When selected, PCSpim foridows will record the position of its winges when you ¥it, and restore
them to the same location thexhéme you run PCSpim.

Bare machine

When selected, you can simulate a bare MIPS machine without pseudoinstructions or the additional
addressing modes prided by the assembler

Allow pseudo instructions

If this setting is selected, pseudoinstructions arevaltbin your program; otherwise, if the setting is not
selected, theare not allaved.

Load trap file

If this setting is selected, the standaxdeption handler and start-up code is loaded. Wher@apton
occurs, SPIM jumps to location 80000080hehich must contain code to service tleeption. In
addition, the trap handler contains start-up code tlhak&s the routine main. Wout the start-up rou-
tine, SPIM bgins eecution at the instruction labeled __start. Thewdkfrap file comes with PCSpim,
but you can choose another using\Bse lutton.

Mapped I/O

If this setting is selected, the memory-mapped &€lity is enabled. Programs that use SPIM syscalls to
read from the terminal cannot also use memory-mapped I/O.

Quiet

When this setting is enabled, PCSpim does not print a messagepti@ns; otherwise, a message is
printed when anx@eption occurs.
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— Diizplay Q.

¥ Save window positions
Cancel

[T General registers in hexadecimal

[™ Floating point registers in hexadecimal
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Figure A.2. PCSpim simulator setting dialog box

PCSpim performs other functions that are occasionally useful. When you are more comfortable with
PCSpim, you should look at the description in the online help to see whalttlaed ho they can sae you
time and dbrt. You can vigv the online help\ailable with the simulator by selectittgelp->Help_topics
from the menu bar

Simulator Setting

PCSpim has a graphical intack to viev the current setting of the simulator (see FigureA.2). When
you start PCSpim, you do notJyeato enter with ancommand line parameters. Wever, you should check
your simulator settings either on PCSg@mstatus bar or the simulator setting dialog box before you load
your program. @ view or change PCSpim settings in the simulator setting dialog box, Steatator
>Settingsfrom the menu bar

It is very important to set the simulator in the correct setting for your program. PCSpim determines ho
to load and he your program xecutes from these settings, so an incorrect setting may cause errors when
you run your program. If the simulator setting is incorrect and the program is unable to load correctly
PCSpim allavs you to change the simulator settings and reload your program. If goutw change
PCSpim settings after you load your program, you should reload your program by seb@titator
>Reloadfrom the menu bar

The following paragraphs describes the operation of each of the settings in the simulator setting dialog
box shavn in Figure A.2. Most of the functions are similar to SPIM, its counterparts in the terminadaterf
version without the graphical intede.

¢ Display
You can select to wethe reister contents in decimal ortidecimal notation. If the check bex for

general rgisters or floating point ggsters are selected, a check mark will appear and gisterecon-
tents will be displayed in k@ecimal notation.

* Save window positions



[0x00400000] 0x&40000 W $4, 0 ($29); 89w $a0, O($sp)

The first number on the line, in square betskis the headecimal memory address of the instruction.
The second number is the instructeonumerical encoding, am displayed as a kadecimal numbeiThe
third item is the instructios’ mnemonic description. Ewthing folloving the semicolon is the actual line
from your assembly file that produced the instruction. The number 89 is the line number in that file. Some-
times nothing is on the line after the semicolon. This means that the instrueSgoreduced by SPIM as
part of translating a pseudoinstruction.

To run your program, click on th@o button in the toolbarAlternatively, you can selecdimulator>Go
from the menu bafYour program will bgin execution. If you vant to stop thex@cution of your program,
selectSimulator>Break from the menu baAlternatively, you can typeControl-C when PCSpim applica-
tion windaw is in focus. A dialog box will appear and ask if yoanvto continue>ecution. SelecNo to
break the wecution. Before doing athing, you can look at memory andyigters contents in the Bister
display windav to find out what your programas doing. When you understand what happened, you can
either continue the program by selectBighulator>Continueor stop your program by selectiGimulator
>Breakfrom the menu bar

If your program reads or writes from the terminal, PCSpim pops up anothemwiadied the console.
All characters that your program writes appear on the consoleyandhéng that you type as input to your
program should be typed in this wivdo

Suppose your program does not do what yqeet. What can you do? SPIM hastfeatures that help
dehug your program. The first, and perhaps the most useful, is single-stepping, whishyalloto run your
program an instruction at a time. Sel&imulator>Single_Stepto execute only one instruction. Alterna-
tively, you can press the F10 functiogyko single step. Each time you step through a program, PCSpim will
execute the nd instruction in your program, updates the displayd returns control to youoM can also
choose the number of instructions in your program to step by sel&atngator>Multiple_Stepinstead of
single stepping through your program. A dialog box will appear and ask you the number of instructions to
step.

What do you do if your program runs for a long time before tlyeabises? du could single-step until
you get to the lng, hut that can ta& a long time, and it is easy to get so bored and inatethiat you step
past the problem. A better alternatis to use a breakpoint, which tells PCSpim to stop your program imme-
diately before it gecutes a particular instruction. Sel&imulator>Breakpointsfrom the menu bafThe
PCSpim program pops up a dialog box windasith two boxes. The top box is for you to enter breakpoint
address and the second box is a list oivadireakpoints. yipe in the first box the address of the instruction
at which you vant to stop. Qrif the instruction has a global label, you can just type the name of the label.
Labeled breakpoints are a particularly wemient vay to stop at the first instruction of a procedureadtu-
ally set the breakpoint, and click on thgtbn labelecdAdd When you are done adding breakpoints, click on
the tutton labeledClose You can then run your program.

When the simulator is about tgexute the breakpointed instruction, PCSpim pops up a dialog box with
the instructiors address and asks if yoamt to continue thexecution. TheYeshbutton continues running
your program and thio button stops your program. If youant to delete a breakpoint, you can se®int-
ulator->Breakpointsfrom the menu barclick on the address in the dialog box, and click on &b
labeledRemae

Single-stepping and setting breakpoints will probably help you findyarbyour program quicklyHow
do you fix it? Go back to the editor that you used to create your program and change your source file. After
you have made the changes to your source file, simply reload it into PCSpinirfdoMg by choosingim-
ulator->Reload<filename>from the menu baiThis causes PCSpim to clear its memory agisters and
return the processor to the state &san when PCSpim first started. Once the simulator has reinitialized
itself, it will reload your recently modified file.



-asm Simulate the virtual MIPS machine pided by the assembléeFhis is the defult.

-pseudo Allow the input assembly code to contain pseudoinstructions. This is thétdef
-nopseudo Do not allav pseudoinstructions in the input assembly code.
-notrap Do not load the standara@eption handler and start-up code. Thiseption handler

handles eceptions. When arxeeption occurs, SPIM jumps to location 8000G30
which must contain code to service tixeeption. In addition, this file contains start-
up code that wokes the routine main. Miout the start-up routine, SPIM dias &e-
cution at the instruction labeled __start.

-trap Load the standardkeeption handler and start-up code. This is thawef
-noquiet Print a message when axception occurs. This is the deilt.
-quiet Do not print a message atoeptions.

-nomapped_io Disable the memory-mapped I/@cility. This is the defult.

-mapped_io Enable the memory-mapped l/@cflity. Programs that use SPIM syscalls to read
from the terminatannotalso use memory-mapped 1/O.

-file Load and recute the assembly code in the file.

-execute Load and recute the code in the MIPSezutable filea.out This command is only
available when SPIM runs on a system containing a MIPS processor

-s <s@>size  Sets the initial size of memorygaentsey to besizebytes. The memory gments
are named:td, data, stack, kie, and kdata. The xé& sggment contains instructions
from a program. The datagraent holds the programtata. The stack gment holds
its runtime stack. In addition to running a program, SPIM alecuges system code
that handles interrupts andoeptions. This code resides in a separate part of the
address space called tkernel The ktext sgment holds this codginstructions, and
kdata holds its data. There is no kstagnsent since the system code uses the same
stack as the programoFexample, the pair of guments -sdata 2000000 starts the
user data ggnent at 2,000,000 bytes.

-l <sey>size  Sets the limit on he large memory sgmentseay can grav to besizebytes. The mem-
ory s@ments that can gnoare data, stack, and kdata.

Loading and Running a Program

Let's see he to load and run a program. The first thing to do is to select the open file icon from the
toolbar Alternatively, you can select from the menu bite->Open A file open dialog box will appear for
you to select the appropriate assembly file. Select the appropriate assembly file and clickuttorthe b
labeledOpenin the dialog box. If simulator settings are not correct for the file, aadstté load, PCSpim
will provide you an opportunity to change simulator settings and automatically reload the file.

If you change your mind, click on thestton labeledCance] and PCSpim renwes the dialog box.
When you load an assembly file, PCSpim reesodialog box, then loads your program and resdréne
screen to display its instructions and data. If yoteh@ot done so, change thewief the four display win-
dows to a tiled format by selecting from the menu bndows->Tle. You should be able to see the pro-
gram in the &t sggment windav display

Each instruction in theekt segment windav display is shan on a line that looks lék
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Figure A.1. PCSpim$ window interface

* The Status bar section is at the bottom of the application wintiee status bar pvales information

and the current settings of the simulator

SPIM Command-Line Options

The Windows ersion of SPIM accepts the foling command-line options:

-bare Simulate a bare MIPS machine without pseudoinstructions or the additional address-

ing modes praided by the assembldmplies quiet.



Getting Started with SPIM

The rest of this appendix contains a complete and rather detailed description of SPiMldtéals
should nger concern you; heever, the sheer dume of information can obscure trect that SPIM is a
simple, easy-to-use program. This section contains a quick tutorial on SPIM that should enable you to load,
delug, and run simple MIPS programs.

SPIM comes in multiple arsions. One ersion, called spim, is a command-linevén program and
requires only an alphanumeric terminal to display it. It operatesiést programs of this type:you type a
line of tet, hit the enter &, and spim gecutes your command.

A fancier ersion, called xspim, runs in the X-wing® etvironment of the Unix system and therefore
requires a bit-mapped display to run it. xspimyaeer, is a much easier program to learn and use because
its commands are\ahys visible on the screen and because it continually displays the machisers.
Another \ersion, PCSpim, is compatible withivdows 3.1, Whdows 95, and Widows NT. The Unix, Wh-
dows, and DOS ersions of SPIM arevailable throughwwwmkp.com/cod2btm This section of the docu-
ment describes PCSpim, théntfows version of SPIM under Wdows 95.

Installation and Graphic Interface Description

To install the Vihdows \ersion of SPIM, you can @mload the installation filespimwin.&e through
wwwmkp.com/cod2btm Execute the installation file and follothe installation procedure. Inikidows 95,
you can simply actate the icon associated with the file juseléay Windows program, or you can select
Start->Runand type in the directory path and filename. The installation programxeilt and inform
you when the installation process is complete. When the installation is complete, a group foldexauith e
able file, help files, and uninstaller program is created.

To start PCSpim for Widows, you simply actiate the icon labeleBCSpim for Widowslike ary other
Windows program. Br example, in Wthdows 95, you can use seleé8tart->Programs->PCSpinfor Wn-
dows ->PCSpim for Wdowsfrom the Windows 95 task barln Windows 3.1, you can select the application
from the File Manager

When PCSpim starts up, it brings up a&awindav on your screen (see FigureA.1). The application
window is divided into four parts:

* The top section is the menu b@he menu bar alles you to seledEile operations, s&imulator set-
tings, selectMndowsviews, and obtain onlinelelp information.

* The net section bele the menu bar is the toolbdthe toolbar preides quick mouse access to man
tools used in PCSpim for Mdows.

* The lage section in the middle of the application windis the windev display section. There are
four display windavs: Rayisters, Bt Segment, Data Sgment, and Message® Thange the vie of
these four windwas, you can select a tiled werom the menu bakMndows->Tle. All of the display
windows will be empty when you firskecute the program. The folling list describes each display
window.

* The Register windov display shws the walues of all rgisters in the MIPS CPU and FPU.

* The Text Sggment windav display shws instructions both from your program and the system
code that is loaded automatically when PCSpim is running.

* The Data Sgment windw display shws the data loaded into your programemory and the
data of the programs’stack.

* The Messages windodisplay is the where PCSpim uses to write messages. This is where error
messages appear



