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From mycourses download this pdf, dxp_Lab2_al.c, and dxp_Lab2_c1l.asm.

The purpose of this lab is to gain more familiarity with the LaunchPad board, which
is designed around a TI MSP430 microcontroller, and utilization of the Code
Composer Studio (CCS) Integrated Development Environment (IDE) - version 5.4.
You will learn how to create a software Project that can be used to produce an
executable program that allows interaction with the MSP430.

Part 1. Become familiar with the CCS IDE “build” process and debugger, and with C
code for the MSP430.

Connect the hardware to the computer and open the CCS IDE by double-clicking on

its icon: "

After a brief display of the application logo, a window appears in which you should
select as your workspace the directory you have created last time: fmlxxxx_EEEE-
420. In the lab handouts I will often refer to fmlxxxx_, but in the windows captures
you will see the initials dxp_ or cab_. If the window below doesn’t appear, you can
still choose or switch the workspace by going to: File > Switch Workspace > Other.
Use the same workspace every week, and just add your weekly projects to that
single workspace.

NOTE: In general, the computers in the EE labs are “purged” of personal files on a
weekly basis. You should make sure to back up your workspace after every Lab to
some media (online or otherwise) that you have control over.

The application window is shown below. It looks overwhelming at first glance, but
after you will start using and become familiar with it, it will not feel more difficult to
use than any other CAD tool.
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Let’s explore for a few moments the application window above. On the top you have
a selection of text-based menus, which combined with the dropdown menus cover
every available command. The most often used commands in a specific context can
be selected using icons, if you care to memorize these. Then the window is divided
into panes, which number and orientation you can change from the View menu. The
left hand-side (LHS) pane will display the project structure and associated files. The
center pane will display your source files, C or assembly. The center lower left pane
Console is equivalent to a terminal prompt. It echoes everything the application is
doing. The center lower right pane Problems contains a list of warning and errors
that the compiler/assembler may generate during their run. Finally, on the right
hand-side (RHS) the panes will usually contain helpful, context related

information. As we will continue next to create a project, build, and debug it, we will
explain the meaning and use of each new pane.

We will next create a project. A project contains all source, include, link, debug, and
any other necessary files to create a program for the MSP430. From the file menu,
choose New and then CCS Project.
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10)In the new Wlndow Choose for the pI‘O]eCt title fmlxxxx_Lab2_c1. The ‘¢’ stands for a
C project, and we will use shortly ‘a’ for an assembly project. If the default location
is your workspace, the project will be created in your workspace.

11)Leave Executable for Output type and Use default location checked. The Family is
selected by default to be MSP430. —— by
now it may show up as default too. Further, the connection is TI MSP430 USBx,
where x is the current USB port number through which the board is connected.

12)Finally, before clicking Finish make sure you select an Empty Project from the
Project templates pane.

. Click Finish.



CCS Project

Create a new CCS Project.

Project name: dxp_Lab2_c1

Output type: | Executable

[V] Use default location

Device

cation: | C\Users\dxpeee\dxp_EEEE-420-F13\dxp_Lab2_c1 Browse..

Family:  |MSP430

Variant: <select or type filter text>

v | MSP430G2553

Connection: [Tl MSP430 USB1 [Default]

» Advanced settings

type filter text

w Project templates and examples

4 ||=| Empty Projects
5 Empty Project

4 || Basic Examples
2 Blink The LED

& Empty Project (with main.c)
& Empty Assembly-only Project
& Empty Grace (MSP430) Project
& Empty RTSC Project

m

Creates an empty project fully initialized
for the selected device.

&

@

oo
(1
5l

Next = Finish ] [ Cancel

13)At this point, you should see in the LHS pane an active project with the name

fmlxxxx_Lab2_c1. Click on the + sign to unroll information about its structure and

associated files.

14)The Includes contains links to device specific include header files - remember we
have already chosen the device MSP430G2553. If you are curious to see the include
files, you can click on the + signs, but it will take a very long time to display them. Be

patient, the application may not be responsive for some time (~min.).




15)Information about the target device and emulation/debugging information is
captured in the file MSP430G2553.ccxml. This is an *.xml file for Code Composer,
hence the extension *.ccxml. You can edit it manually, i.e. using a text editor, or let
the tool take care of that. Double-click the file name. In the RHS main pane you can
mow make target configuration selections.
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&4 dxp_Blink_LED
s = dup_Lab2 €l [Active - Debug]
4 [l Includes

Basic

General Setup Advanced Setup

15 Caftifcomvd/oes_base/mspd30/in This section describes the general configuration about the target.
[ CtifeenvB/tools/compiler/msg Seai = e
4 (= targetConfigs it TI M5P430 LSEL [Default] | Target Configuration: lists the
1) MSP43062553.coml [Active] Board or Device g 1
2] readme.te brpe Per tu Save Canfiguration
& Ink_mspd30g2552.cmd MSP430G2544
#| M5P430G2553
MSPZ0GETH

KSPYING2TES Test Connection
MSP430G 2855 To test a connection, all chang

configuration file contains no «
MEP4ING2A55 function

M5P430L082
MS5P430P112

AACDA DAY
]
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16)Depending on your display resolution, you may need to scroll more or less. In the
Board or Device box you should have MSP430G2553 selected. In the Connection
box you see the USB port that was selected when you created the project. This is the
place where you can change it if the hardware connection changes. Because you
didn’t change anything there’s no need to Save at this point. Just for your
information, before closing the MSP430G2553.ccxml pane, click the Advanced
tab. Here you can see all available connections.



File Edit View Mavigate Project Run Scripts Window Help
R~ it~ F~ I ¥o o ow -
[ Project Explorer 22| 5 5 ¥ = O || 7] MSP43062553.caxml 52
7 dxp_Blink_LED . .
a é} dxp_Lab2_cl [Active - Debug] Targat Conflguratlon
4 [n)! Includes All Connections
» @ Ci/tifccsv/ces_base/mspd30/ir
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17)Now click on the Source tab. If you are xml proficient, you can change the setup at
this level. For now, | recommend you use the menus.
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[ %5 CCS Debug

7 dxp_Blink_LED
05

4 |z dxp_Lab2_c1 [Active - Debug]
4 [l Includes

1 <?xml version="1.8" enceding="UTF-8" standalone="no"?>»
2 <configurations XML_version="1.2" id="configurations_#&">

w

<configuration XML_version="1.2" id="configuration_@">

<instance XML_version="1.2" desc="TI M5P43@ USB1" href="connections/TIMSP43¢
<connection XML_version="1.2" id="TI MSP43@ USB1">»
<¢instance XML_version="1.2" href="drivers/msp438_emu.xml"” id="drivers" »
<platform XML_version="1.2" id="platform @">
<instance XML_version="1.2" desc="MSP438G2553" href="devices/M5P43@(
</platform>
</connection>
</configuration:
</configurations>

3 @ C:/tifcesvd/ces_base/mspd30/ir
3 @ Ci/tif cesvi/tools/compiler/msg
4 (= targetConfigs
% MSP430G2553. coxml [Active]
B readmete
> g Ink_msp430g2553.cmd
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1)Close the MSP430G2553.ccxml file and pane, and the cheat sheet.
19)The second file of interest is Ink_ MSP430G2553.cmd. Double click on it in the
Project Explorer pane. This file was automatically generated during the project



creation step and contains device specific linking information, a process that we will
explain later. Don’t change anything and close the file and pane.

20)Well, at this point we are missing probably the most important file: one that
contains the source code. Click on the project name in the left pane again. Now go to
File > New > Source File and “for it. Leave

everything else default.

«« New Source File L_!Eu
l Source File
Create a new source file. C |
Source folder: dxp_Lab2_cl Browse...
Source file: dxp_Lab2_cl.c
Template: [Default Co+ source template vl I Configure... s
1l
'@ [ Finish | [ Cancel |

21)Your window should look as the one below by now:
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RN~ B~ P EH PO Ej %z CCS Debug
[t Project Explorer 52 B % 7 © 0| |Cdndabaces |
{5 dxp_Blink_LED T
4 1= dxp_Lab2_c1 [Active - Debug] 4 Tidxplabd cl.c
il Includes i
(= targetConfigs

[€] dxp_Lab2_cl.c 6 */
| Ink_msp430g2553.cmd 7

4 * C(reated on: 5gp 1@, 2813
' Author: dxpeee

|| & Console 2 = 0 || Probl... 2
No consoles to display at this time. | |0 items

Bvrie

Description
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22)Copy/paste or type the code in the file dxp_Lab2_c1.c
= CCS Edit - dp_Lab2

[lle Edt Niew Mavigate Project Bun  Scmpts  Window Help

G '.'@.- i - § - o L = 1= h"ccﬂﬂebug

5 Project Explorer ] 'O 6] e Lab2 el P2

I dwp_Blink_LED
4 15 dup_LabZ el [Activ
witl Includes
targetConfigs

c dup Labl cl.c

& Ink_mspd30g2553.cmd A :
#include “mspa3@g2553.h7
int main{woid)

{
WOTCTL = WOTPW + WOTHOLD;
PIDIR |= @x@1;

for (;;)
{
wvolatile unsigned imt 1;

P1OUT *= @odl;

i = 19068;
da 1--;
while (i |= @);

El Conscle &1 4 - O || [E Problems ! o Advice
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23)Aside from the commented header, your code should look like the one above.

24)Next we will take a closer look at the source file.

25)Notice that it has a well-commented header section. Add a line after line 19 with
your name in it. This commented header section is a good example of how you
should introduce any of your future source files.

26)Save and scroll down. This is C code for the MSP430. [ am sure it generally looks
familiar, but it contains some constructs specific to the use of C for microcontrollers,
which I will explain shortly.

27)The code contains a single function main. In line 28, the watchdog timer is stopped
or disabled. Remember: if the watchdog timer is enabled, which is the default
condition for MSP430, the microcontroller has to clear it before it rolls over, i.e. the
WDT period expires, and triggers a system wide reset. The programs you will
generate in this lab are not life-critical, so we will not use the WDT. Therefore,
always remember to stop the WDT at the beginning of your code.

28)In line 29, the code sets the input/output port pin P1.0 to the output direction using
the mask 0x01 in hex or 00000001B in binary. P1DIR is the name of the direction
configuration register associated with port 1. The content of P1DIR is inclusive-OR-
ed with the mask. An inclusive OR with 0 leaves the value unchanged, whereas an
inclusive OR with 1 changes the value to 1. The inclusive OR operation symbol is: “



|=". We will learn more about digital input/output ports, and their configuration
later on in the course.

29)In line 33, the variable i is declared. The type volatile is specific for
microcontrollers, and it indicates to the compiler that it is a variable that may
appear to change “spontaneously”, with no direct action by the user program. In this
context, it prevents optimization by the compiler. More about this data type later.

30)In line 35, the value of P1.0 is toggled by XORing it with the mask 0x01. This output
pin drives LED1 on your board. Toggling the value of the output pin will turn on and
off the LED. The period or frequency of the toggle is set by a software delay loop,
which is inserted in the iteration of the infinite ‘for’ loop.

31)At this point we are ready to build, i.e. compile and link the program. Select Project
> Build All or click the hammer icon.

32)If everything goes well, you should see the following comments in the Console pane
and some 12 warnings related to missing interrupt vector handlers. Ignore these
warnings for now. However, if you see red comments, indicating errors during the
build process, you need to go back to your code and fix them. These are also listed
separately in the Problems pane. If you scroll up in the Console pane, you can follow
all steps of the building process, which essentially include compilation and
linking. More about the build process at the end of this lab handout.
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[ Project Explorer ©1 O || [€ dup_Lab2_clc &3

L LW @i

£1 Lurrently Dullt
[ dup_Elink_LED 22 ’

1S dep_Labl_cl B
il 24 #include “msp438g2553.h"
%=, Binaries

&2

il Includes 26 int main(void)

== Debug 274

= targetConfigs 28 WDTCTL = WOTPW + WOTHOLD;
) i Lab2_cl.c ) PIDIR |= oxb1;

& Ink_mspd30g2553.cmd = poey

volatile unsigned int i;
PIOUT "= 8x@l;
i = 19060;

do i--;
while (i != 8);

45 }
a1}

El Console i3 "B | ™ Problems 22 | [ Advice
COT Build Console [dxp_Lab2_c1}) 0 errors, 12 wamnings, 0 others
Bl LH BB Ge| = B ~ £ ~|| Description .
FEmMdIE #1937L-UT (ULF &. 1) UYLELLET
uninitialized Port 3 in this project. ik .
Recommend initializing all unused ports L 5103740 Interrupt vector "ADC10" doesnc =
to eliminate wasted current consumption ! D Interrupt vector "COMPARATOR:

on unused pins. ! 4-0 Intesrupt vector *“NMI" does not
'Finished b""“d:'"g target: : D Interrupt vector "PORT1" does ne
C.H?_Labz“d -out D Interrupt vector "PORT2" does nc

i O Interrupt vector "TIMERD_AD" do«
*=xx Build Finished **=* #I ) "TIMERD Al" dov ™
F] L]

4 & Warnings (12 items)
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33)So far we have worked in the CCS Edit Perspective. To download, run, and debug
the program, you need to select Run > Debug or click the bug icon. CCS opens



automatically the CCS Debug Perspective. In the upper RHS corner you can switch
perspectives at any time. Before you hit debug make sure the board is connected.
34)During the switch to the Debug Perspective you may be asked to look at or use the
ULP advisor. Click Proceed for now. Once in Debug mode your window will look
similar to this:
- CCS Debug - p Lok
ile Edit View Project Tools Run Scripts Window Help
ry- %~ [EHw @ - o~ 4~ it (B CCS Debug
tﬁDehug = O ||0d= variables 32 |&ad Expressions Wil Registers
173 B 23232 ¢ 9" ___P_ -';;.,1
4 Wal dwp_Lab2_cl [Code Composer Studio - Device Debugging] Mame Type
4 o TIMSP430 LSEL/MSP430 (Suspended - HW Breakpoint)

= main{) at dxp_Lab2_cl.c:27 0xC0OSE
_c_intd0_noeat(] at boot.c:184 0xC096 (the entry point w

b= i unsigned int

4 nr

|.c| dp_Lab2 cl.c E3
28 lified and enhan

24 ginclude "mspa38g2553.h"

26 int main(void)

WOTCTL = WOTPW + WOTHOLD;
PIDIR |= @x@1;

for (;5)
volatile wnsigned int i}

PLOUT ~= Bxel;

B Console 2
dip_Lab2_c1
MSP43@: Loading complete. Code Size - Text: 178 bytes Data: 2 bytes.
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35)In this perspective new panes are opened. The Debug pane contains information
about the debug session, similar to the C/C++ Projects pane in the C/C++
perspective. The central pane contains the code ready to be run. Notice a blue
arrow on the LHS of line 27, pointing to the current next code line ready to be
executed. The Console pane is used again to echo the steps the debugger goes
through as a result of a specific user command. The panes on the upper RHS will
contain debugging information.

36)Before we run the program we need to do a few more preparatory steps. First, click
the Registers tab. Second, select View > Disassembly. A new pane opens to the left
of dxp_Lab2_c1.c. In this, the green left column contains the address in memory, in
the center we see the contents of memory locations, and on the RHS column the
equivalent assembly code. The latter was “reverse engineered” by the debugger,
from the machine code generated by the builder (compiler and linker). The black
arrow points to the first instruction to be executed, so that means that the location
of the first instruction to be executed is 0xcO5e. There is some auto-initialization
cde further up, but we’ll ignore that for now.
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i 1%~ Ev8-PPeé- g~ i (B CCS Debug |
3&% Debug 2 = B || 9= Variables | " Expressions | #if Registers 52 =
LA NN - DIE R #E|F|rac|d
4 W dxp_Lab2_cl [Code Composer Studio - Device Debugging] Value Description
a B TIMSP430 USB1/MSP430 (Suspended - HW Breakpoint) Special_Function

= main() at dxp_Lab2_c1.c:27 0xCOSE ADC10

= _c_int00_noexit() at boot.c:184 0xC096 (the entry point w System_Clock

Comparator_A

Flash

Port 1 2

i P1IN Port 1 Input [Memory Ma

$ P1OUT Port1 Qutout IMemory .. ™
| k

101
oio
101
nin

]
1
0
i

< | NIy

[€] dxp_Lab2 cl.c 22
B O, ...~

Enter location here
for (33) INE (3C5L3)
$CSL5:
4838 CBAd BR # mspabi_func_epilog 2
1
main:
8321 DECD.W SP
WDTCTL = WDTPW + WDTHOLD; [/ Stop watchdog time
4@B2 SABR al2e MOV.W #8x5a80, &Watchdog_Timer_WDTCTL
PIDIR |= 8x81; // Set P1.@ to output
D302 @az22 BIS.B #1,8Port 1 2 PIDIR A
[ [Tl | r

volatile unsigned int i;
PI1OUT *= @x@l;
i = 18900;

do i--;
while (i != @);

El Console 2 _--Ilflgg|_=f Bl S
dxp_Lab2 _cl
MSP43@: Loading complete. Code Size - Text: 178 bytes Data: 2 bytes.
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7)Now, scroll down and you will arrive at the end of the program at location
0xcOb0. This means that this program is 0x52 bytes long, or 82 in decimal. We will
keep this in mind for later.
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G % @ v &~ 4~ & [#5; CCS Debug 2
%5 Debug 22 = O ||69= Variables | Expressions | i Registers 2 = (]
S = S S [ S A e =R N A
a I dxp_Lab2_cl [Code Composer Studio - Device Debugging] Name Value Description -
4 EMSPBO USB1/MSP430 (Suspended - HW Breakpoint) . &% Special_Function =
= main() at dxp_Lab2_cl.c:27 0xC0SE A%4
> Bay ADC10

= _c_int00_noexit() at boot.c:184 0xC096 (the entry point w , B System_Clock

. &% Comparator_A
s B Flash
a ¥ portl2
> Wi PLIN Port 1 Input [Memory Ma
B . Aiad P1OUT - Port1 Cutout [Memorv.. ™
4 F k
[€] dxp_Lab2 cl.c 22 * =" =]

L avan = wavay

& Enter location here
for (33) cBac: 4130 RET
C$SEXIT, abort:
clae: 4383 NOP
$CHL1:
FIOUT %= 0013
-y y | c@b2:  FFFF FFFF AND.B  @R15+,@xFFFF(RLS)
;U‘i%??%' cebG:  FFFF FFEF AND.B  @R15+,@xFFFF(RLS)
o S c@ba:  FFFF FFFF AND.B  @R15+,@xFFFF(RLS)
uhilesd E0); - c@be:  FFFF FFFF AND.B  @R15+,@xFFFF(R15)
c@c2:  FFFF FFEF AND.B  @R15+,Bxffff(R15)
10 4 L[}

volatile unsigned int i;

E Console 2 > BH

dxp_Lab2 _cl
MSP43@: Loading complete. Code Size - Text: 178 bytes Data: 2 bytes.
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38)The disassembly view is very useful during the debugging process because it shows
exactly what has been written to the controller’'s memory.

39)The program can be run step-by-step, up to a breakpoint, or launched all
together. Because it has been a long way up to this point, we will let it run and enjoy
the blinking of the LED. Click on the green play button to let it run free.

40)At this point, the LED should blink at a frequency that the human eye can follow. We
will explore the features of the Debug perspective in the next project. Now, click on
the red stop button to Terminate running the program.

41)Notice that the Debug session closes automatically, but the LED keeps blinking. This
means that CCS is not in contact with the uC anymore, but the latter is still running
the program that has been written to its flash memory. In fact, because the program
was burned into the non-volatile flash memory, even if you disconnect and
reconnect the power, or reset the microcontroller, it will still run the same program.

42)Right click on the project name in the Projects pane, and close it. Your display
should now look similar to this:
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dxp_Lab2_cl - _; = = CH~ 0 ttems

=

MSP438: Loading complete. » || Description
Code Size - Text: 178 bytes
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43) Part 2. Become familiar with the CCE IDE “build” process and debugger, and with
assembly code for the MSP430.
44)At this point, we will create a second project, in which we will import assembly code
that turns on and off the LED. To create a new project, follow the same steps from
rt 1, and name the new project dxp_Lab2_al. Make sure to _p

e iy

as shown below.



R ]
CCS Project - Tgy,
Create a new CCS5 Project. @

Project name:  dxp_Lab2_al

Output type: | Executable ']

[V| Use default location

Lacation: | C:\Users\dxpeee\dxp_EEEE-420-F13\dxp_Lab2_al Browse...
Device
Family:  |MSP430 -
Variant: <select or type filter text> « | MSP430G2553 'r]
Connection: [Tl M5P430 USEL [Default] v]

» Advanced settings

w Project templates and examples

type filter text Creates an empty assembly-only project  +

r E' Egiy Phiecs = fully initialized for the selected device.

[& Empty Project
[ Empty Project (with main.c)
' Empty Assembly-only Project |
[& Empty Grace (MSP430) Project
[& Empty RTSC Project

a ||| Basic Bamples
& Blink The LED | -

m

® < Back Next > [ Einish ] [ Cancel

45)Once you create the project, CCS will automatically create for you an assembly
template source code file called main.asm.
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[ Project Explorer 0 = 0O |5 mainasm &1

& dxp_Blink_LED
4 |25 dup_Lab2 al [Active - Debug]
pp! Includes
= targetConfigs 5 .cdecls C,LIST, "mspa3e.h”

& Ink_mspd30g2553.cmd
15 main.asm ' _taxt
5] dwp_Lab2 cl 1@ .retain

.retainrefs

mov.w #_ STACK_END,SP
mov.w  #WDTPW|WOTHOLD, BRDTCTL

ointer definition

-global __ STACK_END
.sect .stack

B Console 2 w ba| = B~ ~ = 0| R Poblems =

v | dup_Lab2 <1 0 tems
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11y retain any

references to

46)Copy/paste or type the main loop code as shown below. Make sure you copy/paste
all the way down to the last line (line 63 - .short RESET). For completeness copy
also the header. Notice that the comments in the assembly source file follow a
semicolon, and not two forward slashes. The first line of actual code is line 23.
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4w AT B i iE e

L5 Project Explorer 22 = 8 || 5] main.asm 53

= 21 ; Modified and enhanced for the LaunchPad I::,

= -
L7 dxp_Blink_LED 3 .cdecls C,LIST,"mspa3a.h”

4 1= dxp_lab2_al [Active - Debug]
+ [t Includes 53
. (= targetConfigs 6 .text semble into program memory
. [ Ink_mspa30g2553.cmd .retain ; Override ELF conditiona inking
o = : ; and retain current sec
- [S) main.asm .retainrefs ; Additionally retain any ctions
1T dxp_Lab2 1 3 ; that have references to current

33 RESET mov.w  #_ STACK END,SP 3 ize stackpointer
34 StopWDT mow.w  #WDTPW|WDTHOLD,&8WDTCTL ; St vatchdog timer

36 ;

9 SetupP4 is. #8@1h,&P1DIR
#@x12EF,rl12
rl3
ri4
rl5
ri2,rl3
rl2,rl4
ri2,rls 5
47 Mainloop xor. #881['1,&P10UT ; Toggle Pl1.@

El Consale 2 w Bl = B~ 5~ = O||[EL Problems 52 | ' Advice

dxp_Lab2 _cl 0 items
M5P43@: Loading complete. Code Size - “ || Description
Text: 178 bytes Data: 2 bytes.
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47)As you can see, assembly language code is more rigid than C. The code is divided
into sections. In CCE the program is listed in the section .text. This is called an
assembler directive. We will learn about other sections and directives later.

48)Note: Other assemblers may have different directives and conventions. A good and
immediate example is the IAR assembler, for which most assembly code in your
textbook has been written. IAR is a third party that provides assemblers and
compilers for a very large number of processors and microcontrollers, including the
MSP430. As you can see, the generation of assembly code is not standardized, which
is a drawback for the user/programmer. Porting the code from one IDE to another
requires slight modifications.

49)As discussed in the lecture, a line of code usually consists of four parts: a label, an
operation, operands, and comments. With reference to line 33, the label is RESET,
the operation is indicated by the instruction mnemonic mov.w, the one source
operand is the immediate value #300h, the destination operand is the Stack Pointer
(SP) register, followed by comments after the semicolon. The label is optional. Itis
most often used as a target for jump/branch instructions. For example, the jmp on
line 51 will jump back to the instruction on line 47. The assembler will replace the
label Mainloop with the address of xor.b. The instruction mnemonic is essentially
an abbreviated code name, meant to be easily understood by the programmer and
reader of the code.



50)Let us now analyze the code line by line.

51)In line 33, the stack pointer is initialized. Details about its use are given in the
lectures.

52)In line 34, the watchdog timer is stopped or disabled, for reasons explained before
and in the lecture.

53)In line 39, port pin P1.0 is set to output direction. The uC UG contains on pages 62
and 63 the list of all MSP430 instructions, core and emulated, in alphabetical
order. In this list you'll find the bis.b instruction, which effectively implements the
bitwise OR function. It is called bis and not or, because the architects of the
instruction set considered it easier to remember it in the context it is usually used:
to set bits. Its counterpart instruction is bic.b, which is used to clear bits, using a
bitwise AND.

54)In line 47, the Mainloop starts with the toggling of P1.0 through an XOR with the
mask 001h. To toggle with a frequency the human eye can follow, the toggling is
delayed using a software-based timer/counter. This is implemented as follows:

55)In line 48, register R15, which is a general data register in the register file, is loaded
with the value 50000 in decimal.

56)Then, in line 49 R15 is decremented, i.e. 1 is subtracted from its current content.

57)In line 50, its current content is compared to 0. If it is not 0, the execution jumps
back to line 49. This two-instruction sequence will therefore be executed 50,000
times. Once R15 has been decremented down to 0, the execution of the program
will continue past the jnz instruction. You can read about its operation in the
instruction set list.
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L5 Project Explorer 22 = B || [S] main.asm &3
B V| 7
157 dxp_Blink_LED ;”

o . 9 bis. #0801h,&P1DIR ; PL.@ output
4 = dxp_lab2 al [Active - Debugl || 4 mov.w #8x12EF,r12 :

> [ Includes 41 clr.w r13

> = targetConfigs 42 clr.w rl4

- [ Ink_msp430g2553.cmd 43 clr.w ris

rnain.asm 44 mov.b r12,rl3
] : 45 mov.w ri2,ri4

7 dwp_Lab2_c1 a6 mov.w ri2,ri1S

47 Mainloop xor.b  #801},&P10UT ; Toggle P1.@
48 Wait mov.w  #858808,R15 ; Delay to R15
dec. R15 ; Decrement R15
jnz L1

Mainloop

.global _ STACK_END
.sect .stack

Interrupt Vectors

.sect ".reset” ; M5P438@ RESET Vector
.short RESET

El Consale 2 Ex ;_,E| 7 B~ 5~ = O| [ Problems 2 & Advice
dxp_Lab2 _cl 0 items

M5P43@: Loading complete. Code Size - -
Text: 178 bytes Data: 2 bytes.

,
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58)The above three lines of code implement a software based timer/counter. We will
see later how one can use the hardware-based timer/counter to achieve the same
delay effect. You may want to answer the following question: How can the toggle
period be increased or decreased?

59)Finally, the jmp in line 51 closes the Mainloop. While the C and assembly source

codes seem similar in size, we will see shortly that the size of the generated machine

code is very different.
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1 Project Explorer &2 ' B
= - M
3 dwp_Elink_LED

« i dep_Lab2_al

u.‘ Binaries

ne Includes

. Debug

= targetConfigs
& Ink_mspd30g2553.cnd L 5 [F) B & G| vt B = 5 || Description
"o/ INK_BApA38gaans. ema -, LIng 1217 = o
warning #18374-D: Interrupt vector ot l:‘m:":?:_’nj rtrms]. =

“TIMERI_AL" does not have an interrupt * E10201-D no suitable entry-point found; sett
handler routine. 2 Interrupt vectar "ADCI0" does nat
", /lnk_msp438g2553.cmd”™, line 122: Interrupt vector "COMPARATORA!
warning #18374-D: Interrupt wvector 4.1 Interrupt vector "MMI” dees nat h
"TIMERL_AB" does not have an interrupt J4-D Inberrupt vector "PORTL" doss not
handler routine. = P - .
* . ./1nk_msp438g2553.cmd™, line 123: Interrupt vector "PORTZ" does not
warning #18374-0: Interrupt vector "NAI" 10274-D Interrupe vector "TIMERD_AD" does
dees not have an interrupt handler -0 Interrupt vector "TIMERD_AL" does

routine. 4-[' Interrupt vector "TIMERL_AD" does
warning #18282-D: no suitable entry-point ) Inberrupt vectar "TIMERL_AL" doss

found; zetting to @ - 2
'Finished building target: Z10974-1 Interrupt vector "USCIABORY” doe:
dup_Lab2_al.out’ i [ Interrupt vector "USCLABITY" does

) Interrupt vector “WOT does not h

B Console 2 '* Problems 23 |, Advice @ Advice
CDT Build Console [dup_Lab2_a1] 0 esrors, 13 warnings, 0 others

|5 maan.asm

B3 dwp_Lab2_cl

##+* Bulld Finished **+*=

(] - 4
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60)The first warning as highlighted above refers to “no suitable entry point - into the
program - found”. Let’s click on the blue warning message number.

61)You can scroll through the explanation. In an assembly-only project, we need to
define the entry point, so that the linker knows where to have the reset vector
pointing to (similar to "main()" in a C program). We should make the recommended

ChanEe. Let’s fix it now and remember it for future Labs.

File Edit View MNavigate Project Run Scripts Window Help

i K- F-HiICE S H(E =
[ Project Explarer &2 = O || [§ main.asm 52 = m]
& = | te; 1.Bucciny I
=5 17; Texas Instruments, Inc
7 dxp_Blink_LED 18; September 2084 -
4 S dp_Lab2 al 19; Built with CCE for MSP43@ Version: 1.8 3
5 4P Binaries 28; Modified and enhanced for the 5 Kit by Dorin Patru, March 2811;
J 215 dified and enhanced for the LaunchPad by Dorin Patru, September 2813
> @l Includes
> (= Debug 23 .cdecls C,LIST,"msp438.h" ; Include device header file o
b (= targetConfigs M :
5 [ Ink_msp430g2553.cmd
o 8 mainasm E Console &2 = O ||® problems |’ Advice | @ Advice &3 =
T dxp_Lab2_c1 |CDT Build Console [dxp_Lab2_al] S
4 o) Bk B :

. ./Ink_msp43@g2553.cmd”, Line 116: warning .
#10374-D: Interrupt vector "USCIABERX" does

not have an interrupt handler routine.
*../Ink_msp438g2553. cnd”, line 117: warning How to set the entry point (example for assembly only projecty
#10374-D: Interrupt vector "TIMER8_A1" does

not have an interrupt handler routine.

Remedy

"../1nk_msp430g2553.cmd”, line 118: warning 1. Update your assembly file to include below line where RESET is the reset vector label name

#10374-D: Interrupt vector "TIMER@ AB" does B
not have an interrupt handler routine. .cdecls C,LIST, "msp430x20x2.h"

"../1nk_msp438g2553.cmd”, line 119: warning B

#18374-D: Interrupt vector "WDT" does not S : Program Start E

have an interrupt handler routine.

.global RESET : Define entry point
"../1nk_msp43@g2553.cmd”, line 128: warning =

A1 D SuLetuupL e EonS CORBARNIORAG oS RESET mov.w  #0280h, SP ; Initialize stackpointer b
,’!‘?f/Q:ZEM::4;;;_;;;?{EMZET"{:::‘;::‘:”:;MJ.HS || scopwoT mov.w  $WDTPW+WDTHOLD, éWDICTL : Stop WDT

#18374-D: Interrupt vector "TIMERL_A1" does SCEUDEL Biz.h; FO01H,ERIDIR suEazOfoutpur,

not have an interrupt handler routine. . “

“../Ink_msp438g2553.cmd”, line 122: warning Mainicop, bit.hy FO10N EP1TH ;

#10374-D: Interrupt vector "TIMERL A" does ||| 7 s=kipped lines of code

not have an interrupt handler routine. :

"../1nk_msp430g2553.cmd”, line 123: warning : Interrupt Vectors

#10374-D: Interrupt vector "NMI" does not :

have an interrupt handler routine. .sect  ".resec” ; MSP430 RESET Vector

warning #18202-D: no suitable entry-point .short RESET

[
1l LN | B P e e

n® Licensed



62)Now, right-click on the project name in the LHS pane and select ... Collapse MSP430
Linker and then Advanced Options. Select now Symbol Management. Type RESET
with capital letters in the box as shown below. This entry point name ("RESET")
needs to match the label used in your code. Essentially, the reset vector (at location
OxFFFE in the vector table), will contain the address of where the first instruction
(mov.w #0280h, SP) is located. When the MSP430 is reset, the PC will be loaded
with that address, so that the instruction word can be fetched.

'+ Propesties for dup_Lab2_al R
type filter text Symbal Management m ek
General
4 Build S ——
4 MI5P430 Compiler Configuration: |Debug | Active ] * | Manage Configurations... |
Processor Options
Optimization
Debug Options
Inchsde Options Specify a symbal map, mappang refname to defname [--symbal_mag) LN
ULP Advisar
Advanced Options
& MIP430 Linker Strip symbal table and line number entries (--ne_symtable, -5)
Basic Options B et b . P
File Seanch Path o nict localize symbaols matching pattemn (--globalze)
a Bchanced Options Scan libranes for duplicate symbaol definitions (--scan_libranes, -scanlibs)
[l
Command File Preproces Add <sym> to symbaol table as an unreschved symbel (--undef_sym, -u) LA
hagrastics
Lirker Output
Syrnibol Managernent
Funtirme Ervircnment Maloe the symbals matching pattem local (--localize)
Miscellaneaus Make all global syrmboks static (--make_static, -h)
Specily program entry point for the cutput module (--entry_point, -] RESET]
Exclude symbals matching pattern fram hiding (--unhide)
Don't make glokal symbel static if -h s specified (--make_global, -g) LN
Hide syrmbols matchang pattern [--hide)
‘ m ¥ Ho type merging in syrbolc debugging information (--no_sym_menge, -b)
———
? Show advanced settings QK |i Cancel

63)Before proceeding, let’s change the include file name to the one specifically written
for our device: msp430g2553.h. Make the change and re-build the project, this time
by going to Project > Clean. This will erase all build, link, and debug related files and
perform a clean build. In large projects, if we don’t clean, the assembler or compiler
will only rebuild files that have been changed/saved since the last build. The linker
usually has to do the whole work again. The results should look as in the capture
below.
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4= & ~ H -
{2 Project Explorer 1 =0 E
& dxp_Blink_LED ot
4 = dup_Lab2_al 19 ;  Built » r MSP43@ Version: 1,00
t‘l—h Binaries 28 ; ied and enhanced for the Kit by Dorir
B Includes B R T DRI ) B E
@ Debug 23 .cdecls C,LIST, mspd3@g2553.h"
= targetConfigs 2
& Ink_msp430g2553.cmd
15 main.asm
& dwp_LabZ_cl

ied and enhanced for the ichPad by Dorir

-global RESET
.retain
; and retain cu

.retainrefs ; Additionally

Bl Console i3 =0 .:__ Problems &5 | ' Advice & Adwvice
CDT Build Consele [dup_Lab2_al] 0 errors, 12 wamings, 0 others

LT E:"_.j Y N e = Description .
not have an interrupt handler routine.

"..f1lnk_mspa3@g2553.cmd”, line 123: warning o S = : - £
#18374-D: Interrupt vector "MMI" does not & #10374-D Interrupt vector "ADCI0" does n

have an interrupt handler routine. D Interrupt vector "COMPARATOR
"Finished building target: dxp_LabZ_sl.out' ! D Interrupt vector "NMI" does not
i + D' Interrupt vector "PORTL" does m
D Interrupt vector "PORT2" does re

4 & Wamings (12 items)

=**= Build Finished ****
L3
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64)Well so far so good. It seems we got rid of the warning related to the entry point.

65)Note: if the number of comments in the console is too high, and scrolling becomes
difficult, you can clear the console by clicking on the second icon from the left in the
Console pane header.

66)As in part 1, click the bug icon to start the Debug session and open the Debug
Perspective.
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- #r B o ¥ ¥ [ [, CC5 Deb
1 Debug &I » MIEE- &~ % 8 7 7 O e« Variables S Expressions 4 Registess I3 ] B Ctle”™
& &% dep_LabZ_sl [Code Composer Studio - Device Debugging] Blame Value Drescription
a @ EMSEII USHL‘H%PUD (Suspended) & Core Registers
= S./mainasme3d: 5750 ot mainasemn:H OO0 (the entry poink was reacher X2 Special_Function

5 apcio
b Systemn_Clock
o Companator A

4 Flash
a % Port 12
AN s Port 1 Input [Memory Ma..
i PLOUT DFF Post 1 Cutput [Memeay .
E n [ it PLOIR [iFi] Pest 1 Direction | Memary -
[ mairasm = O] 2 Disassembly L
retainrefs i Additionally retain any sections - ErFftes o< aticn hee - | 2 !.i'- -;l_; 2| r
ey C ) ) ' . Swain.aze:34: 578, RESET: -
s g 3 » cBGd: 4831 8488 MOV.H  SEnB488, 5P .
# 32 RESET wov.W ¥ STACK_END,SP i Initialize stackpointer 35 StephDT mov.w  IDTPH|WOTHOLD, BWOTCTL ¢ St4S
StopWdT mov.w  EWDTPH [WDTHOLD, SRDTCTL ;5% tchdog ti StopnlT:
cBB4:  4@HZ SABE @138 MOV.W  #BxSas8, Mwatchdog "
’ 48 Satuphd bis.h  #BElh,APIDIR : Pl
ain 1 hers SetupPd;
cBear D302 Be22 BIs.B  #1,8Fort_1 2 PIDIR
19 SetupPd bis.b  #801h,8PI0IR i P1.8 output - - L Wov.w MpddEFrL 0§ e
i m v ‘ m !
B Console 2l B-ri-=0
dup_Lab2 al

MEPA3R: Loading complete. Code Sife - Tewt: 44 bytes Data: 2 bytes.
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67)The debug perspective displays the same panes you used last. Note that the blue
arrow indicates the first (next) instruction to be executed in the source code
pane. A similar arrow indicates the same in the disassembly pane. The location of
the first instruction is now 0xc000. If you scroll down, you'll see that the last byte of
the last instruction is stored in location Oxc02a. Thus, the program is 0x2A

instructions long, or 42 in decimal.
L g - |
File Edit Yiew Propect Took RBun  Scipts #indow Help

i R - LN TR € ¥ i Bz CCE Debug |

15 Debug 11 = [ e N &= 5| e T 7 B || vasiakes |5 Expressions | 1AM Registers 11 E Firiptiga™ =0
a &8 dip_Lab2_el [Code Composer Studio - Device Debugging] Plama Wil Deicriphen

# @ TIMSP430 USELASPA3D [Suspended)
= S/main.eem: 5750 #t main.asmeH w000 {the entry point was rescher

M Core Registers
M Special_Function
M aDC10

S Systen_Clock
1 Comparates_ &

M Fuash
Mt Port 1 2
na PN (=10 Pl Input [Memaony Ma...
e PLouT BFF Pom 1 Output [Memory ...
" m g "E FIDIR [ 1] Poml Direction [Memory ... -
B ain e I T O B Digansmenily £ [
-retainrefs Additicnally tadn any thon - Eriter location here =18 "l'r-':‘l_:.'. |t
e ke 5@ X dec.w RIS : Dee .
= X = n iz
£ - 3
# 1. RESET mow.w  #_STACK_END, 5P i Initialize stackpointer codi:  BOLF o Ll““"" . b
StopkDT mou.w  EWDTPH|WOTHOLD, SHDTCTL top watchdog ti ;-5-2'- sl jnz e 13 i D
B: IFE
52 Jmy Madnloon P AgY
v FEFF FFFF AND.B  ER1Se, BxfTF(RLS)
N L EEE FE A . F §E%
10 SEtupPa bis.b  #eelh,dF1DIR P18 output - :_f fF "‘"IEE‘ 2513.’:;::5:)
f v T ’
B Console x E ol R el =
dap Labd_al

MEP438; Loading complete. Code Size - Text: 44 bytes Data: 2 bytes.
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68)The machine code generated by the compiler from C code was 82 bytes long, not
counting the initialization part. If we count the latter, which started at location
0xc00, then the length of the C program is 0xb0 or 176 bytes. Thus, at least from a
size point of view, the machine code generated in this example from assembly
source code is about four times smaller, i.e. more efficient, than the machine code
generated from C source code. While the relative machine code size varies for
different programs, and also between different programmers and programming
styles, the balance is always in favor of assembly. The reduction in machine code
size has further implications: a smaller code size will require a smaller program
memory. In turn, a smaller program memory allows the selection of a smaller and
cheaper microcontroller family member, which eventually will also consume less
power. These are highly desirable design goals in embedded systems.

69)0n the other hand, writing C code is faster and in general easier to port. Throughout
this lab we will compare the two programming styles, and highlight the advantages
and disadvantages of one and the other approach. Finally, we will show that
assembly can be mixed with C code, producing the best results of both worlds.

70)At this point we could launch the program to run free. Instead, let’s learn a little bit
more about the use and capabilities of the debugger. Place the mouse cursor to the
left ofthe number line 40 and double-click on it. The result is shown below:

File Edit View Project Tools Run Scripts Window Help

] <2 - il d- LR [ (¥4 CCS Debug 2
¥ Debug 52 g |2 @3 @ o e & € 7 T O |09 Variables | &1 Expressions | ¥ Registers 2 0| P|rit|ea~ =0
4 I dxp_Lab2_al [Code Composer Studio - Device Debugging] Mame Value Description -

4 of® TIMSP430 USB1/MSP430 (Suspended)

i o ,,,.,‘ CoreReg\sters
= S./main.asm:34:575() at main.asm:34 0xC000 (the entry point was reachec

. B Speclal Function
> fift ADCI0
& System_Clack
. i Comparator_A
- B} Flash

a fi Port 12
ae PLIN 0:06 Port1 Input [Memory Ma...
i PLOUT 0xFF Port 1 Qutput [Memory ...
4 e 3 - 1548 P1DIR 000 Port 1 Direction [Memory ... -

[§] main.asm 2 = O |2 Disassembly 3 =8

that have reterences to current = Enter Bicationiess < ‘ & iy ‘ 2 @l o Y
------------------------------------------- - $../main.asm:34:57%, RESET: -
mov.w # STACK END,SP = > coBa: 4831 @488 MOV. W #Bx@48@, 5P
MoV . W #’NDTPN|NDTHDLD,&NDTCTL H 35 StopWDT MOV . W #’NDTPN‘NDTHDLD)&NDTCTL =31
StopWDT:
E c@Bd: 4862 5A3@ @128 MOV W #08x5a3@, &atchdog ~
pan SetupP4 bis.b  #@81lh,&P1DIR ; P1
SetupPa:
18 SetupP4 bis.b  #@8@1h,&P1DIR ; P1.8@ output c@da: D3D2 8822 BIS.B  #1,&Port_1 2 PIDIR
41 mov.w #@x12EF,rl2 - - 41 mov.w #Ox12EF,rl2 1 i
an P 5 - smme e imiiii  um e e oman
« = m b < I 3
B Console 2 uL,E|=”E'.:"j'=E|
dxp_Lab2 al

MSP43@: Loading complete. Code Size - Text: 44 bytes Data: 2 bytes.
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71)You have just set a breakpoint, which is also visible in the Disassembly window. If
we now let the program run, it will run up to this breakpoint only. Click the green
play button and you’ll see that only two instructions are executed, i.e. up to the
breakpoint you have set on line 40.
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4 W) dxp_Lab2_sl [Code Composer Studio - Device Debugging] Mame Value Description -
4 o TIMSP430 USBL/MSP430 (Suspended - HW Breakpoint)

> s} Core Registers
= $§./main.asm:34:575() at main.asm:40 0xC00A (the entry point was reaches

& Special_Function 3
. & ADCI0
. B System _Clock
. &% Comparator_A

% Flash
4 24 port1.2
. 52 PLIN 006 Port1 Input [Memaory Ma...
> 44 PLOUT 0xFF Port 1 Output [Memory ...
4 [T} r : 4% PLDIR 000 Port 1 Direction [Memory ... -
[8] main.asm 2 = 0|z Disassembly 32 =0
i stk bt i R e - Enter location here - ‘ &) By ‘ = @l (@i [mof ™
33 SetupPd: A
34 RESET mov.w #__STACK_END,SP 5 ¥ c@la: D3D2 e.22 BIS.B #1,&Port_1_2 PIDIR
35 StopWDT mov.w  #WDTPW|WDTHOLD,&WDTCTL ; 41 mov.w #8x12EF,rl2 ] E
36 cege: 483C 12EF MOV . W #@x12ef,R12
-------------------------------------------- £ 4z clr.w ri3
F c@12: 4380 CLR.W R13
O e e S e e e e S e R 2 43 clr.w ria
43 SetupP4 bis.b  #@@lh,&P1DIR 3 Pl.@ output cels: 438E CLR.W R14
a1 mov.w #8x12EF,r12 ; = 44 clr.w ri5 ; =
an e an = P e cen e aao
] I 3 < 1t 3
Bl Console & kB E-ri-—0

dip_Lab2_al
MSP438: Loading complete. Code Size - Text: 44 bytes Data: 2 bytes.
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72)We can also execute one instruction only, without setting a breakpoint. You can do
this in three ways:

73)Select Run > Step Into from the text menus, or

74)Use the command icon, which is the first from the left in the second set of icons in
the Debug pane header, or

75)Click F5.

76)Because the execution of the next instruction will eventually change the content of
register P1DIR, let’s check it before and after the execution of this instruction.

77)To view the content of register P1DIR, select View > Registers from the text
menus. A new pane called Registers is opened in upper right corner. You may have
it already open from last time. Click on the + sign to the left of Port_1_2. Alist of all
registers associated with these two digital input / output ports drops
down. Towards the bottom you’ll see the value 0x00 in register P1DIR.
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4 K9 dp_Lab2_al [Code Composer Studio - Device Debugging] | Name Value Description -
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b e PLOUT OxFF Port 1 Output [Memory ... [
4 1% PLDR 000 Port 1 Direction [Memory ...
7 0 P7 L
i P6 0 6 1
it PS5 0 Ps
i P4 0 P4 L
e 0 ]
it P2 0 P2
it 0 PL
it 0 PO
b Ml PUFG 000 Port 1 Interrupt Flag [Me...
b Wi PLES OxFF Port 1 Interrupt Edge Sele...
b 48 PLIE 000 Port 1 Interrupt Enable [M...
b MM PLSEL 000 Port 1 Selection [Memory ... il
[8 mainasm 2 = O ||z Disassembly 51 = {m)
31 ; that have references to current = I = [P
= by Enter location here -l & ﬁj\ 23|
| — SetupP4: A
34 RESET mov.w #__STACK_END,SP ; Initial tackpeint '_‘ » c@da: D3D2 8@22 BIS.B #1,&P0H_1_2_P1DIR‘7‘
35 StopWDT mov.w StNDTP\\J|NDTHOLD,&NDT(T1 ; Stop watchdog timer 41 mov.w #8x12EF,r12 S I
36 - c@Be:  403C 12EF MOV.W  #@x12ef,R12 =
¢ b < m ] 3
&l Console 5 Bepil# B -r-—0O
dp_Lab2_al
MSP43@: Loading complete. Code Size - Text: 44 bytes Data: 2 bytes. -
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78)If you want to see it in binary format, i.e. bit by bit, you can click on the + sign to its
left.

79)Now we are ready to step into, and see the effects of instruction bis.b on line

40. Click F5.

v
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4 &9 dup_Lab?_al [Code Composer Sbudio - Device Debugging] Bleme ‘Walue Diescription =
a o TIMEPED LUSEL/MEPED [Suspended) [} 1)
= 5. /mainasm:345T50) at mainasrcd] DrCDOE (the eniry point wn reackec i [
L] P35
[ =]
L} Fi
[ P2
0 Pl
1 Fl
4 n 3 [ e Paort 1 ntemapt Flag [Me... -
& main.ssm : E5F Disassembly 11 =0
o A e . Enter location here - | & i [E]l 2|t ”
3 SetupPd: =
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80)You notice that the program has advanced to the next instruction on line 41, and PO
of P1DIR, highlighted in yellow, has changed from 0 to 1. Registers or memory
locations affected during the last run of the program are highlighted in yellow.



81)At this point, we can take a break and enjoy the blinking of the LED, so simply click
Run and the LED should continuously turn on and off.

82)Stop the debug session by clicking on the red stop button.

83) Part 3: Learn what the ‘mov’ and ‘clr’ instructions do.

84)At this point, we will concentrate on the instruction sequence on lines 41 through
47. You can find out about the effect of each of these instructions in the instruction
set list. Insert this instruction sequence in the source file opened in the debug
perspective, after you Target > Reset CPU.

85)Re-start a debug session.

86)First, set a breakpoint on line 41 and run the program to it. The old breakpoint on
line 40 is still there. If you want to delete it, double-click on it.
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87)Now, “single-step” through the additional assembly language statements and
record the contents of the registers indicated in Table 1 (found on the last page of
this document) as each instruction is executed. Include this table in your report,
which in this case may and can exceed the usual one page.

88)To see the content of these registers, scroll all the way up in the already open
Registers pane, and select the Core Registers drop-down list.

89)Terminate the debug session by clicking on the red stop button.



90) Part4. Listing files, map files and disassembly

91)It is possible to create something referred to as a “listing” file when you assemble
and link your program. This will actually indicate the binary object code (usually in
hexadecimal format) and relevant address locations in memory that result from the
assembly and linking process.

92)Assuming you are now in the CCS Edit Perspective, select the active project
name. You can produce a listing file via Project > Properties, and then Build >
MSP430 Compiler > Advanced Options > Assembler Options. Now in the assembler

options window select generate listing file.
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93)Click Apply and OK. Now rebuild the project, and then open the file
fmlxxxx_Lab2_al.lst (or main.lst), as shown below. The listing file contains header
information, and towards the end of page 13 (yes it is formatted for printing), the
code and corresponding machine code.
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94)You can also view/find this information in the Disassembly window of the Debug

Perspective.

95)Another useful file is the map file, i.e. fmlxxxx_Lab2_al.map. Compare the contents
of these two files with the information displayed in the Disassembly window in the
CCE IDE, Debug perspective. Note what a “disassembler” does and why it would be
useful information in the debugging process. The notes you take in this portion of
the lab should be included in your lab report.
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96) Appendix:

97)A behind the scenes “gentle” introduction into how an assembly level application is
“built”, or “What is the make file and how is the executable (to be downloaded)
produced?” (Hint: make is a program designed to run other programs.)

98)In general, the “build” process involves the following steps:

99)A source file containing assembly language instructions is created and edited.

100) The assembly language file is “assembled” into a re-locatable binary object
file (machine code) that the target CPU can process.
101) The object file and any other binary support files are combined into a target

specific executable file that can be run on the target system. A program called a
“linker” carries out the process of combining and resolving location references.

102) The steps can be automated by a program called make, which reads its
instructions from a “build” specific file referred to as a makefile (which is usually
what it is named). This is shown below. You shouldn’t need to change anything in
the make file, unless you know what you are doing, which requires significantly
more reading and experience.
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103) NOTE: A makefile is a very important file because it contains all the rules a
compiler or assembler and linker needs to follow in order to do the job they are
expected to. The makefile also describes the dependencies of your own code, and
when you change your code or add new files to it, which is what we are doing now,
i.e., your makefile needs to be edited. (Sophisticated makefiles can be written, which
will recognize that new files have been added, but we are starting with a simple
one.) In essence, a makefile is a list of commands that you could type in, one after
another, from a command line prompt. Since there are number of commands with a
variety of parameters as well as variety of different source files, it makes sense to
just place all the appropriate information to “build an executable target” together in
a single makefile. By creating a suitable makefile, we only need to invoke a single
utility, logically enough named make, to accomplish the same objective.

104) See http://www.gnu.org/software/make/ for more information regarding
the make process.

105) Close your project and CCS.

106) Credits:

107) Dr. Dan Phillips and his graduate student Jonathan Barnard originally
developed the original sequence of EE365 labs based on the TI MSP430
microcontroller family during 2005-2007. Until spring 2012 these labs used a
MSP430 prototyping board developed by Jason Mann and Dr. Dan Phillips.

108) In 2007 and 2008, Dr. Dorin Patru upgraded the last two labs to use the ADC.



109) In 2011, Dr. Dorin Patru updated and upgraded all labs to Windows7, and
CCE 4.2.1.

110) In 2013, Dr. Dorin Patru updated and upgraded all labs to CCS 5.4 and the TI
LaunchPad board.

111) Countless TAs and students have and continue to contribute with valuable
suggestions and corrections. The main authors wish to thank all of them.
112) This concludes this week’s lab. Remember to write the brief report and

upload it along with the project archive created above in the corresponding dropbox
on mycourses.

Table 1 - Result of Register Manipulations

Enter HEX values of specified register after each instruction is completed

PC SR R12 R13 R14 RIS

mov.w #0x12EF,rl2

clr.w,rll

clr.w,rld

mov.b rl2, rl3

mov.w rl2, rl4

mov.w rl2, riSs




