
#second swap param is j

move $a0, $s2
move $a1, $s1

. NTRON MY MITYNDY? RNy
jal  swap

DMAKD ID' D'N7WIY DNUNN9NY NOXN swap 7ax
® ar nya <- sort vinwa wux $a0,$a1
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Nn $a0,$a1 omaxa wnnwun X9 SWAP 3_63:
~ $s2,$s3 7x $a0,%a1 DN DN DR Y] e
DNYNWA NI FANR) 0NN T TFDNN IP'ANa
(N¥"n T nnonna
move $s2, $a0  # copy param $a0 into $s2

move $s3, $a1  # copy param $a1 into $s3

Vy¥A7I 'MW NMDAN DN DRY7 @ i e
$s2-7 $a0-n 72 nx mw' WX Find&Replace
$s3-7 $al-n ' nx
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# make room on stack for 5 regs
# save $ra on stack
# save $s3 on stack
# save $s2 on stack
sw  $s1,4(%sp) # save $s1 on stack
sw  $s0,0($sp) # save $s0 on stack

swap-7 jal-n uxg 7 $ra pin DX unwY eecinyn

.swap-n sort-1 DTN NAUNDYT IMIN NRYN WX

addi  $sp,$sp,-20
sw  $ra,16($sp)
sw  $s83,12(%sp)
sw  $s2,8(%sp)
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w $13, 0(5¢2) #reg $t3 = v[j]
Iw $td, 4(5t2) # reg $t4 = v[j+1]

sort: addi $sp,$sp,-20 # make room on stack for 5 regs st $t0, $t4, $t3 # reg $t0 = 0 if $t4 >= 513
sw $ra,16($sp) # save $ra on stack beq $t0, $zero, exit2 # go to exit2 if $t4 >= $t3
SW $s53,12($sp) # save $s3 on stack
sW $s2,8(5sp) # save $s2 on stack move $al, $s2 # first swap param is v
sW $51,4($sp) # save $s1 on stack move $ai, $s1 # second swap param is j
sw $s0,0($sp) # save $s0 on stack Jal swap # see swap code earlier
move $s2, $a0 # copy param $a0 into $s2 _.mn_& wowh_m.a”w._. - H“ c::..v (o test of Inner loap
A ner 100
move $s3, $al # copy param $a1 into §s3 exitz: addl  $s0, $s0, 1 i
move $s0, $zero i foritst # jump to test of outer loop
foritst: sit $10,$s0,9s3 # reg $t0=0 if $s0>=§s3(i2n) exitd
' s s h N T w $s0, 0($sp) # restore $s0 from stack
_umn. $t0, $zero, exit! # uw ” o exitt if mmoufamw:,NE Iw $s1, 4($sp) # restore $s1 from stack
mnn.: $s1, $s0, -1 #i=i-1 . . w $s2, B($sp) # restore $s2 from stack
For2tst: siti  $t0, $s1,0 #1reg $t0 =1 if $s1 <0 (j<0) Iw $s3, 12($sp) # restore $s3 from stack
bne  $t0, $zero, exit2 # go to exit2 if §s1<0 (<0} Iw $ra, 16{Ssp) # restore $ra from stack
muli  $t1, $st, 4 #reg$ti=j*4 addi  $sp, $sp, 20 # restore stack pointer
add $t2, $s2, 51 #reg $12 = v + {j*4) ir $ra
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void strcpy{char x{ ], char y[ ])

{

i=0;

while (x[i]=y[i]) '= 0)

i++;
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1w $s0 nx Ny —
DIR 17 N¥PNI Sp NX N1>TYN strepy (1 2%y ¢
: $s0 -2 win'wn 7722 naonna
# adjust stack for 1 more item
# save $s0

addi $sp,$sp,4
sw  $s0, 0($sp)
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move $s0, $zero #i=0

navinn y[i] namd — ax217n n'nn 3 2 .
vyl 7 i nooin "y a'rnn

M:  add$t1,$a1,$s0  #y]i's addr is in $t1
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b $t2, 0($t1)

S22 1mn

# $t2 = y[i]

-2 anw s x{i] Y naunon N awm N piva (5 -
$12 m o1 i namoa x¥ymw inn nx$t3

add $t3, $a0, $s0
sb  $t2, 0(3t3)

qi0% N¥an 0Oo)

addi  $s0, $s0, 1
bne ${2, $zero, 11

# address of x[i] into $t3
# x{i} = y[i]

0 1'n 1NN ON XN wanni ot 6 Ay -

(ntnmn

#if y[i] =0 thengo to 1
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lw  $s0, 0($sp) # y[il==0 -> end of string
# restore old sO
# pop 1 word off stack

addi $sp, $sp, 4
. # return

ir $ra
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strepy: addi
sw

move
#: add
Ib
add
sh
add
bne

addi
jr

XN NMIMnn

$sp,$sp,4
$s0, 0{$sp)

$s0, $zero
$t1, $a1, $s0
$t2, 0($t1)
$t3, $a0, $s0
$t2, 0($t3)
$s0, $s0, 1
$t2, $zero, 1

$s0, 0($sp)

$sp, $sp, 4
$ra

# adjust stack for 1-more item
# save $s0

#i=0

# y{il's addr is in $t1

# $t2 = yIi]

# address of x[i] into $t3
# x[i] = y{i]

# i+

#if y[i] 1= 0 then go to i1

# y[i]==0 -> end of string
# restore old s0

# pop 1 word off stack
# return
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MIPS assembly _n_._u:nna

MIPS ovm«m:nm
$s0-8s7, mﬂo $t9, Szero, |Fastiocations for data. In z__vm nmﬁ :Emﬂ am in am_m"mqm to perform
32 registers |$a0-$a3, $v0-$vl, $gp, |arithmetic. MIPS register $zero always equals 0. Register 3at is
$fp, $sp, Sra, Sat reserved for the assembler to handle targe constants.
Memory[Q], Accessed only by data transfer instructions. MIPS uses byte addresses, so
2*° memory [Memory[4], ..., sequential words differ by 4. Memory holds data structures, such as arrays,
words 1Memory[4294967292] and spilled registers, such as those saved on pracedure calls.

add $sl, $s2, $83 Ss2 + $93 Three operands; data in registers

Arthmetic subtract sub- 881, 582, 683 |58l = $82 - $83 Three operands; data in registers

add immediate addi S$s1, $s2, 100 [$s1 = $s2 + 100 Used to add constants

load w ord Tw Ssl, 100(882) [3s1 = Memony$s2 + 100/Word from memary to register
o ~ |storeword sw S$s1, 100(Ss2) |Memoniss2Z + 100}=$s1 [Word from register to memory
Data transfer |load byte 1b  $s1, 100(%s2) |581 = Memory{$s2 + 100Byte from memory to register

store byte sb $s1, 100(8s2) |Memonf$s2+100]=$s1 |Byte from register to memory

lnad upper lui $s1, 100 $s1=100*2" Loads constant in upper 16 bits

immediate

branch on equal beq 5s1, $s2, 25 ({if($sl == $s2)goto tqual test; PC-relative branch

PC+4 +100

branch on not equal [bne  $s1, $s2, 25 |f(551 = $s2)goto Not equal test; PC-relative
Conditional PC+4+100
branch set on less than slt 5s1, S$s2, 583 [f($s2 < $s3) $s1i=1; Compare less than; for beq, bne

else$sl =0

set less than siti  $sl, $s2, 100{f(§s2 < 100) $si=1 Compare less than constant

immediate _ else 551 =0

jump 3 2500 go to 10000 Jump to target address
C:oo:n_- jumg register jr  S$ra goto Sra Far sw itch, procedure return
tional jump  |jump and link jal 2500 Sra = PC + 4; go to 10000{For procedure call
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