Computer Architecture

SPIM Simulator

Made by Park, Byung-choon



LIST

SPIM Definition
Multiple versions
Memory Layout
PCSPIM
Example

o o o o0 0O O

Homework

I
Computer Architecture & Network Lab



SPIM

o Definition

o SPIM is a software simulator that runs programs written for
MIPS R2000/R3000 processors

o SPIM can read and immediately execute assembly language
files or MIPS executable files

o SPIM is a self-contained system

- Debugger
- A few operating system-like services
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SPIM of Multiple versions

a SPIM

o Command-line-driven program
e Requires only an alphanumeric terminal to display

o XSPIM

e X-windows environment
e Much easier program to learn

o PCSPIM
e Windows version of SPIM
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Memory Layout
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PCSPIM

o Download and Install

o Windows
o Register display
o Text segments
o Data and stack segments
e SPIM messages

o Function
e Load
e GO
e Single step
e Multiple steps
e Breakpoint
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PCSPIM Download

o Downloading PCSPIM
e http://www.cs.wisc.edu/~larus/spim.html

Downloading SPIM
Platform | Program | Form | File
TTniz or Linux system Spir Source code hitp Mfwrwrwr. oo owisc. edu/~larus/SPTW spim tar & or
Ilac O35 3 xepirm hitpdiwarw. oz owise. edw-ars P spimn tar oz
Lz Epi@ Binary FP1M hitp fwwrwr. o owisc. educhi’downloads/
xapirm for Fedora
Microsoft Windows
(Windows T, 2000, 3F) Executable | |httpdfwww. o wizc. edw/~lams/ SPIhipospim, sip
P
(zpitn 7.0 and later versions no P CSpim |
longer run on Windows 95/98. Source code [httpSfwrwrw caowise edui~lanisf S PIMipcspim  sro.zip
TTze version 6.5 or earlier) |
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Source Code Install

o Step 1

=] pocspim_ste
=] Larus
= I:I Software
= {:I SPIM

EI--{:I SrC
.l Documentation
----- L] Tests

i [ml ]
TYE BREE 20 SAENE EHD SSUH E
HE . = G| Q24 HE0 @5 T X &
Z (D) [ PCSpim -] oS
= - — ER [ SA[EE B -
Lo (I ] CansoleWind.h KB Call 02 2002-01-05 2= .,
B |63 MainFrm.cpp BKB Co+ HE I 2002-01-05 2%,
PCSpim [] MainFrm. h KB CHE e 2002-01-05 2= .,
[F]MakeHelp,bat 2KB M3-DOS ZE IO 2002-01-08 2%
pcspim.dsw [®]mssccprisce 1kB SCCIOb ao02-m-0 2=
LEHE Yy Z2t @ MultiStepDlg, cpp KB C++ HE o2 2002-01-05 2=,
N = MultiStepDlg, h KB CHld o 2002-01-05 2
ATHE} LT _M] | = @ pUg
B Ry 2000105 2% 205 =] PCSpim.aps BB APS OH2 2003-01-04 @
370 B49HIDNE PCSpim, clw BKBE CLW m- 2003-01-04 2
4 (28 PCSpim.Cnt KB CMT EI—%_ 2002-01-05 2
@ PCSpim.cpp BKE C++ HE O} 0nz-m-0s 2%
pcspim.dsp 10k ZZ™E IF 2003-01-4 2 .,
i KB ZEHE &Y E2F 2002-01-08 2%
. B CHO o 2002-01-06 2% .,
@F‘CSF‘IM.HLP KB EET I 2000-12-24 2% |,
pcspim, mdp 45KE MDP IHY 2002-01-05 2% .,
pcspim.ncb T3KE NCE Db 2003-03-31 28 .,
pcspim, opt EEKE OPT b 2003-01-M 2% .,
&) poepim.plg 2KB HTML Documnent 2003-M-4 2% .,
@PCSDim.rC 198 Cl4~HES 2003-01-M 2%
[ef) PCSpimDoc, cpp KB Ce+ S O 2o0e-m-08 ==
[n] PCSpimDoc,h 2KB C O oh 2002-01-05 2
@ PCSpimYiew,cpp KB C++ HE mp 2003-01-M 2=,
@ PCSpimYiew,h KB CHO o 2003-01-M 2%,
[£] readme, tut kB "HAE 2N 2002-01-05 =2 -
@ Fegrnan.cpp B C++ 2 I 2002-01-05 2
@ Regrman.h BB Cald o 2002-01-05 2=,
[n] resource.h B CHE D 2003-01-04 2 .
] resource, hm 1KE  Hh IH 002-01-05 2=
@ RunDlg.cpp KB C++ HE I} 200z-01-05 2% .,
@ FunDig.h KB CHO o 2002-01-06 2% .,
e3) SettingsDIg.cpp TKE C++ HE OH 2003-01-4 28 ., LI
I < PENTY Y PR et =) [l i PRy R =1 annd N1 Nl S =
[E5 ZEHE &g Z2F 3J): MHIDIE [MeHOE [T ] ZEE 7
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Source Code Install

” "y DUL CPP]
| Eie Edit View Insert Project Build Tools Window Help

BDEED L me |- - (OEE | W

)

o Step 2

jI[AII global memherSjI[No members - Create New Class...]j o |JJ & ! M

55380

]D He

&

4]

[Globals]
2l
Yorkspace 'pcspim’: 1 proje:
= EIPCSpim files|
urce Files

BreakpointDlg.cpp
Console¥nd.cpp
data.c
display-utils.c
inst.c

lex.yy.c
MainFrm.cpp
mem.c
mips-syscall.c
MultiStepDlg.cpp
PCSpim.cpp
PCSpim.hpj
PCSpim.rc
PCSpimDoc.cpp
PCSpimView.cpp
Regman.cpp
run.c
RunDlg.cpp
SettingsDlg.cpp
SetValueDlg.cpp
spim-utils.c
SpimSupport.cpp
StdAfx.cpp
sym-tbl.c
util.cpp

y.tab.c

ader Files
source Files

parser.y
scanner.|
t-_1 External Dependencies

|
"2 Clas... | & Res... | =] Filev...|

#undef THIS_FILE
static char THIS_FILE[] = _ FILE_ ;
ftendif

FEEETETEFEFEET i EFEFEFiddEFidiriddidididrifidfiidifififiidivififiidivivifiidiei
// export WinMain to force linkage to this module

extern int AFXAPI Af=<WinMain{HINSTANCE hInstance, HINSTAMCE hPrevInstance,
LPTSTR 1pCmdLine, int nCmdShouw);

extern "C” int WINAPI
_tWinMain{HINSTAMCE hInstance, HIMSTAMCE hPrevInstance,
LPTSTR 1pCmdLine, int nCmdShouw)

// call shared/fexported WinMain
return AfxWinMain{hInstance, hPrevInstance, lpCmdLine, nCmdShow);

H

FEETTEEFFEFETTTFFFEFETITdTFIFaEdTididiididididiiidividifiidivivitfiiiiviiifiiiivi
// initialize app state such that it points to this module’s core state

BOOL AFXAPI AfxInitialize(BOOL bDLL, DWORD dwVersion)
{
AFX_MODULE_STATE= pHoduleState = AfxGetModuleState();
pHoduleState->m_bDLL = (BYTE)bDLL;
ASSERT(dwVersion <= _MFC_UER);
UNUSED{dwVersion}; // not used in release build
#tifdef _AFXDLL
pHoduleState->m_dwlersion =
ttendif
#ifdef _MBCS
// set correct multi-byte code-page for Win32 apps
if (tbDLL)
_setmbcp{_MB_CP_AMSI);
#endif //_HBCS
return TRUE;

dulersion;

H

/4 Force initialization early
fipragma warning{disable: 4874}
fipragma init_seg{lib)

#ifndef _AFXDLL
void AFX_CDECL _AfxTermAppState()
{

// terminate local data and critical sections
Iﬂ[uTnuml LR RS E WA IIN] TDIIC Y =
1|



Source Code Install

+. pospim - M C++ - [Cifff,, WMFC APPMODUL CPP] ; : =S|
[ File Edit Wiew |nsert Project Build Tools Window Help ==l
B EHA | e | [BEE | ™
D Ste p 3 [Globals] jI[AII global memherst[Nu members - Create New Class...]j BN HJ@ [Eai e el
S| H TI:IiS source code is only intended as a supplement to the j
// Microsoft Foundation Classes Reference and related

& Workspace "pespim': 1 proje

=8 p

/f electronic documentation provided with the library.
// See these sources for detailed information regarding the
/¢ HWicrosoft Foundation Glasses product.

#include “stdafx.h"

#tifdef _DEBUG

#undef THIS_FILE

static char THIS_FILE[] = _ FILE_ ;
ftendif

LELELLELERTEEREIEREERRERLEILLLELEEEIELEEEERRERLEILLLELLL LR EE0Ed
// export WinMain to force linkage to this module

extern int AFXAPI AFxWinHain{HINSTANCE hInstance, HINSTAMCE hPrevInstance,
LPTSTR 1lpCmdLine, int nCmdShow};

extern “C" int WINAPI
_tWinHain{HINSTANCE hInstance, HINSTANCE hPrevInstance,
LPTSTR 1pCmdLine, int nCmdShow)

// call shared/exported WinMain
return AfxWinHain{hInstance, hPrevInstance, lpCmdLine, nCmdShow);
¥

FEEERTFEELTFEA LT REFFRT I F TR R ET R LRI LA PR IR T AT TRIETRTdiiiidsitiitiiil
// initialize app state such that it points to this module’s core state

BOOL AFXAPI AfxInitialize(BOOL bDLL, DWORD duwUersion)

{
AFX_MODULE_STATE* pModuleState = AfxGetModuleState();
A pHoduleState->m_bDLL = (BYTE)bDLL;
&1 Header Files ASSERT(dwVersion <= _MFC_VER};
Resource Files UNUSED(dwVersion); // not used in release build

#ifdef _AFXDLL
pHoduleState->m_duwlersion = dulersion;
#tendif
#ifdef _MBCS
// set correct multi-byte code-page for Win32 apps

parser.y
scanner.|
- [(] External Dependencies

if (TbDLL)
a > _setmbcp{_MB_CP_ANSI);
: #endif //_HBCS
"= Clas... | Res... IFiIeV... =
X[syn-tbl.c
i util.cpp
y.tab.c

F7 _ Complle Linking. ..

pcspim.exe - B8 error{s), 2 warning{s)

[AI>T Build { Debug % Fndin Fles 1 & FAndinFles 2 % Resdls 7 el |

I
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Source Code Install

*a PCEDIM = M al C+r - [CHH SFC MODUL. CPP] =5 x]
[ File Edit View Insert Project Build Tools Window Help =13 %|

QEEd|me oo mEE W

B[N

D Ste p 4 [Globals) jI[AII glohalmemhersjl[No members - Create New Class...]j o H@ (ks 1 sy
alx /# This source code is only intended as a supplement to the j
Workspace “pespim': 1 proje! i Microsoﬂ.: Foundation [.:lasses I.!eFeretlce and m_elated
o [ PCSpim files] | // electronic documentation provided with the library.
=3 Source Files & : - =101
reakpointDlg.cpp File Simulator MWindow Help
onsoleWnd.cpp D”ln e 2 |
?st:iZyulilsc PC = 00000000 EPC = 00000000 Cause = 00000000 BadVAddr= 00000000 -
Status = 00000000 HI = 00000000 Lo = 0ooooooo
nst.c General Registers
EXYY-C RO (r0) = 00000000 R8 (t0) = 000D0OOOO R16 (s0) = 0000OOOO R24 (t8) = 00000000
ainFrm.cpp R1 (at) = 00000000 R9 (tl) = 00000000 R17 (s1) = 00000000 R25 (t3) = 00000000
em.c Rz (v0) = 00000000 R10 (t2) = 00DOOOOO R1B8 (s2) = 00000000 R26 (kO) = 0000OOOO
ips-syscall.c R3 (vl1) = 00000000 R11 (t3) = 00000000 R19 (=3) = 00000000 R27 (k1) = 00000000
ultiStepDlg.cpp [R4 (a0) = 00000000 R12 (t4) = 00000000 R20 (s4) = 00000000 R28 (gp) = 10008000
CSpim.cpp : _’ILI
CSpim.hpj [0x00400000] 0z8f240000 1w $4, 0(S29) : 140: 1w Sa0, 0(Ssp) # argc ﬂ
CSpim.rc [0x00400004] 0x27a50004 addiu S5, 329, 4 ; 141: addiu Sal, Ssp. 4 # argv
CSpimDoc.cpp [0x00400008] 0x24560004 addiu 56, 55, 4 : 142: addiu Sa2, Sal, 4 # envp
CSpimView.cpp  |[0x0040000c] 0x00041080 sll1 s2, 54, 2 : 143: sl Sv0, Sal, 2
egman.cpp [0z00400010] 0z00c23021  addu 56, $6, $2 ; 144: addu Sa2, Saz, $v0
un.c [0x00400014] 0x0c000000  jal O0x00000000 [main] : 145: jal main
unDlg.cpp [0z00400018] 0x00000000 nop : 146: nop
ettingsDlg.cpp [0z0040001c] 0xz3402000a eori $2, S0, 10 ; 148: 1i $v0 10
et¥alueDlg.cpp 4] le
pim-utils.c = —
pimSupport.cpp DATA j
tdafx.cpp [0x10000000]...[0x10040000] 0x00000000
ym-thl.c
til.cpp STACK
Aab.c [0x7Effeffc] 0x00000000
®-(1 Header Files
-] Resource Files FERNEL DATA =
5 parser.y ﬂ LI_I
Y scanner.| SPIM Version 6.5 of January 4, 2003 =
(] External Depend Copyright 1990-2003 by James R. Larus (larusf@ocs.wisc.edu).
1111 Rights Reserved.
D05 and Windows ports by David A. Carley (dac@os.wisce.edu).
X y [Copyright 1997 by Morgan Kaufmann Publishers, Ine.
L =|See the file README for a full copyright notice. =
"2 Clas... | i Res... FiIe\.’...ILoaded: C:~Frogram Files PCSpim~trap.handler _,lJ
| sym-thl.c - -
Ctrl + F5 g e
E_—t:'_’-': For Help, press F1 PC=0x00000000 EPC=0x00000000 Cause=0x00000000 v
inking...

Program Run

pcspin.exe - 8 error(s), 2 warning(s)

<[ Build / Debug & FindinFles 14 Find in Files 25 Aesulis 7

el

I
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Windows

% PCSpim EHE”E|
File Sirmulator  Window Help
=W =o| 0| 2%
PC = 0ooooooo EFC = 0ooooooo Cause = 0oooooon BadVAddr= 00000000 A =
Status = 3000££10 HI = 0ooooooo LO = 0oooooon
General Registers

RO (r0) = 00000000 R8 (t0) = 000OOOOO Rle (s0) = 00000000 R24 (t8) = 00000000
R1 (at) = 00000000 R9 (tl) = 00O0OOOOOO R17 (=1) = 00000000 R25 (t9) = 00000000 FQ . t (j_ |
R2 (w0) = 00000000 RI10 (t2) = 0000OOOOO R18 (s2) = 00000000 R2e (k0O) = 00OOOOOO =
R3 (w1) = 00000000 RI11 (t3) = 0000OOOOO R19 (s3) = 00000000 R27 (k1) = 00OOOOOO EEQJISS er IE;F) Ei)/
R4 (a0) = 00000000 R12 (t4) = 00000000 R20 (=4) = 00000000 R28 (gp) = 10008000
R3 (al) = 00000000 R13 (t5) = 00000000 R21 (s5) = 00000000 R29 (sp) = 7ffffaab
R (a2) = 7ffffab0 R14 (te) = 00000000 RZ2Z (s6) = 00000000 R3O0 (sg) = 00000000
R7 (a3) = 00000000 R1S (t7) = 00000000 RZ23 (s7) = 00000000 R31 (ra) = 00000000 v -
[0=z00400000] 0zx8fa40000 1w $4, 0($29) ; 183: 1w Sal DiSsp) # arge A1 7
[0=00400004] 0zx27a50004 addiu S5, $29, 4 ; 184: addiu Sal Ssp 4 # argv
[0=00400008] 0x24a60004 addiu S8, $5, 4 ; 185: addiu a2 Sal 4 # envp
[0z0040000c] 0z000410680 s11 52, 34, 2 ; 186: s11 Sv0 Sab 2
[0=00400010] 0z00c23021 addu $6, S6, 32 ; 187: addu ZaZ SaZ vl
[0x00400014] 0x0c000000 jel 0x00000000 [main] . 1B8: jal main - Text Segments
[0=z00400018] 0z00000000 nop ; 189: nop
[0z0040001e] 0x3402000a ori $2, $0. 10 p191: 1i swO 10
[0=00400020] 0x0000000c  syscall : 192: gyscall # syscall 10 (exit)

EERNEL vl =
< » -

DATA ”
[0z100000007...[0x10040000] 0x00000000

STACK
[0z7ffffaal] 0z00000000 0Ox00000000

- Data segments

EERNEL DATA
[0x90000000] 078452020 D0x74706563 Ox206e6f69 Oxb3cf2000
[0z90000010] 0727275603 D0xb6l1206465 O0x692064be 0Ox720fo0e67
[0=x90000020] 0z000a6465 0x495kz2020 O0x7265740e 0x74707572
[0z90000030] 0zx2000205d Ox4c545k20 0x20005d442 0Ox4c5435kz0 2
SPIM Version B.0 of January 8, 2010
Copyright 1220-2010, James R. Larus.
11 Rights Reserwved.
D03 and Windows ports by David A. Carley.
Copyright 1997, Morgan Keaufmann Publishers, Inc. —
See the file README for a full copvright notice. SPIM messages
Loaded: C:~Program Files“PCSpim~exceptions.s
For Help, press F1 PC=0x00000000 EPC=0x00000000 Cause=0x00000000

I
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Windows

0 Register display
It shows the values of all registers in the MIPS CPU and FPU.

Eile Simulator Window Help

= | =] o 2w

BC - 00000000  EPC = 00000000 Cause = 00000000  BadVaddr= 00000000 ~
Status = 3000£f£10 HI = 00000000 Lo = 00000000
Serrerei—Rereotex

RO (r0) = 00000000 RE (t0) - 00000000 R16 (sO0) - 00000000 R24 (t8) - 00000000

R1 (at) = 00000000 RS9 (tl1) = 00000000 R17 (s1) = 00000000 E25 (t9) = 00000000 =
Rz (w0} = 00000000 R10 (t2) = 00000000 R1§ (=2} = 00000000 R26 (kO) = 00000000

RS (w1} = 00000000 R11 (t3) = 00000000 R19 {s3) - 00000000 R27 (k1) = 00000000

R4 (a0} = 00000000 R1Z (t4) = 00000000 R20 (s4) - 00000000 R2E8 (gp) = 10008000

RS (al) = 00000000 R13 (t5) = 00000000 R21 (=5) = 00000000 R29 (sp) = 7Efffaad

R& (a2} = 7Efffab0 R14 (t6) = 00000000 R2Z (s6) = 00000000 R3O0 (s8) = 00000000

R7 (a3} = 00000000 R15 (t7) = 00000000 R23 (s7) = 00000000 R31 (ra) = 00000000 v

General-purpose registers

Computer Architecture & Network Lab



Windows

o Text segments

Displays instructions both from your program and the system
code that is loaded automatically when PCSPIM starts running

[0x00400000]
[0x00400004]
[0x00400008]
[0x0040000c]
[0x00400010]
[0x00400014]
[0x00400018]
[0x0040001c]
[0x00400020]

Dz8ta40000
0z27a50004
Dz24ap0004
0z000410380
0z00z23021
0z0c000000
0z00000000
0z3402000a
0z0000000c

lw S4, 0($29) : 183:
addiu 55, 529, 4 : 184:
addiu S6, S5, 4 : 185:
sll g2, 54, 2 : 186:
addu 56, Sh, 52 : 187:
jal 0z00000000 [main] : 18&:
nop : 189:
ori $2, S0, 10 :o191:
syseall : 192:

lwr Sal 0({Ssp)
addiu 5al Ssp 4
addiu Sa2 Sal 4
sll Swi Sal 2
addu Sa2 SaZ Svl
jal main

nop

11 %0 10
syseall # syscall 10 (exit)

aryge
ATV
BnVp

H* A

[0x00400000] 0x8fa40000 Iw $4, 0($29) ;: 89 : Iw $a0, 0($sp) I

memory address of instruction

Source code in assembly file

Line number in assembly file

Instruction’s mnemonic description

I
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Windows

o Data segments (Data and stack segments)

Displays the data loaded into your program s memory and the
data on the program s stack

o SPIM messages
This is where error messages appear
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Simulator Function

o Load
e File — Open
o Select assembly file
o Reload
e File — Reload
o Reload source file after change it with editor program
o Go
e Simulator — Go
e Results are displayed in console
o Single step
e Simulator — Single Step
¢ Run an instruction at a time
o Multiple step
e Simulator — Multiple Step
e Run given number of instruction at a time
o Breakpoint
e Simulator — Breakpoint
o Stop program immediately before it executes a particular instruction

I
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Function - Load

=10l =]
File Simulator  Window Help
Qpen,,, Ctr|+0
Save Log File,,, Ctrl+5 N
= pooooooo Causs = 00000000 BadVAddr= 00000000 -
Exit Alt+Fd = gooonooo LO = 0000oooo
General Registers
RO (r0) = 0000000OO RE (t oooooooo  Rle (sO) = 00000000 R24 (tg) = 00000000
Rl (at) = 00000000 R9 (1) gooooooo  R17 (sl) = 00000000 RE23 (t9) = 00000000
K2 (w0) = 00000000 R10 (t2) = R18 (=2) = 00000000 RZe (kO) = 00000000
R3 (w1l) = 00000000 R11 (t3) = R19 (=3) = 00000000 RZ7Y (k1) = 00000000
R4 (al) = 00000000 R12 (t4) = 00 R20 (=4) = 00000000 RZ8 (gp) = 10008000
1 r
[0z00400000] 0z8fa40000 lw S4, 0(529) : 140: lw Sa0, 0(Ssp) # argc fl
[0z00400004] 0x27a50004 addin $5, 529, : 141: addiu Sal, Ssp. 4 # argv
[0z00400008] 0zZ4ak0004 addiu $6, 55, 4 3 142: addiu SaZ, Sal, 4 # envp
[0z0040000e] 0z00041080 =11 52, 54, 2 2] x|
[0z00400010] 0z00c23021 addu $6, S6, 52 - .
[0z00400014] 0xz0c000000  jal 0=z00000000 [main] &= 9)F|() IEAggngggath j = fj( EH-
[0=00400018] 0z00000000 nop _
[0z0040001c] 0zx3402000a wori $2, S0, 10 system1—l,asm
N 8] systern1-2 asm
] swstern1-3.asm
DATA [#] systern1-4,asm
[0xl0000000]...[0x10040000] Oz00000000
STACK
[0z7fffaffc] Oz00000000
KERNEL DATA oH OIS (M = [{e)]
4] ImH (T | =
SPIM Version 6.5 of January 4, 2003 G
Copyright 1990-2003 by James R. Larus (larus@cs.wisc.edu) .
211 Rights Reserved.
DOS and Windows ports by David A. Carley (dac@cs.wisc.edu).
Copyright 1997 by Morgan FKaufmann Publishers., Inc.
See the file README for a full copyright notice.
Loaded: C:~Program Files~PC3pim~trap.handler
Kl ;I_I

Open an assembly file |PC=000000000 EPC=0<00000000 Cause=0:00000000 [ [ v

I
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Function - Go

pim =101 x|
Flle Simulator  Window Help

El_l Clear Registers
Beinitialize
PC| mojmad = 00000000 Cause = 00000000 Bad¥addr= 00000000 -
Ste - = 00000000 LO = 00ooooon
HEo F5 General REegisters
RO Break t0 ooooooon R16 (s0) = 00000000 RZ4 (t8) = 00000000
R1 t1) 00000000 R17 (s1) = 00000000 RZ5 (t9) = 00000000
Rz single Step Fi0 t2) = 0ooooo R18 (s2) = 00000000 R26 (k0O) = 0000OOOO
R3 Multiple Step,,. F11 t3) = R19 (s3) = 00000000 R27 (k1) = 00000000
R4 . 4y = R20 (s4) = 00000000 R28 (gp) = 10008000
Breakpoints. ., Ctrl+B -
4] »
[Og( OetValue,, 1w 54, 0(529) : 140: 1w Sad, 0(Ssp) # arge f’
[Oxr  Display symbol table addiu 55, 529, 4 : 141: addiu Sal, Ssp, 4 # argv
[Dx[ Settings addiu S6, 55, 4 ; 142: addiu SaZ, Sal. 4 # envp
[ 032 (e —_ s11 32, 4, 2 : 143: =11 $v0, Sa0, 2
[DXDD4DDDID] 0x00c23021 addu 56, $6, 32 ; 144: addu $a2, $aZ, w0
[0z00400014] 0x0c000000 jal O0x00000000 [main] z 145- ial main
[0z00400018] 0x00000000 nop Run Parameters il
[0z0040001e] 0x3402000a wori 52, 30, 10
. Starting 0K,
I_
DATA |
[Oz100000007...[0x10040000] Oxz00000000 Command
STACK, |
[Ox7fffeffea] 0xz00000000
KEENEL DATA [+ Check for undefined swymbaol:
K o
SPIM Version 6.5 of January 4, 2003 =]
Copyright 1990-2003 by James E. Larus (larus@os.wisc.edu).
211 Rights Reserwved.
D03 and Windows ports by David A. Carley (dac@cs.wisc.edu).
Copyright 1997 by Morgan Eaufmann Publishers, Inc.
See the file README for a full copyvright notice.
Loaded: C:“Program Files>PCSpim~trap.handler
Kl ;I_I

Run the program |PC=0<00000000 EPC=0x00000000 Cause=0x00000000 [ [ 4

I
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Function — Single step

Spim i =[]

iIe Simulator  Window  Help

Clear Registers

Reinitialize
gg_ Relnad C#Documents and SettingstAdministratoHIS SHEDC S pimAGIIEEE3N Wl system1-1,asm oaood j
C
Go F§

RO Continue

Rz Single Step
B3 Multiple Step. .. F11

poo
ooo
oo
poo
R4 ooo
Breakpoints, ,, Ctrl+B -
Ll 3|
m Set Value, ., ﬂ

4]

Copyright 1997 by Morgan Eaufmann Publishers, Inc.
See the file README for a full copyright notice.
Loaded: C:~Program Files“FCSpim~trap.handler
Memory and registers hawve heen cleared, and the simulator reinitialized.

Step

[ Dzl Display symbol table Cp, 4 # argv

(020 oo nl, 4 # envp

[Dx0 Se |ngs..J. e, . R R

[0x00400010] 0x00c23021 addu $6. $6, 32 : 144 addu saZz, SaZ, vl

[0xz00400014] 0x0c100009 jal Ox004000Z24 [main] ; 145: jal main

[0=00400018] 0=z00000000 nop ; 146: nop

[0=004000 1] 0x3402000a ori 52, 30, 10 ; 148: 1i $v0 10

1| | |
DATA j

[0z=1l00000007...[0x1l0010000] 0x00000000

[0=10010000] 0x00000000 Ox00000085 0Ox0O000000 DOxZ04d5553

[0x100100107] 0x3020666f 0x3030317e 0Ox6d754e20 O0x3d726562

[0x=10010020] 0x0000003e 0xz00000000 0Ox00000000 Ox0O0OO0OODOO

[0=10010030]...[0=x10040000] 0xz00000000

4] _>|_I

DOS and Windows ports by David A. Carley (dac@cs.wisc.edu). ﬂ

C:“Documents and Settings~Administrator~HFS & A “pcspim~A99038683hwll~systeml-1.asm has been successfull

|PC=0200400000 EPC=0x00000000 Cause=0:00000000
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Function — Single step

—
One step

8 [=[

File Simulator  Window Help
=(E| 2o e[
PC = 00400004 EPC = 00000000 Cause = 00000000 BadVaddr= 00000000 -
Status = 00000000 HI = 00000000 LO = 00000000
General Registers
RO (r0) = 000000ODO RAB (t0) = 00000000 R16 (s0) = 00000000 R24 (t8) = 00000000
R1 {at) = 000000ODD R9 (tl) = 000O0DODOO R17 (s1) = 0000OOOOO R25 (t9) = 00000000
R2 (w0) = 00000000 R10 (t2) = 00000000 R18 (s2) = 00000000 R26 (kO) = 00000000
R3 (w1l) = 00000000 R11 (t3) = 00000000 R19 (s3) = 00000000 R27 (k1) = 00000000
R4 (ab) = 00000000 R12 (t4) = 00000000 R20 (s4) = 00000000 R28 (gp) = 10005000
o of
0x00400000 Dx8fa40000 lw $4, 0(529 ; 14 lw Sa0, 0(Ssp # argc ﬂ
0x00400004 a50004 529, ! g g Ssp, é Ny
[0x00400008] ODx24ab60004 addiu $6, 4 ; 142: addiuw SaZ, Sal, 4 # envp
[0x0040000] 0xz00041080 s11 $52, $4, 2 ; 143: s11 w0, a0, 2
[0x00400010] 0x00c23021 addu S56, $6, 32 ; 144: addu Saz2, Sa2, Swi
[0x00400014] O0xz0c10000%9 jal 0x00400024 [main] ; 145: jal main
[0x=00400018] 0z00000000 nop ; 146: nop
[0x0040001c] 0x3402000a ori 52, 30, 10 ; 148: 11 w0 10
| | _>|J
DATA j
[0x100000007...[0x10010000] Oxz00000000
[0xz10010000] 0xz00000000 O0x00000065 Ox00000000 0Ox204d5553
[0x10010010] 0x3020666f 0Ox3030317e Ox6d754e20 O0x3d726562
[0x10010020] 0xz0000003s Ox00000000 Ox00000000 Ox00000000
[0x10010030]...[0x10040000] 0xz00000000
o of
il

Copyright 1997 by Morgan Kaufmann Publishers, Inc.
See the file README for a full copyright notice.
Loaded: C:“Program Files“~PC3pim~trap.handler
Memory and registers have been cleared, and the simulator reinitialized.

C:“Documents and Settings Administrators~Hbs ' Hpospim~A9903883hwilvsysteml-1.asm has been successfull

[0x00400000]

4

Oz8fa40000

lw 54, 0($29]

: 140:

lw Sal, 0(Ssp)

For Help. press F1

# argc

|PC=0:00400004 EPC=0x00000000 Cause=0x00000000
[
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Function — Multiple step

2 PCSpim =10l x|
File | Simulatar  Window Help
= LClear Registers
———  Reinitialize
gs Reload C0ocurments and SettingsWadministratordtdb e SFWoocspimA99033330wlTWsystern 1-1,a5m 00000 =
c
Go F5
RO Continue noo
R1 oo
n2 Single Step F10 noo
B3 Multiple Step..,
R4
Breakpoints, ., \ Ctrl+B -
K| »
Set Yalue
Oz ( S # argc =
m Display symbaol table \ I ﬂ
[O=( . # envp
[DxL ﬁettlngs.;. s .
[0x004000107] 0x00c23021 addu $6, $6, 52 ; 144:
[0z00400014] 0x0c100009  jal O0x00400024 [main] ; 145:
[0z00400018] 0xz00000000 nop ; ldh:
[0x0040001c] 0x3402000a ori $2. 50, 10 : 148:
4| 3
DATA j
[0x100000007...[0=x10010000] 0xz00000000 Multinle Ste >
[0x10010000] 0x00000000 0x00000065 Ox00000000 0x204d5555 ik o pd
[0z10010010] 0x30Z0666f 0x3030317e O0x6d754e20 0x3d726562
[0x10010020] 0x0000003e 0x00000000 0x00000000 Oxooooo0ooo  Mumber of
[0x100100307...[0x10040000] O0x00000000 |2 w
4]
Copyright 1997 by Morgan Kaufmann Publishers, Inc. ]|
Sge the file README for a full copyright notice.
Loaded: C:~Program Files“PCSpim~trap.handler
Memory and registers have been cleared, and the simulator reinitialized.
C:~Documents and Settings Administrator~HFS & H“pespim~A9903883hwll~systeml-1.asm has been successfull
[0z00400000] 0xz8fa40000 1w 54, D($29) ; 140: 1w Sa0, D(Ssp) # argc
4| | i
Step multiple instructions  Multi-Step |PC=0:00400004 EPC=0=00000000 Cause=0x00000000 [ [ v

I
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»
»

Two step

Function — Multiple step

=10] x|
File  Sirmulator  Window Help
=(E| =] 2|
PC = 0040000¢ EPC = oooooooo Cause = 00000000 BadVAddr= 00000000 =
Status = 00000000 HI = 00oooooo LO = 000ooono
General Fegisters | |
RO (r0) = 00000000 RE (t0) = 00000000 RI16 (=0) = 00000000 R24 (t8) = 00000O0CO
R1 (at) = 00000000 R9 (tl) = 0000OOOO R17 (=s1) = 00000000 RZ25 (t9) = O000O0O0O0O
R2 (w0O) = 00000000 R10 (t2) = 0000COOO RI1&8 (s2) = 00000000 R26 (kO) = O000OO0OCO
R3 (w1} = 00000000 RI11 (t3) = 00000000 R19 (=3) = 00000000 RZ27 (k1) = O000O0O0O0O
R4 (ab) = 00000000 R1Z2 (t4) = 00000000 RZ0 (=s4) = 00000000 RZ28 (gp) = 10003000
Kl 3
[Oz00400000] 0z&8f240000 1w S4, 0($29) ; 140: 1w Sal, 0(Ssp) # arge i’
[0z00400004] 0z27a50004 addiu 55, 529, 4 ; l41: addiu $Sal, Ssp, 4 # argv
0z00400008 0z24a360004 addin $6, 55, 4 ; : Sal, 4 # envp
z0040000e z00041080 s =
[0z00400010] 0z00cZ3021 addu $6, $6, 52 ; :
[0z00400014] 0z0z100009 jal 0x00400024 [main] ; 145: jal main
[0=00400018] 0z00000000 nop ; 146: nop
[0z0040001] 0z340Z000a wori 52, 50, 10 ; 148: 11 Sv0 10
4| | Ll_l
DATA j
[0z10000000]...[0=10010000] 0zx00000000
[Ozx10010000] 0x00000000 Ox00000065 Ox00000000 Ox204d45553
[0zx10010010] 0x30z0666f 0x3030317e O0xbd754ez0 0Ox3d7z26562
[0z10010020] 0x0000003e Ox00000000 Ox000000CO0 O=zO00000000
[0zx10010030]...[0x10040000] Ox00oooooo
4] ;I_I
Loaded: C:~Program Files»PCSpim~trap.handler |
Memory and registers hawve bheen cleared, and the simulator reinitialized.
C:wDocuments and SettingsAdministratorsHFS 2l pospim~A9903883hwilvsysteml-1.asm has been successfull
[0z00400000] 0zG8fa40000 1w 54, 0(529) ; 140: 1w Sal, 0(Ssp) # argec
[0=00400004] 0z27a50004 addiu 55, 529, 4 ; 141: addiu $Sal, Ssp, 4 # argv
[0z00400008] Ox24a60004 addin $6, 55, 4 ; 142: addiu $aZ, Sal, 4 # envp
4 | _’lj
For Help, press F1 |PC=0x0040000c EPC=0=00000000 Cause=0x00000000 [ [ 4
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Function - breakpoint

Spim & 1o x|

File | Simulator Window  Help

D@“ Clear Registers

Beinitialize

SS Feload C#Documents and SetingstadministratorwdbEr 2K WoospimA93035830 wl W systern1-1.asm pooooo =
C

Go F& |
RO Continue noo
R1 noo
RZ Single Step F10 noo
R3 bultiple Step... Fi1 noo

4

D03 and Windows ports by David A, Carley (dac@os.wisc.edu).
Copyright 1997 by Morgan Eaufmann Publishers, Inc.
See the file README for a full copyright notice.
Loaded: C:“~Program Files“PC3pim~trap.handler
Memory and registers have heen cleared, and the simulator reinitial

C:“Documents and Settings“Administrator~H}'S & H“pcspim~A9903883hw

ﬁ Set Yalue,.
[Oxl Digplay symbal table
[020 oo -
[ 0% Lo s N\ R
[0z00400010] 0x00c23021 addu $6, $6. $2 ; 144: addu Sa2, Faz2, SvO
[0xz00400014] Ox0c100009  jal 0x00400024 [main] 45: jal main
[0x=00400018] 0xz00000000 nop H nop
[0z0040001e] 0x3402000a ori $2, 50, 10 :
4]
Address: (eq: 0x4000000

DATA
[0z10000000]...[0x10010000] 0x00000000 %
[0x10010000] O0x00000000 0x00000065  Ox00000000
[0xz10010010] 0xz3020666f 0x3030317e Oxz6d?54e20
[0z10010020] O0x0000003e 0x00000000 Ox00000000
[0z10010030]...[0x10040000] 0x00000000
4]

Set breakpoints

|PC=0:00400000 EPC=0x00000000 Cause=0:00000000

I
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File

Simulator

Function - breakpoint

Window Help

(=[]

18 nje] 3)e]

= 00400000 EPC = 00oooooo Cause = 00000000 BadVAddr= 00000000 -
Status = Q0ooooooo HI = 00oooooo LO = 0000o0oo
General Registers
RO (r0) = 00000000 R& (t0) = 00000000 R1e (s0) = 00000000 RZ24 (td) = 00000000
R1 (at) = 00000000 RS (tl) = 0000COOO R17 (sl1) = 00000000 RZ25 (t9) = 000000CO
Rz (w0O) = 00000000 R10 (t2) = 00000000 RI18 (=2) = 00000000 RZ26 (kO) = O00OOOOCO
R3 (w1} = 00000000 R11 (t3) = 00000000 R19 (=3) = 00000000 RZ27 (k1) = O000O00O0O
R4 (a0 = 00000000 R1Z2 (t4) = 00000000 RZ0 (=4) = 00000000 RZ28 (gp) = 10008000
4] »
[0z00400000] Oxz8f=240000 lw S4, 0($29) ; 140: 1w Sal, 0(Ssp) # arge i’
[0z00400004] 0z27a50004 addiu 55, 529, 4 ; 141: addiu %al, Ssp, 4 # argv
[HalUsuuuto | La} SA Do [=1® 0 0 Ny ¥ Rpen ) & Ry e I 3 r 1= - dUUIl 2ds ., 2dl. 1 w BV
[DXDD4DDDDC] 0z00000000 hreak 51
| e ot L | el s a1 UL Sh . 2B, 2 r L9, dUUU Sde, Dde,. oWl
[0z00400014] O0z0z100009 jal 0x00400024 [main] ; 145: jal main
[0z00400018] 0z00000000 nop ; l46: nop
[0z0040001] 0z3402000a wori 2, S0, 10 ; 148: 11 Sw0 10
dl | _*I_I
DATA j
[0z100000007...[0=10010000] Oz00000000
[0z10010000] 0x00000000 Ox00000065 Ox00000000 Ox204d45553
[0zx10010010] 0x30z20660f 023030317 O0Ox6d754ez0 0Ox3d7zZ6562
[0zx10010020] 0x0000003= 0Ox00000000 Ox00000000 OxO00O0O00000
[0x10010030]...[0=10040000] 0xz00000000
‘ o
D03 and Windows ports by David A, Carley (dac@es.wisc.edu). -]
Copyright 1997 by Morgan Keufmann Publishers, Inc.
See the file README for a full copyright notice.
Loaded: C:“Program Files“~PCSpim~trap.handler
Memory and registers have been cleared, and the simulator reinitialized.
C:Documents and Settings AdministratorHFS Al pospim~A9903883hwilnsysteml-1.asm has been successfull
ll J _'l:I

For Help, press F1

|PC=0x00400000 EPC=0x00000000 Cause=0x00000000 [ [ o

I
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Function - breakpoint

pim [Running] o]
File  Sirnulator  Window  Help
=(3| o] 2]
PC = 0040000¢ EPC = 0040000 Cause = 00000024 BadVaddr= 00000000 =
Status = 00000000 HI = Qooooooo L0 = 00ooooon
General Registers |
RO (r0) = 00000QOO RE  (t0) = 0000OOOQOO Rle (=0) = 0000OOOQOO E24 (t8) = 00000000
Rl (at) = 00000000 RS9 (tl) = 0000O0QOO R17 (=1) = 00000000 EZ25 (t9) = 00000000
RZ2 (w0O) = 00000000 RI10 (t2) = 000OOOOOD R18 (s2) = 00000000 R26 (kO) = 0OOOOODOO
R3 (w1} = 00000000 ER11 (t3) = 00000000 E19 (=3) = 00000000 E27 (k1) = 00000000
R4 (a0) = 00000000 R12 (t4) = 00000000 ER20 (=4) = 00000000 E28 (gp) = 10008000
4 »
[0=z00400000] OxB8fa40000 1w S4, 0(529) ; 140: 1w Sa0, 0({Ssp) # argc ﬂ
[0x00400004] 0x27a50004 addiu $5, $29, 4 ; 141: addiuw Sal, Ssp, 4 # argv
0x00400008 0x24a60004 addiu S6, 35, 4 3 142: addiu SaZ2, Sal, 4 # envp
Ox0040000c Ox hreak 31
[0=00400010] 0z00=23021 addu $6, SA, |, saz, svO
[0=z00400014] 0x0=100009 jal Ox00400024 .
[0x00400018] 0x00000000 nop @ Breakpoint encountered at 0x0040000c,
[DXDD4DDDIC] Ox3402000a ori $2, 30, 10 Continue execution? ]
cmey ] o | ﬂ
DATA
[0=z10000000]...[0x10010000] 0x00000000
[0=z10010000] 0x00000000 Ox0000006S  0x00000000 0x204d5553
[0=z10010010] 0x3020666f 0x3030317= O0x6d754e20 0x3d726562
[Dz10010020] 0x0000003e OxO0000000 Qx00000000 Ox000O0O000
[0=z10010030]...[0x10040000] 0x00000000
4] _>l_I
DOS and Windows ports by David A. Carley (dac@cs.wisc.edu). ;l
Copyright 1997 by Morgan Eaufmann Publishers, Inc.
See the file README for a full copyright notice.
Loaded: C:“Frogram Files~PC3pim~trap.handler
Memory and registers have heen cleared, and the simulator reinitialized.
C:~Documents and Settings AdministratorsdHbsr 2 A pespim™~A9903853hwll~systeml-1.asm has heen successfull
4| | M

Far Help, press F1 |PC=0=00400000 EPC=0:00000000 Cause=0x00000000 [ [

I
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Example

text # text section
Q Sum .globl main # call main by SPIM
main: la $t0, value # load address 'value' into $t0

lw  $t1, O($t0) # load word O(value) into $t1
w  $t2, 4($t0) # load word 4(value) into $t2
lw  $t3, 8($t0) # load word 8(value) into $t3

Loop: beqz $t2, End #12J1 00/ EndZ It OtLIYH OS2 2 W2t
addi  $t1, $t1,1 #1112 2tS otLIA SIHAIZICH
add  $t3, $t3, $t1  # t30i| t1% Hol 130l €20 &2 A&t
addi  $t2, $t2, -1  #1t22| gt= otLIA ZAAI2ICH
j Loop #LoopZ OIlSAIHA FEE SEIC

A

End: sw  $t3, 8($t0) # store word $t3 into 8($t0)

li $v0, 4
la  $a0, msgl
syscall

li $v0, 1
move $a0, $t3
syscall

.data # data section
value: .word 0, 100, 0 # data for addition
msgl: .asciiz "SUM of 0~100 Number=>"

I
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Function - Go

UM of 0~100 Mumber=>5050
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Function - Go

Define upper 2 bytes

[0xz00400050] Ox 34020004 ori $52, S0, 4 ;17 11 Svi, 4
[0z00400054] Ox3c011001  lui $1, 4097 [msgl]” : 1la: la Sal, msgl
[0xz004000583 ] 03424000 ori $4, 51, 12 [msgl]\
[0z0040005¢ ] Oxz0000000g  syscall : 19: syscall
[0z00400060] Ox34020001 ori S22, 30, 1 ;21 11 Swi, 1
[0z00400064 ] Oxz000RLZ2021  addu $4, 50, $11 ;220 move Sal, St3
[0z00400068 ] Oxz0000000g  syscall : 23: syscall
[0z0040006e ] 0x03e00008 jr 531 ; 25: jr Sra
OX7FFFFFFF Define lower 2 bytes
Stack segment
Data that
Instruction
/ operate on
Z
Data segment Instruction
0x10000000
Text segment
0x00400000

Reserved
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Directives

o .text - Indicates that following items are stored in the user
text segment

o .globl sym - Declare that symbol sym is global and can be
referenced from other files

o .data - Indicates that following data items are stored in the
data segment

I
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Data Types

a .word, .half - 32/16 bit integer
o .byte - 8 bit integer (similar to ‘char’ type in C)
a .ascill, .ascliz - string (asciiz is null terminated)

o Strings are enclosed in double-quotas(™)

o Special characters in strings follow the C convention
- newline(\n), tab(\t), quote(\”)

o .double, .float - floating point

I
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System calls

o System Calls (syscall)
o OS-like services

o Method

o Load system call code into register $vO
o Load arguments into registers $a0...$a3
o After call, return value is in register $vO

Example)
li $v0, 4 # print string

la $ao,ms,gl/v
syscall

li $v0, 1 #printi
move $a0, $t3
syscall

~= Console

€ msgl = "SUM of 0~100 Number=>“ | $t3 = 5050

I
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System calls

print_int $a0 = integer

print_float 2 $f12 = float

print_double 3 $f12 = double

print_string 4 $al = string

read_int 5 integer (in $v0)

read_float 6 float (in $10)

read_double 7 double (in $10)

read_string 8 $a0 = buffer, $al =length

sbhrk 9 $al =amount address (in $v0)

exit 10

print_char 11 $al =char

read_char 12 char (in $a0)

open 13 $al =filename (string), $al = | file descriptor (in $v0)
flags, $a2 = mode

read 14 $al =file descriptor, $al = num chars read (in
buffer, $a2 = length $vi0)

Write 15 $a0 =file descriptor, $al = num chars written (in
buffer, $a2 = length $v0)

close 16 $al = file descriptor

exite 17 $al = result

I
Computer Architecture & Network Lab



MIPS Program Assignment

o Heap sort

B input - HIZZE E|@E|
DE BHEE MA0 BN SZSTH)

12 33 49 29 w8 27 3% F¥3 58 4y 8L 21 17 61
¢ |

\ 4

Build Heap Heap Sort

IR HEE) Mo BRI EsEH)
85 73 61 58 49 44 49 35 33 29 27 21 17

l P output - M2 =

Output to Monitor

S
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Sequence

Sequence: {12, 33, 49, 29, 40, 27, 35, 73, 58, 44, 85, 21, 17, 61}

T
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Build Heap

After Build: {12, 29, 17, 33, 40, 21, 35, 73, 58, 44, 85, 49, 27, 61}l

T
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Heap Sort

After Sort: {85, 73, 61, 58, 49, 44, 40, 35, 33, 29, 27, 21, 17, 12}

Computer Architecture & Network Lab




MIPS Program Assignment

NZJ|et:2010.11.22(2) 11:59 PM

M =&t = : source code, &2 1) A

Likd

H=e4A: X & E FTP 0f upload (== S Al)

& J}: total 100, -5%/(1-day delay)
o Build heap: 40&

o Heap sort: 20&

e Filel/0:20&

e Report: 20&
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Reference

o 2YZ “fH BHRe €025,
0| Cl 01, pp.93-99

o Csource code on course homepage

il

A =

I
Computer Architecture & Network Lab

Al O

o —



	Computer Architecture
	LIST
	SPIM
	SPIM of Multiple versions
	Memory Layout
	PCSPIM
	PCSPIM Download
	Executable File Install
	Source Code Install
	Source Code Install
	Source Code Install
	Source Code Install
	Windows
	Windows
	Windows
	Windows
	Simulator Function
	Function - Load
	Function - Go
	Function – Single step
	Function – Single step
	Function – Multiple step
	Function – Multiple step
	Function - breakpoint
	Function - breakpoint
	Function - breakpoint
	Example
	Function - Go
	Function - Go
	Directives
	Data Types
	System calls
	System calls
	MIPS Program Assignment
	슬라이드 번호 35
	슬라이드 번호 36
	슬라이드 번호 37
	MIPS Program Assignment
	Reference

