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1. Overview

ARMSim is a desktop application running in a Windows environment. It allows users to
simulate the execution of ARM assembly language programs on a system based on the
ARM7TDMI processor. ARMSim includes both an assembler and a linker; when a file is
loaded, the simulator automatically assembles and links the program. ARMSim also pro-
vides features not often found in similar applications. They enable users both to debug
ARM assembly programs and to monitor the state of the system while a program exe-
cutes. The monitoring information includes both cache states and clock cycles consumed.

The purpose of this user guide is to explain how to use the tools and views' provided
by ARMSim. Therefore, the scope of the document has been limited to the features of the
simulator. It does not cover ARM assembly programming or computer architecture.
Users who are unfamiliar with these topics should consult other material, some of which
is listed in the references.

The topics in this document have been organized to provide a step-by-step introduc-
tion to ARMSim. Sections 2 and 3 begin with the features of the simulator and explain
how to customize its layout. Then, section 4 describes the most commonly used debug-
ging features and views. Finally, sections 5 and 6 conclude by detailing additional debug-
ging features, views and performance monitoring tools.
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1. In this document, a view is a window displayed by the ARMSim simulator that shows the state of some
aspect of the program being run.
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2. Features

The ARMSim toolbar and views give the user access to a variety of tools to debug and monitor ARM
assembly language programs. The following sections describe the controls provided by the toolbar and
the information displayed in the views.

2.1 Toolbar

The ARMSim toolbar provides easy access to many of the debugging features of the simulator, espe-
cially those features that allow the user to control the execution of a program. The functions of the but-
tons on the toolbar are summarized in Table 1.

Table 1. Toolbar Buttons.

The Step Into button causes the simulator to execute the highlighted instruction and move to
the next instruction in the program. If the highlighted instruction is a subroutine call (BL or BX
instruction) then the next highlighted instruction will be the first instruction of the subroutine.

Im

The Step Over button causes the simulator to execute the highlighted instruction and move to
the next instruction in the current subroutine. If the highlighted instruction is a subroutine call
(BL or BX instruction) then the program is run until the subroutine returns. Thus, unless a
breakpoint is encountered, the next highlighted instruction will be at the return point from the
subroutine call.

o
Il

The Stop button causes the simulator to stop the execution of the program.

The Continue button causes the simulator to run the program until it encounters a breakpoint,
an SWI 0x11 instruction (end of execution), or a run-time error.

The Restart button causes the simulator to start the execution of the program from the begin-
ning.

The Reload button causes the simulator to load a new version of the program file from the
hard drive and start the execution of the program from the beginning.

[ | [o] =] =

2.2 Views

The ARMSim views display the simulator’s output and the contents of the system’s storage. ARMSim
provides seven views, which are summarized in Table 2.

3. Setting up the Simulator

The appearance of ARMSim, including the location, font, and colour of the views, can be customized to
suit the user’s preferences. When the simulator is closed, the settings are remembered for next time the
user starts up ARMSim. The following sections describe how to customize ARMSim’s appearance.

3.1 Docking Windows

All of the views described in section 2.2, except the Code View, appear in docking windows (see Figure
1). Each window can be docked along any side of the application window, or it can float above the appli-
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Table 2. ARMSim Views

Code View

It displays the assembly language instructions of the program that is cur-
rently open. This view is always visible and cannot be closed.

Registers View

It displays the contents of the 16 general-purpose user registers available
in the ARM processor, as well as the status of the Current Program Status
Register (CPSR) and the condition code flags. The contents of the registers
can be displayed in hexadecimal, unsigned decimal, or signed decimal
formats. Additionally the contents of the Vector Floating Point Coproces-
sor (VFP) registers can be displayed. They include the overlapped Single
Precision Registers (s0-s31) and the Double Precision Floating Point Reg-
isters (d0-d15).

Output View It displays any text printed to standard output, plus any automatic suc-
cess and error messages produced by the simulator.

Stack View It displays the contents of the system stack. In this view, the top word in
the stack is highlighted.

Watch View It displays the values of variables that the user has added to the watch list,

that is, the list of variables that the user wishes to monitor during the exe-
cution of a program.

Cache Views

They display the contents of the L1 cache. This cache can consist of either
a unified data and instruction cache, displayed in the Unified Cache
View, or separate data and instruction caches, displayed in the Data
Cache and Instruction Cache Views, respectively, depending on the
cache properties selected by the user.

Board Controls View

It displays the user interfaces of any loaded plug-ins. If no plug-ins were
loaded at application start, this view is disabled.

Memory View

It displays the contents of main memory, as 8-bit, 16-bit, or 32-bit words.
There can be multiple memory views, each displaying a different region
of memory.

cation window. In addition, each docking window can be displayed or hidden, and each displayed win-
dow has an auto-hide option.

To move a docking window, click the title bar of the window, and drag the window to the desired
location. If multiple views have been stacked within a single docking window, select the tab with the
desired view name from the tabs along the bottom of the docking window, click this tab, and drag it to

the desired location.

To toggle a docking window between the show and hide states, select the view name from the View
menu. Alternatively, to hide a docking window that is currently displayed, click the X in the top right
corner of the docking window. To toggle a docking window between the show and auto-hide modes,
click the pin in the top right corner.
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Figure 1. Docking Windows

3.2 Fonts

To change the font, size, style, or colour of the text in a view, move the cursor into the view, click the right
mouse button, and select Font from the context menu. Then, make changes in the Font dialog box, and
click OK. To restore the original font settings, move the cursor into the view, click the right mouse but-
ton, and select Restore Defaults from the context menu. Note that Restore Defaults will also restore the
default background and highlight colours.

3.3 Colours

To change the background (highlight) colour in a view, move the cursor into the view, click the right
mouse button, and select Background Colour (Highlight Colour) from the context menu. Then, make
the changes in the Color dialog box, and click OK. To restore the original background and highlight
colours, move the cursor into the view, click the right mouse button, and select Restore Defaults from
the context menu. Note that Restore Defaults will also restore the default font settings.

The use of the highlight colour depends on context. For example, in the Code and Stack Views, it is
used as a background colour on the highlighted line, but in the Register and Cache Views, it is used as a
text colour for storage locations that have been written to.
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4. Getting Started

Using ARMSim to simulate the execution of a program on an ARM processor involves two activities—
actually running the program and observing the output. Sections 4.1 to 4.4 provide information on run-
ning programs with the simulator, while sections 4.5 and 4.6 describe two of the views available in the
simulator.

4.1 Creating a File

ARMSim accepts both ARM assembly source files that use the Gnu Assembler (gas) syntax and ARM
object files generated by the Gnu tools provided with Cygwin or CodeSourcery. ARM assembly source
files can be created using any text editor (e.g. TextPad) and must be saved with a .s filename extension.
ARM object files can be generated from ARM assembly files or C source files and must be compiled
according to the instructions in the accompanying document on “C and ARM”. For details on ARM
assembly programming consult the references.

4.2 Opening and Loading a File

To open a file, select File > Load. Then navigate to the folder in which the file is stored and double-click
the file to be opened. When a file is opened, it is automatically assembled (if it is a source file) and
linked. If the assembly and linking processes are successful, the contents of the file appear in the
Code View with the first instruction in the _start (or main) subroutine highlighted. If the contents of the
file appear in the Code View, but the first instruction is not highlighted, one must check the Output
View for compiler errors (see section 6.3).

Notes:
¢ The file to be opened must be a source (.s) file or an object (.0) file.
¢ If the file to be opened does not appear in the directory listing in the dialog box, check to make
sure that the appropriate file type has been selected.
¢ The source code cannot be edited in the Code View window, but must be changed in the original
text editor and then reloaded.

4.3 Running a Program

To run the program displayed in the Code View, select Debug > Run, or click the Continue button on
the toolbar (see Table 1). The program runs until the simulator encounters a breakpoint (see section 5.5
for an explanation of breakpoints) or an SWI 0x11 instruction (to exit the execution), or a fatal error.

4.4 Stopping a Program

To stop a program that is currently running, select Debug > Stop, or click the Stop button on the toolbar
(see Table 1). When the program has stopped, any storage locations in the Register, Cache, and Memory
Views that have been written to since the program started running are highlighted.

4.5 Code View

The Code View displays the assembly language instructions of the program that is currently active.
Next to each instruction, the simulator shows the memory address of the instruction and the binary rep-
resentation of the instruction, separated by a colon and displayed in hexadecimal format (see Figure 2).
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Figure 2. Code View

When a file is opened and successfully assembled and linked, its contents are displayed in the Code
View, as described above, and the first instruction to be executed is highlighted. When multiple files are
opened (see section 5.4), the file in which execution must start is displayed in the Code View with the
tirst instruction highlighted. The other files can be viewed by clicking on the tabs at the top of the Code
View.

4.6 Registers View

The Registers View displays the contents of the 16 general-purpose user registers available in the ARM
processor, as well as the status of the Current Program Status Register (CPSR) and the condition code
flags (the leftmost 4 bits of the CPSR, as displayed below the condition code flags in the simulator).
Additionally, the Vector Floating Point (VFP) registers are available for display in the tab labelled “Float-
ing Point”. These registers represent the 32 Single Precision registers or the 16 Double Precision Regis-
ters of the VFP. Note that these two sets of registers are overlapped.

The General Purpose Registers are selected by clicking on the “General Purpose Registers” tab in the
Registers View. The contents of the general purpose registers can be displayed in hexadecimal, signed
decimal, or unsigned decimal formats. Use the Hexadecimal, Signed Decimal, and Unsigned Decimal
buttons at the top of the Registers View to switch between display formats (see Figure 3).

When an instruction is executed using one of the step commands (see section 5.1) or when a
sequence of instructions is executed using the Debug > Run option or the Continue button (see section
4.3), any registers and condition code flags that were written to during the execution of the instruction(s)
are highlighted after the execution of the instruction(s) has finished.

The Floating Point Registers are selected by clicking on the “Floating Point” tab in the Registers
View. The Floating Point Registers can be viewed as Single Precision or Double Precision registers. Use
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Figure 3. General Purpose Registers View.

the Single Precision or Double Precision tabs at the top of the Registers View to switch between the dis-
play types (see Figure 4).

5. Debugging a Program

ARMSim provides a number of features that enable users to debug ARM assembly programs, including
execution controls to step through and restart programs, Reload and Open Multiple commands, and
breakpoints. Sections 5.1 and 5.2 describe the execution controls. Sections 5.3 and 5.4 describe the
Reload and Open Multiple commands, respectively, and section 5.5 explains how to manage break-
points.

5.1 Stepping Through a Program

To step through a program one instruction at a time, use either the Step Into button or the Step Over
button on the toolbar, or alternatively, select Debug > Step Into or Debug > Step Over.

After an instruction has been executed using either Step Into or Step Over, both the next instruction
to be executed and any memory locations in the Registers, Memory, and Cache Views that were written
to during the execution of the instruction are highlighted.

For most instructions, the results of both Step Into and Step Over are identical; however, when an
instruction is a branch to a subroutine, Step Into executes the branch and moves to the first instruction
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of the subroutine. In contrast, the Step Over executes the whole subroutine and moves to the instruction
after the branch in the original subroutine. Therefore, if a program consists of multiple files and there is
a branch from a subroutine in one file to a subroutine in another file, executing the branch using Step
Into also changes the file displayed in the Code View.
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Figure 4. Floating Point Registers View.

5.2 Restarting a Program

To restart a program, click the Restart button on the toolbar, or select Debug > Restart. Restarting a pro-
gram resets the registers, cache, and memory; it sets the program counter to the address of the first
instruction in the program; and it highlights this instruction (the next instruction to be executed).

5.3 Reloading a Program

To reload a program, click the Reload button on the toolbar, or select File > Reload. Reloading a pro-
gram loads a new copy of the file from the hard drive; it resets the registers, cache, memory, stack, and
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watches; it sets the program counter to the address of the first instruction in the program; and it high-
lights this instruction (the next instruction to be executed).

5.4 Opening Multiple Files

To open multiple files, select File > Open Multiple. Then, click the Add button in the MultiFileOpen
dialog box; navigate to the folder, in which the files are stored; and double-click the file to be opened.
Repeat the three steps in the previous sentence until all of the files to be opened have been added to the
list in the dialog box. Then, click OK to open the files. When the files have been successfully opened, the
contents of the file that contains the _start (or main) subroutine will appear in the Code View with the
first instruction in this subroutine highlighted.

To remove a file from the list of files to be opened, select the filename in the dialog box, and click the
Remove button. To remove all of the files from the list of files to be opened, click the Clear button.

Notes:

¢ The files to be opened must be ARM assembler source (.s) files, ARM object (.0) files, or a combi-
nation of source and object files.

¢ If a file does not appear in the directory listing in the dialog box, one must check that the appro-
priate file type has been selected.

¢ If the contents of the file appear in the Code View, but the first instruction is not highlighted,
check the Output View for compiler errors (see section 6.3).

¢  When the file is opened, it is automatically assembled (if it is a source file) and linked.

5.5 Breakpoints

A breakpoint is a user-defined stopping point in a program (i.e. a point other than an SWI 0x11 instruc-
tion, at which execution of a program should terminate). When a program is being debugged, break-
points are used to halt execution of the program at predefined points so that the contents of storage
locations, such as registers and main memory, can be examined to ensure that the program is working
correctly.

When a breakpoint is set and the program is run using either the Debug > Run option or the Con-
tinue button (see section 4.3), execution of the program stops just before execution of the instruction at
which the breakpoint is set (see Figure 5).

To set a breakpoint, double-click the line of code, at which the breakpoint should be set. Alterna-
tively, step through the code to the line, at which the breakpoint should be set, and then select Debug >
Toggle Breakpoint. When the breakpoint is set, a large red dot appears in the Code View next to the
address of the instruction at which the breakpoint was set.

To clear a breakpoint, double-click the line of code, at which the breakpoint is set. Alternatively, step
through the code to the line, at which the breakpoint is set, and then select Debug > Toggle Breakpoint.
To clear all of the breakpoints in a program, select Debug > Clear All Breakpoints.

Note:
* (Clear All Breakpoints clears the breakpoints in all files that are currently open.
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Figure 5. Breakpoints.

6. Additional Views

In addition to the Code and Register Views discussed in sections 4.5 and 4.6, respectively, ARMSim
includes Watch, Memory, Output, Stack, and Cache Views that enable users to observe the data trans-
fers within the system, as well as the output of the system. The following sections describe these addi-
tional views and explain any commands and settings associated with them.

6.1 Watch View

The Watch View displays the values of variables that the user has added to the watch list, which is a list
of variables that the user wishes to monitor during the execution of a program.

To add a variable to the watch list, select Watch > Add Watch. Alternatively, right-click in the Watch
View, and select Add Watch from the context menu. In the Add Watch dialog box (see Figure 6), select
the file, in which the variable appears; the label that is attached to the variable; and the display type of
the variable. If applicable, specify the integer format of the variable, and select the base, in which the
integer representation of the variable should be displayed. Click OK.

To remove a variable from the watch list, select the variable in the Watch View, and then select Watch
> Remove Watch. To remove all of the variables from the watch list, select Watch > Clear All. Alterna-
tively, right-click in the Watch View, and select Clear All from the context menu.

Notes:
¢ Although Remove Watch appears in the Watch menu, this option has not yet been implemented.

10
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¢ The Watch View does not display arrays; however, it is possible to display the first item of an
array by treating it as a scalar variable and adding it to the watch list, as described above.
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Figure 6. Adding a Watch.

6.2 Memory View

A Memory View displays the contents of main memory. In this view, each row contains an address fol-
lowed by a series of words from memory (see Figure 7).

Since the entire main memory cannot be displayed in a single Memory View, each Memory View
shows only a part of memory. The address in the top left corner of the view specifies the word, at which
the part of memory displayed in the view begins, and the size of the view determines the number of
words displayed.

To display a different part of memory, enter a hexadecimal address from 0 to FFFFFFFF into the text
box in the top left corner of the Memory View. Alternatively, use the up and down arrows beside the
text box to select lower and higher memory addresses, respectively. The contents of memory can be dis-
played as 8-bit bytes, 16-bit halfwords, or 32-bit words. Use the three buttons in the Word Size box in the
top right corner of the Memory View to switch among the three display formats.

11
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Figure 7. Memory View.

When an instruction is executed using one of the step commands (see section 5.1) or when a
sequence of instructions is executed using the Debug > Run option or the Continue button (see section
4.3), any memory locations that were written to during the execution of the instruction(s) are highlighted
after the execution of the instruction(s) has finished.

The properties of main memory, including its starting address, the stack area, and the heap area, can
be customized to suit the user’s preferences. To change these properties, select File > Preferences, and
click the Main Memory tab. Type in new values for the starting address, stack area, and heap area, or
use the arrow buttons beside each property to adjust the value of that property (see Figure 8). Click OK,
and then reload the program (see section 5.3) to refresh the Memory View(s).

Notes:

¢ If astore (STR) instruction is executed, but the value in memory does not change, check the
Cache Preferences to make sure that the Write Policy is not set to Write Back. If it is, set it to
Write Through. (See section 6.5 for information on setting the Cache Preferences.)

¢ The simulator can have multiple Memory Views, each of which displays a different region of
memory. To open additional Memory Views, select View > Memory.

¢ When the display size is set to 8-bit, the ASCII representation of each row of bytes is displayed at
the end of the row.

*  When the display size is 16-bit or 32-bit, the assignment of byte addresses is little-endian.

¢ In the Memory View, all cells that are part of the memory region allocated to the program are
shown in hexadecimal notation (e.g. E1IA03000, 00000000); cells outside the allocated memory
region are shown as question marks (e.g. ???7?????).

12
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Figure 8. Main Memory Preferences Form.

6.3 Output View

The Output View contains a row of two tabs labelled “Console” and “Stdin/Stdout/Stderr”. Selecting the
tab labelled “Console” brings a window to the front where the simulator outputs success and error mes-
sages. After the simulator has loaded the program, any assembler or linker errors are displayed here (see
Figure 9 for an example). To find the source of an error message displayed in the Output View (see Fig-
ure 9), double-click the message, and scroll up one line in the Code View. Additional information will be
displayed here such as instruction counts and runtimes.

Selecting the tab labelled “Stdin/Stdout/Stderr” brings a window to the front where output from the
user program is displayed as a result of using software interrupts (SWI instructions) to perform I/O.
Output directed to either the standard output or standard error (Stdin/Stdout) are displayed in this
tabbed window. Any request to read from the standard input device (Stdin) causes the program to
freeze until the input is provided on the keyboard; that input is echoed in this tabbed window as well.

To copy text from the one of the Output View tabbed windows, right-click in the view, and select
Copy to Clipboard from the context menu. To clear the contents of the Output View tabbed window,
right-click in the tab, and select Clear from the context menu.

13
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6.4 Stack View

The Stack View displays the contents of the system stack. In this view, the memory address of a value
and its binary representation are displayed on a single line, separated by a colon and displayed in hexa-
decimal format. Furthermore, the top word in the stack is highlighted (see Figure 10). Note that the sys-
tem stack is a full descending stack.

exparments |

1 .taxt

2 -glebal _start

3 _start:

q loop: mov 0, #0

5 bal loop

7 exit: sWi Dx11

a8 .and

Outputiview 7%
oSk

"R cutputview |5

Loading assaemhly language file C:\ARMSim.150\testFiles\experiment.s
The following assembler/loader errors occurred ..

[File:C:\ARMSim. 150\ testFiles\exparimant.s Line:ﬁ Column:10 Message:Undefined symbal A1]

End of assembler emrors

:? ;

Figure 9. Error Message.
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6.5 Cache Views

The Cache Views display the contents of the L1 cache. The cache can have different organizations. The
one used by ARMSim can be selected by the user before an ARM program is executed. The cache can
consist of either a unified data and instruction cache, displayed in the Unified Cache View, or separate
data and instruction caches, displayed in the Data and Instruction Cache Views, respectively, depend-
ing on the cache properties selected by the user.

To set the cache properties, select File > Preferences, and click the Cache tab. Then, use either the
Cache Preferences Form (see Figure 11) or the Cache Wizard to change the current cache settings, and
click OK. To restore the default cache properties, select the Restore Defaults button on the Cache Pref-
erences Form.

When using the Cache Preferences Form to set the cache properties, begin by selecting the type of
cache. Table 3 lists the available cache configurations. Then, set the size of the cache(s). Once the Cache
Size has been set, selecting a value for either the Block Size or the Number of Blocks causes the remain-
ing settings in the Cache Size box to assume the appropriate values, so that the three properties satisfy
the following equation:

Cache Size (bytes) = Block Size (bytes) x Number of Blocks

Next, select the Associativity of the cache(s). If Set Associative is selected, set the Blocks per Set,
and select a Replacement Strategy. Finally, select the Write and Allocate Policies for the Cache or Data
Cache.

8 Preferencesform. i
G.Clru.lrd-l Main Mamosy  Cache
F Unified Data and Instruction Cache?
=
A i = i -
64 7 |16 1 (4 - 1 1 = =
Cache
~ Enablesd
Cache Size Assorisiiiy Feplacement Sraiegy
Cache Sire{Ehies) Elock Size(Byies) Nuwmber of Blocks T Fully Azsocistive(1 Sety  Blocks Fer Sed ) PRandom
|256 il ;1 G ﬂ 16 il T Set Aspocisthe 1 =
= - = L - = Bound Robin
 Direct Mapped
White Falicy Allecate Policy
& Wiite Through T FRaad Allocete
VWit Back 1 Write Allocate
= Both
Fastore Dafauls ! Cache Wizerd |
Cancal E (8] 4 E
Figure 11. Cache Preferences Form.
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Table 3. Cache Configurations.

Configuration Settings

Unified Data and Instruction Cache Enable the Unified Data and Instruction Cache.

Separate Data and Instruction Caches | Disable the Unified Data and Instruction Cache, and
enable the Data Cache and the Instruction Cache.

Data Cache Only Disable the Unified Data and Instruction Cache and the
Instruction Cache, and enable the Data Cache.

Instruction Cache Only Disable the Unified Data and Instruction Cache and the
Data Cache, and enable the Instruction Cache.

No Cache Disable the Unified Data and Instruction Cache, the Data
Cache, and the Instruction Cache.

In the Cache Views, the boundaries of sets are marked by the blue square brackets along the left-
hand side of the view (see Figure 12). Each row consists of a memory address, followed by a cache block
that shows the contents of the block at this address in memory.

When an instruction is executed using one of the step commands (see section 5.1) or when a
sequence of instructions is executed using the Debug > Run option or the Continue button (see section
4.3), any cache blocks that were written to during the execution of the instruction(s) are highlighted after
the execution of the instruction(s) has finished.

When the Write Policy is set to Write Back, a dirty block is marked by a red dot to the left of the row.

To clear all of the cache blocks, select Cache > Reset. Resetting the cache purges all of the dirty
blocks, invalidates all of the cache blocks, and sets all of the cache statistics to zero. To purge all of the
dirty blocks in the cache, select Cache > Purge. This command has no effect unless the Write Policy is set
to Write Back.

To view the cache statistics, including the hit and miss rates, select Cache > Statistics. To clear all the
cache statistics, click the Reset button on the Cache Statistics display.

Note:
e The Instruction Cache is sometimes referred to as the Code Cache.

7. Some ARMSim Limitations

The ARMSim is an aid for learning the operation of the ARM architecture. It does not implement every
feature that can be found on the ARM. Some of the more important limitations are listed below.

¢ The ARM architecture supports both little-endian and big-endian access to memory. The ARM-
Sim supports only the little-endian format (the same as the Intel architecture which hosts the
ARMSim).

¢ The ARM architecture has a special mode of execution called “Thumb mode” which is intended
for embedded system applications where memory is a scarce resource. Each thumb instruction
occupies only 2 bytes. Thumb mode is not currently supported by ARMSim.
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