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Your MIPS assembly programming
training starts now — sit down at your
computer and get ready!




—

...0open up a command\
shell and type xspim &

and press enter to
launch SPIM.

karlmlEtyphosus: “Axspin &
[1] 2378

karlm@typhoeuszt /]




()4 Shell - Konsole

R s Ll ==l SPIMis asimulator for MIPS. j

[1] 2373
larlnBtuphosus: A

=" ZSpim

BC
Status

00400000  EPC
3000££10

oooooooo

ooooaano

General Registers
00000000 mle (=00
oooooooo  R1T (s1)
00000000 R18 (s2)
0ooooono R19 (s3)
0ooooo0d  RE20 (=4)
oooooooo  R21 (sE)
oooooond  REE (s6)
00000000 R23 (=T)

00000000 Badvaddc=
0oooooona

0ooooooo  RE
0oooooon - R9
o0ooooono - Ri0
0ooooono R1l
00000on0 - R12
0ooooono - R13
00000000 R14
00ooooo0 R1S (£7)

0agoooona

00000000 R2S (£9)
00000000 R26 (k0O)
00oooono - R27
00000000 R28 (gp)
00000000 R29 (sp)
00000000 R30 (=8)
oooooona

0aoooona
ngoooona
oooooono
n0goooona
10008000
Tfffeffc
oooooono
0ooooooa

RO (c0)
Rl (at)
RZ  (vw0)
B3 (vl
Rl  (al)
RS (al)
RE  (al)
RT (al)

FIR = 0oo09ano FGSR = 0ooonooo FCCR = 00000000  FEXR oooooono
FENR = 00000000
Double Floating Point Registers

;FEO = 0.00000 FP3 = 0.00000 FP16 = 0.00000 FP24 = 0.00000

fuit | load I reload I run | step | clear |

set value | print I breakpuintsl help terminal | mode |

Text Segments

[0=x00400000] 0x8£=240000 1w $4, 0($29) ; 174: 1w &2l 0($sp)
[0x00400004] 0x27a50004 addiu &5, 29, 4 ; 175: addiu $al ssp 4
[0xx00400008] 024260004  addiu %6, £5, 4 ; 176: addiu $a2 fal 4
[0zx0040000c] O=00041080 =11 82, 34, 2 ; 177 =1l $w0 sal 2
[0zx00400010] O=00c23021  addu 56, 36, 52 ; 178: addu $al $al $w0
[0x00400014] Dx0c000000  jal 0x00000000 [main] ; 179: jal main
[0x00400018] 000000000 nop ; 1B0: nop

[02x0040001c] 034020002 ori $2, &0, 10 ; 182: 1i $wO 10
[D=00400020] 00000000 syscall ; 183: syscall

KERNEL
/ [D=80000180] O=0001d821 addu $27. &0, %1 ; B2: mowve 8kl Sat

Data Segments

DATA
[D=10000000] . . . [0x10020000] Ozx00000000

STACK
[0xTfffeffc] 000000000

FEENEL DATA
[D90000000] 0x20204578 0x63657074 0Ox696f6e20 Ox00206£63
[D=50000010] 0x63757272 0Oxp5642061 Ox6epd2069 Ox6V6e6f?2
[0=80000020] Ox65640a00 0x20205b49 0Ox6e746572 OxT2TST074
[D=50000030] 0x5d200020 0x205b544c 0x425d0020 Ox205h544c
[0=90000040] 042540020 0x205hE44c 042540020 Ox205h4164
- [0=80000050] OxpdT26573  0xT3206572 O0xT26£7220 Ox696=2069

SPIM Wersion 7.1 of Janwary 2, 2005

Copyright 1990-2004 by James R. Larus (larus@cs. wisc. edu)
411 Rights Reserved

See the file README for a full copyright notice

Loaded: /its/sw/misc/share/lib/spim/exceptions. s

n

KSDFORRORRBE B 2 plee——




% SPIM MIPS Simulator - Mozilla Firefox
File Edit Miew History  Bookmarks Tools  Help  GBookmarks

O -

|42 | Most Visited

c {et l: ’Q http:ffpages. cs.wisc,eduf~larus/spim. html

| Teaching

aE

ownloading SPIM

Y 4 NG [

L

| J1+)

http://pages.cs.wisc.edu/~larus/spim.html

Mac OS NSDIN TIp - W W W Ca Wk
‘ ‘ /SPIMY spintar. ez
spim Binary RPM . . e )
1 . L http:/www. cs. wise. edu/cbi/downloads/
XSpiin for Fedora

Executable

http://www.cs. wisc.edu/~larus
/SPINUpespin.zip

\ Spim

woject's low-
[] match case

Source code

http://www.cs. wisc.edu/~larus
/SPINUpespm Sre.zip

If you prefer, you can download
and install SPIM on your private
computer.

|

ed version
ugs mn spim. If

EE L e e I T SR



()4 Shell - Konsole

Session Edit View Settings Help

[1] 2373
larlnBtuphosus: A

=" ZSpim

karln@typhosus: “Axspin 2

On Unix/Linux SPIM looks

BC = 00400000  EPC = 00000000 Cause
Status = 3000f£10 HI = 00000000 Lo
General Registers
RO {r0y = 00000000 ®E (t0) = 00000000 ERIG (s0)
Rl ({atj = 00000000 RS (tl) = 00000000 R1T (sl)
2 (w0; = 00000000 ER10 (t2) = 00000000 ER18 (s2)
RE3 {vl; = 00000000 R11 (£3) = 00000000 R19 (s3)
R4 (al; = 00000000 R1Z2 (t4) = 00000000 REO (s4)
RS {al; = 00000000 R13 (t5) = 00000000 REL (s5)
Re (aZ; = 00000000 RI4 (e6) = 00000000 REE (s&)
RE7 {=3; = 00000000 RIS (£7) = 00000000 ERE3 (sT)

like this:

0aoooona
ngoooona

R24 (£B)
ROS (t9)

ooooooono  RE2e (k0) 0noooooo
aonoonoon -

oopoonoon CSpim

oooonooo File Simulstor ‘Window Help
oooonoon - .

ooooooon | E1E =] @] 2K

EEX

PC = [Qooooooo EPC oooooogo Cause

FIR = 00009800  FGSR = 00000000  FGCR = 00000ODD f Status = 3000££10  HI Dgﬂﬂm? o Lo .
FENE = 00000000 RHaIdl hEELEELs
. ; . {r0) = 00000000 RE (t0) = 00OOOOOOD R1E (=0) =
FEO = 0.00000 FEH i] Eglﬂﬂa]ﬂ_e Float;g%spelgtngggasmm tat) = 00000000 B9 ey = DOUND0A0. iz qsl) s
7 = : == (vD) = 00000000 Ri0 (t2) = 0000O0OOD R1B (s2) =
(vl) = 00000000 R1l (t3) = 00OOOOOO R19 (s3) =
i {aD) = 00000000 R1Z (t4) = 000000D0 R20 (=4) =
fuit load reload run step
set value | print I hreakpoints I help terminal [0=00400000] 0x8fa40000 1w 34, 0(529)
[0x00400004] Dx27a50004 addiu S5, $29, 4
[0x00400008] 0x24a60004 addiu $6, 55, 4
BT L (TS [0x0040000c] 0x00041080 sll S2, 54, 2
[Dx=00400000] OxBf240000 1w 34, 0(329) " [0z00400010] 0x00223021  addu 56, 56, $2
[ 000400004 ] 0x27250004 addiu 85, $20, 4 ¥ [0x00400014] 0x0=000000  jal 0x00000000 [main]
[0x=<00400008] Ox24260004 addiu 56, %5, 4 i [0x00400018] 0x00000000  nop
[00040000¢] 0=00041080 =11 £2, 84, 2 - [0=z0040001] 0x3402000a or: 52, S0, 10
[Dx00400010] O=00c23021 addu $6, 86, 32 i :
[0xx00400014] 0zx0c000000  jal Ox00000000 [main] 1 = DATA
[0x00400018] 000000000 nop .
[0=0040001¢0] 0%3402000a ora §2, §0, 10 : [0x10000000]...[0x10040000] Dx0D0000000
[0=00400020] 00000000 syscall ; STACE
[0x7fffaffc] 0x00000000
KEENE
[0=80000180] 0=0001d821 addu $27, 80, #1 i EERMEL DATA
f [0x90000000] 0x78452020 0x7470656

Data Segments

[0xTfffeffc]

[000000000]
[090000010]
[0x90000020]
[090000030]
[0x90000040]

STACK

DATA
[D=10000000] . . . [0x10020000]

EERNEL DATA

Ozx00000000

000000000

020204578
Ox63757272
Ox65640a00
O=x5d200020

0x63657074  DxE96f

SPIM Version Version 7.3 of August 26, 2006

211 Rights Reserved
DOS and Windows g
Copyright 1997
Zee the filg
Loaded :

by David A. Carley (dac@cs.wisc
an Kaufmann Publishers, Inc.

a full copyright notice.
s PCopimtexceptions.s

Dx65642061  Oxbebdd

0=20205h49
05h5d4c

02
(1=

=

"Eizme., - ¢ vl untided ..

2 Shell - Konsale
x xspim

oooooooo BadVaddr= 00000000

nooooonn

00oooooo R24
00000000 R2S
00000000 Re2a
oooooooo R27
000ooo00 REZs

175:
176:
177:
178:
1%8:
180:
181:
183:

N N N N N NN

3 0OxZ0eebfed

Copyright 1990-2004 by James R. Larus (larus@cs.wisc.edu).

cedul.

[ lﬂ OmTent...

(td) = 00000000
(t9) = 00000000
(k0) = 00000000
(k1) = 00000000
(gp) = 10008000
1w Sa0 0({Ssp) # arge
addiu Sal Ssp 4 # argv
addiu Sa2 sal 4 # envp

sll Sw0 Sal 2
addu Sa2 SaZ svl
jal main

nop
11 S0 10

OxB36f2000

PC=0x00000000 EPC=0x00000000 Cause=0x00000000
I_E Calculator Y 2pespm - BT Q‘J 1

o




File Simulator  Window  Help

|| =z 8] 2|8
BC - 00000000  EPC - 00000000 Cause

Here you can

00000000  BadvVaddr= ooooooof See the

General Registers contents |n a”
RO (r0) = 0000O0QOO0 RS  (t0O) = 00O0OODOO R1e (s0) = O00COQOOO E24 (t8) = 0004 )
Rl (at) = 00000000 RS (tl) = 00O0OOQOO R17 (sl) = O0000O0OOO E25 (t9) = 00 32 reg|sters
R2 (w0) = 00000000 R10 (tZ) = 00O00OOOOO ERE18 (s2) = 00000000 E2e (k0O) = ao
RE3  (w1) ="Magoo0 R11 (t3) = 00000000 R19 (s3) = 00000000 R27 (k1) = 00000000
R4 (al) = 0000 &l (t4) = 00000000 E20 (s4) = 0000000C0 RZ28 (gp) = 10008000
O=z00400000 =8 : 175: 1w Sal 0(%s # argoc
. h B g
[0z00400004 ] Ox2 ;: 176: addiu Sal Ssp 4 # argv
[0=z00400008 ] Ox2 ReQISter ave names’ ;177 addiu Sa2 Sal 4 # envp
[0xz0040000c] 0z0 I : 178: =11 5vw0 Sal 2
[0xz00400010] 0z0 for example $2 (R2) IS ;179 addu Sa2 Saz2 $vi
[D=z00400014] 0=0 : 180: jal main
[0z00400018] 00 Ca”ed $VO ; 181: nop
[0xz004000 1] Oz 34D / : 183: 1i w0 10
DATA ~
O0x 100000007 ... [0x10040000 Oz 00000000
[ — ] Here you can see
STACE : :
[0x7£Efeffe] 0x00000000 the instructions.
EEFNEL DATA
[Dx90000000] 0x78452020 0x74706563 0x206e6fh9 Ox636f2000
SPIM Version Version 7.3 of August 26, 2006
Copyright 1990-2004 by James E. Larus (larus@cs.wisc.edu).
211 Rights Reserved. Here you can see
D03 and Windows ports by David A, Carley (daclos.wisc.edu). h f h
Copyright 1997 by Morgan Kaufmann Publishers. Inc. N ]
mee the file README for a full copyright notice. t €co te tS 0 t €
Loaded: C:“~Program Files~PCipim~ezceptions.s memo ry
Far Help, press F1 PC=0x00000000 EPC=0x00000000 Cause=0:x00000000

| (01 S |l




EC = 00400024  EPC = 00000000  Cause = 00000000  EBad¥addr= 00000000
Status = 3000££10 HI = 0ooooooo Lo = 0oooooon
General Registers
RO {c0) = 00000000 RE8 (t0) = 00000000 R1e (=00 = 00000000 R24 (t8) = 00000000
Rl {=t) = 00000000 RS (tl) = 00000000 R1T (s1y = 00000000 RES (£8) = 00000000
R2 (w0 = 00000004 R10O (£2) = 00000000 R18 (s2) = 00000000 REZE (kO3 = 00000000
E3 (wl) = 00000000 R11 (t3) = 00000000 R19 (533 = 00000000 REZT (k1) = 00000000
R4 (=0} = 00000001 R1Z2 {td4) = 00000000 RE0 ¢s4) = 00000000 RES (gp) = 10002000
='RE ({=al) = Tfffeflc R13 (tL) = 00000000 RZ21 (s5) = 00000000 RE9 (spy = Tfffefld
RE6 (=) = Tfffef24 RI14 (te) = 00000000 R2Z (s6) = 00000000 R3O0 (s8) = 00000000
R7T (=3} = 00000000 R15 {£7) = 00000000 RE23 ¢s7) = 00000000 R31 (r=) = 00400018
FIR = 000o09aa0 FCSR = 0o0ogoagn FCCR = 00000000  FEXR = 0ooogoan
FENE = 00000000
Double Floating Point Registers
FEO = 0.00000 FEP2 = 0.00000 FPle = 0.00000 FE24 = 0.00000

guit | load I

reload |

step

set value | print

| breakpoints |

help

terminal

Text Segments

f[Dx?fffefED]

[0=x00400008] 0x24260004 addiu 6. £5, 4
| [0=0040000c ] 0x00041080 =11 32, 34, 2
[0=00400010] 0x00c23021 addu 26, 56, 52
[0z00400014 ] 0x0c100009 g3l 0x00400024 [main]
[0=00400018] 0x00000000  nop
[00040001c] 0x3402000a ori %2, 30, 10
[0=00400020] 0x0000000c  syscall
I[DxDD4DDD24] 0xZ0100000 =ddi $1e, %0, 0
Data Segments
DATA
I [0x10000000]. .. [0x10010000] Dx00000000
[0=10010000] 0x0=004865 OxGchobfl
[0=100100107. .. [0x10020000] 000000000
STACE
[0xTEfE=f18] 0x00000001 Ox¥fffelnd

0x00000000 0Ox¥fffecl2d O0xTfffeeld OxTiffedfd

£a2 zal 4% ]
sal 2

On Unix/Linux you have these

buttons. In Windows you will have
to use the menus.

spim: (parser) syntax error
[D=00400000] Dx8£=40000
E
[000400004] Dx27a50004
e
[0=x00400008] DxZ24=60004
_{wp
IIIIr[EIxEIEI-"-lEIEIEIEII:] 000041020

on line 71 of file strings. s
Lw 54, 00329

addiu &5, 529, 4
addiu &6, &5, 4
zll 52, 24, 2

._

; 174 1w %20 0(Zspi# ar

i 175 addiu %2l Ssp 4%
; 176: addiu 32l &al 4% e

; 177: =11 &+0 £a0 2




Stack segment

Input —
devices | | . LP_U_ .
T ; The memory is
5 Control Arithmetic | | . . .
unit 7 logic unit d VI d ed In tO
('}ut!mt T T I S eg men tS .
External
storage ?fff f f f':ne:‘
Address Content
OXFFFFFFFF
OXFFFFFFFE

Efl'he machine
OXFFFF

text segm ent.
0x00000003 10000000 hel

instructions are
stored in the

0x00000002

0x00000001

0x00000000

400000

hex

Data needed by\
the program is
stored in the

data segment. »

Data segment

Text segment



We start by looking at a small
example program in MIPS assembly.




f| rSt_try .S /The assembler directive .text instructs\

( _ \ the assembler to treat what follows as
A label is used to program instructions. The assembler
refer to places in will translate each line (instruction) to
the program. the binary machine instruction and
store the result in the text segmentet in
A label is just a tex memory.
named address in text g /
memory (text

Qegment). .globl main

‘ r g
\ The label main must be

main: decleared global using
the .globl directive.
(VVhen SPIM
your program and allways end with the DL —
start executing at A ima
the label main.
N | '
jr $ra - T
N Dynamic data
jr $ra ————=—7—-——-] Data segment
10000000,
Text segment

EJump Register (ra).




first_try.s

~~

— The file name of a MIPS assembly
program got the suffix .s

B

main:

text

.globl main

Ir

$t0, $zero, 3
$t1, $zero, 2

$t2, $t0, $t1

$t3, $tO, $t1
$t4, $t0, $tO

$ra

Lets add some
instructions
here...

(this IS stuff we
know:

addi (add immediate)

add (addition)
seq (set equal)

\

_/




text

.globl main

addi  $t0, $zero, 3
addi  $t1, $zero, 2
add $t2, $t0, $t1

seq

>& You must document
r your code!




first_try.s

| A comment starts with #
In the comments we use

text normal language — we don’t
use register names!!!

.globl main !

main:
addi  $t0, $zero,3 #a=3
addi  $t1, $zero,2 #b=2

add $t2, $t0, $t1 #c=a+b

seq $t3, $t0, $t1 #d=1iffa==belsed =0

seq $t4, $t0, $t0  #e =1 iff a==a (sic)

jr $ra # return to caller




first_try.s

The comments should
describe what your program

does.

main:

text

.globl main

{ You should be able to
understand the program
without the code — only
looking at the comments.

|
#a=3
#b=2
#c=a+bh

#d=1iffa==belsed=0

# return to caller

#e=1iffa==a(sic)




FE8 Simulakor window  Help

Load the source fileﬁ

Save Log File,., Chrl+5 1
oo ] ddr= 00000000
Exit At+F4 50 HI first try_s
RO (r0) = 00000000 RE  (t0) 8y = 00000000
R1 (at) = 00000000 RY (t1] = twe pr— w0} = 00000000
RZ (v0) = 00000000 R10 (t2) = 00000000 R18 (s2) = 000D0O0DODOD R26 (k0O) = 00000000
R3 (w1} = 00000000 R11l (t3) = 00000000 R19 (s3) = 0000000O0 R27 (k1) = 00000000
R4 (aD) = 00000000 R1Z2 (t4) = 00000000 R20 (=4) = 00000000 R28 (gp) = 10008000
O=z00400000 Oxzg8fad0onoo 1w S4, 0O) 9 + 175 1w Sall NiSsnd
[0x00400004 ] Ox27a50004 addiu 55, S # argv
[0x00400008] 0x24260004 addiu S6, 5§ ¢ envp
[0x0040000¢] 0x00041080 =11 52, S4, A”Way — Allways — Allways
[0x00400010] 0x00c23021 addu S6, S6
[0x00400014] 0x0c100009 jal 0x00400
[0x00400018] 0x00000000 nop
[0x0040001¢] 0x3402000a ori 52, S0, LOOk fOf error messages here-
L ¥
DATA
[0x10000000]. .. [0x10040000] 000000000
STACK
[0x7fffaffc] 000000000
KERNEL DATA
[0x90000000] 0278452020 0x74706563 (Y 69  Dx636£2000

Copyright 1990-2004 by James R. Larus
211 Rights Reserved.
D0Z and Windows ports by David A. Carley (dac@cs.wisc.edu).
Copyvright 1997 by Morgan Faufmann Publishers, Inc.

mee the file README for a full copyright notice.

Loaded: C:“Program Files~PC3pim~exceptions.s

C:wDocuments and Settings~Karl Marklund My Documents>Teaching~Darlk ht 2006~Tutorials

(larus@cs.wisc.edu) .

LEim. - Totmp.,

By Karl Marklund~first_t

|

w B 7 ® S 1006 P

[£

[£

3]



PC = 00400024  EPC
Status = 3000£f10 HI
RO (c0) = 00000000 RE ¢
Rl (at) = 00000000 RO ¢
RZ (v0) = 00000004 R1OD ¢
R3 (vl) = 00000000 Ril ¢
R4 (a0) = 00000001 R1Z ¢
RS {al) = TEffefle R13 ¢
R6 (a2) = TEffef2d R14 ¢
R7 (a3) = 00000000 R1S ¢
FIR = 00009800  FoSR
FENR = 00000000
FRO = 0. 00000 FPS

guit |

= 00000000 Cause =0
= 00o0goooo Lo =0
General Registers
t0) = 00000000 Rle (s0) = O
tl) = 00000000 R17 (sl = O
t2) = 00000000 R18 (s2) = O
t3) = 00000000 R19 (s3) = O
td) = 00000000 ERE20 (s4) = O
t5) = 00000000 R21 (s5) = O
th) = 00000000 REZ (s6) = O
t7) = 00000000 RE23 (sT) = O
= 00ogaoan FGCth =0

Double Floating Point Re
_gaooo FPle = 0.000

0000000  Bad¥addr= 00000000
oaooooo

0oooooo  R24 (£8) = 00000000
oaooood  m25 (£9) = 00000000
O0ooooog - r26 (kO) = 00000000
oooooog - mR27 (k1) = 00000000
0oooood  R28 (gp) = 10008000
0ooooog - R29 (sp) = TEEfeflR
O0ooooog - R3O0 (s8) = 00000000
0000000 R31 {ra) = 00400018
0aooood  FEXR = 0ooogoan
gisters

oa FE24 = 0.00000

step |

set value |

terminal |

[0=x00400008] 0x24260004 addiu 6, 55
| [0=0040000c ] 0x00041080 =11 32, 34, 2
[0=00400010] 0x00c23021 addu 26, 56, 52
[0z00400014 ] 0x0c100009 g3l 0x00400024 [main]
[0=00400018] 0x00000000  nop
[00040001c] 0x3402000a ori %2, 30, 10
[0=00400020] 0x0000000c  syscall
I[DxDD4DDD24] 0xZ0100000 =ddi $1e, %0, 0
Data Segments
DATA
I [0x10000000]. .. [0x10010000] Dx00000000
[0=10010000] 0x0=004865 OxGchobfd
[0=100100107. .. [0x10020000] 000000000
STACE
[0xTEfE=f18] 0x00000001 Ox¥fffelnd

f[Dx?fffefED]

0x00000000 0Ox¥fffecl2d O0xTfffeeld OxTiffedfd

On Unix/Linux you can load the

program using this button.
—

. addiun $af g£al 4¢ ]
o 51l &w0 sa0 2
: addu a2 5al &vi

a3l main

N
|

spim:

s

[ Oz<00400000 ]

C

[0x00400004 ]
qv
[0=00400008]

e

[0zx0040000c]

(parser) syntax error

Dx8f=40000
DxZ27a50004
0xZ24a60004
0=00041080

on line 71 of file strings
Lw 54, 00329

addiu &5, 529, 4
addiu &6, &5, 4
zll 52, 24, 2

A=
;174

; 175
; 176
; 177

._
Iw %al O(Zspi# ar

addiu %=l Ssp 4%
addin 5af sal 4d# e
511 sv0 a0 2




On Unix/Linux you can also load
the program from the command
line using the —file option

[_1=w» Shell - Konsole
aession Edit View Sseftings Help

karlmBtyphoeus: “/teaching /dark20028 «spin —file First_try,z 2 [ :l

| &) ey [t




File

Sirnula
Ei"’“?/IiITnm...

Pe
St

RO
E1l
RZ
E3
E4

What is this?

This is not the instructio
from our first_try.s

\

ns

[nguuuunuwogram_

%Siggjﬂﬂﬂlﬂ] Dz00c23021 addu 56, Sh, 52

[0z00400014] 0x0c100009 jal 0xz004000Z24 [mai

[0=z00400018] Q00000000  non

[0z0040001e

& A% SPIM (not MIPS) comes

o=1000000]  With @ small operating

ererpe system. This code is used
| tostartyour user level

_/

oooooooo
gopooooo

ooooooon
ooooooon
ooooooon
ooooooon
U 00oooo

206e

Copyright 1990-2004 by James K. Larus
A11 Rights Reserwved.

£

For Help, press F1
vy

start

(larus@cs.wisc.edu) .

D03 and Windows ports by David A. Carley (dac@cs.wisc.edu).
Copyright 1997 by Morgan Eaufmann Publishers., Inc.
mee the file README for a full copvright notice.
Loaded: C:“~Program Files~PCSpim exceptions.s
C:~Documents and Settings™Karl Marklund-My Documents~Teaching~Dark ht 2008~Tutorials By Karl Marklund~first_try

RZ4
RZ5
RZa
RZ7
RZzg

BadVaddr=

o om At
o= O WO o

1w 5a0

2a U

gooooaoao

oooooooo
oooooooo
oooooooo
oooooooo
10008000

Di{Ssn)

Doaddiu S5al Ssp 4
:oaddiu SaZ Sal 4
: 511 Sw0 sal 2

o addu Sa?Zd SaZd Swl
: jal main
I nop

1i S0 10

To execute one instruction
(single step) — press F10

PC=0%00400000 EPC=0x00000000 Cause=0x00000000




Y (=[] ]

On Unix/Linux you single Cause = DOOOOO00 Badvaddr= 000OOOOO
. . Lo = Q00oooaon
step by clicking the step Registers

button...

=+ prompt

ooooooan step program

ooooaooo
oooooono R13
oooooono - Ri14 (t6)

COCEOnnn

...which opens up this
dialog...

fiumber of steps:

R3 iwl)
Ed {al)
RS ial)
RE  (aZ)

]
args: first_try.s

g epl continue | abort command

._
guit load reload clear
set value frint bireakpoints terminal | toce
._
T
[Oz00400000] (xafad0000 . ; o lw mal Oissp)l# arg
I [O0x=00400004 ] 0x27a50004 ; 175: addiu Sal Ssp 4# a
[0x00400008] 0x24=a60004 i 176: addiu SaZ Sal 44 e
[0x=0040000c 000041080 i 177: sll Sw0 %a0 2
[ Oze0 0L M el ; 178 addo sal sal swl

. i 179: 7al main
...and now you can single ; 180: nop

step by clicking this button.) G N _




File  Simulator

| =D o 2l

Window  Help

instruction.

PC = Q0400004 ERC = Qooooooo Cause
Status = 3J000££10 HI = Jooooooo L0
General Registers
RO {r0) = 00000000 RE (t0) = 00000000 RI16 (s0)
Rl {at) = 00000000 R9 (tl) = 00000000 R17 (s1)
Rz (v0) = 00000000 R10 (t2) = 00000000 R18 (s2)
R3 (vl) = 00000000 R11 (t3) = 00000000 R19 (s3)
R4 (a0) = 00000000 R12 (t4) = 00000000 R20 (s4)
O=z00400000 O=z8f=a40000 1w S4, 0(%29
Dxz00400004 Dxz27a50004 addiu 55, 529, 4
[0z00400008 ] OxZ24a60004 addiu S6, S5, 4
[0z0040000 ] 0=z00041080 =11 S2, S4.
[0z00400010] O0z00z23021 addu S6, S6, 52
[0z00400014] 0xz0c100009 jal 0xz004000Z24 [mgy
[0z00400018] 0xz00000000 nop
[0z0040001e] O=3402000a ori %2, S0, 104
¢
DATA
[0z100000
After you pressed F10
=7ttt (single step) once, the
oxaoo0os]  PlUE liNne moves down one

_

[0x00400000]

<
For Help, press F1

211 Rights Reselven.
DOS and Windows ports by David A. Carley
Copyright 1997 by Morgan Eaufmann Publi
See the file README for a full copyrigh
Loaded: C:“Program Files~PCEpimtexzceptil
C:sDocuments and SettingssEarl Marklund
1w 54,

Oxz8fa40000

(€ 3G, ~ @®Dar. E logi.. | MMaa. - Bdp. JEBrm. o Toda.

0(s2

1

= Q0000000
= 00ooonoo

ooooooon
ooooooon
ooooooon
ooooooon
oooooooo

BadVaddr= 00000000 ~
RZ4 (t3&) = 00000000
RZ5 (t9) = 00000000
RZe (k0O) = 00000000
RZ7 (k1) = 00000000
REz8 (gp) = 10008000

OxZ206=6fRY9 Oxzj

1w Sal 0(Ssp
addiu Sal Ssp 4
addiu SaZ2 Sal 4
=11 svw0 Sal 2

addu 5a?Z Sad Swl

jal main
nop
1i swv0 10
i
5
| A

This means that the

previous instruction has
been executed

Earl Marklund~first_trv
# argc

W

PC=0x00400004 EPC=0x00000000 Cause=0x00000000

S0 2 [ !&;;E”J _1 % 10:26 PM




f

= ] = || | - T ie) T
PC = 00400004
= T .
General Regis
RO (r0y = 00000OOOO RA3 (t0) = 00000000 Ei1e
El1 (at) = 00000000 RS9 (tl) = 00000000 E17
Rz (w0) = 00000000 R10Q(tZ) = O000O0O0QOO R18
E3 (w1) = DO0O0DOOOO R11p(t3) = O0O00OOO0QOO ERE19
F4 (al) = 00000000 R1J(t4) = 00000000 EZ20
oo 05 f000 1w 54, 0(S29
Oz00400004 Oz2 Wa0004 addiu S5, 529, 4
D AT OxZ24Ne0004 addiu S6, 55, 4
[0z0040000 ] Go0041080 =11 52, 54, 2
[0z00400010] 23021 addu SB, Sh, S2
[0x00400014] ) Q0% jal 0x00400024 [main]
[0z00400018 ] 0z Q. nop
[0z0040001e] Ox34 i 52, 50, 10
3
DATA
Oxz100000007 ...
: ] Here you see the memory
STACE . .
[0x7EFfeffe] address of each instruction.
EEEMEL DATA
[0z90000000] Oxz78452020 0=x74706563 O0xz206=6fR9

<
For Help, press F1

[0x00400000]

he Program Counter (PC)
IS a special register used to
hold the address of the

Instruction to be executed.

~~

211 Rights Reserved.
D02 and Windows ports by David A, Carley [(dac@es.wisc.edu).
Copyvright 1997 by Morgan Eaufmann Publishers., Inc.
See the file README for a full copyright notice.
Loaded: C:~Program Files~PCSpim“exceptions.s

C:~Documents and Settings™Karl Marklund My Documents™Teaching~Dark ht 2008~Tutorials By Karl Marklund~first_trv
lw Sa0 0(3sp)

Oxz8fa40000

1w 54, 0(S29

)

PC=0x00400004 EPC=0x00000000 Cause=0x00000000

(€ 3G, ~ @®Dar. E logi.. | MMaa. - Bdp. JEBrm. o Toda.

1w Sal 0(Ssp
addiu Sal Ssp 4
addiu SaZ2 Sal 4
=11 svw0 Sal 2
addu 5a?Z Sad Swl
: jal main

nop
11 S0 10

Oxz636£2000

# argc

W

S0 2 [ !&;;E”J _1 % 10:26 PM



File  Simulator

Window  Help

ﬁ_ook at PC

~
_J

ooooooon
ooooooon
ooooooon
ooooooon
oooooooo

For Help, press F1

|:|

RZ4
RZ5
RZa
RZ7
RZzg

176:
Ter
175:

OxZ206=6fRY

175:
176:
177
178:
iiEndzhs

oo400014
HI = 0Qoooo
General Registers
RO (r0) = 000OO0OOOO RE  (tO0) goooooon  Rile (=070
Rl (at) = 00000000 RS (tl) goooopon  R17 (=1)
RZ2 (v0) = 00000000 R10 (t2) aoooopon  R1s (=2
E3 (v1) = 00000DOOO R11 (t3) goooopon R19 (=3)
E4 (a0) = 00000DOODO R1Z (t4) goooopon  R20 (=4)
[OzO0400000] Ox8fa40000 1w 5S4, 0(529)
[0z00400004) Ox27a50004 addiu 35, 529, 4
[0z00400008) Ox24a60004 addiu 36. 55, 4
[0z0040000e)] Oz00041080 =11 32, 34, 2
Oxz00400010 Oxz00c:23021  addu 56, S6, SZ2
Oxz00400014 Ox=0c100009 i 0x=00400024 [main
[0z00400018] O0z00000000 nop
[0z0040001e] 0x3402000a ori $2. 30, 10
<
DATA
[Oz100000007...[0x10040000] Oz 000000
S . . .
x7eezer]  Keep single stepping until
you reach this instruction
[OzS900000
Loaded: C:“~Program Files“PCopim“exceptlons.s
C:~Documents and Settings~Karl Marklund\My Documents\Teachlng\Dark
[0zO00400000] OxzS8fa40000 1w 54, 0(529)
[0z00400004] Ox27a50004 addiu $5. 529, 4
[0zO00400008) Ox24a60004 addiu $6. 55, 4
[0z0040000e)] OzO0041080 =11 32, 54, 2
[0z00400010] Oxz00c23021  addu 56, S6. 32
$

o om At
o= O WO o

oooooooo
oooooooo
oooooooo
oooooooo
10008000

lw Sa0 0(Ssp)
addiu $al Ssp 4
addiu SaZ Sal 4
=11 svw0 Sal 2
addu S5a?Z Sad Svwl
jal main

# argv
# envp

Oxz636£2000

ht Z006~Tutorials By Karl Marklund-first
1w Sal D(Ssp) # argc
addiu Sal Ssp 4 # argv
addiu Sa? Sal 4 # envp

sl]l sw0 Sal0 2
addu Sa? SaZ Svi

PC=0x00400014 EPC=0x00000000 Cause=0x00000000

ar. E Logi... E 448, = 24p.

LBaam |

[£

irie

e g T &L

T3 tmp.., 1%

10235 PM



File Simulator  Window  Help

=\ =@ o 2% rLook at the $ra register )

RO (r0) = 00000000 ES8 (t0) = 00000000 E16 ~
E1l fat) = 00000000 R9 (tl) = 00000DOOO E17
Rz (vw0O) = 00000000 E10 (t2) = 0000O0ooo RIS = ]
B3 (vw1) = 00000000 E11 (t3y = 00000000 R19 = Q0000000 You anht
R4 {a0) = 00000000 R1Z (t4) = 00000000 R20 = 00000000 have to
EG (al) = 7££££000 E13 (t3) = 00000000 R21 = Q0000000
e = &E) - D000DDDOpE———— scroll down
RY . . = Jo0ooooo googoooo
The next instruction to be v

: 1w Sal 0(Ssp)
: addiu Sal Ssp 4
:oaddiu SaZ Sal 4
: 511 Sw0 sal 2

i executed is:

o oaddu SaZd SaZd Swl
: jal main

jal main

ne e EEBIn e 5e 9o 9 4=

0 I nop
[D : 11 sw0 10
<\ Jump And Link (jal)
[Oxl1000000 oo np:quin RN

STACK ( . .
[0x7£ffaffe] The jal main Hold your eyes at

remieL paTa | INStruction the $ra register!
[0z90000000] VV”IjL]n]p to Dx74706563 OxzZ206ebfb0Y9 Ox636f200

the main
Loaded: C:“~Program F = s
C:»Documents and Setd Iabel In the ret_try
[0x00400000] 0z8£ first try.s You can now
[0x00400008] 0z24{ program. )
[0x0040000¢ ] 0x00 new single
[0z00400010] 0xz00¢
step!
W

¢

For Help, press F1

5 Start

1% 104z PM

B
T P, ST 2 [ r;i‘” {l



File  Simulator

Window  Help

RO
E1l
RZ
E3
E4

——

[ R o s

[ S S
1]

oo o oH

[0=z00400008]
[0z0040000c]
[0x00400010]
[0z00400014]
[0200400018]
[020040001c ]

I_I H I_I I_| 40002 -1

£
DATA

STACK
[0z7fffeffc]

[0z90000000]

[000400000]
[0200400004]
[0z00400008]
[0z0040000¢ ]
[0z00400010]
[0z00400014]

£

For Help, press F1

00400024

= 000ooooo  Re
= 00ooooooo RO
gooooooo
= Qoooonoo
= 00000000

[0z100000007. .

E10
E1l1
E1z2

O0xZ4a60004
0xz00041080
0xz00c23021
Ox0c10000Q9
Oz0o0oopgpo

.[0xz10040000]

EERNEL DATA

Oz8fa40000
Ox27a50004
0xZ4ab60004
0xz00041080
0xz00c23021
O0xz0c100009

The jal main

~

ooooooon LoD I I

o i Instruction changed

gooooooo Rle

gooooooo R17 tr]Ee F)(:

oooooooo  R1g (s2) = o0ooooon  Eeo TR0 =

pooopoon  R19 (s3) = 00000000 RZY (k1) = DOOOODOOD

oooopoon  R20 (=s4) = 00000000 RZ28 (gp) = 10008000
adgi 4 addiu SaZ Sal 4
= sl]l sw0 Sal0 2

u S6, Sh, 52
0x00400024

Ox0000000o0

Oz00000000

0x78452020

1w 54, 0(529)
addiun 355, 529,
addiu 56, 55, 4
=11 52, 54, 2
addu %6, S6, $2
jal 0x00400024

& Dar..

[main]

0x74706563

4

[main]

F: addi Sti,

OxZ206=6fRY

C:~Documents and Settings~EKarl Marklund\My Documents~Teaching~Dark

I [
; 176:
s [T
; 178:
; 179:
; 180:

addu Sa? SaZ Svi
jal main

nop

1i S0 10
svscall

SzEera,

Oxz636£2000

| >

# syscall 10 (

[£

ht 2008~Tutorials By Karl Marklund~first try #

lw Sal D(5sp)
addiu Sal Ssp 4
addiu Sa? Sal 4
sl]l sw0 Sa0 2
addu Sa?Z Sad Svwi
jal main

PC=0x00400024 EPC=0x00000000 Cause=C:00000000

L|:||;|1. E-—'I-H -

L Eem. -/

F';r trp...

# argoc
# argv
# envp

N BT &L

|
[

11:12 PM

Bdp.

i



File Simulator  Window  Help

== =@ o 2N
RO (r0) = 00000000 RE (t0) = 00000000 = 00000000 R24 = 00000000
R1 (at) = 0D0O0O0OO0OOO RY (t1) = 00000000 = 00000000 R25 = 00000000
RZ2 (vD) = 00000000 Ri0 (t2) = 00000000 = 00000000 R26 = 00000000
R3 (v1) = 0000 TSTaYeRetatat! = 00000000 R27 = 00000000
R4 (al) = 0O - 00000000 R2B - 10008000
RS {al) = 7f $ra Changed from = 00000000 R2Z9 = Pfffeffc
R6 (a2) = 7f = 01010010 0 0 e
R7 (a3) - 00 00000000 to 00400018 T
[0z00400008] 0224260004 addiu S6, S5, : addiu SaZ Sal 4
[020040000¢ ] 000041080 sll 52, 54, : =11 Sv0 SaD 2
[0x00400010] 0x00c23021 addu 56, S6, 52 : addu Sa2 Sa2 v
[0z00400014] 0x0c100009 jal 0x00400024 : jal main
[0z00400018] 000000000 nop
[02z0040001c] 0x3402000a ori 52, S0, 1i gv0 10
Dxz00400020 Qxz0000000c  svscall # svscall
Oxz004000247  DxZ20080003 addi 58 : addi Stl, Szerao, }
L3
DALA
[0z100
The next instruction :
[0x7f _ Execution
to be executed is: I
[0x90 4706563 0x206e6£69 0xe36:204 contindes in
Addi $t0, $zero, 3 main.
C:~Deod clund~first_try #
[0=z00 # argoc
[0z00 . . . . # argv
=001 The first instruction in ) # sy
[0z00 0 Sal 2
[0x00 1 azZ Saz2 5wl
L4 \

For Help, press F1

; start

r T bmp.., EN B 'f’ Q'/IE:-JJ | L% 1053 PM



File Simulator  Window  Help

=W =3 o 2N

RO (r0) = 00000000 RE& (t0) = 00000000 RI1G (s0) = 00000000 R24 (t8) = 00000000 ~
R1 (at) = 00000000 R9 (tl) = 00000000 R17 (s1) = 00000000 R25 (t9) = 00000000

RZ (v0) = 00000000 R10 (t2) = 00000000 s s 6 (k0) = 00000000

B3 (v1) = 00000000 R11 (t3) =_ R1S (s3) - k1) = 00000000

R4 (aD) = 00000000 - 00000000 R20 (s4) = 0000000 ) = 10008000

RS (al) = 7ffff000 - 00000000 R21 (s5) = 00000000 b = 7fffeffc

RE (a2) = 7EFFFOQ = 00000000 R22 (s6) = 00000000 e s

R7 (a3) = R15 (t7) = 00000000 R23 (s7) = 00000000

-/ 4a60004 addiu 56, 35, 4
Dz00041080 =11 32, 54, 2
Dz00z23021 addu S6, S6, 52
O0xz0c100009 jal 0z00400024 [main]
0xz00000000 nop

0z3402000a ori $2, S0, 10
0000000 syscall

------ addi 58, s0, 3

b I e

: addiu SaZ 5al 4
178: 511 sv0 5a0 2
179: addu Sa?2 SaZ2 Svl
180: jal main
131: nop
183: 11 %v0 10
184: syscall # syscall 10 (

F: addi Sstl, Szero, 3 #:a = 3

[Oxz004 0000
i

[ e
[0x00400010

[0=z0040001F

5 LR R L T

O=00400024

$ra now hold the address to the
instruction following the jal main.

bl T 0 T

[0 . 5452020 O0x74708563 O0xZ20ce6fieY Oxe3efZ000

$ra is used to store the : v
[ return addreSS SO we und*ky Docu | -: E~Tutorials By Karl Marklund-first_try #
| can return from main. | s s
[ =2 sa1 4 # envp
[ . ; 54 0 Sal 2
(] The operating system is a2 a2 SvD
"1 calling main and we use & .
| $rato return back to the .

caller.

r T bmp.., EN B 'f’ Q'/IE:-JJ | L% 1053 PM



(t0) = 00000000

(= i 7 \ 7
RZ  (v0) = (t2) = 00000000 R18 (s2) = 00000000 R26 (kO) = 00000000
R3  (v1) = 0000000 - 00000000 R19 (s3) - 00000000 R27 (k1) - 00000000
R4 (a0) = 00000000 ) QOOOO00 Dol ol - 00000000 R28 (gp) = 10008000
RS (al) = 7ffff) ] “"w@DDDDD RZ9 (sp) = 7fffeffc
RE (a2) = 7Efff 00000 R3O0 (s8) = 00000000
R7 (a3) = 00000 $zero means $I’O, this 00000 R31 (ra) = 00400018
IS a specail read-only
[0=z00400008] : : ; : addiu SaZ Sal 4
[0%0040000¢ register holding the . 176: o1l Svb sap 2
[0x00400010] ; : addu SaZ Sa2 Svi
[0x00400014] value O (zero). - . jal main
[0x00400018 ] S - A
[020040001c ] 0z ——— ; : 11 3v0 10
Ox00400020 0xz0000000z syscall : : syscall
Oxz00400024 Dxzz20080003 addi s8. 50, 3 : b oadd:i Stl, Szerao,

b I e

ENext instruction to be executed.

=TACE
[Oz7fffeffc] Oxz00000000
EERNEL DATA
[0=z90000000] 0x78452020 0x74706563 0Ox206e6f69 0Oxe36f£2000

C:~Documents and Settings~EKarl Marklund>My Do
[0=00400000] Oz8fa40000 1w 54, 0(529)

oog~Tutorials By Karl Marklund~first_try
al 0iSsp) # argoc

[0x00400004] Oz27a50004 addiu S5, 529, 4 u S5al Ssp 4 # argv
[Oz00400008) 0xZ4ab0004 addiu 56, S5, 4 Wl Sa? Sal 4 # envp
[0z0040000e) 0xz00041080 =11 52, 54, 2 Swl Sal 2

[0z00400010) Oxz00z23021 addu 56, 56, 52 ZaZ S5az 5wl

[0z00400014) Oz0c100009 jal 0Dx00400024 . main

< >

For Help, press F1
15 Start

1

r T bmp.., EN B 'f’ Q'/IE:-JJ | o %) 10:53 P



Machine instruction: 0x20080003 ]

uuuuuuuu buuF jmpmpuyupuyuyuii] Bad¥Vaddr= 00000000 £

[
ot
[url]
+
o
m
]
L
=
|
=
O
=
O
O
O
—

¥ Hexadecimalt Decimalt Binart

RO (r0) = 000 = 0000000
Rl (at) = = 0000000 )
R2 (v0) = = 0000000 * —
Rz (VD) - - 0000000 2*161 = 32 0010 0000
R4 {al) = = 0000000

8* 2*16° = 8 0000 1000 :
[0x00400008] addiu 56, 4
[0x0040000¢] 0 080 =11 52, 54, 0 0000 0000
[0x00400010] 3021 addu 56, S6
[0x00400014] 0009 jal 0xz00400
[0x00400018] 00000 nop 3*16° = 3 0000 0011
[0x0040001¢] 20002 ori 52, S0,

0:z004000Z20
O=00400024

syscall # sysecall 10

. Bb: addi Stl, Szero, 3

[0x90

| op ”
C:\Dao 0334
[0z00
[0=00 ‘
[0z00
%Siggm OP code for addi =» we : l%&n
=% know how the rest of the addi  $8. $0 3 j
¢ bist are used... 8
For Help, press F1 ﬁcnmnnnz‘t EPC=0x00000000 Cause=0x00000000
e LU

gl o ot 4 ] I8 5
‘4 start (Mmewi. - Bizm. -[OFen. -  utie.., | Domte.. | B e, S2pc. -/ [£26. - nE ° &, L% nzeam



Machlnelnstructlon 0x20080003 j

uuuuuuuu buuF jmpmpuyupuyuyuii] Bad¥Vaddr= 00000000 £

Status = 30 = 0 0 0
e — pestasy Hexadecimalt Decimalt Binart
Rl f{at) = - 0000000 )
R2 (v0) = - 0000000 * —
2 () - - oooonoc 2*161 = 32 0010 0000
R4 (ab) = - 0000000
8* 2*16° = 8 0000 1000 -
[0x00400008] addiu 36, 4
[0x0040000¢ ] 0 080 sll 52, S4, 0 0000 0000
[0x00400010] 3021 addu S6. $6
[0x00400014] 0009 jal 0x00400
[0x00400018] 00000 nop 3*16° = 3 0000 0011
[0x0040001c] 2000a ori $2. 0,

0:z004000Z20
O=00400024

syscall # sysecall 10

. B: addi 5t0, Szero, 3

Immediate constant 3

e 001000 00000 01000 O0OO0O0O 0000 0000 0011
‘ op ‘ rs ‘ rt ‘ immediate ‘ :

033 4
%DXDD ‘
[0x00
oio0a] OP code for addi & we E D
[

a

know how the rest of the ddi $8, $0, 3 j
bist are used...

For Help, press F1 PP — (00400024 EPC=0x00000000 Cause=0:00000000

c o " o ot o : 4 T :
= i untitle,,, I"'fﬂi-:::-rnTEe... F'E Caleul., 22 pc. -.-!'-_RZE... - EN B T &), ELN% 126 aM



File Simulator  Window  Help

| =D o 2l

EO0 (r0) = 00000000 RS (t0) = 00000OOOQO Ele (s0) = 000O0DOOCO RZ4 (t8) = 0OOOQOODOO
FE1 (at) = 00000000 RS9 {(tl1) = 00000000 E17 (s1) = 000000CO0 RZ5 (t9) = 00000000
EZ2 (v0) = 00000000 RI10 {(t2) = 00000000 E18 (s2) = 00000000 RZ6 (kO) = 00OOO0OOOO
E3 (v1) = 00000000 R11 {(t3) = 00000OOQO E19 (s3) = 000000C0 RZ27 (kly = 0OOOQOOOO
F4 (al) = 00000000 R12 {(t4) = 00000000 E20 (s4) = 00000000 REZ8 (gp) = 10008000
ES (al) = 7L£££000 R13 (t5) = 00000000 E21 (s5) = 00000000 RZ29 (sp) = 7fffeffc
FE6  [a2) = 7ffff004 RI14 (t6) = 00000000 EZ2Z2 (s6) = 00000000 R30 (s8) = 0OOOQOOOOD
E7 (a3) = 00000000 RIS (t¥) = 00000000 EZ23 (s7) = 0000000O0 R31 (ra) = 00400018
[0z00400008 ] Ox24a60004 addiu SA, 35, 4 : :oaddiu SaZ2 Sal 4
[0z0040000¢ ] Oz00041080 s11 52, 54, 2 ; : =11 5vw0 5a0 2
[0z004000107 0xz00z23021  addu $6, $6,. $2 : :addu 582 5a2 vl
[0z00400014] 0z0100009 jal 0x00400024 [main] : : jal main
[0z00400015 ] 0xz00000000 nop ; ! nop
[0z004000 1] 034020008 ori $2, 50, 10 ; : 1i w0 10
000400020 0xz0000000z svyscall ; : syscall
O=z00400024 0=z20080003 addi s8, sO, 3 : b: addi Stl, Szero,
3

DATA
[0z100000007...[0=10040000] Oxz0000o0on

STACKE
[Oz?fffeffc] Oxz0000o0aoo

EERMEL DATA
[0z90000000] 0x78452020 0x74706563 OzZ06ecfed 0Ox636£2000
C:~Documents and Settings~EKarl Marklund>My Do yfirst try
[0z00400000] Oz8fa40000 1w 54, 0(529)
[0x00400004] 0%27a50004 addiu S5, 529, 4 You can now
[0xz00400008 ] Ox24an000d addiu SA, 35, 4 i
[0z0040000¢ ] Oz00041080 =11 52, 54, 2 proceqe with a
[0z004000107 0xz00c23021  addu $6, Sh, S2 new S|ng|e
[0z00400014] Oz0c100009  jal 0x00400024

step!

¢ >

For Help, press F1
™3
5 Start

.{.:}"T-F“ i .Ll';'.' ®SPL. F l'-{ 36 = | B8 Dt L | 1 ] T tmp.., EN B 'f’ Q;JE:-JJ B & 10:53 Ph



File Simulator  Sindow  Help

=Wl =D of 2%

B = 00400028 EFPC gooooooo Cause = Q0ooooooo BadVaddr= 00000000
status 3000££10 HI = Qooooooo Lo

$t0 now changed from

RO (r0) = 00000COO goooooo3 e
R1 (at) = 00000000 |k mnii 7 (sl
R2 (w0) = 00000000 = Qooooooo g (s2 OOOOOOOO to 00000003
R3 (w1) = 00000000 R11 (t3) = 00000000 R19 (s3) ™= ;
R4 (a0) = 00000000 R12 (t4) = 00000000 R20 (s4) = 00000000 E28 (gp) = 10008000
[0xz00400006] Oz00041080 =11 2, 54, 2 : 178: s11 %0 5a0 2
[0xz00400010] 0xz00z23021 addu $6, 56, 52 ; 179: addu S5a2 $a2 Sl
[0xz00400014] Ox0c:100009 jal 0xz004000Z24 [main] ; 180: jal main
[0z00400018] 0z00000000 nop : 181: nop
[0xz0040001] O0x3402000a wori $Z, S50, 10 ; 183: 1i Sw0O 10
[0z00400020] Ox0000000e  syscall : 184: syscall # syscall
Oxz00400024 0x20080003 addi 58, S0, 3 ; B addi 5t0, Szero, 3 #a =3
0x00400028 0x20090002 addi $9, S0, 2 : 7: addi Stl, Szero, 2 # b = 2
£
DATA
[0x1l0000000]...[0=x10040000] Oxz00000000
STACKE
[0x7 d Oxz00000000

The result from

78452020 j0x=636E 2000

addi $t0O, $zero, 3

You can now
procede with a
new single

0r529) arsc
ATy

BNV

, can now be seen in
the $t0 register.

‘V r $E'r $2
f=z00400024 [
z00400024 | Uz UUSU00S  addi S8, 50, 3

o R
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= E =m o 28
FC = 0040002¢ EFC = Qo0ooooo Cause

3000££10 HI = Qooooooo Lo
General Registeigs

goooooon BadVaddr= 00000000
goooooon

Status

R0 {r0) = 000000 00 g i
b ) woaoroine $t1 now changed from
R2 (w03 = 000000 0 ekl
R3 (w1) = 00000000 R11 (t3) = 00000COO R19 (s OOOOOOOO to 00000002
R4 (a0) = 00000000 R12 (t4) = 00000000 R20 (s4 - p— -
[0xz00400010] 0z00z23021 addu $6, 56, 52 ; 179: addu S5a2 $a2 Sl
[0xz00400014] Ox0c:100009 jal 0xz004000Z24 [main] ; 180: jal main
[0z00400018] 0z00000000 nop : 181: nop
[0xz0040001] 0x34020008 ori S22, S0, 10 ; 183: 1i Sw0O 10
[0z00400020] Ox0000000e  syscall : 184: syscall # syscal
[0xz00400024] 0x20080003 addi 58, 50, 3 ; B:r addi 5t0, Szero, 3 #a =3
0xz004000258 0x20090002 addi 59, 50, 2 ;7 oaddi 5tl, Szero, 2 # b =2
O=0040002c 0=z01095020 add S10, 38, 59 : 9: add = i AR e e =8 ik
<
DATA
[0x1l0000000]...[0=x10040000] Oxz00000000
STAC

Oz00000000

f iiiiiiiiii‘l
The result from

Oxz78452020 Oxze36f£2000

addi $t1, $zero, 2

You can now
procede with a
new single

# argv
# envp

, can now be seen in
the $tl register.

[DxzUU4000 T | Uz AU090U0 L
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= E =m o 28

B = 00400030 EFPC goooooon BadVaddr= 00000000

goooooon Cause

Status = 3000££10  HI - 00000000 LO - 00000000
General Registers

RO (r0) = 00000000 00000003 R16 (s0

Rl (at) = DOOO0000 gyl " . :

R2 (vD) - 00000DDO SULOOE T $t2 now changed from

R3 (w1} = 00000000 e (

R4 (aD) = 000OO0DDOD R1Z - 00000000 R20 (s4 00000000 to 00000005

Ox00400014 Oxz0c100009 jal 0x00400024 [main]
O=x00400018 O=z00000000 nop
Ox0040001c O0x3402000a wori $Z, S50, 10

[ ] : 180: jal main
[ ]

[ ]

[0z00400020] 0z0000000z syscall

[ ]

[ ]

: 181: nop
; 183: 1i Sw0O 10

Oxz00400024 Oz20080003 addil 58, 50, 3
Ox004000285 Oz2009000Z2 addil 59, 50, Z
DXDD4DDD2C 58, $9

;b oaddi Stl, Szero, 3
 7roaddi Stl, Szero, 2
: St2, St0, Stl

Bl L efial

O0x01095020 add 510,
Ox11280003 heg 59,

e oS

oo o
]

=

{

DATA
[0zl0000000]...[0x10040000] O=z00000000
STACE
}g;2£££a££a1 O=z00000000
The result from

Oxze36f£2000

Oxz78452020

add $t2, $t0, $t1

You can now
procede with a
new single

# envp

. can now be seen in

| the $t2 register.
[DxzO0UA000 e | OzUOTOYUSIA0 add $1|:|

58

: 184: syscall # syscall
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= E =m o 28

BC bl o —D.D,QEIEIEIEIEI Cause = gooooooo BadVaddr= 00000000
Stat/ ooo LO = gooooooo

ALERT!!I al Registers
RO 103 Rle (s0) = 00000000 R24 (+8) = 00000000
Rl ) ) . (02 R17 (sl1) = 00000000 R25 (t9) = 00000000
Rz (] The seq instruction is (05 R18 {s2) = 00000000 R26 {kO) = 00000000
E3 o0 R19 (s3) = 00000000 R27 (k1) = 00000000
rsa (| nottranslated to one 00 R20 (s4) = 00000000 R28 (gp) = 10008000

machine instruction,
[0z0 : 181: nop
[DXDE&\_ 0, 10 ; 183: 1i s+0 10
[0z00400020] sz LU all : 184: syscall # =yscal
[0z00400024] O=z2008000 ph Sa&, S0, 3 ;b oaddi Stl, S=zero, 3 #a =3
[0z00400028] Oz20090002 i 59, 50, 2  7roaddi Stl, S=zero, 2 # h =2
[0z0040002¢] 0=01095020 NJ S10, 38, 549 9 add StZ2, Sti, Stl #oc=a+nh
0=00400030 O0x11280003 hkey 59, 58, 12 ;11 seqg St3d, st0, Stl #d =1 1ff a ==
O=z00400034 Oxz340RL0O000 ari S11, S50,
£

DATA
[DX?Q&M—H—‘””“‘“““‘ “-ﬂ.ﬂ,@]ﬂﬂ

The seq instruction is a
"l pseudo instruction: =
[0 : : 2
There is no such machine

(0 instruction. Instead several You can now
[0 other machine instructions procede with a
%S are used to perform the seq new single !
[Dwtruction. :
[Ox A + b
[0xz00400030] ODzllzo0000  begq 1 e =&
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=|d| =@ o 2w
pC = 00400038 EPC = poooooon Cause = pOooooooo BadVaddr= 00000000
Status = 3000f£f10 HI = poooooon LD = pOooooooo
General Registers
R0 (r0) = 000OOQODOO RE  (t0O) = 0000OO0O3 Rle (=0) = 000O0OOOO R24 (t8) = 00000000
Rl (at) = 000O0QDOO RS9 (tl) = 00QOOQOZ R17 {(=l1) = 00000000 R25 (t9) = 00000000
R2 (v0O) = 00000000 RI10O (tZ2) = 0000OO0QOS R18 (=2) = 00000000 R26 (kO) = 000O00OOO
R3 (wv1l) = 0000O00DOO R11 (t3) = 000OOQOO R19 {=3) = 00000000 R27 (k1) = 00000OOO
R4 (al e goo  R20 (s4) = 00000000 RZ8 (gp) = 10008000
Still not done with the
[0=004 pseuod instruction... - 10 : 183: 11 Sv0 10
[0=z00 : 184: syscall # syscall
[0xz00400024 ] Uz AO0E0 50, 3 : B oaddi Std, S=zero, 3 # a = 3
[0x00400028] Oxz20090002 &, S0, 3 ;71 addi stl, Szero, 2 #h =2
[0x0040002¢] O0xz01095020 Sil, S8, 59 ; 9: add St2,. St 5tl #c =a+h
[0x00400030] Ox11280003 S9...58, A2 ;11 seq St3,. St 5t1 #d =1 1iff a ==
Ox00400034 O0x340L0O000 ori' 511, SO, O
<
DATA
[0xz10000000]...[0x10040000] Oxz00000000
STACKE
[Ox7fffeffec] Oxz00000000
EERMEL DATA
[0x90000000] Oxz78452020 Ozb36f2000
single step
[0x00400010] Ox00c23021 addu $6, S6, 3
[0x00400014] Ox0c100009 jal 0x00400024
[0x00400024] 0zx20080003 addi $8, 30, 3 5
[0x00400028] O0x20090002 addi 39, $O0, 2 ” F 2
[0x0040002¢] 0z01095020 add $10, $8, %9 St2,. St 5tl # a+ h
[0x00400030] 0x11280003 beg 59, 38, 12 St3,. St 5t1 # =1 iff a ==
[0x00400034] O0x340L0O0O0O0 ori S11, 30, Of



Now we are done with

~

gooooooo Cause . .

the seq pseudo oooooon 1o | $t3 is still 00000000 because $t0

Instrucion. (Gzneral Registe .

~ -~ oooo0003 Ris (o] 1S NOt eaual to $tl.
R1 000000 R9 (t1) = 00000002 RI7 (s
R | 00101 0 ) ppeninnie s 815 (=2 =TT = OO
R3 | 000000 R11 (t3) = 00000000 |[idewes—==TTO00000 R27 (k1) = 00000000
R4 (al 000000 s - 00000000 R28 (gp) - 10008000

[0200400) 0x20080003 addi S8, SO0, 3 : 6: addi  St0, Szero, 3 #.a = 3
[0x004000 0x20090002 addi S9, SO, 2 : 7: addi  Stl, Szero, 2 # b = 2
[02004000) 001095020 e : 9: add  St2, St0, Stl #c-a+h
[020040003) 0x 11280003 59, S8, 12 : 11: sey St3, StO, St1 #d = 1 iff a ==
[0200400034 0x340b0000 S11, s0, 0

[0x00400038 0x 10000002

00040003 0x340b0001

O=z00400040 Oxz11080003 P ey Std, sti, Stl R R e

{

To execute the seq 00000000
pseudo instruction,
four real machine x00000000
instruction where used.

L  _Ax784520218

You can now procede

0x00400014 0x0c100009 jal 0x00400024 )
0x00400024 0x20080003 addi S8, 0, and single step
0x00400025 0x20090002 addi $9, S0,

0201095020 add S$10, S8, 9 through the next seq

O=00400030
Ox00400034

[ ]
[ ]
[ ]
[0x0040002¢ ]
[ ]
[ ]
[0x00400038]

Ox11280003
Oxz340R0000
Oz1000000Z2

beg 59, 58, 11

ori 511, S0,

beg S0, S0, 8§

instruction.
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=Wl =z of 2%

Stand by!

{ IS Important.

[

[DX oy -

[0z00400034] Ox340kL0O000O
[0z00400038] Ox 10000002
[0z00400040] Ox11080003
[0z0040004¢] Ox340z0001

BC = 00400050 ERC =
Status = 3000ff10 HI =
RO (r0) = 0000OOOO RB  (t0) =
R1 (at) = 0000OOOO R9  (t1)
R2 (v0) = 00000000 R10O (t2) =
R3  (wl) = 0000000 O
R4 (al) = 00000OCOM R1Z2 (t4)
[0xz00400034] O0x340b0O0O0O0 ori
[0xz00400038] 0x10000002 heqg
[0xz0040003e] O0x340b0O001 ori
[0xz00400040] 0x11080003 heqg
[0xz00400044] O0x340c0000 ori
[0xz00400048] 0x10000002 heqg
Oxz0040004c Ox340c0001
O=z00400050 Dxz03=00008
<
DATA
[0zl

The next instruction

ori
beg
beg
ori

511,
S0,
511,
S8,
512,
S0,
I $12

S0,

=8,

r 58,
511, S0,
s, S0,
S8, S8,
512, S0,

50,
58,
50,

50,
50,
50,
50,

8

1

8

o
1
2
1]

1

goooooo

($t4 now changes from 00000000

pooooooo Cause
00000000 LO .
general Registey 10 00000001 because $t0 is equal
- 00000003 R16 (s
- oooooonz R17 (=] tO $tO.
- 00000005 R1B (s
-------- ~RRE] (5 peepere 1] = UOULDOUD
= 00000001 , Oo00000 R28 (gp) = 10008000

Se St4

# return to cal

Oxk3IGE2000
hdl 1 Stl, Szero, 2 #h =2
St2, Stl, Stl e a + b
ser St3, St0, Stl #d =1 1iff a ==
Se Std, Sst0, St0 # e =1 1ff a ==
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0=00400050

DATA

We will now
return back to the
caller of main...

Wiindow  Help

[

[

[DX oy -

[0z00400034] Ox340kL0O000O
[0z00400038] Ox 10000002
[0z00400040] Ox11080003
[0z0040004¢] Ox340z0001

'| T !;; v |

RO (r0) = 00000000 (t0)

R1 (at) = 00000000 R9 (tl) = 00000

RZ (v0) = 00000000 R10 (t2) = 00000

R3 (v1) = 00000000 R11 (t3) = 00000W

R4 (a0) - 00000000 R12 (t4) = 00000001
[0x00400034] 03400000 ori S11, S0,
[0x00400038] 0210000002 heq 50, S0, &
[0x0040003¢ ] 03400001 ori S11, S0,
[0x00400040] 0211080003 heq S8, S8, 1
[0x00400044] 023400000 ori S12, S0,
[0x00400048] 0z10000002 heq 50, S0, 8
0x0040004c 023400001 ori S12, S0,

gooooo

b20%2
0,
S0,
7 S8, 11
ori 511, S0,

heg S0, S50, B

ori

512, S0,

ahead of PC (00400054).

Look at PC \_

Normaly the next instructin is four bytes

o

1
2
1]

Se Std, Sst0, St0 #

1

# return to cal

0
0
I Oxk3IGE2000
hdl 1 Stl, Szero, 2 #h =2
St2, Stl, Stl e a + b
ser St3, St0, Stl #d =1 1iff a ==
Se Std, Sst0, St0 # e =1 1ff a ==
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== =D o 28
R1 00000000
R2 00000000
R3 00000000
R4 00000000
RS 7EEFEOOD
R& 7EEEEOD4
R7 00000000

R9

R10
R11
R1z
R13
R14
R15

gooooons
gooooooo
gooooool
gooooooo
gooooooa
gooooooo

[T w1 o o
W= O~ Ot
[ P A S
nmuwononmon

[l s o e o e
ot N T Y S A Y O Y
[P P
mowononmon

0x00400034]
0xz00400038]
0x0040003c]

[ 0z340L0000
E

[0x00400040]

[

[

Ozl0000002
0zx340L0O001
0x11080003
O0zx340c0000
Oxl0000002
0z340c0001

ori 511, 50,
heq S0, 0.
ori 511, 50,
bheq 8, $8.
ori 512, 50,
bheqg 0, 30,
ori 12, 50,
St s

0x00400044]
0xz00400048]
O0xz0040004c

Oxz00400050

DATA

Jump Register $ra

Using the stored return
address in $ra we can jump
back to the caller.

Look at the $ra register
0000000 2 —

You might

0
g
1
12
1]
a
1

R15
R1%9
RZz0
R21
Rz2
RZ23

_/

L L K R K W |

1y Start

)4
Dx00400038] Dzl000000Z heg S50, S50, 8
Dx00400040] 0Dz11030003 heqg S8, 58, 12
Dxz0040004c ] Ox340:0001 ori S12, 50, 1
-
For Help, press FL

(s2] gooooooo  R2e have to ~
= =
(s3) = 00000000 R27 finonooo scrol down
(s4) = 00000000 RZ8 goosoon
(s5) = 00000000 Pfffeffc
{s6) = 00000000
{s7) = 00000000
; 1 iff a == a (sic’
74706563 0OxZ20Be=RfR9 Ox63cfZ2000
1, S5ze c ~
. 2xo] When you single :
- 7t step once more, |*'=°
PC will be set to .
the value in $ra. '
J

" tmp,., = ®L7. E% 11s0pm

EN



File  Simulator

Wiindow  Help

PC now changed from

~

noo
00400050 to 00400018
RO {r0) = 00000000 REB (t0) = 0000000 RIE (=07 = ooooooon R2d oo = 0ooooooo
El (at) = 00000000 RS9 (tl)y = 00000O0OZ R17 (sl1) = 0O0O0O0OODOOOD RZ25 (t£9) = 00000000
EZ2 (w0) = 00000000 R10 (t2) = 00000005 R18 (sZ) = 000000DO0D RZ2e (kD) = 00000000
E3 (w1) = 00000000 R11 (t3) = 00000OOO R19 (s3) = 00O000O0DO0D RZ27 (k1) = 00000000
R4 {a0) = 00000000 R1Z2 (t4) = 00000001 R20 (s4) = 00000000 R2Z8 (gp) = 10008000
[0z00400010] O0z00z23021 addu S6, SH, 52 addu SaZ Sa? Swi
O=00400014 O=z0z100009 4al 0x00400024 [main jal main
O=z00400018 O=z00000000 nop
[0z0040001e] 0=z3402000a s0, 10 183: 1i S0 10
[0z00400020] O=z0000000¢ 184: syscall
[0z00400024] 0=z20080003 g, 30, 3 F: addi Stl, Szero, 3 #a =
[0=z00 co, 2 7 oaddi Stl, Szero, 2 # b
[Ox . 34 ;9 add StZ2, Sti, Stl £ e
vV
[ And we're back
[D 0o
We are now back to the
[ operating system right after  [°*
the jal main. :
[0 J 50 Singel step
again.
[0 A Gl h
[Ox . 12 1 1iff a ==
[0z00400054 | Dz a4URU0UU  ora . S50, 0
[0z00400038] 0x10000002 heg SO0, S50, 8
[0z00400040] 0x11080003 heqg S8, 58, 12 Std, st0, 5t0 # e =1 1ff ==
[0z0040004¢] O0z340z0001 ori S12, S0, 1
[0z00400050] 0x03=00008 jr $31 Sra # return to calle
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goooooon
goooooon

goooooon

= Q0ooooooo
= Q0ooooooo
= Q0ooooooo

FC = 0040001 EPC = Qooooooo Cause =
Status = 3F000££10 HI = Qooooooo Lo =
General Registers

RO (r0) = 00000000 RB (t0) = 00000003 Rle (SDj =
R1 (at) = 00000000 R9 (tl) = 00000002 R17 (s1)
R2 (w0) = 00000000 R10 (tZ) = 00000005 R18 (sZ2)
R3 (w1) = 00000000 R11 (t3) = 00000000 R19 (s3)
R4 (a0) = 00000000 R12 (t4) = 00000001 R20 (s4) =
[0xz00400010] 0z00z23021 addu $6, 56, 52
[0xz00400014] Ox0c:100009 jal 0xz004000Z24 [main]
0xz00400018 DXDDDDDDDD naop

O=0040001¢ :3402000a ori 52, 50, 10
Ox00400020] DXDDDDDDDC syscall

O0xz00400024] 0x20050003 addi S5 ke

[
[
[d
[

[0x90000000]

[0x00400030]
[0x00400034]
[0x00400038]
[0x00400040]
[0x0040004c ]
[0x00400050]
[0x00400018]

Shut down

To exit from spim the operating system
first set register $v0 to 10 using load
immediate (li).

Ox11280003
Oxz340R0000
Oz1000000Z2
Ox11080003
Oxz3400001
Oxz03=00008
Oz00000000

Oxz78452020

ey 55,58,

ari S11, S0,
beg S0, 50,

heg S8, S8,

ari S12, S0,
ir 831

nop

goooooon

G
74
o

BadViddr=

RZ4
RZ5
RZ&
RZ7
RZ8

[ T
= o= Ow o
]

goooooon

goooooon
goooooon
goooooon
goooooon
1000s000

addu SaZ Sa? Swi

Cxr[]
Sy

addi
addi
add

St0,
Stl,
StZ,

10

Szero, 3
Srero, 2
St0, St1

# a
# b =
# o

Single step
again.

4, St0, 5t0

# e

bk o

1 HEE

a == §

a == §

# return to call
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=|d| =@ o 2w
FC = 00400020 EPC = Qooooooo Cause = 0Oooooooo BadVaddr= 00000000
Status = 3F000££10 HI = Qooooooo Lo = Qooooooo
General Registers
RO (r0) = 00000000 RB (t0) = 00000003 R16 (s0) gooooooo  R24 (t8) = 00000000
R1 (at) = 00000000 R9 (tl) = 00000002 R17 (s1) gooooooo  R25 (t9) = 00000000
R2 (w0) = 0000000a R10 (tZ) = 00000005 R18 (sZ2) gooooooo  RZ2e (kOy = 00000000
R3 (w1) = 00000000 R11 (t3) = 00000000 R19 (s3) gooooooo  R27 (k1) = 00000000
R4 (a0) = 00000000 R12Z (t4) = 00000001 RZO (s4) gooooooo  RZ28 (gp) = 10008000
[0xz00400010] 0z00z23021 addu $6, 56, 52 addu Sa2 Sa2 5w
[0xz00400014] Ox0c:100009 jal 0xz004000Z24 [main] jal main
[0z00400018] 0xz00000000 nop nop
Oxz004000 1 0x34020008 ori 52, S0, 10 li 50 10
O=z00400020 0z0000000z swscall al
[0xz00400024] 0z20080003 addi 53, 50, 3 5t0, Szeroc, 3 #a =
addi Stl, Szero, 2 # b
add 5t2, $t0, 3tl #

[N

[DX -

?gyscall

In SPIM you can use a number of
system calls (syscall).

Each system call has a call code.
The call code for exit is 10.

You specify the call code in $vO0.

Single step
again.

OxE3H

Std, St0, St0 # a2 =11ff a

| s Sra # return to calle
nop
1i S0 10
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i
Gene
ooooo

= Qgoooo
= Qgoooo
= Qgoooo

beqg 50, 50, B
beg S8, 58, 12
ori S12, S50, 1
ir 531

ori 52, 50, 10
syscall

RO (r0) = 00000000 RE  (t0)
Rl (at) = 00000000 R9  (t1)
RZ (v0) = 0000000a R10 (t2)
R3 (v1) = 00000000 R11 (t3)
R4 (a0) = 00000000 R12 (t4)
[0x00400018] 0z00000000 nop
0x0040001c 0x3402000a
Oxz004000Z20 O=z0000000¢
[0x00400024] 0z20080003
[0x00400028] 020090002
[0x0040002¢ ] 0x01095020
[0x00400030] 0x11280003
[0x00400034] 0x340L0000
<

DATE
[0x10000000]...[0x10040000]

STACE
[0z7fffeffc]

FERNEL DATA
[0x90000000]
[0x00400038] 0x10000002
[0x00400040] 0x11080003
[0x0040004c ] 0z340c0001
[0x00400050] 0z03e00008
[0x00400018] 0x00000000 nop
[0x0040001c] 0x3402000a
[0x00400020] 0x0000000c

gooooool

ori $2, S0, 10

sysecall

addi %8, 50, 3

addi %9, S0, 2

add 510, S8, %9
ey 58,56, 12

ori $11, S0, O

Oz00000000

Oz00000000

Oxz78452020

PC is now 00000000

The the simulated machine is halted.

r
r

r

181:
183:
1584 :

nop

11 S0 10

Stl, Szerao, 3
Stl, Szero, 2
St2, St0, Stl
St3, $t0, Stl

step again,

nothing will

happen.

If you try to singl?

f a ==

li 50 10
syscall

—-—nﬂ(ﬁm calle

# syscall
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Clear Registers

i Reinitialize

E Cj Reload CiDocuments and Settingsikarl Marklundiiy Documcnts) TeachingDark bt 20084 Tutorials By Karl Marklundifirst_Erwv. s ooo

St

| Go F5

R0 i ooo
E1l : ooo
no Sln;g!elﬁtep FID oaon
03 Multiple Step, ., Fi1 Jooo
R4 Breakpoints, .. e

Set Yalue. .,

To run the program again, reload the

Copyright 1990-2004 hy James E. Larus
211 Hights Reserved.
D03 and Windows ports by David A. Carley (daclos.wisc.edu).
Copyright 1997 by Morgan Kaufmann Publishers, Inc.
See the file README for a full copyright notice.
Loaded: C:“Program Files~PCSpim~exzceptions.s
C:Documents and Settings*EKarl MarklundsMy Documents~Teaching™Dark

(larus@cs . wisc.edu).

JUiEE  Display symbol table )
R0 — e assembly file.
[0x ettings. ..
[Ox Set Font
[|:|X|:||:|4|:||:||:|1|:|] O=z00c23021 addu 36, $El, 32\ e
[0xz00400014] Oxz0c100009% jal 000400024 [main] : 180: jal main
[0z00400018] 0z00000000 nop : 181: nop
[0xz0040001e] O0x3402000a wori $Z, 50, 10 : 183: 11 5«0 10
$:

DATA
[0xzl0000000]...[0=x10040000] Oz00000000

STACE
[0x7fffef?8] Oxz00000000 Ox00000000
[Ox7fffefi0] Oz7fffefeY OxVfffef8b 0Oxz7fffefd? OxViffeflb
[0xz7fffefo0] Ox7fffefl3d OxVfffeedf O0xz7fffeech 0OxV{ffeeshe
[0xz7fffefal] Ox7ffteedf OxVfffee?h (0xz7f{ffe=sbd 0OxViffesbb

ht 2008“~Tutorials By Karl Marklund>~firsi



=] M| (2]

= NE
= Qooooooo EPC = Qooooooo Cause = Qooooooo BadVaddr= 00000000
atus = 3000£f10 HI = Qooooooo Lo = Qooooooo
General Registers
(r0) = 0000O0OCOO RS (t0) = 00000OC3 Rle (s0) = 000000CO RZ4 (t8) = 00O0OCO0OOO0
(at) = 00000OCO RS9 (tl) = 00000OCZ R17 (s1) = 0000000C0 RZ5 (t9) = 00000000
(w0O) = 00000002 R10 (t2) = 00000005 R18 (s2) = 00000000 RZe (kO) = 0OOOCOOOO
(w1) = 00000000 R11 (t3) = 00000000 R19 (s3) = 00000000 RZ7 (k1) = 00O0OCOOOO0
(a0) = 00000OCO R1Z (t4) = 00000001 RZ20 (s4) = 00000000 RZ8 (gp) = 10008000

Oxzdfad0000

0isz29)

lw Sal 0(Ssp)

176:

Jo400004 ] Ox2¥a50004 addiu 55, 529, 4 5 addiu Sal Ssp 4 # argv
Jo400008] Oz24ac0004 addiu S6, 35, 4 ; 177 addiu Sad Sal 4 # envp
1040000 ] 0xz00041080 =11 52, 34, 2 : 1758: sl11 w0 5a0 2
lo400010] 0x00z23021 addu $6, ' = Sa2 vl
lo400014] Ox0c=100009 jal O0xz0040
l04000158] 0xz00000000 nop
1040001 ] Ox3402000a ori $2, SO ‘u?f" Clear program and reinitialize simulator before loading? P
DATA es | Mo Cancel |
10000000] ... [0=x10040000] Oxz0000
STACKE
FEffef78] Ox0000oooo 0 gooan
FEffefd0] Oz7fffefcy O ef838 0xzV{ffef4d4? Ox7fffefl6
FEEfefo0] Ox7fffef0d eedf O0xV{ffeech 0OxV{ffeshe
ffffefal] Ox7fffe=df efh  0x7fffeebd 0OxViffeebb

fsright 1990-2004 kv Ja
Rights Reserved. .
and Windows ports by C“Ck yeS
fsright 1997 by Morgan

the file README for a full copyvright notice.

led: C:~Program Files“~PCBpim~exzceptions.s
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p, press F1
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PC=0x00000000 EPC=0x00000000 Cause=0x00000000




EC = 00400024  EPC = 00000000  Cause = 00000000  EBad¥addr= 00000000
Status = 3000££10 HI = 0ooooooo Lo = 0oooooon
General Registers
RO {c0) = 00000000 RE8 (t0) = 00000000 R1e (=00 = 00000000 R24 (t8) = 00000000
Rl {=t) = 00000000 RS (tl) = 00000000 R1T (s1y = 00000000 RES (£8) = 00000000
R2 (w0 = 00000004 R10O (£2) = 00000000 R18 (s2) = 00000000 REZE (kO3 = 00000000
E3 (wl) = 00000000 R11 (t3) = 00000000 R19 (533 = 00000000 REZT (k1) = 00000000
R4 (=0} = 00000001 R1Z2 {td4) = 00000000 RE0 ¢s4) = 00000000 RES (gp) = 10002000
='RE ({=al) = Tfffeflc R13 (tL) = 00000000 RZ21 (s5) = 00000000 RE9 (spy = Tfffefld
RE6 (=) = Tfffef24 RI14 (te) = 00000000 R2Z (s6) = 00000000 R3O0 (s8) = 00000000
R7T (=3} = 00000000 R15 {£7) = 00000000 RE23 ¢s7) = 00000000 R31 (r=) = 00400018
FIR = 000o09aa0 FCSR = 0o0ogoagn FCCR = 00000000  FEXR = 0ooogoan
FENE = 00000000
Double Floating Point Registers
FEO = 0.00000 FEP2 = 0.00000 FPle = 0.00000 FE24 = 0.00000

guit | load I

reload | step |

set value | print

| breakpoints |

terminal |

f[Dx?fffefED]

0x00000000 0Ox¥fffecl2d O0xTfffeeld OxTiffedfd

spim: (parser) syntax error
[D=00400000] Dx8£=40000
E
[000400004] Dx27a50004
e
[0=x00400008] DxZ24=60004
_{wp
IIIIr[EIxEIEI-"-lEIEIEIEII:] 000041020

._
on line 71 of file strings. s

Lw &4, 0O(529) i 174: 1w a0 O{Ssp)# ar
addin 85, £29, 4 i 175 addin $al $sp 44
addiu &6, #5, 4 ; 176: addiu £22 2al 4# e
sll 52, =4, 2 i 17T s11 $w0 $a0 2

Text Segme
[0x00400008]  0x24a60004 addiu $6, $5, 4 . 176: addiv $a2 gal 4# of|
| [0x0040000c]  0x00041080 =11 82, &4, 2 77. 311 $v0 a0 2
[0%00400010]  0x00c23021 addu $6. $6, §2 ~ddu $a2 $a2 $vl
[0x00400014]  0x0c100008 jal 0xD0400024 [main] ain
[0x00400018]  0x00000000 hop
[0%0040001c]  0x3402000a ori $2, $0, 10
[0x00400020]  0x0000000c syscall
, [0x00400024] 020100000 =2ddi $16, 50, 0
S On Unix/Linux you reload using
DaTa .
| [0x10000000] . . . [0x10010000] 000000000 this button.
[0%10010000] 0%0a004865 OxGo6cGEd
[0%10010010] . . . [0x10020000] 0%00000000 —
STACE
[0xTEEERELR] 0x00000001 Ox7EEfelfd




Clicking the reload button...

load ‘ reload ‘ FLIN
print ‘ assembly file

... makes the following option
vissible.




load reload ‘ FLIFT ‘
assembly file ‘

help

i

To complete the reload you must
point the mouse here.




File Simulator  Window  Help

@\d| =l o 2/

h I
Pe = 10400000 EPC ooooooon A
B i eoa0un ER After the reload you can i
EO (rx0) = 00000000 RE (t run the program agaln oooooooo 1
E1 (at) = 00000000 ER9 (t 3 = oooooooo
Ez (w0) = 00000000 RI10 (t USIng Slngle Step oooooooo
E3 (w1) = 00000000 RI11 (t3 oooooooo
F4 (a0) = 00000000 RI1Z (t4) = 00000000 Ez20 (s4) = 00007 10008000
W
O=00400000 O=8fad0000 1w S4, 0(529) : 75: 1w 5a0 0(5sp G
[0x00400004] 027250004 addiu 55, 529, 4 : :oaddiu Sal $sp 4
[0=00400008 ] Ox24a60004 addiu $6, 55, 4 177: addiu 5a2 Sal 4 # envp
[0z0040000c ] Oz00041080 =11 52, 54, 2 178: =11 5w0 a0 Z2
[0=00400010] O0z00c23021  addu $6, S6, 52 79: addu SaZ SaZ Svl
[0=00400014] Oz0c 100009 jal 0=x00400024 [mail 180: jal main
[0=004000185] O=z00000000  pon 181: nop
[0z0040001 : 1i w0 10
W
2 Or you can run from start _
& D " " " i} s
[0x1000000 tO flﬂISh by preSSIng the F5 E
=] Kkey.
[0z7fffef N y
EERNEL DATA
[0zx90000000] 0x78452020 0x74706563 OxzZ0eebcf6Y Ox636£2000
W
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$ L4

For Help, press F1 PC=0%00400000 EPC=0x00000000 Cause=0x00000000

wox. [Bioo. [Bea. - Sap, - ETM. -] 2z




' i \ L= |[O0] ]
On UmX/Lmu_X you run from Canse = 00000000  Badvaddr= 00000000
start to end using the run e = 00000000
Eglsters
button... Rl16 (=0} 00o0onon

goooooon  RZ4 (eE)

R17
R18 =w prompt

eI 000
\oooooo

Ed {al) ooooaooo
RS ial) ooooaooo
RE  (aZ) ooooaooo

R3 (v1) - 00000000
FUR program
starting address: |0=00400000

first_try.s

...which opens up this
dialog...

- -
fuit load reload
set value frint bireakpoints el | YI toce
A\ -
Text Segments \ \
[Ox00400000] OxBfad0000 1w 24, 0320 '
I [O0=00400004 ] Ox2TaS0004 addiuw 55, $E9, 4
[O=00400008] Ox24a60004 addiu 56, 35, 4
[O=0040000¢ ] Oz00041080 =11 32, 34, =2
[O=00400010] Ox00cZ23021  addu S6, $6, &2 - o
[O=00400014 ] Ox0c100008  jal Ox00400024 [main] i 179 73l main
[O=00400018] Ox00000000  nop ; 180: nop
’ [0=0040001c] Ox34020002 ori %2, 30, 10 ; 182: 11 &w0 10
n—




You are now done with part
one of your MIPS assembly
programming training.




