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Debug/Simulate an ASM Project in CCS without DSP Board

Introduction
The purpose of this document is to quickly illustrate how to debug an assembly language file using the
built in Code Composer Studio (CCS) debugger.

This tutorial will pick up where we left off in the last tutorial. Therefore you must have ex0.asm
successfully assembled with no errors or warnings. This tutorial will illustrate the basic features of the
CCS debugger and how to switch between simulated debugging and debugging on your actual lab board.

Procedure

1. This tutorial assumes that you already have CCS installed and have set your workspace folder
location on your hard disk. For more information on this topic see the tutorial
CCS_Installation_Instructions.pdf (at http://mil.ufl.edu/4744/docs/CCS_lInstallation_Instructions.pdf). ~ This
tutorial also assumes that you have completed the tutorial on creating an ASM project, where we
created a project exampleO which contained the files: ex0.asm and KG_RAM_Linkl.cmd. For
more information on this topic, see the tutorial Create. ASM_CCS_Project.pdf (at
http://mil.ufl.edu/4744/docs/Create ASM_CCS_Project.pdf).

2. Open up the exampleO project. Select the Hammer icon (the rebuild the active project) on the
toolbar to assemble and link the project. Do this to insure that there are no errors or warnings as
shown below.

5 CCS Edit - exam ple0.asm - Code C: Studio eS|
File Edit View Mavigate Project Run Scripts Window Help
B - Rv v H X5 (5 v B %3 CCSDebug (17
‘ r[\jpmject Explorer &2 E!v =0 @TIRESOLII’(E Explorer @ examplel.asm 2 | 3 board.coxml =0
L] 'g exampleQ [Active - Debug] 67 .global numl, num2,num3,num3,numé , counter,char,vall,val2,val3,results, sum 0
| s ﬁ? Binaries 63 ;
‘ > [ Includes 59
. = Debug 7@ ;**kkrrrsrrrsrrssrest pricf Introduction to CPU Model

> [8 exampled.asm

mulator (32 bits) comprised of AH (upper 16 bits) and AL (lower 16 bits)

> Lg KG_RAM _Linkl.cmd Auxiliary Register® (32 bits) comprised of AR@H (upper 16 bits) and AR@ (lower 16 bits)
[# board.coxml [Active/Default] Auxiliary Registerl (32 bits) comprised of ARIH (upper 16 bits) and ARl (lower 16 bits)
Auxiliary Register2 (32 bits) comprised of ARZH ( r 16 bits) and ARZ r 16 bits)
Auxiliary Register3 (32 bits) comprised of ARZH ( r 16 bits) and AR3 er 16 bits)
Auxiliary Register4 (32 bits) comprised of AR4H ( r 16 bits) and AR4 (lower 16 bits)
Auxiliary Register5 (32 bits) comprised of ARSH (upper 16 bits) and ARS (lower 16 bits)
Auxiliary Register6 (32 bits) comprised of AR6H (upper 16 bits) and AR6 er 16 bits)
Auxiliary Register? (32 bits) comprised of AR7H (upper 16 bits) and ARG er 16 bits)
Multiplicand Register (32 bits) comprised of T (upper 16 bits) and TL (lower 16 bits)
Product Register (32 bits) comprised PH (upper 16 bits) and PL (lower 16 bits)
(| Program Counter (22 bits) 2
Stack Pointer (16 bits) b
a5 DR Data Page Register (16 bits)
86; ST1,ST@ Status Registers (flags) R
87
838
89
9@ ;
91
Q2 jHEEEEEERRRkkkkte* FII5 Program Examples FHEEEEEEsksshdshhdihedin
a3 -text ;Program section, see the command linker file, program code
94 ;should be placed in the text section which starts at @x3@ee
95
96 _c_intoo: ;This label tells the linker where the entry (starting) point for >
4 b
B Console &2 @ﬁlgug_ﬂlfa'fﬁ'mﬁ
CDT Build Conscle [examplel]
-
***+* Build of configuration Debug for project example@ ****
C:hvtitcesvalutils\bin\gmake -k all L
gmake: Nothing to be done for “all’. 3
*##%* Build Finished ****
o* Licensed = exampled
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3. Before we begin debugging the assembly code, we will first need to modify some of the project

settings to produce map and list files.

To do this, right click on the exampleO [Active — debug]

project icon that is located in the Project Explorer window. Scroll all the way down and select
Properties. A new window should open showing all the project property tabs for project example0.

4. Select Assembler Options under C2000 Compiler. Select Generate listing file and Generate asm
extended warnings as shown in the next snapshot. This will tell the assembler to create a list file

and also to give more information if a warning occurs during assembly or link time.
Hehiil

&% Properties for exampled

[t

<

@)
(2

type filter text

Resource
General

a4 C2000 Compiler

Basic Options
Assembler Options
Command Files

Default File Extensions
Diagnestic Options
Directory Specifier

Entry/Exit Hook Options
File Type Specifier

Include Options

Language Options
Language Options: MISRA Ru
Library Functien Assumption
Optimizations

Parser Preprocessing Options
Predefined Symbols
Runtime Madel Options

C2000 Linker

Show advanced settings

Assembler Options

L.

Configuration: |Debug [ Active ]

~ | [Manage Configurations...

Keep the generated assembly language (.asm) file (--keep_asm, -k)

Source interlist

V| Generate listing file (--asm_listing, -al)
Keep local symbols in output file (--output_all_syms, -as)

Do not generate .clink for .const sections (--no_const_clink)

Assembler warnings for F281X BF flash prefetch issue (--flash_prefetch_ wam)

Simulate source '.copy filename' (--copy._file, -ahc)

Symbol names are not case-significant (--syms_ignore_case, -ac)

ViGenerate asm extended warnings (--asm_remarks, -mw}

Generate asm debug directive (--cdebug_asm_data, -mg)

Undefine assembly symbal NAME (--asm_undefing, -au)

Preprocess assembly source, expand macros. (--preprac_asm, -mx)

Simulate source include filename' (--include_file, -ahi)

Pre-define assembly symbol NAME (--asm_define, -ad)

Generate first-level assembly include file list (--asm_includes, -api)

Generate cross reference file (--cross_reference, -ax)

k=

]

k=

]

Generate assembly dependency information (--asm_dependency, -apd)

Select OK on the bottom right to effect the changes and exit the properties window.

5. Again select the Rebuild Active Project icon to assemble/link the code. Look in the Project
Explorer window; open the map file by selecting the arrow to the left of Debug and then selecting
example0.map. I have scrolled down a little in the map file for the snapshot below.
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— __ - 5
<7 CCS Edit - le0/Debug, p p - Code Composer Studio = | B il
File Edit View MNavigate Project Run Scripts Window Help
mihd R-it~iF- B iCerD~ £ #; CCsDebug (B0 7
(7 Project Bxplorer 52 | (= [5] 7 = O[5 compledasm | [ exempled.map &3 =0
= example [Active - Debug] i
4 Binaries THS32002000 Linker PC v6.8.2
il Includes >»> Linked Thu Jan 19 17:31:27 2012
(= Debug
o exampled.obj - [C2000/1e] OUTPUT FILE NAME:  <example®.out>
Q) exampled.out - [C2000/1e] ENTRY POINT SYMBOL: "_c_int®@" address: 2eeesees
) ccsObjs.opt
((SSI(S‘Dpt MEMORY CONFIGURATION
2] exampled.ist
2] exampled.map name origin length used unused  attr fill
Gmakefile || e s e
& objects.mk PAGE 8:
sourcenmk BEGIN GBOGEGRE  COGREGD2 GOBEEBEE DEEREERZ RWIX
o ) BOOT_RSVD GBOBEGE2  EOGEEB4c GOBEEBEE DEEREG4c RWIX
& subdir_nules.mk RANE WK
& subdir_vars.mk RAMLE 0B00Z00E  GOOGLOGE 0OADAROE BEOALABE RWIX
\é} examplel.asm RAMLL 88089088 20001000 00000021 0e8efdf RWIX
2 KG_RAM_Linkl.cmd RAMLZ GBOEaGRE  GOGPLEBe G0BEER12 BEERefcc RWIX
S\ board.coxm [Active/Default] RAMLS GBoEhOBE  GOGPLEB GOBEEBE: BEERETFc RWIX
u : e ZONE7A 00200008 GOOGTCOR 0OODAROR BEOBTCAE RWIX
CSM_RSVD 0e33ff58  GORE07C 0OADAROE BEOREETE RWIX
CSM_PuWL 8833fffs 2B0BEEAS 0OROBEOR BBBABEASE RWIX
ADC_CAL RWIX
IQTABLES G03fc000  0OBGOLS GOOBERE @GORELSE RWIX
IQTABLES2 B@3febSa  GEOREOSC 0OADAROE BEORGESC RWIX
FPUTABLES B@3febdc  GEOREGAd 0OADAROE BEOBEGAE RWIX
BOOTROM eB3ff27c  @OGREJ4s GOBEEBEE BEEREd44 RWIX
RESET ee3fffce  ©OOEEGO2 GOBEEBEE ©EEREERZ RWIX
)
Bl Console 5 O B &R #B-5-=0
CDT Build Console [eampled]
~1"C:/ti/cesvs/tools/ compiler/c2008/ [1b" ~1"C:/ti/ccsvs/tools/ conpiler/c208@/include” ——reread Libs o "exampled.out” .
“. /example@.obj” *../KG_RAM_Linkl.cmd”
<Linking>
‘Finished building target: exampled.out'
=2 Build Finished *=*=
[ Licensed Writable Tnsert 1:1

Repeat for the list file, exampleQ.Ist. The map file, example0.map, shows the physical addresses for
each section of code placed in DSP internal SRAM: .data, .text and .bss. The map file also shows
all the addresses of the variables that were set as global variables in the example0.asm file. The list
file, exampleO.lst, identifies all the data and program (DSP instructions) placed in each individual
section. Data variables are usually placed in the .data section while program is placed in the .text
section. Run-time results are then placed in the .bss section. Each of these sections’ physical
address is determined by the information in the command linker file, KG_RAM_Linkl.cmd. We
are now almost ready to begin debugging (stepping through) code.

6. There are two types of debugging modes that we can use: real hardware or simulated. Which one is
used is dependent on the active target configuration file. In the Create CCS Project tutorial, we
created a target configuration file to debug on the hardware. In the case of hardware debugging, we

attach our lab board to our laptop running CCS and e, —
download and step through our assembly code on the =

board. In the case of simulated debUQQiNg, WE SIEP | mowsorrmn coamione
through our assembly code using the simulated debugger
feature found in CCS. Now we will now create another | ferms Nefeerdccm

target configuration file so that software debugging will e shered ocation
begpossible g gg g Location: fexampled File System... | | Workspace...

7. To debug using the simulator, we will have to tell CCS
that our target is simulation and not our lab board. Recall
that in the last tutorial we created a new Target
Configuration file to use the XDS100
programmer/emulator and TMS320F28335 DSP. If you
double click on board.ccxml on the left you will see

‘\/'_?:' Einish ] | Cancel
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these settings. These are used to load code and debug using our lab board.

Now we will add a new Target Configuration File by pressing File = New -> Target
Configuration. Type in a filename NoBoard to remind us this target configuration is for simulation
only. Verify that the NoBoard.ccxml file is placed in our exampleO directory; if necessary, un-check
the Use default location and select /exampleO as the destination directory. Now select Finish.

Set Connection to Texas Instruments Simulator and check the Device that says F283x CPU
Cycle Accurate Simulator as shown in the snapshot below. Select Save and then you can close the
file (by selecting the X to the right of the NoBoard.ccxml below the toolbar). NoBoard.ccxml
should appear on the left in the Project Explorer window, at the bottom.

B S oy e oo e Cote Comp e St - oo |
File Edit View Mavigate Project Run Scripts Window Help
Ci~-H@ it LCRER A Ej %5 CCsDebug (1~
[t Project Explorer 52| (= [E]7 = B [8) examplediasm | [E) ecempled.map | %) "NoBoard.coml (3 =B
= exampleQ [Active - Debu .
bjgf B\:ar\esr ! Basic

il Includes

(= Debug
|mé examplel.ohj - [C2000/1e]
@ s@mpled.out - [C2000/1e]
B sz:f;t oerd erORIce. type e e Save Configuration
=] exampled.lst | F283x CPU Cycle Accurate Simulator IE/
] examplel.map 5
& makefile
& objects.mk Test Connection

General Setup Advanced Setup
This section describes the general configuration about the target.

Connection e -l Target Configuration: lists the configuration options for the targef

@ sources.mk To test a connection, all changes must have been saved, the

subdir_rules.mk cenfiguration file contains no emors and the connection type supp
. function.

subdir_vars.mk

[ exampled.asm

# KG_RAM _Linkl.cmd

#| board.coml [Default]

£ NoBoard.coml [Active]

Simulates the F283x Core in a cycle accurate manner.
Also supports a flat memary system. No peripherals are
modeled.

Note: Support for more devices may be available from the update manager.

8. Right-click the NoBoard.ccsxml file and select Set as Active Target Configuration to tell CCS we
are going to simulate debugging instead of using our actual DSP on our lab board. NoBoard.ccxml
should now be the active target configuration shown on the left in the above snapshot.

9. Finally we can start the debugger by pressing the small icon that looks like a six-legged insect
shown to the right (or by selecting Run = Debug or with the F11 key). Do so now.

A new window may pop up that says Variables | Expressions | Registers. If so, select

Registers; if not, go to View to open a window for Registers. Go to View to open J ﬁ -
and another window for Memory Browser. Expand the CPU registers icon to see the

cpu registers. i.e., ACC, P, XT, ..., XAR7, PC, IC, etc. Type 0xa000 in the field on the Memory
Browser window and set the pull-down next to this field to program. Select the downward facing
arrow in the Memory Browser window and select Default Rendering = Memory Rendering (not
Traditional).Then select go. You can see the variables that were placed into memory using the
assembler directives in the data section of ex0.asm.
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«’% CCS Debug - example0/examplel.asm - Code Composer Studio - SRACE X
File Edit View Search Project Tools Run Scripts Window Help
i [ &~ RS R F (#8 CCS Debug | B ¢
%5 Debug 2 e ] @ 3@ 3@ 0| | @ 7 7 O00= Variables | 4T Expressions | i Registers 52 I
&% eampled [Code Composer Studio - Device Debugging] Name Value Description ~
o F283 CPU Cycle Accurate Simulator 0/ TMSIZ0F283XX.0 (Suspended) ) K8 CPU Registers
= $./eempled.asm:101:1405() at exampled.asm:102 0x009002 (the entry point v W ACC 0400000000 Core Register
e 000000000 Core Register
xT 0x00000000 Core Register
XARD 0x0000A002 Core Register
XARL 0x00000000 Core Register
i XAR2 0x00000000 Core Register
8 xAR3 000000000 Core Register
i XARY 0x00000000 Core Register o
K i b
ampledasm 5% | [£] exampled.map | §) NoBoard.coml = 0| [ Memory Browser 52 - - B e Y= 0
8 Program v |  O0xa00 - NewJab
Program:0xa000 <Memory Rendering 2> 23
MOV AR®, #char Hex 16 Bit - TIStyle Hex +
MOV AR1,#sum ; sum
MOV AR2,#counter ;address of counter saved i 9x@8Aepe .data, _ data, counter -
MoV AH, #count 2x0DAGOD
MoV *AR2,AH @x80A001 numd
MoV AL, %8 @xB0AB0L 1234
P1 ADD AL,*AR® 2x0eARe2 char
INC ARB BxBBABB2  BB45 2845 BB4L BB34 GB37 BB34 BE34 BO3D BB31 G832 B33 FAB4
DEC *AR2 Bx@OABBE  wvall
B TOP1,NEQ BXBOAGOE 0020
mMov *arl,AL @xBBABBF val2
NOP iNo BxBBARBF 8208
NOP sput nst @x0eAa18 val3
;for stepping through with | @x60A010 5678 1234
@xeeAl2 edata, _Edata
;Short example? to lustra axBerAal2 0000 A00A 0A0D DAAO 0O00 DDA AOOA DADD DAGO CO0R DDA AOOO BADD DAAD
;mathematical & shift opera axBeAa20 0000 A00A DADD DAAO 0O0Q DDA AOOA DADD DAAO CO0R DDA AOOO BADD DAAD
mov DP,#data_sect>>6 ;set datapage pointer to po axBeAA2E 000G A00A BA0DD DAGO DO0R DDA AOOA DADD DAAO CO0R DDA AOOO BADD DAAD
MoV T,fvall ;load T using direct addres ™ @x20A03C 000 0000 DODD DRG0 000D DDOR BOCO DODD DROO0 OO0 DDOR BOOO DODD DRBD
. » 2x20A04A 0D0OO 0000 DODD DOOOC 000D DDOO BOCO DODD DEOC 000D DDOG BOCO DODD VRO e
B Console 2 OB Bk B-r-=0
CDT Build Console [exampled]
o° [ Licensed Writable Smart Insert 102:1

10.

11.

12.

13.

Scroll down to the PC (program counter) in the Registers window and verify that it is set to 0x9000.
This is where our code begins in ex0.asm. Begin stepping through the code by

selecting the step into arrow (circled in green on the right in the Debug window) Eredect Target Toals

that is just to the right of the red Terminate square (used to exit debugging). B, ([ J
Scroll up to ACC, XARO0-XAR2 registers (in the Registers window) and observe —
how they change when the code is single stepped. Enter 0xb000 into the memory [ ~ |( j&) G

browser. You need to also select Enable Continuous Refresh (circled in red in e £
the right snapshot) in the memory box (near the right edge) to see the memory  3* t‘& =
changes when you step your code. Step through the first example that adds three N
ASCII characters. Notice that 0x00D6 (the sum of the three characters) is written Hex 16 Bit -
into 0xb003 (which is the address associated with the sum label) after the MOV *AR1AL
instruction is run.

Single step through the remaining code and again observe the results being written into memory
locations 0xb000-0xb003.  This program will be covered in great detail during our class lectures
so it is very important to attend class to learn about the F335 addressing modes and instruction
set.

To add a breakpoint, select the line number in the asm file. You can view and delete the break
points by selecting View = Breakpoints. You can now run (the green arrow i :

. . L . . gate Project Ta
circled in red, as shown here) and it will stop at the breakpoint. You can either
run again from there or start single stepping from this point forward. J G, Y @
To see the addresses for each of the instructions, View = Disassembly. Thisis _
very useful to confirm that everything is going where you want it to. To see the ,_,E.), FIEI -
actual assembly language including the labels, select the icon in the
disassembly window immediately to the right of the “Enter location
here” box.

If you would like to run the program again, select the Reset CPU icon _‘* .

(shown to the right, circled in red) and then press the Restart icon
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(immediately to the right that shows a green arrow with a yellow arrow underneath). Check to make
sure the PC is starting again at 0x9000. A Dissassembly window may pop up which blocks the
Registers window you opened earlier. You may close this but first notice that this shows the
associated machine code for our program beginning at 0x9000. A Console window might also pop
up; you can close this as well.

To terminate the debug session, press the red Terminate square. Note: Sometimes it takes a few
seconds to exit debugging (due to CCS variables being removed from operation) so patiently wait
until CCS returns to code assembly/link mode.

FAQ Relating to ASM Debugging

1. When I re-run the debugger to execute my code, | noticed that the XAR0-XAR2 registers already
had non-zero values in them. So | zeroed them out by clicking on them and then ex0.asm did not run
properly. Why is this? What happened?

When you re-run the debugger by pressing Reset CPU and Restart, several instructions are pre-
fetched and executed due to the pipelining architecture of the CPU. Note: CPU pipelining will be
further discussed in class. Instead you should reset & restart and simply leave the registers alone
and step your code as before.

2. When I step through my code, I noticed that it sometimes takes a couple more instructions to execute
before results are actually written to memory. In other words, even though | stepped through an
instruction that moves a register value to SRAM, I don’t see memory change until a couple more
instructions are stepped.

Again | believe that this is due to the pipelining nature of the CPU. Most likely it was using the CPU
address and data bus to pre-fetch new instructions and therefore waited several cycles later to
perform the memory write cycle. This will effect when we view our results, however it is not a
problem once we are running at full speed on our board.

3. I am an engine-erd and | love this new tool. Someday | will create new products with this DSP so
that others will have to work for me. Therefore | would like to know how to debug ex0.asm on my
lab board so that | can begin experimenting with real hardware. How can | do this?

Make sure the debugger is terminated by pressing the red Terminate All icon. Next plug in your lab
board and right-click the exampleO.ccxml target configuration file and Set as Active Target
Configuration. We are telling the CCS application that we now want to use our lab board as the
target device for download/debug. Now press the debug (insect) icon as was performed earlier in
simulated mode and step code as was done earlier in this tutorial.



