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MIPS Registers

Registers have designated functions by convention

Name Register number Usage
$zero 0 the constant value 0
Sat 1 assembler temporary
$v0-$vl 2-3 procedure return values
$a0-$a3 4-7 procedure arguments
SE0=5t7 8-15 temporaries
$s0-$s7 16-23 saved by callee
$tB8-$t9 24-25 more temporaries
$k0-$k1 26-27 reserved for operating system
Sgp 28 global pointer
$sp 29 stack pointer
S o 30 frame pointer
Sra 31 return address




Simple Procedure Call

Call a procedure without arguments or return values

C code MIPS code
#include <stdio.h> .data 0x0
string: .asciiz "Hello\n"
void hello() {
printf("Hello\n"); .text ©x3000
} main:
jal hello
int main() { ori $vO, $0, 10 # system call code for exit
hello(); syscall # exit the program
}
hello:
1li $vo, 4 # system call code for string
la $a@, string # address of string is in $a@
syscall # print the string
jr $ra

Hello



Simple Procedure Call

We only used $ra to store the return address

Name Register number Usage
$zero 0 the constant value 0
Sat 1 assembler temporary
$v0-$vl 2-3 procedure return values
$a0-$a3 4-7 procedure arguments
SE0=5t7 8-15 temporaries
$s0-$s7 16-23 saved by callee
$tB8-$t9 24-25 more temporaries
$k0-$k1 26-27 reserved for operating system
Sgp 28 global pointer
$sp 29 stack pointer
S o 30 frame pointer
Sra 31 return address




Nested Simple Procedure Call

How about two nested procedures?

C code MIPS code
#include <stdio.h> .data 0ox0
stringl: .asciiz "Hello"
void world() { string2: .asciiz " world\n"
printf(" world\n");
} .text 9x3000
main:
void hello() { jal hello
printf("Hello"); ori $vO, $0, 10 # system call code for exit
world(); syscall # exit the program
}
hello:
int main() { 1li $ve, 4 # system call code for string
hello(); la $a@, stringl # address of string is in $a@
} syscall # print the string
jal world
jr $ra
Hello world
world:
1i $vo, 4
la $a@, string2
syscall

jr $ra



Let's see what happens in MARS

About to call the first procedure

—)

Text Segment

Bkpt  Address Code Basic Source

0x00003000 0x0COOBCA3 jal DxBOBB3MAC i jal hello

Bx00003004 Ox3402000ao0rl $2,%0,0x0000000a a: ori $v@, 50, 10 # system call code for exit

0x000A3008 0xBBAGOBAC syscall 9: syscall # exit the program

0x0000300c 0x24020004 addiu $2,%0,0x00000004 12: i $vd, 4 # system call code for string

0x00003010 0x20040000 addi $4,50,0x00000000 13: la $a@, stringl # address of string is 1in $a@

0x00003014 0xBOAGABAC syscall 14: syscall # print the string

0x000A3018 DxBcOOOCcAB jal OxPA003020 15: jal world

Bx000A301c 0xB3ed0008 jr $31 16: jr sra

Ax000E3020 0x24020004 addiu $2,50,0x00000004 19: i $vo, 4

Bx00003024 0x20040006 addi $4,30,0x00000006 20: la $a@, string2

Px00003028 DxOEAOOEAC syscall 21: syscall

Bx0000302c OxB3e00008 jr $31 223 jr %ra

@ Data Segment

Address Value (+0) Value (+4) Value (+8) Value (+c) Value (+10) Value (+14)

0x00000000 1 1L e H W \B o d L r o A0 N AD \n AR BN RN N A B
0x00000020 AU BN BB NB D WaAD AD AR WO D ND D N0 ND ND N ALY N BN
0x00000040 N@ A AD AD N8 AR B B @ AB \B AB \@ D \D \D NG B AD \D N A AB
0x00000060 A RN BN NB OB NB D WA NG \D G AV AN BRG] AR BN N NB
0x00000030 SO N A\D ND B LB \B D B AD AD D \@ A\D N\D \D NO D ND ND AT AR BN B
0x000000a0 N8 N A\B ND WO LB \B D @ AD B B \@ \D \D \D NG B AD NG N OAB AB
0x000000CH SO ONE A\D ND N8B B D @ NG \D G N0 NB AND D SO ONB B AD NA A B
0x000000e0 AU BRI RN BB \B D WaADAD B \O NB ND NGO NG ANB OND NG AR N BN
0x00000100 SO A8 A\B \D S8 A8 \B D LU RV R AN \@ D \D \D AO AD ND NG N A AB A
0x00000120 N8N ND D NB OB NB D WA B \D G NBONE AND D AR BN ERN ] N NB
0x00000140 SO\ \D \D SO OAD \B D @ D \D B A0 N AD ND SO ONB \D D A A B
0x00000160 N8 N8 A\B D N8 LB \B D WaAD NGB AR AU R IRV AR NG NG ND NG N OAB AB

Mo AR G0

VAL A VA LA Ao v

v

L T R Y vAA Ao

.data oxe@
stringl:
string2:

.asciiz "
.text @x3eee
main:

jal helle

.asciiz "Hello"

world\n"

ori $ve, %0, 18 #

system call code for exit

syscall # exit the program
hello:

1i $ve, 4 # system call code for string

la $a@, stringl # address of string is in $a@

syscall # print the string

jal world

jr $ra

world:

1i $ve, 4

la $a@, string2

syscall

jr $ra
| Name Mumber Value |
|$zero a 0xA0080000 |
[sat 1 0x00000000 |
|5v0 2 0x00000000 |
[$v1 3 0x00000000 |
|5a0 4 0x00ODADD0 |
[sal 5 000000000 |
|$a2 & 0xA0080000 |
[$a3 7 0x00000000 |
|5t0 8 0x00000000 |
[$t1 9 0x00000000 |
[$t2 10 0xA00R0000 |
[$13 11 0x00000000 |
[$ta 12 0xA0000000 |
[$t5 13 0x000080000 |
|5t6 14 0x00000000 |
[$t7 15 0x00000000 |
|$s@ 16 0xA0080000 |
[$s51 17 0x00000000 |
[$s52 18 0xP0000000 |
[$s3 19 0x00000000 |
[$s4 20 0x00000000 |
|$55 21 0x00000000 |
|$s6 22 0xA0080000 |
[$57 23 0x00000000 |
|58 24 0x00000000 |
[$t9 25 0x00000000 |
|$ka 26 0xA00R0000 |
[$k1 27 0x00000000 |
|$0p 28 0xA0001800 |
[$sp 29 0xB0002FfC|
|5fp 30 0x00000000 |
|$ra 31 0x00000000 |
|pc 0xA00A3000 |
[hi 0x00000000 |
lo

@xﬁﬁ@@@@@@;



Let's see what happens in MARS

The jump and link instruction saved the return
address 0x3004 to $ra

Bkpt  Address
BxBapaza
BxPapo3004
OxPOD03008
BxBOPB300C
0xPODO3010
OxPODO3014
BxPOPO3018
BxPADO301c
BxPODO3020
OxPaDO3024
OxPODD3028
BxBOBB302C

de

Basic
0xBcPPAch3 jal BxBBBB308C
Bx34020080a ori $2,50,0x0000000a 8:
0x0B0BAR0C syscall
0x24020004 addiu $2,50,0x00000004 12:
0x20040000 addi $4,%0,0x00000000 13:
0x0B0ARR0C syscall
0xBcOPACOB jal BxPOBD3D20
Dx03e00008 jr %31

Source

I:

9:

14:

15:
16:

0x24020004 addiu $2,$0,0x00000004 19:
0x20040006 addi $4,%0,0x00000006 20:
0x0B0BAR0C syscall
BxA3200008 jr $31

21
22:

Text Segment

jal hello

ori $v@, %0, 18 # system call code for exit
syscall # exit the program

i $ve, 4 # system call code for string
la $a@, stringl # address of string is in $a@
syscall # print the string

jal world

jr sra

i svd, 4

la $a@, string2

syscall

Jjr sra

& Data Segment
Address WValue (+0) Value (+4) Walue (+8) Walue (+c) Walue (+10) WValue (+14)
BxBo0aa000 L 1L e H W @ o d 1L r o @ AR AB AN \@ \B \B \OQ WA NG N
BxDoBRB020 WO A\ N\B D W@ \e A\D A\ WO A\D \D \D O A\DB \D \D A\ N8 \B ND RN IR Y N
Bx0o000040 B WO A\B \D W0 N\O \B \D RN BN N D AD \B N\D B A@ \B N\D RV B Y N
BxPoBBB0EA "B A N\B A W@ \B A\ A\ W@ A\B \D B @ A\ \B \B \@ \B \B \0 WO OAD NG N
o pgullu]o e upetv] \B A\D A\D \D WO AB A\D \D @ AD \D \D A0 A\D \D \O \B N8 \B \ND RN B RN N
Bx000000a0 @ A NB D W@ \B NG A\ W@ \B A\ B ALY Y BN @ A B N WOOAND NG N
BxPoBBABCA "B \B \B \B WO AB \D \D @ AB \D \B @ A\B \B \B \B@ %@ \B \D RV I Y N
Bx000000ed B W0 A\B ND WO NB ND \D RN I Y N B A\B A\B ND O W@ B ND RN I Y N
BxBoeaa100 \@ \B \D \0 O AB A\ \D @ AB \D N\ @ A\B \D \B \@ \B \B \0 WO OAD NG N
BxDoB0d120 "B AB N\B D W@ \e A\ \D WO \B \D \B \O A\D \D \O N\ N8 B N\D RN IR Y N
Bx000a0140 B WO A\B \D W0 N\O \B \D RN BN N D AD \B N\D B A@ \B N\D RV B Y N
BxPoBAB168 "B A N\B A W@ \B A\ A\ W@ A\B \D B @ A\ \B \B \@ \B \B \0 WO OAD NG N

i A G0

v

(Y

LY

v

LY

LY

v

(%

LY

v

v

LY A LA LA YA VA OLA LA A LR S Y

.data @x@

stringl: .asciiz "Hello"
world\n"

string2: .asciiz "

.text @x3eee
main:
jal hello

ori $ve, %0, 18 #

system call code for exit

syscall # exit the program
hello:

1i $ve, 4 # system call code for string

la $a@, stringl # address of string is in $a@

syscall # print the string

jal world

jr $ra

world:

1i $ve, 4

la $a@, string2

syscall

jr $ra
Name Number Value !
$zero a AxDOROO0EA
%at 1 @x00R00R0a
v 2 AaxDopo0o0a
vl 3 fxDROOO000
5ald 4 BxDopanooa
$al 5 Ax00p00000
$a2 b dx0opono0a
%a3 i Ax00na000ae
5to 8 AxD0RO0OOA
5t1 9 @x00R00R0a
$t2 1@ AaxDopo0o0a
$t3 11 AxDROOO000
5t4 12 BxDopanooa
$t5 13 Ax00p00000
5te 14 dx0opono0a
st7 15 Ax00na000ae
550 16 AxD0RO0OOA
$s1 17 @x00R00R0a
$s2 18 AaxDopo0o0a
%53 19 AxDROOO000
$s4 20 Aaxbopaoooa
%55 21 Ax00p00000
556 22 dx0opono0a
557 23 Ax00na000ae
58 24 AxD0RO0OOA
5t9 25 @x00R00R0a
sk 26 AaxDopo0o0a
$k1 27 AxDROOO000
sgp 28 ax0opa1800
s5p 29 x00RO2TfC
$fp 30 ax0opanooa
$ra kh| 0x00003004
pc Ax0ROO30AC |
hi @x00R00R0a
lo

@x0pB00000 |



Let's see what happens in MARS

Address
BxPODB3000
0xPODO3004
OxBOD03008
BxBABB30DC
BxBO003010
BxpODB3014
0xpaDO3018
OxBOD0301c
BxPODB3020
OxPODO3024
BxBODB3R28
BxBADB3B2C

Bkpt

Code Basic

0xBcPABcO3 jal Bx00BA300C 7
Bx34020002 ori $2,4%0,0<00000002 8:
0xBBOReR0C syscall 9:

0x24020004 addiu $2,%0,0x00000004 12:
0x20040000 addi $4, $0,0x00000000 13:

2x0000000c syscall 14:
0xBcOPAcOB jal BxOOBO3020 15:
0x@3c00008 jr %31 16:

Bx24020004 addiu %2,%0,0x00000004 19:
Ox20040006 addi $4,%0,0x00000006 20:
0xBBRARR0C syscall
B0x03e00008 jr $31

21:
22:

Source

lext Segment

jal hello

ori $v@, %08, 18 # system call code for exit
syscall # exit the program

11 sve, 4 # system call code for string
la $a@, stringl # address of string is in %a@
syscall # print the string

jal world

Jr sra

i $ve, 4

la $a@, string2

syscall

jr sra

@ Data Segment
Address Value (+0) Value (+4) Walue (+8) Walue {+c) WValue (+10) Walue (+14)
BxDoBaBO0E 1 1L e H W @ o d L. F 0 \@ AB \B \n \@ \B \B \0 RN B BT N
BxDo0AR020 WO AD N\B D WO \B A\D \D RN ISR N ¢ Ry ARSI BN ] AV Y Y © Y ] RN C Y N
Bxpo0aa040 @ A A\B \D W@ \B A\D \B W@ AR A\D N @ A \B A\ \@ A\ B A\ WO OAD AD N
BxD20AD06D WO A\D N\B D W@ W@ A\D \D RN IR N ¢ RY AT Y] N N8 B ND RYC IR C Y N
Bx000a00E0 D WO A\B ND W0 N\B ND \D N8 AD ND ND B A\D \B \D B WO B ND RN B Y N
BxDoBAB0aR W@ AB N\B B W@ \B A\ \D W@ \B \D N8 @ A\B \B A0 W@ \B \B \0 WO OAD AND N
Bx000AR0CA \O \D \B \D WO AD A\D \D AN BRI N B AD NG ND O MO AB ND RN B BT N
Bx000000e0 Y@ A NB A W@ \B ND \D W@ \B A\ N\ Y@ A A\B N @ A B A\ WOOAE ND N
BxDoBAB100 @ \B \B \D @ AB D \B RN BN N B AD \B ND \@ %8 \B \D RN B BT N
BxDoBAB120 WO AD N\B D WO \B A\ \D RN I SN N ¢ 0 A0 NG ND AV Y Y © Y ] RN C Y N
Bxpo0aa140 @ A A\B \D W@ \B A\D \B W@ AR A\D N @ A \B A\ \@ A\ B A\ WO OAD AD N
Bx020AB168 WO A\D N\B D W@ W@ A\D \D RN IR N ¢ RY AT Y] N N8 B ND RYC IR C Y N

o ARG T

DRI LA A LY

v

v

LY A LA LA YA LRI LA v

.data ©@x@
stringl: .asciiz "Hello"
string2: .asciiz " world\n"
.text ©@x3ee8
main:
jal hello
ori $v@, $0, 10 # system call code for exit
syscall # exit the program
hello:
1li $ve, 4 # system call code for string
la $a@, stringl # address of string is in $a@
syscall # print the string
jal world
jr $ra
world:
1i $ve, 4
la $a@, string2
syscall
jr $ra
Name Number WValue |
$zZero a 0x00000000 |
sat 1 0x00000000 |
sl 2 0x00000004 |
vl 3 0x00000000 |
$a0 4 0x00000000
$al 5 0x00000008 |
$a2 6 ax20000000 |
%a3 7 0x00000008 |
st g 0x00000000 |
1 9 0x00000000 |
$t2 10 0x00000000 |
5t3 11 0x00000000 |
$td 12 0x00000000 |
$t5 13 0x00000008 |
th 14 ax20000000 |
57 15 0x00000008 |
550 16 0x00000000 |
$s51 17 0x00000000 |
$52 18 0x00000000 |
553 19 0x00000000 |
$5d 20 0x00000000 |
%55 21 0x00000008 |
$sb 22 ax20000000 |
%57 23 0x00000008 |
8 24 0x00000000 |
59 25 0x00000000 |
sk 26 0x00000000 |
k1 27 0x00000000 |
sgp 28 0x00001300 |
$sp 29 Bx0eR027fc |
sfp 38 9x00000000 |
$ra 31 0x00003004 |
pc 800003018
hi 0x00000000 |
lo 0x00000000 |



Let's see what happens in MARS

The jump and link instruction saved the return
address 0x301c to $ra

Address
0xBODR3000

Blpt

0x00008301c
2xp0003020
0x00003024
0xp0003028
0x0000302C

e Basic Source
BchBBcA3 jal BxPARO300C 7
*x3402000a orl $2,%0,0x0000000a 8:
Dx0000200C syscall 9:

Bx24020004 addiu %2,3%0,0x00000004 12:
Bx20040000 addi $4,%0,0x00000000 13:

Bx0000200C syscall 14:
Bx0cOBdchB jal @x0B0BD3020 153
Bx03e00008 jr 331 16:

Bx24020004 addiu %2,5%0,0x00000004 19:
0x20040006 addi $4,%0,0x00000006 20:
Dx@000B0AC syscall
0x03e00008 jr $31

21:
22:

Text Segment

jal hello

orl $v@, %0, 18 # system call code for exit
syscall # exit the program

11 $va, 4 # system call code for string
la $a@, stringl # address of string is in $a@
syscall # print the string

jal world

jr sra

i $va, 4

la %a@, string2

syscall

jr $ra

[ ] Data Segment
Address Walue (+0) Value (+4) Walue (+8) Walue (+c) Walue (+10) Walue (+14)
Bx00000000 1L 1 e H W o o d L r o W@ AB A \n \O \D \D N\ RN IR Y AN
Bx00000020 AU Y Y Y] @ A A\B B @ \B A\D N\ R BN Y Y ] @ \B A\D N WOOAB AND N
Dx00000040 O AD D \D \@ D \D \B O A\D \D A\D WO \B \D \D B N0 ND NB AV B Y AN
0x00000060 W@ \B A\D \D @ A A\B B @ \B A\D N AU RN I Y ] Y@ AB A\D N WOOAB ND N
Bx0000D080 WO AB A\D \D \@ A\ \D \8 @ A\D \D N\D WO \B A\D \D D N0 ND NB RV IR BT AN
0x000000a0 W@ \B A\D \D @ A A\B B @ \B A\D N AU RN I Y ] Y@ AB A\D N WOOAB ND N
Bx000000CA WO AB A\D \D \@ A\ \D \8 @ A\D \D N\D WO \B A\D \D D N0 ND NB RV IR BT AN
0x000000e0 W@ O\G \D \D @ A N\B B @ A\D A\D ND R N Y Y ] @ AD AD N WOOAND AND N
Bx0000D100 O AB D \D \@ \B \B \8 @ A\B \D O @ \B A\ \D B NO AD NB Y IR Y AN
Bx00000120 RN A BN N AV YN BN ) @ N0 N\D \D W@ Ne A\ D RY AR N RV Y N
Bx00BRD140 O A\B D \D \@ \B \B \8 @ A\B \B \O @ \B \D \D B NO ND NB Y IR Y AN
Bx00000160 RN A BN N AV YN C BN ] LYY N W@ Ne A\ D 0 WO A\D D RV Y BN

Mo AR O

LAV A NE VA VAOLA VA A v

v

v

v LAOAA AA VA VAL A VA v a AL A

.data ©xe
stringl: .asciiz "Hello"
string2: .asciiz " world\n"
.text ex3eee
main:
jal hello
ori $ve@, $@, 10 # system call code for exit
syscall # exit the program
hello:
1i $ve, 4 # system call code for string
la $a@, stringl # address of string is in $a@
syscall # print the string
jal world
jr $ra
world:
1i $ve, 4
la $ae@, string2
syscall
jr $ra
[ Name Number Value [
|$zero ] 0x00000000 |
sat 1 Dx0BA00B0E |
|$v0 2 0x00000004 |
$v1 3 0x00000000
|$a0 4 0x00000000 |
|$a1 5 0x086080000 |
|$a2 6 0x00000800 |
|$a3 7 0x086080000 |
|$t0 8 000000000 |
$t1 9 0x88080000 |
|$t2 10 000000000 |
\5t3 1 0x00000000
[$t4 12 0x00000000 |
|$t5 13 0x00000000 |
|5t6 14 Dx0BABDBOE |
|$t7 15 0x00000000 |
[$s0 16 Dx0BABDBOE |
|$s1 17 0x00000000
[$52 18 Dx0BABDBOE |
|$53 19 0x00000000
[$54 20 Dx0BABDBOE |
|$s5 21 0x00000000
|$s6 22 Dx0BABOBOE |
|$57 23 0x00000000
[$t8 24 0x00A00800 |
$t9 25 0x00000000
|sko 26 0x00A00800 |
|$k1 27 000000000 |
|$gp 28 0x00001800 |
|$sp 29 0x000027fc |
$fp 30 0x80000000
$ra 3 2x0000301c
|pe 0x00003020 |
hi 0x00000000
lo ax@a@aaa@@i



Let's see what happens in MARS

ARG O

VA OLA LA A AOAA VA LA LY

v

v

LY AL A LA LA DO T T I LA LA A

Text Segment
Bkpt  Address Code Basic Source

0xBB0A3000 DxBcPOBCO3 jal BxO2BA3008C 7z jal hello

Bx00003004 Ox3402000a 0ri $2,5%0,0x0000000a 8: ori $v@, %@, 18 # system call code for exit

0xB0D03008 Dx@OOOOAOC syscall 9: syscall # exit the program

Bx0A00300Cc Dx24020004 addiu $2,%0,0x00000004 12: 11 sv@, 4 # system call code for string

0xPA023010 0x20040000 addi $4,%0,0x00000000 13: la $a@, stringl # address of string is in $a@

0xBB0A3014 Dx@OOORBAC syscall 14: syscall # print the string

0xBABA3018 DxBcOOBCOB jal BxDOBA3020 15: jal world

Dx0R00301c Ox02e00BO8 jr %31 16: jr sra

3x00003020 0x24020004 addiu %2,%0,0x00000004 19: i $v0, 4

Bx00003024 Dx20040006 addl $4,%0,0x00000006 20: la $a@, string2

DxBODO3028 Dx@OOOOAOC syscall 21: syscall

OxBOPO302c OxP3e0000E8 Jr $31 22: jr $ra

@ Data Segment

Address Walue (+0) Value (+4) Value (+8) WValue {+c) Value (+10) Value (+14)

BxpoeRADOR L 1L e H W \B o d L r o B A0 \@ \n A\ N8 B ND RN B Y N
AxdPeAA020 W@ N0 B A \O AD AD NG AT RN IR IRY ) B OAD \D A L@ D D A\ AT IRY: IRV AN
Bxp0pa0040 D WO A\B ND W0 N\B ND \D N8 AD ND ND B A\D \B \D B WO B ND RN B Y N
BxBPARAD6EA Y0 W0 \B A\D W8 \B ND D A1 Y N ) B A0 NG D A0 W8 \B N\D R I Y N
Ax00ABA0SA 5@ D AB A \O AB AD NG A8 AB NG AD A\ AD AD A L@ \D \D A NG AB NG N
Bx00ARAA0aR 0 %0 \B ND W0 \B AND ND RN Y N ¢ 8 N0 NG ND Y0 WO \B ND RN BN N
BxBPeRAABCA @ A\Q AD A NG AB AD \D B AB NG AD B AD \D A A0 A\D AD A NG AB AD N
Ax00pA00en 0 W0 A\B ND WO \e ND O\D RN IR N ) 0 AD NG ND YO W0 A\B ND RN R BN N
BxpPeRA10D B A0 \B AD W8 N\B ND N RN BN N ) LB A\D \B D B A8 \B AD RN BN N
AxdBeAA120 S8 A0 A\D A \O \D AD \D RN IRV IRY ) B AD \D A L@ \D AD A AT IR IRV AN
Axpopaa140 D WO A\B ND W0 N\B ND \D N8 AD ND ND B A\D \B \D B WO B ND RN B Y N
Bx0PARAA16A Y0 W0 \B A\D W8 \B ND D A1 Y N ) B A0 NG D A0 W8 \B N\D R I Y N

.data oxe
stringl: .asciiz "Hello"
string2: .asciiz " world\n"
.text @x3eee
main:
jal hello
ori $v@, $@, 10 # system call code for exit
syscall # exit the program
hello:
1i $ve, 4 # system call code for string
la $a@, stringl # address of string is in $a@
syscall # print the string
jal world
jr $ra
world:
1i $ve, 4
la $a@, string2
syscall
jr $ra
Name Mumber Value |
$zero 1} 0x00000000 |
sat 1 800000000
sv@ 2 0x000008004
$vl 3 @x00000000 |
5a@ 4 0x00000006
$al 5 0x0e000000
$az2 ] 0x20000000 |
$a3 7 0x0e000000 |
5t0 8 0x00000000 |
$t1 9 800000000 |
$t2 10 0x00000000 |
$13 1 0x0@000000 |
$td 12 0x20000000 |
$t5 13 0x00000000 |
$16 14 0x20000000 |
$t7 15 0x0e000000 |
550 16 0x00000000 |
$s1 17 800000000 |
$s2 18 0x00000000 |
$33 19 0x0@000000 |
$sd 20 0x00000000 |
$35 21 0x0E000000
$s6 22 0x20000000 |
$57 23 0x0e000000 |
5t8 24 0x00000000 |
$t9 25 800000000 |
$k@ 26 0x00000000 |
$k1 27 0x0e000000 |
sgp 28 0x00001300 |
$sp 29 Bx0@0027fc |
stp kL] 0x20000000 |
sra 31 0x0@00301c |
pc 0x00080302c |
hi 8x00000000
lo

0x00000000 |



The second procedure overwrites $ra, which is
the same register the first procedure uses

The return address saved in $ra is 0x301c (the
address of the current jump instruction),
therefore we enter an infinite loop

—)

Pl AR G0 vAOLA YA VA AL A VA A LY

LY

v

v LAOLA YA VA LR A N N DR R .Y

Text Segment

Address Code Basic Source

0x0BD03000 Bx0cOBOCH3 jal OxPDOO300C ni jal hello

0x00203004 Ox3402000a ori %2,%0,0x0000000a 8 ori $v@, 50, 18 # system call code for exit

0x00D03008 Ox0OOBBAGC syscall 9: syscall # exit the program

0x0R20300c Ox24020004 addiu %2,5%0,0x00000004 12: L1 sva, 4 # system call code for string

DxPOOD3010 0x20040000 addi $4,%0,0x00000000 13: la $a@, stringl # address of string is in $ad

0xBBBA3014 0x0OORROAC syscall 14: syscall # print the string

pudebdRadg 0x0cOBOCOB jal 0x00003020 15z jal world

0xPORO301c JPx03c00008 jr 531 16: jr %ra

PG00S0 0x24020004 addiu $2,50,0x00000004 19: 1i $va, 4

0x00003024 0x20040006 addi $4,%0,0x00000006 20: la $ald, string2

0xPBBA3028 BxBOOBLABGC syscall 21: syscall

Dx0ROO302c Ox0D3e00008 jr $31 22: jr sra
@ Data Segment

Address WValue (+0) Walue (+4) Value (+8) Walue (+c) Value (+10) Walue (+14)

dxppoRAOLR L 1L e H W \d o d 1L r o %@ \B A\B \n \O B AD A B AD AB N
dxpOOBEO20 B NG AD A \B OAB AD \D A\ \D AD \D O \B AR \D A A\D AD A NG G BN
BxppoRADLR B NG AE N B AB AD AB RN AR Y N @ NB NB \B B A8 \B D B A\O ANB N
BxpROAAOEA B AD ND N B OAB AD ND B AD AD NG RN BRY: RV ] AR BRI NG G BN
BxppOREDEA B AD AD ND B AR AD AD N8 AB \D N B NB NB \D A\ W8 \B N\D B N\O AB N
dxpPORAGaR B AG ND N \B AB AG ND B \B AD NG @ \B AR \D AR BRI SO B BN
BxpDoRAOCA B AD MDA B OAD MG NG N8 e A\ \D W@ Ne NB \D A\ WO \B D D ND AB N
0xBPORA0eR B NG AND N \B AB AG AD B AB AD NG @ \B AR \D AR BRI SO AB BN
BxppoRA100 B AD MDA B OAD AD NG 8 e NG \D W@ oNe \B A\D A\ W0 AB ND D ND AB N
dxppORAA12A B NG D N \B AR AG AD RV BN Y BN RN I IR < BN \B W@ \B \D S0 WO NB Y
dxpBOAA140 B AG AD N \B AB AD AD A\ AB AD \D O \B AB \D \O MG AD A NG NG AB N
BxppORA16A B NG NG N ALY IRV AT ) RN B IR BN RN IR BN < BN LB N8 \B D B MO NB N

.data @xe
stringl: .asciiz "Hello"
string2: .asciiz " world\n"
.text ex3eee
main:
jal hello
ori $ve, $8, 1@ # system call code for exit
syscall # exit the program
hello:
1i $ve, 4 # system call code for string
la $a@, stringl # address of string is in $a@
syscall # print the string
jal world
jr $ra
world:
1i $ve, 4
la $a@, string2
syscall
jr $ra
Name Number Value
$zero (0] ax@aaaaaaai
$at 1 0x0R000000 |
$vo 2 0x00000004
sl 3 Dx0BROBAGD |
$ap 4 0x80000006 |
sal 5 0x6000A000 |
$a2 6 @x@@@@ﬂ@ﬂ@i
$a3 7 0x00000000 |
0 g @x@@@@ﬂ@ﬂ@i
$t1 g 0x@0000000 |
§t2 10 @x@@@@ﬂ@ﬂ@i
$t3 11 0x@0000000 |
$td 12 pulsTululsTeTuls
$t5 13 BxBBBGBBGGI
$th 14 axaaaaaaaai
$t7 15 0xBa000000 |
550 16 ax@aaaaaaai
$51 17 DxBa000000 |
§52 18 ax@aaaaaaai
$53 19 DxBa000000 |
§sd 20 0xPBO00B0D |
$55 21 @xBBBBBBBB!
$sb 27l 0xBB000R00 |
$57 23 BxBBBBBBBB!
$t8 24 @x@@@@@@@@i
19 25 0x00000000 |
sk 26 @x@@@@ﬂ@ﬂ@i
K1 27 0x@0000000 |
sap 28 @x@@@@lﬂﬂ@i
ssp 29 Dx@Bee2ffc)
fp 30 m
§ra 31 BxBA00301c |
pc
hi BXBBB@BB@@!
Lo Bx0A000000 |



Nested Simple Procedure Call

Call two nested procedures without arguments or return

values.
C code

#tinclude <stdio.h>

void world() {

printf(" world\n");

}

void hello() {
printf("Hello");
world();

}

int main() {
hello();

}

Hello world

.text 0x3000

main:
jal hello
ori $vo, %0, 10
syscall

hello:
1li $vo, 4
la $a@, stringl
syscall
jal world
jr $ra

world:
1i $vo, 4
la $a@, string2
syscall
jr $ra

MIPS code
.data 0x0
stringl: .asciiz "Hello"
string2: .asciiz " world\n"

system call code for exit
exit the program

system call code for string
address of string is in $a@
print the string



How Can We Avoid Overwriting Registers?

Use different registers for each call?
e We quickly run out of registers

e Each procedure call is different, hard to keep track
e Code is not reusable

e Doesn’t work for recursive calls!

Save and restore registers that should be preserved after the
procedure call

e \We can use the same convention across all procedure
calls



How to Fix Our Code?

C code MIPS code
#include <stdio.h> .data 0ox0
stringl: .asciiz "Hello"
void world() { string2: .asciiz " world\n"
printf(" world\n");
} .text Ox3000
main:
void hello() { jal hello
printf("Hello"); ori $vo, %0, 10
world(); syscall
}
hello:
int main() { save $ra to memory
hello(); 1li $vo, 4
} la $a@, stringl
syscall
jal world
Hello world restore $ra from memory
jr $ra
world:
1li $vo, 4
la $a@, string2
syscall

jr $ra



Where to Save Registers?

memory
The STACK ViR T 000 «gtack” segment
e $sp points to the last USED 0x3ffc
stack memory location Ssp -> 0x3££8 ﬁ
e Use $fp to keep track of the
top of the current stack
frame

e The stack grows DOWN
(towards lower addresses)

text segment

0x3000 (prOgram)

data segment

(low) 0x0000



We Also Need to Save $fp

Let’'s assume we
have a new
version of world()
that also uses the
stack

MIPS code

.data 0x0
stringl: .asciiz "Hello"
string2: .asciiz " world\n"

.text 0x3000
main:
jal hello
ori $vo, %0, 10
syscall

hello:
save $ra to memory
save $fp to memory
set $fp to top of current stack frame
1i $vo, 4
la $a@, stringl
syscall
jal world
restore $ra from memory
restore $fp from memory
jr $ra

world:



Does It Work"?

stack

MIPS code

.data 0x0
Ssp —> stringl: .asciiz "Hello"
string2: .asciiz " world\n"

.text 0x3000
main:
jal hello
ori $vo, %0, 10
syscall

hello:

addi $sp, $sp, -8

sw $ra, 4($sp)

sw $fp, 0($sp)

addi $fp, $sp, 4

1i $vo, 4

la %20, stringl
registers VS

jal world

lw $ra, 0($fp) restore $ra

addi $sp, $fp, 4 # restore $sp

lw $fp, -4($fp) restore $fp

jr $ra

make room on stack
save $%ra
save $fp
set $fp

H H H

+H

-

world:



Does It Work"?

stack

MIPS code

.data 0x0
Ssp —> stringl: .asciiz "Hello"
string2: .asciiz " world\n"

.text 9x3000
main:
m) 7 0x3000 jal hello
ori $vo, %0, 10
syscall

hello:

addi $sp, $sp, -8

sw $ra, 4($sp)

sw $fp, 0($sp)

addi $fp, $sp, 4

1i $vo, 4

la %20, stringl
registers VS

jal world

lw $ra, 0($fp) restore $ra

addi $sp, $fp, 4 # restore $sp

lw $fp, -4($fp) restore $fp

jr $ra

make room on stack
save $%ra
save $fp
set $fp

H H H

+H

-

Sra

world:



Does It Work"?

stack

MIPS code

.data 0x0
stringl: .asciiz "Hello"
string2: .asciiz " world\n"

.text 0x3000
main:
jal hello
ori $vo, %0, 10
syscall

Ssp —>

hello:
m) 12 0x300c addi $sp, $sp, -8
sw $ra, 4($sp)
sw $fp, 0($sp)
addi $fp, $sp, 4
1i $vo, 4
la $a@, stringl
registers SSEElL

jal world

Ssp lw $ra, 0($fp) restore $ra
addi $sp, $fp, 4 # restore $sp
lw $fp, -4($fp) restore $fp
jr $ra

make room on stack
save $%ra
save $fp
set $fp

H H H

+H

-

world:



Does It Work"?

stack

MIPS code

.data 0x0
stringl: .asciiz "Hello"
string2: .asciiz " world\n"

.text 0x3000
main:
jal hello
ori $vo, %0, 10
syscall

Ssp —>

hello:

addi $sp, $sp, -8
mp 13 0x3010 sw $ra, 4($sp)

sw $fp, 0($sp)

addi $fp, $sp, 4

1i $vo, 4

la %20, stringl

registers VS

jal world

lw $ra, 0($fp) restore $ra

addi $sp, $fp, 4 # restore $sp

lw $fp, -4($fp) # restore $fp

jr $ra

make room on stack
save $%ra
save $fp
set $fp

H H H

+H

world:



Does It Work"?

stack

MIPS code

.data 0x0
stringl: .asciiz "Hello"
string2: .asciiz " world\n"

.text 0x3000
main:
jal hello
ori $vo, %0, 10
syscall

Ssp —>

hello:

addi $sp, $sp, -8

sw $ra, 4($sp)
m) 14 0x3014 sw $fp, 0($sp)

addi $fp, $sp, 4

1i $vo, 4

la %20, stringl

registers VS

jal world

lw $ra, 0($fp) restore $ra

addi $sp, $fp, 4 # restore $sp

lw $fp, -4($fp) # restore $fp

jr $ra

make room on stack
save $%ra
save $fp
set $fp

H H H

+H

world:



Does It Work"?

stack

Sfp ->

Ssp ->

registers

Sfp

MIPS code
.data ox0
stringl: .asciiz "Hello"
string2: .asciiz " world\n"
.text 9x3000
main:
jal hello
ori $vo, %0, 10
syscall
hello:
addi $sp, $sp, -8 # make room on stack
sw $ra, 4($sp) # save %ra
sw $fp, 0($sp) # save $fp
m) 15 0x3018 addi $fp, $sp, 4 # set $fp

1i $vo, 4

la $a@, stringl
syscall

jal world

lw  $ra, 0($fp)
addi $sp, $fp, 4
lw  $fp, -4($fp)
jr $ra

world:

+H

-

restore $ra
restore $sp
restore $fp



Does It Work"?

stack

Sfp ->

Ssp ->

registers

Sra

MIPS code
.data ox0
stringl: .asciiz "Hello"
string2: .asciiz " world\n"
.text 9x3000
main:
jal hello
ori $vo, %0, 10
syscall
hello:
addi $sp, $sp, -8 # make room on stack
sw $ra, 4($sp) # save %ra
sw $fp, 0($sp) # save $fp
addi $fp, $sp, 4 # set $fp

1i $vo, 4
la %20, stringl
syscall

m) 19 0x3028 jal world
lw $ra, 0($fp)
addi $sp, $fp, 4
Iw  $fp, -4($fp)
jr $ra

world:

+H

-

restore $ra
restore $sp
restore $fp



Does It Work"?

stack

MIPS code

.data 0x0
stringl: .asciiz "Hello"
string2: .asciiz " world\n"

.text 0x3000
main:
jal hello
ori $vo, %0, 10
syscall

Sfp ->

hello:
addi $sp, $sp, -8
sw $ra, 4($sp)
sw $fp, 0($sp)
addi $fp, $sp, 4
1i $vo, 4
la %20, stringl
registers syscall
jal world
$sp lw $ra, 0($fp) restore $ra
addi $sp, $fp, 4 # restore $sp
Sfp lw $fp, -4($fp) restore $fp
jr $ra

make room on stack
save $%ra
save $fp
set $fp

H H H

Ssp ->

+H

-

world:



Does It Work"?

stack

Sfp ->

Ssp ->

registers

Sra

MIPS code
.data 0x0
stringl: .asciiz
string2: .asciiz

) 20 0x302c

.text 0x3000
main:
jal hello
ori $vo, %0, 10
syscall

hello:
addi $sp, $sp, -8
sw $ra, 4($sp)
sw $fp, 0($sp)
addi $fp, $sp, 4
1i $vo, 4
la $a@, stringl
syscall
jal world
lw $ra, 0($fp)
addi $sp, $fp, 4
lw  $fp, -4($fp)
jr $ra

world:

"Hello"
world\n"

H H H

+H

-

make room on stack
save $%ra
save $fp
set $fp

restore $ra
restore $sp
restore $fp



Does It Work"?

stack

Ssp ->

Sfp ->

registers

Ssp

MIPS code
.data 0x0
stringl: .asciiz
string2: .asciiz

m) 21 0x3030

.text 0x3000
main:
jal hello
ori $vo, %0, 10
syscall

hello:
addi $sp, $sp, -8
sw $ra, 4($sp)
sw $fp, 0($sp)
addi $fp, $sp, 4
1i $vo, 4
la $a@, stringl
syscall
jal world
lw $ra, 0($fp)
addi $sp, $fp, 4
lw  $fp, -4($fp)
jr $ra

world:

"Hello"
world\n"

H H H

+H

-

make room on stack
save $%ra
save $fp
set $fp

restore $ra
restore $sp
restore $fp



Does It Work"?

MIPS code
stack
.data ox0
Ssp —> stringl: .asciiz "Hello"
string2: .asciiz " world\n"
.text 9x3000
main:
jal hello
ori $vo, %0, 10
syscall
hello:
addi $sp, $sp, -8 # make room on stack
sw $ra, 4($sp) # save %ra
sw $fp, 0($sp) # save $fp
addi $fp, $sp, 4 # set $fp
1i $vo, 4
la %20, stringl
registers VS
jal world
lw $ra, 0($fp) # restore $ra
addi $sp, $fp, 4 # restore $sp
stp m) 22 0x3034 lw $fp, -4($fp) # restore $fp

jr $ra

world:



Does It Work"?

stack

MIPS code

.data 0x0
Ssp —> stringl: .asciiz "Hello"
string2: .asciiz " world\n"

.text 0x3000
main:
jal hello
ori $vo, %0, 10
syscall

hello:
addi $sp, $sp, -8
sw $ra, 4($sp)
sw $fp, 0($sp)
addi $fp, $sp, 4
1i $vo, 4
la %20, stringl
registers VS
jal world
lw $ra, 0($fp) restore $ra
addi $sp, $fp, 4 # restore $sp
lw $fp, -4($fp) restore $fp
m) 23 0x3038 jr $ra

make room on stack
save $%ra
save $fp
set $fp

H H H

+H

-

world:



Does It Work"?

stack

MIPS code

.data 0x0
Ssp —> stringl: .asciiz "Hello"
string2: .asciiz " world\n"

.text 0x3000
main:
jal hello
m) 3 0x3004 ori $ve, $o0, 10
syscall

hello:

addi $sp, $sp, -8

sw $ra, 4($sp)

sw $fp, 0($sp)

addi $fp, $sp, 4

1i $vo, 4

la %20, stringl
registers VS

jal world

lw $ra, 0($fp) restore $ra

addi $sp, $fp, 4 # restore $sp

lw $fp, -4($fp) restore $fp

jr $ra

make room on stack
save $%ra
save $fp
set $fp

H H H

+H

-

world:



Does It Work"?

stack

MIPS code

.data 0x0
Ssp —> stringl: .asciiz "Hello"
string2: .asciiz " world\n"

.text 9x3000
main:
jal hello
ori $vo, %0, 10
m) O 0x3008 syscall

hello:

addi $sp, $sp, -8

sw $ra, 4($sp)

sw $fp, 0($sp)

addi $fp, $sp, 4

1i $vo, 4

la %20, stringl
registers VS

jal world

lw $ra, 0($fp) restore $ra

addi $sp, $fp, 4 # restore $sp

lw $fp, -4($fp) restore $fp

jr $ra

make room on stack
save $%ra
save $fp
set $fp

H H H

+H

-

world:



What If We Use More Registers?

The callee should preserve (save and restore if used) the
highlighted registers

Name Register number Usage
$zero 0 the constant value 0
Sat 1 assembler temporary
$v0-$vl 2-3 procedure return values
$a0-$a3 4-7 procedure arguments
SE0=5t7 8-15 temporaries
$s0-$s7 16-23 saved by callee
$tB8-$t9 24-25 more temporaries
$k0-$k1 26-27 reserved for operating system
Sgp 28 global pointer
Ssp 29 stack pointer
5P 30 frame pointer
Sra 31 return address




What If We Use More Registers?

MIPS code
.data oxe
.text 0x3000 lw $to, -24($fp)
main:
jal procl # use $s0-%$s3, $to
ori $vo, $0, 10
syscall lw $s0, -8($fp)
lw $s1, -12($fp)
procl: lw $s2, -16(%$fp)
addi $sp, $sp, -8 lw $s3, -20($fp)
sw $ra, 4($sp)
sw $fp, 0($sp) lw  $ra, 0($fp)
addi $fp, $Sp, 4 addi $Sp) $fp) 4
lw  $fp, -4($fp)
addi $sp, $sp, -16 jr $ra
sw $s0, 12($sp)
sw $s1, 8(%$sp) proc2:

sw $s2, 4($sp)

sw $s3, 0($sp)
addi $sp, $sp, -4 Save and restore $ra, $fp
sw $to, 0($sp)

jal proc2



What If We Use More Registers?

MIPS code
.data oxe
.text 0x3000 lw $to, -24($fp)
main:
jal procl # use $s0-%$s3, $to
ori $vo, $0, 10
syscall lw $s0, -8($fp)
lw $s1, -12($fp)
procl: lw $s2, -16(%$fp)
addi $sp, $sp, -8 lw $s3, -20($fp)
sw $ra, 4($sp)
sw $fp, 0($sp) lw  $ra, 0($fp)
addi $fp, $Sp, 4 addi $Sp) $fp) 4
Iw  $fp, -4($fp)
addi $sp, $sp, -16 jr $ra
sw $s0, 12($sp)
sw $s1, 8(%$sp) proc2:

sw $s2, 4($sp)

sw $s3, 0($sp)

addi $sp, $sp, -4 Save and restore $s0-$s3
sw $to, 0($sp)

jal proc2



What If We Use More Registers?

MIPS code
.data oxe
.text 0x3000 lw $to, -24($fp)
main:
jal procl # use $s0-%$s3, $to
ori $vo, $0, 10
syscall lw $s0, -8($fp)
lw $s1, -12($fp)
procl: lw $s2, -16(%$fp)
addi $sp, $sp, -8 lw $s3, -20($fp)
sw $ra, 4($sp)
sw $fp, 0($sp) lw  $ra, 0($fp)
addi $fp, $Sp, 4 addi $SP: $fp) 4
Iw  $fp, -4($fp)
addi $sp, $sp, -16 jr $ra
sw $s0, 12($sp)
sw $s1, 8(%$sp) proc2:

sw $s2, 4($sp)

sw $s3, 0($sp)

2ddi $sp, $sp, -4 Save and restore $t0
sw $to, o($sp)

jal proc2



What If We Use More Registers?

MIPS code
.data 0x0
.text 0x3000 lw $to, -24($fp)
main:
jal procl # use $s0-%$s3, $to
ori $vo, $0, 10
syscall lw $s0, -8($fp)
lw $s1, -12($fp)
procl: lw $s2, -16(%$fp)
addi $sp, $sp, -8 lw $s3, -20($fp)
sw $ra, 4($sp)
sw $fp, 0($sp) lw $ra, 0($fp)
addi $fp, $Sp, 4 addi $SP; $fp) 4
Iw  $fp, -4($fp)
addi $sp, $sp, -16 jr $ra
sw $s0, 12($sp)
sw $s1, 8(%$sp) proc2:
sw $s2, 4($sp)
sw $s3, 0(%$sp)
addi $sp, $sp, -4 Call proc2

sw $t0, 0($sp)

jal proc2



