Lab2. Debugging,
Memory Access, Toggle Key



Bits & Bytes

00000000=0
00000001 =1
00000010 =2
00000011 =3
00000100 =4
00000101 =5
00000110=06
00000111 =7
00001000 =8

00000001

00000010 =
00000100 =
00001000 =
00010000 =
00100000 =
01000000 =
10000000 = 0x80 = 128

(9 thru 247)
=0x01 =1
0x02 =2
0x04 =4
0x08 = 8§
Ox10=16
0x20 =32
0x40 = 64

1111000 = 248
1111001 = 249
1111010 =250
I1T1011 = 251
1111100 =252
1111101 =253
I1T1110 =254
ITTI111 =255



Hexadecimal

0= 0000 = 0x0

1 =0001=0x1
2=0010=0x2
3=0011=0x3
4=0100=0x4
5=0101=0x5
6=0110=0x6
7=0111=0x7

8 = 1000 = 0x8&
9=1001 =0x9
10=1010=0xA
11=1011=0xB
12=1100=0xC
13=1101=0xD
14=1110=0xE
15=1111=0xF



memory.c

E memory - AtmelStudio

File Edit View VAssist{ Project Build Debug Tools Window Help

i - G | by | v v | P Ml Debug ~| Debug Browser -

’| ¥ G k |H93( ‘%|E'; m;I:':'.II:I ;

e~
S

< memory.c - 2 CiworkAtmelStudio7#memorymemoryimemory.c
#define BYTE ((unsigned char volatile * ) @)

volatile unsigned char x[18];
volatile int 1i,x2;
volatile long int x=3;

—int main()

1

x2=8x1234;
x3=8x12345678;

BYTE [0x128]=0xAB;
BYTE [0x121]=0xCD;

for (i=0;i<10;i++)

{
x[1]=1;
¥
¥
Qutput
Show output from: Build - | | e = | £ ||%a

Done executing task "RunCompilerTask".
Using "RunQutputFileYerifyTask" task from assenbly "Ci#Progran Files («BEI#Atmel #5tudiofi?. OHEXT
Task "RunOutputFileYerifyTask"
Program Memory Usage 3 316 bytes 0.2 ¥ Full
Data Memory Usage 3 18 bytes 0.4 ¥ Full
Done executing task "RunOutputFileYerifyTask".



Optimization & volatile

E memory - AtmelStudio

File Edit View VAssist{ | Project | Build Debug Tools Window
[ IR Fh ~2 W @ Show All Files
1] [ ‘ Q Set as StartUp Project

& memory Properties... Alt+F7

memoryc H X

=< memory.c =

Help
~| Debug Browser ~
T

2 CitworkiAtmelStudio7¥memorymemoryimemory.c

#define BYTE ((unsigned char volatile * ) @)

volatile unsigned char x[18];
volatile int 1i,x2;
volatile long int x3;

. . memory - AtmelStudio
—Jint main() E v

{ File Edit View VAssist{ Project Build Debug Tools Window Help
e - B-fa-2 W | | - - | P Ml Debug - Debug Browser - | P
x2=0x1234; S > | b ] | Hex %% | E-. o3 [ T = WM ATmegal28 § Noneon =

®x3=0x12345678;

memory* +# X

~ Platform: | Active (AVR) w

e Configuration: |Active (Debug)
Build Events
Device i
4 = AVR/GNU Common
Tool A General
Packs & Qutput Files
4 = AVR/GNU C Compiler
Advanced 7 General
= Preprocessor
& Symbols
A Directories
_"-d'Optimization
A Debugging
A Warnings
A Miscellaneous
4 [ AVR/GNU Linker

AVR/GNU C Compiler = Optimization

Optimization Level: None (-O0)

Other optimization flags:

Prepare functions for garbage collection (-ffunction-sections)
Prepare data for garbage collection (-fdata-sections)

Pack Structure members together (-fpack-struct)

Allocate only as many bytes needed by enum types (-fshort-enums)

[] Use rjmp/rcall (limited range) on >8K devices (-mshort-calls)



Toggle Breakpoint

= Position the cursor to the desired position
and toggle breakpoint.

E memory - AtmelStudio

File Edit View VAssist{ Project Build | Debug | Tools Window Help

0' a - - g H..F|3(,|j"l | Windows »
b > | W ) LY Ml Start Debugging and Break Alt+F5

Attach to Target

memoryc +# X

] - . Stop Debugging Ctrl+Shift+F5
= main.for ~ =0 for (i=0;i< gging is ) 5

#define BYTE ((unsigned char volatj P Start Without Debugging Ctrl+Alt+F5
Disable debugWIRE and Close
iolaile weiered hr 5% e -
volatile long int x3; Execute Stimulifile
Set Stimulifile
—i.nt main() Restart
QuickWatch... Shift+F9
x2=0x1234; Y  Step Into F11
x3=0x12345678; o Step Over F10
BYTE [0x120]=0xAB; Step Out Shift+F11
BYTE [6x121]=6xCD; A Run To Cursor Ctrl+F10
for (i=@;i<1@;i++) et Sl
{ Other Debug Targets »
x[1]=1; Toggle Breakpoint F9
} New Breakpoint »
3 Delete All Breakpoints Ctrl+Shift+F9
Q Options...
& memory Properties..




Breakpoint

art Debugging and Break

ﬂ memory (Debugging) - AtmelStudio Star
File  Edit View WAssist{ Project Build Debug Tools Window Help
(o -o|t-uruMP | RTA]D Q-] i . - ReeRuE-,
[ ] \ > > | 6 ¥ 2t kT \ Hex %4 | i@ - =l s ATmega128 JTAG on JTAGICE mkll (DOB000002822)
memory memory.c ¥ X ~ | Solution Explorer
{2 main ~[=® int mainot. ~|&Go D o-@| &=
#define BYTE ((unsigned char volatile * ) @) &+ X
Search Solution Explorer (Ctrl+;)
volatile unsigned char x[10]; i Solution 'memory’ (1 project)
velatile int 1,x2; Pl memory
volatile long int x3; =4 Dependencies
b [Ed Output Files
Hint main() P | Libraries
® € memory.c
x2=0x1234;
x3=0x12345678; =
BYTE[@x120]=0xAB;
BYTE[@x121]=0xCD;
for (i=0;i<18;i++)
1
@
}
}
v
100% ~ Solution Explorer {eTeENiES
Watch 1 >~ I X ||Memory 4
Name Value Type Memory: | prog FLASH ~ | Address: 0x000000,prog
prog B9x000080 45 ¢@ 0@ 08 53 c@ 80 00 51 <@ @0 00 4T co 80 00 4d <@
prog Bx00001A 00 00 47 c@ 00 66 A5 cO 00 60 43 c0 60 00 41 ceé 80 00
prog 9x000024 3b cO €6 80 39 ¢ 8@ 80 37 c@ 00 80 35 cO 00 88 33 o
prog 9x0000AE ©8 80 2d c® 00 €6 2b co 00 ee 29 co 08 e 27 cé 8 00
prog 9x000068 21 <@ 08 80 1f b 80 00 1d <o 00 00 1b co 00 08 19 ce
prog 0x000082 @0 08 13 c@ 00 88 11 c@ 88 60 11 24 1f be cf ef do el

Autos Locals JYEIGIEE Watch 2

Stopped

Call Stack Breakpoints Command Window Immediate Window Output [EgleE]

Ln 8

Col 1

Ch1 INS



Watch & Memory Window

= Select Watch & Memory window

E memory (Debugging) - AtmelStudio
File Edit View VAssistX Project Build | Debug | Tools Window Help

L 0-0 |B-u-TRMP| XD Windows *» | @ Breakpoints Alt+F9
[ ] ‘ > b ‘ PATR A I it Start Debugging and Break Alt+F5 &@ Data Breakpoints 4
Attach to Target @ Processor Status I
(2 main Y PY—— Stop Debugging Ctri+Shift+F5 &/ o
‘ #define BYTE ((unsigned char volati Start Without Debugging Ctri+Alt+F5 @ Live Watch
Disable debugWIRE and Close Program Counter Trace
ssten i s > oupu
volatile long int x3; Execute Stimulifile Watch 4
Set Stimulifile A Autos Ctri+Alt+V, A
= T {int wcLLilS O Restart %] Locals Alt+4
Break A Ctrl+F5 Bl Immediate Ctri+Alt+1
x2=0x1234; 6> QuickWatch... Shift+F9 = Call Stack Alt+7
AR ¢ Stepinto F11 7/ Threads Ctrl+Alt+H
BYTE [0x120]=0xAB; > Step Over F10 @ Modules Ctrl+Alt+U
BYTE [@x121]=0xCD; T Step Out Shift+F11 #*  Processes Ctrl+Shift+Alt+P
for (i=0;i<10;i++) a1 e e Memory »
{ T Reset Shift+F5 5 Disassembly Alt+8
< Other Debug Targets * | @ Registers Alt+5

} Tannla Draabnnint ca I w



Watch variables

mermory memory.c ¥ X

{2 main ~ 1@ int mainQ{..}
#define BYTE ((unsigned char volatile * ) @)

volatile unsigned char x[10];
volatile int i,x2;
volatile long int x3;

—Jint main()

2 |1

x2=0x1234;
x3=0x12345678;

BYTE [@x120]=0xAB;
BYTE [@x121]=0xCD;

for (i=0;i<10;i++)

1
o
1
100% ~
Watch 1 >+ 0 x
Mame Value Type
b 0x0100 unsigned char[10){data}@0x0100
@i 0x0000 int{data}@0x010c
@ x2 0x0000 int{data}@0x010a

@ 3 0x00000000 long{data}@0x010e



Memory 4 ~ I x
Memory: data IRAM ~ | Address: 0x0100,data < C5| Columns: Auto -

Bx0160 ©0 00 00 0B 0B 0B 60 60 60 0D 0O 0P OB OB 90 9D 80 80 6T 6e 20 4 4b Bd Ba B8 .. ... ... ... ... .... on OK... e
9x011A 88 88 57 3 7f 8b ab cd 5d 6 b fa 7b fa 75 7f 35 e5 e6 bf c8 2b dd ff fe fb .. W?..27]?77{fu.57777+27.77?
0x0134 bd fe bf 95 fb b5 78 be b5 dd 3f 32 d3 ff fa 8a dd ed ff 7 fe 71 d6 9 9c Fb ???222x?22727.2222.27q???{
Ox014E  3f 59 f5 e2 5e ec f2 3 af af df 2 f2 ff cb 8d de 63 cd ee 7 b3 bf £ 43 dd Y2 P22227?7.22°2c???7?2.C7
0x0168 ec ba 29 fa bb 5a c&6 d& 2f eb 5d 7f 9f 41 ff 72 3 ee 3f de dd a5 67 fd 15 67 ??)??Z?7/?].7A.r?272?7g%.¢g
0x0182 df f0 6f 6b fd ae ab ff f1 db f3 bd ff 7f 8f ff 77 b3 7d db fd eb df 6b df c7 ??0k??2.72277..2.w?}????2k??
0x019C ef S5e db 28 2e 5f cf 9e 33 71 37 17 eb df f4 5f fd 26 @ ef ff 1b bf 3 99 dd ?4?2(._?73q7.?72_78P7..27227
Ox01B6 45 8f d3 47 ee cb bf e7 bl fe f7 9b fd cf be fd 3 fb d7 5f f8 c9 fb 93 e9 a6 E??G?227227??222227_ 272772
8x6108 ¢l fb ce d5 ab 6c 7d ab 6T de e5 %9e ¢5 c5 d3 ed 96 ftb e7 ff fT 6d 3e da ad o7 777771} 70?7?777P777.. .m>77?7?
0x01EA af ed be 53 ff bf bd 5b b5 ¢3 7d fa cc 9c 5f b3 el c3 bd 34 e6 ff f9 fd fb £f 22?5.22[P2}??7_222747.777.
9x0284 fb el 6f @ ef b7 Be 9e 7d &8F ff db 77 fe 8d df 73 ff 3f 7f ec c3 eb bc bf a6 ?ro???.?}?.fwifPs.?. 772777
0x021E 8 ff b5 62 fe 9¢ f1 d9 cf 77 fc 7d fc bb dd ec f1 be 7d f4 b7 3 ed a7 fb 7e ?.7b???PPw?}?r??ee eeeeee~ -
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E memory (Debugging) - AtmelStudio

File Edit View WVAssistX Project Build Debug Tools Window Help

Q- | - 02 g | ! | - - | Debug Browser ~ I - | oy
B> p et T B B-- Eo@@®E. &% _% W ATmega128 | JTAG on JTAGICE mkil (00BO0D002822)

memory.c B X Solution Explorer

memory

= main.for 2 for (i=0;i<10;i++) N o-a@ L= [
#define BYTE ((unsigned char wvolatile * )} 8)

volatile unsigned char x[18]; i Solution 'memory’ (1 project)
volatile int 1i,x2; 4 memory
volatile long int x3; =d| Dependencies
P 2 Output Files
—lint main() P .2l Libraries
{ € memory.c

x2=0x1234;
%x3=0x12345678;

BYTE [0x128]=0xAB;
BYTE [6x121]=6xCD;

for (1=0;i<108;i++)

{

x[i]:i;l

Solution Explorer Eelsf=lyil=

Watch 1 Memory 4

Name Value Type Memory: data IRAM ~ | | Address: 0x0100,data

P 0}10100 R data 0x0100 ©0 00 00 00 00 00 00 00 00 00 34 12 00 80 78 56 34 12 6
@i 0x0000 int{data} @0x010c data ©x011F @b ab cd 5d f6 b6 fa 7b fa 75 7f 35 e5 e6 bf c8 2b dd f
@ x2 0x1234 int{data}@0x010a data 0x013E 3f 32 d3 ff fa 8a dd ed ff f7 fe 71 d6 f9 9c 7b 3f 59 f
® x3 0x12345678  long{data}@0x010e data 0x0150 8d de 63 cd ee e7 b3 bf ff 43 dd ec ba 29 fa bb 5a c6 d



Little Endian & Big Endian

Fegister
OAOBOCOD Memory

.Gu"iver’sTravels(,

"“EW j-.?’"' _+ a: UD
2 +1:|0C

» a+2:/0B
> +3:|0A

Little-endian
Fegister

Memory OAOBOCOD

atl: 0B | =——
at2:|0C | =
at3:(0D| -

Big-endian




memory memoryc H X Solution Explorer

= main.for = for (i=0;i<10;i++) D o-a@ | p-= [
#define BYTE ((unsigned char volatile * ) @)

Search Solution Explorer (Ctrl+;)

volatile unsigned char x[16]; i Solution 'memory’ (1 project)
volatile int 1i,x2; 4 memory
volatile long int x3; =d| Dependencies

b [=d QOutput Files
—Jint main() b gl Libraries
{ © memory.c

x2=0x1234;
%3=0x12345678;

BYTE [0x128]=0xAB;
BYTE [0x121]=0xCD;

for (i=0;i<1@;i++)
{

Solution Explorer Fafelstleit=

Memory 4
Memory: data IRAM ~ || Address: 0x0100,data

Mame Value Type —

4@ x 0x0100 unsigned char[10]{data}@0x0100 data Bx0108 ©0 @1 B2 ©3 B4 05 06 07 @9 B0 34 12 08 @8 78 56 34 12 &
@ (0] 0x00 unsigned char{data}@0x0100 data 0x811F @b ab cd 5d f6 bb fa 7b fa 75 7f 35 5 e6 bf 8 2b dd ff
@ [1] 0x01 unsigned char{data}@0x0101 data 0xB13E 3f 32 d3 ff fa 8a dd ed ff f7 fe 71 d6 f9 9c 7b 3f 59 5
@ 2] 0x02 unsigned char{data}@0x0102 data 9x@150 8d de 63 cd ee e7 b3 bf f 43 dd ec ba 29 fa bb Sa c6 dé
@ 3] 0x03 unsigned char{data}@0x0103 data 0x017C dd a5 67 fd 15 67 df 0 6f 6b fd ae ab £f 1 db f3 bd ff
@ 4] 0x04 unsigned char{data}@0x0104 data 0x0198 7 ef 5e db 28 2e 5f cf 9e 33 71 37 17 eb df f4 5f fd 26
@ [5] 0%05 unsigned char{data}@0x0105 data Ox@1BA ee cb bf e7 bl fe 7 9b fd cf be fd 3 fb d7 5f 8 c9 b
@ [6] 0x06 unsigned char{data}@0x0106 data 0x81D9 de 5 9e ¢5 <5 d3 ed 96 fb e7 ff ff 6d 3e da ad e7 af ed
@ [7] 0x07 unsigned char{data}@0x0107 data ©xB1F8 5F b3 el c3 bd 34 e6 ff 9 fd fb ff fb e1 6f o ef b7 e
@ [8] 0x00 unsigned char{data}@0x0108 data 8x0217 7f ec c3 eb bc bf a6 c8 ff b5 62 fe 9c f1 d9 cf 77 fc 7d
@[ 0 unsigned char{data}@0x0109 data ©x0236 fb 7e 5 bd 7 db db af ff df ec e9 f6 a7 3e 76 5d eb fa

@i 0x0008 int{data}@0x010c data ©x8255 ef f4 e2 39 8f a4 9d ca b9 ff df 24 ff 7d ec 73 ff 7e bf
@ 2 0x1234 int{data}@0x010a

data %0274 fd f7 fd 25 bd 89 37 df 5f fb d2 3b e3 79 1d 7b 5b ff 79



Exercise 1

= 2O memory.c O Al x H=2 & P—IS Ot cH
e &0l HEGH, & HOIX P%
=8 Ol Al LIHAHI EAlet otHS
ML, 12l 2 HOIXE At
EXE It = 0| RE &Y

volatile unsigned int x[10],




Exercise 2: Pointers Example

#include <avr/io.h>
#include <string.h>»
#include <stdio.h>
#include <stdlib.h>

—void vart_putchar(uint8_t uBData, FILE *stream )
{
while(!(UCSR1A&(1<<UDRE1))){};
UDR1 = uBData;

¥
FILE vart_output = FDEV_SETUP_STREAM{(void *)uart_putchar, NULL, _FDEV_SETUP WRITE);

const int MAX = 3;
Jint main(void)

{ int var[] = {1©, 180, 200};

int i, *ptr;

/* USART1 initialization */

UCSR1A = Bx0@;

UCSR1B = 8x98;

UCSRI1C = Bx06;

UBRR1H = 8x8@; /* baud rate 115280 UBRR1=8%/

UBRR1L = ©8x03;

stdout = &uart_output;

ptr = var; B SmarTTY - Raw Terminal

for (i=08;i < MAX; i++)

{ Connected to COM3 (115200 bps) "% X [ A T - Bau
Pf“%nf}c(::ﬁdxjr‘ESSFO:F Vaqr:é:”odl ;dfx‘éx:\n:\;r‘",‘ i:k ptr*:.l; Address of var[0] = 10f6
Ez::?;( alue of ver[Zd} = Zd\mr®, 1, “ptr); Value of wvar[0} = 10

} Address of var[1] 10f8

while(1); Value of var([1l} = 100
} Address of var[2] 10fa

Value of wvar[2} = 200




ptr = wvar;
for (i=8;1 < MAX; i++)
1
printf("Address of var[%d] = %&\n\r", i, ptr);
printf{"Value of var[%d} = %d\n\r", i, *ptr);
ptr++;
i b
@ while(1);
}
91 % ~ 4
Watch 1
MName Value Type
4 int[3]{data}@0x10f6 ([R28]+5)
[D] DxDDDa int{data}@0x10f6
@ [1] Ox0064 int{data}@0x 1018
@ [2] 0x00c8 int{data}@0x10fa

Memory: data IRAM ~ | Address: 0x10F6,data

data Ox10F6c ©a 00 64 00 c8 08 10 ff 60 62 62 62 62 62 62
data 0x118A 62 62 62 62 62 62 62 62 62 62 62 62 62 62 62
data ©x111E 62 62 62 62 62 62 62 62 62 62 62 62 B2 62 B2
data 0x1132 62 62 62 62 62 62 62 62 62 62 62 62 62 62 62



Exercise 3: Otchl KM= &t

#include <stdio.h>

#include <string.h>

int main ()

{
char strl[12]

"Hello";
char str2[12]

"World";
char str3[12];

int len ;

/* copy strl into str3 */
strcpy(str3, strl);
printf("strcpy( str3, strl) : %s\n", str3 );

/* concatenates strl and str2 */
strcat( strl, str2);
printf("strcat( strl, str2): %s\n", strl );




Sl

24
=

1

IS

Sl 0|

-

—

/* total lenghth of strl after concatenation */
len = strlen(strl);

printf("strlen(strl) : %d\n", len );

return @;

¥

When the above code is compiled and executed, it produces the following result:

strcpy( str3, strl) :
strcat( strl, str2):

strlen(strl) :

10

Hello
HelloWorld




Toggle Key

= 0Kl ZZ2 18 Key toggle2.c = I E &t
[} OtCtledE HAAHLI = &2 8t 012+ &

= S&S liz(toggle) S&0|2td otH, & X+ A
SO MA AKX S0 HO| AFIZEECH &, AKX
ESH FE2H AKX D, UAl F2H HKe=s s
OICt. Ol ZE=21&8= & oA E=2 s&0| 4
A =ot=Al =eletlh



Review: led key.c

SV
#include <avr/io.h> —_— o
int main(void) LED 330 QO
{ PAO — v
DDRA = 0x0f; PA1
210 KQ
while(1) push sw
{ e o
if (PINA & 0x02) T
{
PORTA = 0xO0f;
}
else
{
PORTA = 0x0;
}
}



= DDRA: data direction register A
O: input(default), 1: output

= PINA: input Port A

= PORTA: output Port A

PINA PA7 PA6 PA5 PA4 PA3 PA2 PAl1 PAO

0x02 0 0 0 0 0 0 1 0

PINA & 0x10 0 0 0 0 0 0 PAl 0

= When the key Is pressed, PA1=0



Toggle Action

A Key Pressed Key Unpressed  Key Pressed
V
\ \/ \
' e It s—
__>
0

= If (Key Pressed == TRUE) ?



Chattering

SV

Key Pressed

chattering



Exercise 4

=

&l Key toggle2.c Z2 J&H=E =&
SdE 220 28! led A0 CPU
ol CPU &0l &= 412 led & It
=9| led (Lab10l M led.c X2 _] & O1|
Z5AE led)It HAIHLE AKX == St

of
g

X}
A

Z 40 [N 2 1A



Exercise 5

H &l Key toggle2.c &2 ] &

A0 = HAolH s&= = QI

» J| ARXIE St A =5 [[f OIC
state = 0,1,2,3,0,1,2,3,0,... 13} 20| H=
HSHCH B2 statel] == g2 00| Cl.

= A state 20| 0 & = JHE 52 led
Il AKX D, HEstate 8401 1 & = JHE
SEU A 28T ledIt HKX| 2, B 2= state
at0] 2 & = 3%HM led)t AKX LD, H=
state 2t0| 3 & [H= 4% M ledJt A &L

ol U|O
-
a¥
[©




