Line Tracer 02

- How to write Line Tracer in C -



Import Clock Library

-> Add Clock Library Files

[ic

v 1 MyProject [Active - Debug] |

#x, Binaries
[ Includes
» (= Debug
{z= targetConfigs
[ main.c
| & mspL32pd0iremd
» [€] startup_msp432p40ir_ces.c
[£] system_msp432p40irc

Mew

Show In

Show in Local Terminal

>

Alt=Shift+W »

5
:
2 Copy Ctrl+C
[} Paste Ctrl+W
3 Delete Delete

—> Click “MyProject” to activate

Select “Add Files...”



Import Clock Library

-> Select “Clock.c” and “Clock.h”
-> Copy them to the project folder

&g File Cperaticn *

Select how files should be imported into the project:

— Check “Copy fil

() Link to files

Create link locations relative to: | PREJECT LOE

Zonfigure Drag and Drop Setfings..

@ Concel

1174

”



hello world

-> Write a simple program which is printing “hello world!”

-> Run the program clicking the debug button

1#include "msp.h"
2#include "Clock.h"
3#include <stdio.h>
4

5void main(void)

61 |
7 Clock Init48MHz();
8 printf("hello world!

9}

\nrl);

Enter the function name correctly.

§@ workspace - MyProject/main.c - Code Composer Studic

File Edit Wiew Mavigate Project Run Scripts Window Help
o K- PG~ B '5&"**;":'.,*‘;"

&5 Project Explorer
~ = MyProject [Active - Debug]
1 Binaries
[ Includes
= Debug
(7= targetConfigs
[g] Clocke
Cleck.h
€] main.c
| mspd32pdbiremd
(£ startup_msp432p401r_ces.c
[£] system_msp432p40irc

TER

\

Run!!

=

|




hello world

-> You can see the output

n.c - Code Composer Studic

ols Run Scripts _Window Help
v! Bi% @ O S
B e =

S B 35 Debug
pbug] ~ &# MyProject [Code Composer Studio - Device Debugging]

abort) at exit c:105 0x00003014
exit(int)() at exit.c:94 0x00002B08
0x00002DB6 (no symbals are defined)

Click to begin the program

r_ces.c
rc
<

[8 maine x g exite

1#include "msp.h"
2#include "Clock.h"
3#include <stdio.h>

4

Svoid main(void)

ek

7 Clock_Init48MHz();

=N
10

Bl Consale

|'[[0RTE;(J')479] hello world! |

output

~ o Texas Instruments XDS110 USB Debug Probe/CORTEX_M4_0 (Suspended)

8 printf("hello world!\n");

=1

Bl

@ 2B -rOOr= 8




1. Bitwise Operation



Byte, Bit

1 Byte = 8 Bit

1bit

1 0| 1 1 1 0

278 = 256



Bitwise Operation

AND

1&1=1
1&0=0
o&1=0
o&o0=0

OR

111 =
110 =
0|1-=
0]0-=

O =) = =

XOR
121
120
0r1
o~0

© = = O



Bitwise Operation

1 0| 1 1
AND

OO0 {1 0

0| 0| 1 0

Ob10110111
&
0b00101001

0b00100001



Bitwise Operation

2l 2 2| 2
AND

100 O

2100} O

Extract specific bits



Bitwise Operation

2 | 2| 2| 2
AND

1 1 110

2 | 21 21| 0

Setting a specific bit to 0



Bitwise Operation

2 | 2 | 2
OR

0Ol 0]| O

2 | 2 | 2

Setting a specific bit to 1



Register setting




Bitwise Operation Example

1#include "msp.h"
2#include "Clock.h"
3#include <stdio.h>

4

5void main(void)

61

7 // Clock Initialization
8 Clock _Init48MHz();

9
10 // LED Init
11 P2->SELO|&= ~Bx07;
12 P2->SEL1 &= ~@x07;
18 P2->DIR |= 0x07;
14 P2->0UT &= ~@x07;
15
16 f/ Tarn On LED
17 P2->0UT |= 0boooooeol;
18}

The LEDs on the board consist of P2.0, P2.1, and P2.2.

P2->0UT

Oth bit

Oth bit: 1 -> Turn On LED

Oth bit: 0 -> Turn Off LED



Bitwise Operation Example

1#include "msp.h"

2#include "Clock.h"

3#include <stdio.h>

4 P2->0UT

5void main(void)

64 P 2l 21 2212121 21| 2
7 // Clock Initialization * * * * * * * *

8 Clock Init48MHz(); -
g - . 0th bit
10 // LED Init
[y | P2->SEL@ &= ~0x07;
12 P2->SEL1 &= ~@Xx07; 0 Le
13 P2->DIR |= Ox07; 0 blt . 1 -> Turn On LED
14 P2->0UT &= ~0x07;
15 Oth bit : 0 -> Turn Off LED
16 £/ Turn On LED
i iiF 4 P2->0UT |= 2b0000e01 ;
18}




Bitwise Operation Example

61

M N RN MNP PRPRPRP PP RPRPRRPRPRPRPRPRER
W NP OO OOV E W NE W
HJ

5void main(void)

// Clock Initialization
Clock Init48MHz();

// LED Init
P2->SEL® &= ~@x07;
P2->SEL1 &= ~@x07;
P2->DIR |= @x07;
P2->0UT &= ~@x07;

// Turn On LED
P2->0UT [= oboeoeoee1l ;

// Wait 1s
Clock_Delaylms(1009);

/f Turn Off LED
P2->0UT &= @bl111111@;

P2->0UT

*~J

Oth bit: 1 -> Turn On LED

Oth bit: 0 -> Turn Off LED

Oth bit



Bitwise Operation Example

6 {
;
8
9
10
11
12
13
14
15
16
17
18}

5void main(void)

// Clock Initialization
Clock _Init48MHz();

// LED Init
P2->SEL® &= ~0x07;
P2->SEL1 &= ~@x07;
P2->DIR |= 0x07;
P2->0UT &= ~0x07;

// LED BLUE
P2->0UT |= 0b0o000100;

P2->0UT
222 2] 2|7
an 1st Oth
0t bit : RED
1st bit : GREEN
2"d bit : BLUE




Bitwise Operation Example

61{
-
8
9
10
i
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26 }

5void main(void)

// Clock Initialization
Clock _Init48MHz();

// LED Init
P2->SEL@ &= ~@x07;
P2->SEL1 &= ~@x07;
P2->DIR |= @x@7;
P2->0UT &= ~Bx07;

// LED BLUE

P2->0UT |= 0booo00100;
// LED GREEN

P2->0UT |= @0booeooolo;

Clock_Delaylms(1000);
// How about this

P2->0UT 0bo0000100;
P2->0UT ©b00000010;

P2->0UT

2nd 1st

Oth bit : RED
1st bit : GREEN
2 bit : BLUE

Oth




Bitwise Operation Example

61
5
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24}

5void main(void)

// Clock Initialization
Clock _Init48MHz();

// LED Init
P2->SEL® &= ~@x07;
P2->SEL1 &= ~@x07;
P2->DIR |= @x07;
P2->0UT &= ~@x07;

while (1) {
if (P2->0UT & @bee1e) {
P2->0UT &= ~@ble;
} else {
P2->0UT |= @ble;
}
Clock Delaylms(10e0);

P2->0UT
? ? ? ? ? ? ?
an 1st Oth
0t bit : RED
1st bit : GREEN
2"d bit : BLUE




2. Debugging



How to Debug

To make LED Flashing

5void main(void)

6{

7 ant 1

8

9 Clock Init48MHz();
10

11 P2->SELO &= ~0x07,;
12 P2->SEL1 &= ~0@x07;

5 P2-5DIR |- oxe7; Red -> (1s) -> Green -> (1s) -> Blue -> (1s) -> Red -> ...
14 P2->0UT &= ~0@x07;
15

16 i=1;
17 while (1) {

18 P2->0UT |= i;

19

20 1<=1;

21 if (i == ex1ee0) i = 1;
22 Clock Delaylms(1000);
P3 }

P4}




Logging

#include "msp.h"
#include "Clock.h"
#include <stdio.h>

void main(void)

{

ant i;
Clock Init48MHz();

P2->SELO &= ~@X07;
P2->SEL1 &= ~@X07;
P2->DIR |= 0x07;

P2->0UT &= ~@Xx07;

i =1
while (1) {
P2->0UT |= i;

Expected Result

P2->0UT :
P2->0UT :
P2->0UT:
P2->0UT :
P2->0UT :

f9
fa
fc
f9
fa

printf("P2->0UT : %x\n", P2->0UT);

i<k=1;
if (i == ox1000) i =
Clock_Delaylms(1000);

1;

Actual Result

P2->0UT :
P2->0UT :
P2->0UT :
P2->0UT :
P2->0UT :

f9
fb
ff
ff
ff




Debugger

10
11 P2->SEL@ &= ~Bx07;
e P2->SEL1 &= ~Ox07; |  Breskpoint (Code Composer Studia) | s | Breakpoint
13 P2->DIR [ i @XQ?; < Undo Typing Ctrl+Z
14 P2->0UT &= ~0x07; o
15 Save Cirl=5
16 g = 1§ 3 Open Declaration F3
17 While ( 1} { Open Type Hierarchy F4
o, Open Call Hierarchy Cirl+Alt+H
18 P2->0UT |= l’l Quick Outline Ctrl+0
19 Quick Type Hierarchy Ctrl+T
20 1 <<= 1; Explore Macro Expansion Ctrl+#
21 if ( i == @}(19@@) Toggle Source/Header Ctrl+Tab
Show In Alt+Shift+W >
22 Clock_Delaylms(l o
] =
24 } [ Paste Ctrl+V
25 » Use Spaces for Tab




Debugger

K7 workspace - MyProject/main.c - Code Composer Studi
File Edit Wiew MNavigate Project Run Scripts W
:=f:i' - E #? - &" - - _;3 &G T
& Project Explorer <

s

T=r MyProject [Active - Debug]

@@ workspace - MyProject/main.c - Code Composer Studio
File Edit WView Project Tools Run  Scripts Window

i Bi i B2 3 2 BIER

[ Project Explorer

s

> = MyProject [Active - Debug]




Debugger

<

B W N R OO WO N O W

%3 Debug X = 3 = O
~ e MyProject [Code Composer Studio - Device Debugging]

v of# Texas Instruments XDS110 USB Debug Probe/CORTEX_M4_0 (Suspended - HW Breakpoint)

3]

main() at main.c:18 Ox0000072E
_c_int00_ncargs() at boot_cortex m.c:121 0xQ00007CC (_c_int00_neargs dees not contain frame informe

[ main.c x

P2->SEL1 &= ~@x07;
P2->DIR |= @x@7;
P2->0UT &= ~0x07;

i= 4
while (1) {
P2->0UT |= i;

i <<=
if (i == exieee) i = 1;
Clock_Delaylms(1000);

=
Il ‘=

(x)=\/ariables ¢ &9 Expressions |f}{ Registers
MName Type
(g int

Blriete 8
Value Location
1 0x2000FFFS

=

O




Debugger

ix)=Variables » 67 Expressions &4 Registers = B et o 8
Mame Type Walue Lecation

(=1 int 1 Ox2000FFFS
(x)=Variables » & Expressions il Registers S| B5 £ o B
Mame Type Walue Location

G- int 2 Ox2CO0FFFS




3. How Robot Works?



How to Upload Source Code

#include “msp.h”

#include <stdio.h>

int main() {
Init_Clock48MHz();
printf(“hello worldWn");

source code
written in CCS IDE

Our PC



How to Upload Source Code

#include “msp.h” 00101011101010
#include <stdio.h> 10100101000111

int main() {
Init_Clock48MHz();
printf(“hello worldWn");

source code machine code

written in CCS IDE only works with robot

Our PC

¥

buid & upload

build



How to Upload Source Code

#include “msp.h” 00101011101010
#include <stdio.h> 10100101000111

int main() {
Init_Clock48MHz();
printf(“hello worldWn");

source code machine code

written in CCS IDE only works with robot

Our PC

Data flows

USB Cable

00101011101010
10100101000111

TI-RSLK



How to Upload Source Code Data flows

USB Cable

#include “msp.h” 00101011101010 00101011101010
#include <stdio.h> 10100101000111 10100101000111

int main() {
Init_Clock48MHz();
printf(“hello worldWn");

(Foy Debugging)

source code machine code
written in CCS IDE only works with robot

Our PC TI-RSLK



How to Upload Source Code

Release the USB cable after
the upload is complete

#include “msp.h” 00101011101010 00101011101010
#include <stdio.h> 10100101000111 10100101000111

int main() {
Init_Clock48MHz();
printf(“hello worldWn");

source code machine code

written in CCS IDE only works with robot

Our PC TI-RSLK



4. Assignment



Bitwise Operation Example

Make the LED

Red -> (3s) -> Blue -> (2s) -> Green -> (1s) -> Red -> ...
Try changing the LED color in the order of Colors should not overlap!

Deadline: ~ 9/27 11:59 PM

Submit : LMS

You can discuss or talk in groups

Only one member of the group needs to submit.

You can submit it in file *.C when you submit it.



Getting Started with Practice

When you're done, be sure to
return it.



