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int main(void)

{
// BiE2| d & HESE

int arr[10] = {1, 2, 3, 4, 5,6, 7, 8, 9, 10}

/1 BIE0 M e 4ol &

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

sum += arr[idx];
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use strict;
use Gtkz "-init-;

. E = Gtk2::Button-= ("Quit"};

Hello world!

= Gtk2: :Window-=new('toplevel');

= Gtk2::Table-> (1, 2, 0);
-=add(5t) ;

= Gtk2::Label-= {"Hello world
-»attach defaults| , 8,1, 8, 1});
-=show;

t-»attach defaults( , 8, 1, 1, 2);
-=signal connect( 'clicked' == sub { [
-=show;

-=show_all;
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int oddsum(int n) { 00000000 00000000 00101000 00100000

oddsum: add $al,$zero,$zero

int sum = 0, i = 1; B i troama s 00100000 00000011 00000000 00000001
: i dmmd £ . Yega 00000000 00000100 00110000 00101010
while (i <= n ) Y 32,5 P00 00010000 11000000 00000000 00000101
sum = sum + i; L o4 $al $ai,$A 00000000 10100011 00101000 00100000
i=i+2; addi $vi $vi.2 00100000 01100011 00000000 00000010

} slt $v0.$a0.$vi 00000000 10000011 00010000 00101010
00010000 01000000 11111111 11111100

. beq $v0,$zero,L5
return sum; L7 adi 40 fonro $ai 00000000 00000101 00010000 00100000

¥ jr  $ra 00000011 11100000 00000000 00001000

C Language Assembly Language Machine Language
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int main()
{
inta, b, g
a=3;
b=29;
C compiler c=a+b; C |
~ mpiler
for PowerPC \ AL comprie
for Core i7
C language
li v0,3
sw v0,8(s8) movl $0x3,-0x10(%ebp)
li v0,9 movl $0x9,-0xc(%ebp)
sw v0,4(s8) mov  -Oxc(%ebp),%edx
Iw v1,8(s8) mov  -0x10(%ebp),%eax
Iw v0,4(s8) add %edx,%eax
nop mov  %eax,-0x8(%ebp)
addu vO,v1,v0
sw v0,0(s8) assembly language

assembly language
y languag \. assembler assembler/

24 02 00 03

af c2 00 3 c7 45 0 03 00 00 00

24 62 00 09 c7 45 4 09 00 00 00

af c2 00 04 8b 55 f4

8f c3 00 08 8b 45 f0

8f c2 00 o4 01do

00 00 00 00 89 45 8
PowerBook G4 o o machine code

(CPU: PowerPQ) machine code

LG UltraGear
(CPU: Core i7)
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1. Mo Sl main() €& 2 Q
i ROBOTCOIAE task® main €4 Qtof| X2 T|&

#pragma config(StandardModel, "EV3 REMBOT")

//EV3_REMBOT EZ RE=Z ZEHQt HA Zf 43

{ .

setMotorSpeed(leftMotor, 50); //&% HE == 50%
setMotorSpeed(rightMotor, 50); //2LE% ZE =2 soy
sleep(2000); //T AHElE 2000ms(2x) &2t FX|

2% SO WISt

| I

I=

2=
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2. M2l 222 main F4 Holl Iz A

(:EEEagma config(StandardModel, "EV3 REMBOT"

task main()

{
setMotorSpeed(leftMotor, 50);
setMotorSpeed(rightMotor, 50);
sleep(2000);

}
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X X2 A2
— main() 4+ECHHH Mgl 12

|
oOTT

* include: CI2 OfY LHE T
of]) #include <stdio.h>

» define: %44 J9Al
o) #define SIZE 1024

* pragma: HIIA2{0IHl X|A|
o) #pragma config(...);
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X% Of|2fo(reserved word) = :IIOJ'-'-(keyword)
— ROBOTCOIA AtESH| QISH Ol2| IS0 52 Etof

o Xt= ol A I int, float, -
gted: if, switch, for, while, -
. 7:11:12! g &= define, include, -

-
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Xt
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1, M Y A
[File]-[New]-[New File]

2. 3 &/

task main()

{
setMotorSpeed(motorB, 50);
setMotorSpeed(motorC, 50);
sleep(2000);

22
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3. X%
[File]-[Save]

U, HIOIRA & CI2=C
[Robot]-[Compile and Download Program]
= EHET| (F5)

5. A%
Program Debug %ollA [Start] 22!
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task main()

{
setMotorSpeed(motorB, 50);

setMotorSpeed(motorC, 50);
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ofl) SIZE, PI, MAX, -
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HlojE] Xj%Ha =

X4 A0
— #define2 0|87 4 AN
#define Af&tH  Jf
ex) #define PI 3.14

— constE OI8Tt 4 /d

const XY AL =

e

ex) const float PI = 3.14;

I
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ex) int a=92; float x=7.2;

i
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Al A2HE EZoSt=E float, double
=P iR= 22X} char

X% 27+ 37|
4-byte
4-byte, 8-byte

1-byte
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[File]-[New]-[New File]
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3. ZC XM

task main()
{
int x;
X = 27;
displayBigTextLine(1, “x is %d”, x);
sleep(5000);

I
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= |
=
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task main() A HH QIXt= =23 Z92l 2K X7
{ EV3 BHHL X2 IN(8x 8 LIM)E 1|EC2
int x; 0~15TIEX| 2oig THol Zo| YL

/] BAB TSI WA X

i
g
ain

- C HHAY QIXH= 52 0% X|H

X = 27;
// xoll 272 X%

displayBigTextLine@ X QI X|o] Z2%!)

J
// EV3 THHO| & HHIY Zo] “X 1s 2X’E &

sleep(5000);
// &3 VWHZ 5% FQ QX

£2) 2% 40| QU= MA BXH=--
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& % Ol0): MAl 2Xp A|E

e d 9]0]: 10%I4 (0: 8XI&, x: 16XIA) y
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task main()

{
float x = 3.141592;
displayBigTextLine(1,

sleep(5000);
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task main()

{
float x = 3.141592;
/] A& He xE MASHD 3.1415922 X9t
displayBigTextLine(1, “x is %.2f”, x);
// EV3 QHHO| T HHEH Zof “x is;3.14”2 ZEH
sleep(5000);

}
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[CIH] SXHY WA 5

dC
task main()
{
char x = ‘a’;

displayBigTextLine(1, “x is %c”, x);

sleep(5000);
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[CIHl] =X Hixal =5
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task main()

{
char x = ‘a’;
// BXY He xE HASHD a2 X%t
displayBigTextLine(1l, “x is %c”, x);
// EV3 THHO| & HHEH Zof “x is a”’E &
sleep(5000);

}

Q) MAl 2Xt %cE %d= HIPH 21 =2
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3C 4%

task main()

{

string x = “ROBOTC language™;
// BRIE WA xE MASHD X719

2 =T

displayString(1, “x is %s”, x);
// EV3 THHO| = HHX Zoj “x is ROBOTC language”E ==

sleep(5000);

QHIHOI C /ojoj M= 2X1H Xz @o| Q11| THZo|

—

S
EXHE thiloll 2X1HOo| TPE FA(HQIE)E XFY

(ofh)

char *x = “C language”;
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[CiIHl] E1X] AN == 31

e FC £t Q0] Jro| U2 X| H|WEH= HIm I AHK}

task main()

B K| MIA 2

if(getTouchvalue(S1) €3 1) { —»Em MIMZ 212 )

setMotorSpeed(motorB, -50); xH-Q QEQl £CE -5002 A%
setMotorSpeed(motorC, -50);

sleep(2000);
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[CIH] -9 o1 3¢ Y ¥ A2 C &3

AC (while2 AtE)

task main()

{

int i = 0; > T & E7 e MAH T 00 X%

while(i<3) { > DI 27 M| B 0|0 T 24T A%y
setMotorSpeed(motorB, -50);
setMotorSpeed(motorC, 50);
sleep(500);
setMotorSpeed(motorC, -50);

setMotorSpeed(motorB, 50); :}>

sleep(500);

L4+ - O & 5 WA T
} \
setMotorSpeed(motorB, 0); ++2 LIS 03 S| = HAEKO| T
setMotorSpeed(motorC, 0); --9 H4AS 1013 HAA|F|= GIAEKIO|CE
playSound(soundBeepBeep);
sleep(500); ++Q} ——2 ZUWAAX|2I THC}
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[CIHI] &9 ©)T 38 UrE ¢ ALQE 53

+ FTC (for2 AtE)

task main()

—- ?
setMotorSpeed(motorB, -50);
setMotorSpeed(motorC, 50);
sleep(500);

setMotorSpeed(motorB, 50);
setMotorSpeed(motorC, -50);
sleep(500);

)
-~

setMotorSpeed(motorB, 0);
setMotorSpeed(motorC, 0);

playSound(soundBeepBeep) ;
sleep(500);
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int 40O0;
int Ol ;
int HQQ;

int EE[3];

A}
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52 Ch7| (Xt £X) 55 Hot7| (2= 7 X)

dH[e] = BE[0] + 5;

SE[1] = BE[1] + 5 for (x20; x<=9; x++) {

HH[2] = H[2] + 5; AH[x] = AE[x] + 5;
}

SE[9] = SE[9] + 5;

<107hel Xt=0f 55 Hot7|>
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[ClIX] WS =712}

. AAFCE

task main()

{
int data[5];
int i;

for(i=0; i<5; i++) // HHEOl HXIQt LHES ZEZst= HIER

{

displayTextLine(1, “data[%d] = %d”, i, data[i]);
sleep(2000);

56
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Instructions

If you want to talk to foreigners, you should be able
to speak their languages

— Likewise, to talk to a computer, you must speak its language

The words of a computer’s language are called instru
ctions

The collection of instructions is called instruction set

Different CPUs have different instruction sets
— x86, MIPS, and ARM have their own instruction sets
— But, they have many aspects in common

58



Levels of Program Code

» High-level language
— Level of abstraction closer to pr
oblem domain

— Provides productivity and porta
bility

* Assembly language

— Textual and symbolic representa
tion of instructions

* Machine code (object code or b
inary)

— Binary bits of instructions and d
ata

59

High-level
language
program
(inC)

Assembly
language
program
(for MIPS)

Binary machine
language
program

(for MIPS)

swap(int v[], int k)
{int temp;
temp = v[kl;
vik] = v[k+11;:
vlk+1] = temp;
}

swap:
muli $2, $5,4
add $2, $4,%2
Tw $15, 0(%$2)
Tw $16, 4(%$2)
Sw $16, 0($2)
Sw $15, 4(%2)
jr $31

Assembler

00000000101000010000000000011000
00000000000110000001100000100001
10001100011000100000000000000000
10001100111100100000000000000100
10101100111100100000000000000000
10101100011000100000000000000100
00000011111000000000000000001000



High-Level Code is Portable

int main()

Compile

PowerBook G4
(CPU: PowerP(C)

{

60

Compile

x86-based Notebook
(CPU: Core 2 Duo)



High-level Code to Executable (Binary)

What steps did you take to run your program (hello.c)
on your Linux machine?

##tinclude <stdio.h>

int main(void)

{
printf("Hello World!\n");
return 0;

%gcc —g hello.c -o hello
Il hello is a machine code (binary or executable)
Il -g is optional

%./hello

% Hello World!

%objdump -S -D hello
Il with objdump, you can see human-readable assembly code

61



High-level Code to Executable (Binary)

C program
\,

cpp (C-preprocessor) in Linux GNU C

Expanded C program
\

m gcc in Linux GNU C

assembly code

/ assembler

Human-readable asse
mbly code

as in Linux GNU

Id |n Lmux NU

Machine code

\

Linux kernel loads the \

executable into memory
62 memory




High-level Code to Executable (Binary)

* The command gcc hides all the details

* Compile simple sub.c withgcc -v s
imple sub.c -o simple sub
— You will see all the details of what gcc do
es for compilation

* Compilation goes through several step
s to generate a machine code
— Preprocessing
— Compilation
— Assembler
— Linker

Use —save-temps option in gcc to generate all intermediate filds>

#include <stdio.h>

#define A 3
#define B 5

int main() {

printf("%d - %d = %d*,
A, B, mysub(A, B))

J

return 0;

}

int mysub(int opl, int op2)
{

int myres;
myres = opl - op2;

return myres;

}




High-level Code to Executable (Binary)

* Preprocessing

— Use to expand macros and header files included
— %cpp simple sub.c > simple sub.i
* open simple sub.i to see what you got

* Compilation

— Actual compilation of the preprocessed code to assembly language f
or a specific processor
— %gcc -S simple sub.i
* Output will be stored in simple_sub.s
* Open simple_sub.s to see what you got

« Assembler

— Convert assembly language into machine code and generate an obje
ct file

— %as simple sub.s -o simple sub.o

* The resulting file simple sub.o contains the machine instructions for the pro
gram, with an undefined reference to printf

64



High-level Code to Executable (Binary)

Linker

Final stage of compilation
Linking object files to create an executable

In practice, an executable requires many external functions from system
and C run-time (crt) libraries

Consequently, the actual link commands used internally by GCC are comp
licated.

Example

* % 1d -dynamic-linker /1ib64/1d-1inux-x86-64.s0.2 -z relro /usr/lib
/crtl.o /usr/lib/crti.o /usr/lib/gcc/x86 64-linux-gnu/4.4.3/crtbegin.
o -L/usr/lib/gcc/x86 64-linux-gnu/4.4.3 -L/usr/lib/gcc/x86 64-linux-g
nu/4.4.3 -L/usr/lib -L/1lib -L/usr/lib -L/usr/lib/ -L/usr/lib/x86 64-1
inux-gnu -lgcc --as-needed -lgcc s --no-as-needed -lc -lgcc --as-nee
ded -lgcc s --no-as-needed /usr/lib/gcc/x86 64-linux-gnu/4.4.3/crtend
.0 /usr/lib/crtn.o simple sub.o -o simple sub

Now run your program

%./ Simple_s ub /I Linux kernel loads the program into memory
%3 - 5 = =2 Il output
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Stored Program Concept

(Dite

Instructions and data are represented in binary
Instructions and data are stored in memory

CPU fetches instructions and data to execute

Binary compatibility allows compiled programs to wor

Memory (DDR)

Hello World Binary
(machine code)

Address Bus

01101000 01100000 00110011 1110010
11100111 00110000 01010101 110000
10100000 00011111 11100111 000111
11110011 11000011 @e116011 6161616

C compiler
(machine code)

Data Bus

“Hello World” Source
code in C

k on different computers with the same ISA

Standardized ISAs

66



Cross Compiler

*  Hmmm, sound good so far
* But, wait! We are talking about MIPS (not x86). Then, How to genera

te the MIPS machine code without a MIPS machine?

*  You are still able to generate MIPS binaries on an x86 machine
— How? Use a cross-compiler!!!

int main ()

{

int a, b, c;

x86 machine code

a=3;

c7 45 f0 03 00 00 00 movl $0x3,-0x10(%ebp)
b=09;

c7 45 f4 09 00 00 00 movl $0x9,-0xc(%ebp)
c=a+b;

; - 3 8b 55 f4 mov  -Oxc(%ebp),%edx
= 7 x86-based lapto 8b 45 f0 mov  -0x10(%ebp),%eax
c=a+ b; ptop 01 do add %edx,%eax
return c; 89 45 f8 mov  %eax,-0x8(%ebp)
) compile
Normal MIPS machine code
° ° a= 3;
- - 24020003 li v0,3
nt main :
compllatlon * main () afc20008 swW v0,8(s8)
{ ) b=09;
int a, b, ¢ 24020009 li v0,9
a = 3; S - afc20004 sw v0,4(s8)
b=9; = c=a+b;

’ . i 8c30008 Iw v1,8(s8)
c=a+hb; MIPS-based laptop 8fc20004 lw v0,4(s8)
return c; (if exists) 00000000 nop

} 00621021 addu vO,v1,v0
com pi | e afc20000 sw v0,0(s8)
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Cross Compiler (Cont.)

* A cross compiler is a compiler capable of creating execu
table code for a platform other than the one on which
the compiler is run —— Wiki

x86 machine code

a=3;
c7 45 f0 03 00 00 00 movl $0x3,-0x10(%ebp)

b=09;
c7 45 f4 09 00 00 00 movl $0x9,-0xc(%ebp)
c=a+b;
B 8b 55 f4 mov  -Oxc(%ebp), %edx
o 8b 45 f0 -0x10(%ebp), %eax

mov

01 do add %edx, %eax
x86-based laptop 89 45 f8 mov  %eax,-0x8(%ebp)
int main ()
{
int a, b, c; : MIPS machine code
a= 3 compile —
b =29; 24020003 l v0,3
c =a + b; afc20008 sw vO0,8(s8)
return c; b=09;
} 24020009 li v0,9
. I afc20004 sw v0,4(s8)
S-COmpI e c=a+b;
8fc30008 lw v1,8(s8)
8fc20004 lw v0,4(s8)
00000000 nop
00621021 addu vO,v1,v0
afc20000 SW v0,0(s8)
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MIPS Cross Compiler

Check out the class web for instructions on how to set up an enviro
nment to generate the MIPS code using Eclipse on Windows

Test-generate binary from the MIPS assembly program with assemb
ler

add St0, $sl, $s2 # $St0 <= S$sl + S$s2
sub  $t2, $s3, S$sd4 # $t2 <= $s3 - S$s4 0x0232 4020
1w St0, 24($s3) #load (read) word from memory
b St0 <= [£3 + 24] 0x0274 5022
SW St2, 8($s3) # store(write) word to memory bl Ox8E68 0018
¥ 1S53 + 8] <= St2 asSeEMDBICf oy AE6A 0008

™~ /

Don’t worry. We are going to talk deep about this!

Address Bu
T d 0r0232 4020

0x0274 5022
CPU

Ox8E68 0018
OxAE6A 0008

Data Bus
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MIPS Instruction examples in 2 forms

* Human-readable form

addi $2, $0, 5 // $2 =$0 + 5
sub $7,$7, %2  // $7 =$7 - $2
and  $5,$3,%4  // $5=9$3 & %4

* Machine-readable form

0010 0000 0000 0010 0000 0000 0000 0101 = 0x20020005 // addi $2, $0, 5
0000 0000 1110 0010 0011 1000 0010 0010 = 0x00e23822 //sub $7, $7, $2
0000 0000 0110 0100 0010 1000 0010 0100 = 0x00642824 // and $5, $3, $4
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