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typedef struct multiboot_info 
{ 
 unsigned long flags; 
 unsigned long mem_lower; 
 unsigned long mem_upper; 
 unsigned long boot_device; 
} multiboot_info_t; 
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extern int a; 
int b=10; 

 void func() { 
a=5; 
b=2; 

} 
 

 
int a;  
extern void func(); 
void main() { 

func(); 
} 
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%define MULTIBOOT_HEADER_MAGIC 0x1BADB002        ; magic header 
%define MULTIBOOT_HEADER_FLAGS 0x00010003  
                  ;; flags: 
                     ;; align to 4 kb         
                     ;; give us memory info 
                     ;; header contains address fields 
%define MULTIBOOT_CHECKSUM -(MULTIBOOT_HEADER_MAGIC + 
MULTIBOOT_HEADER_FLAGS) 
                       ;; remember: sum of this field and the tow first 
fields must be zero 
 
;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;; 
; code section 
 
SECTION .text 
[BITS 32] 

 
GLOBAL entry ; must be global to be visible to the linker 
entry:  
jmp start 

; extern symbols defined in the linker script file 
EXTERN code, bss, end 
ALIGN 4   ; mutiboot header must be 4 bytes aligned 
 
multiboot_header: 
  dd MULTIBOOT_HEADER_MAGIC 
  dd MULTIBOOT_HEADER_FLAGS 
  dd MULTIBOOT_CHECKSUM 
  dd multiboot_header 
  dd code 
  dd bss 
  dd end 
  dd entry 
 
; program entry point, the code of kernel start here 
GLOBAL entry; must be global to be visible to the linker 
 
start: 
  mov esp, stack 
  ; we declare tow extern symbols because we don't know for the 
moment 
  ; wich symbol the compiler will generate from our c++ file: 
kmain (linux compiler)  
  ; or _kmain (cygwin compiler) 



  extern _kmain, kmain 
�; Push kmain args and then call it 
��push ebx 
  push MULTIBOOT_HEADER_MAGIC 
%ifdef LEADING_USCORE 
call _kmain 

%else 
  call kmain 
%endif   
jmp $ 

 
SECTION .stack 

resb 0x����   ; we reserve space for our stack 
stack: 
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  extern _kmain, kmain 
�; Push kmain args and then call it 
��push ebx 
  push MULTIBOOT_HEADER_MAGIC 
%ifdef LEADING_USCORE 
���call _kmain 
%else 
�  call kmain 



%endif   
 
jmp $ 
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#ifndef SYSTEM_H_ 
#define SYSTEM_H_ 
 
#define MULTIBOOT_MAGIC      0x1BADB002 
 
typedef unsigned char BYTE; 
typedef unsigned short WORD; 
typedef unsigned int DWORD; 
typedef unsigned long QWORD; 
 
inline unsigned char inb (unsigned short port) 
{ 
    unsigned char rv; 
    asm volatile("inb %1, %0" : "=a" (rv) : "dN" (port)); 
    return rv; 
} 
 
 
inline void outb (unsigned short port, unsigned char data) 
{ 
    asm volatile("outb %1, %0" : : "dN" (port), "a" (data)); 
} 
 
BYTE *memcpy(BYTE *dest, const BYTE *src, int count); 
BYTE *memset(BYTE *dest, const BYTE val, int count); 
void intToString (char *buf, char base, int number); 
void GDTSetup(); 
 
#endif /*SYSTEM_H_*/ 
�

��



��
�����01�k��7���	
�f���$O��?�.	
�:�����\{�ZWZYf���²F����	
����k����6	
��
����

�y�1�21���	
�q��3�8���	
�4���=�_���·§�¥�01�p$��I��&��m���´£¦°�01�a'��m���
°́ £¦°�nd���m���¸́ £¦°�'�m����4�7��6����K���*��<	
�2�O�8�
+=�4��

�0��	
$	
�$O��k��7���	
�$��XVS���[R\S�0��.����	
�?J�µ��� ����7p��	��.=���XV���[R\�
	
���*r
� 	
�I����6.89�������	
�k��
�6	
��������>4��

��7�L��,��=��1������	
�k��
�6	
�-����+��b���bh�������!	
�"#$	
�k����$��m���
c,�
�(O��01�*��
+�	a'�01�-
�����*p$31����L�2���m���a'�i1�21����	�2.��!�����m���

9�������	
���������*r
� 	���O��	
�k��������@����.	
����	�2K1�`8�3	
��������6.8
�k�.����	
�2.��!�XV���[R\�4�-����><.	
D���DCC�G+y	�k�.���������-
��������

���� ��2.��!�8�
+y	��?J�µ�	
XV]XVZ�UsstZS]{�4�G+y���b	c����1��1�(��7���0.	
�*��h�2L
p���6.89���k�.�����:�Lp,�01����>.����� �	
D}DCC�4���<����=������8

#� �	��k�.����	
��������1��	,����7�-����� �	
�G+=�0���K���_��7�-��$7�7�I+	
�¹�
+=
i��.	
4��

��
�Ust����6.89����.����	�?e��0�8���0���� �������8��1�-��(l��.	
��6F���[]U\X]Z�

�0�!3��I��:�Lp,�01�(l��.	
�i�.	���=�m�.��8
T[�\XtX�U\X[V̂���
z,��	,�Ip¡7�$��
�J�y�	
�p�>	
�01��.����	
�G+=�4 	
�2L
p��.����	
��$6��0�8�XVS��H�!6��������XV�S{\Z�

�2O!.	
������
���$�
��m7���*r
���I�º��������	
���
�6	
�01������
ºa�-
�1�	
��
º����ºa�2.��!�8���7p�����6.8���.���������.��*�=�l�(���r���,�:$����
�-����7�

���l�.	
��.� 	
�$7$3��`O7��.����	
�$����-
��B�1[R\�R\��U]RZ����.����	
�G+y	�u
�«U�TQ�̂��f 7���	�2.��!�º���2O!.	
��.���i
��`O7������=���1��U]�^���U%����ZU%�

�.����	
�(O��`!���T���B�.	
���Q��4�W¤�T�[Q\̂����.� 	
�m����
c,����������[Q\�����)�
^��K1»»�T�-�>1�*�h�61��y�
��`O��ºa�����6���y�
��`O���*��B�1�m����
c,��1��

2O!.	
��ZW%�f 7����()�ºa�N�ZW%�4��	
$	
�#�g�L��XVST�[Q\̂��01�m7���*r
� ��j� �
�(��	���*p$3.	
������	
���
�6	
�[Q\��	����l#,����4��

��	
$	
[R\S������[R\�S{\Z������	
���
�6	
�01�$�
��m7���*r
���I��º�������
����ºa�4
2L
p�*p�l�.	
�A�L9
�z�1�	
������6��7����!	
���<	
�� ��0�8� 	
��4��7�y�	
���

��	
$	
[R\ST�[Q\��WU\U^���.���m7�������>7�j� ��WU\U������	
���
�6	
�����[Q\4��
��

�*��h�01������	
�k��
�6	
�*r
� 	�q��3�8����9�-��7#��
�-��	
$	
�-���=DCC�4�(��
�;��.y�7���XV]XVZ2K1�*�h�61��.y1�3�,�(�7�������:
�tUwQ[s���	
�*��<	
�i�
�1����

��.y7p��4��
��

�?�.	
�����.=��O���(�7�:
�p�¼�K	��=��� 6�.	
�k��7���	
tUXV4w��4��
��

��	
$	
tZtw�{��p$���k��7���2 ���j� �w[RV\��-
���	
�01sQw�-
���	
��	,�WZs\4��
� 

BYTE *memcpy(BYTE *dest, const BYTE *src, int count)  
{ 
    int i; 
    for(i=0; i<count; i++) 
       dest[i] = src[i]; 
    return dest; 
} 
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BYTE *memset(BYTE *dest, BYTE val, int count) 
{ 
    int i; 
    for(i=0; i<count; i++) 



       dest[i] = val; 
    return dest; 
} 
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 void intToString (char *buf, char base, int number) 
{        

�

        const char digits[] = "0123456789abcdef"; 
        
 
������� char *p = buf; 
        unsigned long uns = number; 
        int divisor = 10; 
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        if (base == 'd' && d < 0) { 
            *p = '-'; 
            p++;    buf++; 
            uns = -number; 
        } 
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       else if (base == 'x') {  
            divisor = 16; 
            *p = '0';  
            *(p+1) = 'x'; 
            p +=2; 
            buf +=2; 
        }  
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        else if(base != 'u')� { 
            *buf=0; 
            return; 
        } 
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        do { 
            long remainder = uns % divisor; 
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            *p = digit[remainder]; 
            *p++; 
        }  while (uns /= divisor); 
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       *p = 0; 
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        char *head, *tail; 
        head = buf;    
        tail = p - 1;            



         
        while (head < tail) { 
            char tmp = *head; 
            *head = *tail; 
            *tail = tmp; 
            head++; 
            tail--; 
        } 
} 
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#ifndef VIDEO_H_ 
#define VIDEO_H_ 
 
#include<system.h> 
 
class Video 
{ 
private: 
  // cursor's position 
  int _x, _y; 
 
  // current attribute 
  BYTE _attribute; 
 
  // pointer to video memory 
  BYTE *mem; 
 
  // screen width and height 
  const int width, height; 
 
public: 
  Video(); 
 
  // clears the screen 
  void clear(); 
 
  //puts a character at the current location 
  // c The character's ASCII code 
  void put(char c); 
 
  // A simple printf function 
  void printf (const char *format, ...); 
 
  // moves the cursor to the given position 
  // x The cursor's new x coordinate 
  // y The cursor's new y coordinate 
  void moveTo(int x, int y); 
   
  // update the cursor's position in screen to 



  // reflect the actual (x,y) position 
  void updateCursor(); 
         
  // scrolls the screen by the given vertical amount 
  // dy The numbers of lines to scroll 
  void scroll(int dy); 
         
  // sets the attribute for the next writes 
  // attribute The character's attribute 
  void attribute(BYTE attribute); 
         
  // return the current attribute 
  BYTE attribute() const; 
 
  // return the cursor's current horizontal position 
  int x() const; 
 
  // the cursor's current vertical position 
  int y() const; 
} 
; 
 
#endif /*VIDEO_H_*/ 
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tZtSZQŝ��k��)
$�,�?7���	T�%���{^��-��	
������>	
�i��1T�U\\QXSR\Ẑ�2.��!.	
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Video::Video() 
  : _x(0), 
    _y(0), 
    _attribute(0x0�), 
    mem(reinterpret_cast<BYTE*>(0xb8000)), 
    width(80), 
    height(25) 
{} 
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void Video::put(char c) 
{ 
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    if(c == 0x08) 
    { 
        if(_x != 0) _x--; 
    } 
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    else if(c == '\r') 
    { 
        _x= 0; 
    } 
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    else if(c == '\n') 
    { 
        _x= 0; 
        _y++; 
    } 
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    else if(c >= ' ') 
    { 
        int index = (_y*width + _x) * 2; 
   
        // puts the character 
        mem[index] = c; 
        mem[index+1] = _attribute; 
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    if(_x >= width) 
    { 
        _x= 0; 
        _y++; 
    } 
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if(_y >= height) 
scroll(_y-height+1); 
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    updateCursor(); 
} 
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void Video::printf (const char *format, ...)   
{        
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��������const char **arg = reinterpret_cast<const char **> (&format); 
 
        char c; 
        int num; 
        char buf[20]; 
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        while ((c = *format++) != 0) 
        { 
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                  put('%'); 
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               case 'd': 
               case 'u': 
�              case 'x': 

                         num = *(reinterpret_cast<int *> (arg)); 
                   arg++; 
�                  intToString (buf, c, num); 
                   for (p = buf; *p != 0; p++)  
                       put(*p); 



                    break; 
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               case 's': 
�                  for (p = *arg; *p != 0; p++)  
                      put(*p); 
                   arg++; 
                   break; 
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��                       num = *(reinterpret_cast<int *> (arg)); 
                   arg++; 
                   put(num); 
��                 break; 

  ��            }          
           } else { 
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    } 
        } 
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void Video::updateCursor() 
{ 
   
  // calculate the linear location 
  WORD loc = (_y * width) + _x; 
   
  // first we write the low byte of the new cursor's position 
  outb(0x3D4, 0x0F); 
  outb(0x3D5,  loc & 0xFF); 
  // the we write the high byte of the new cursor's position 
  outb(0x3D4, 0x0E); 
  outb(0x3D5,   (loc>>8) &0xFF); 
} 
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outb(0x3D4, 0x0F); 

�



d  :���k����6	
�2O!1�2�.3���j� �&�$7$O	
�i��.	
��.���01�?�
9
�k�������
��

outb(0x3D5,  loc & 0xFF); 
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outb(0x3D4, 0x0E); 
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outb(0x3D5,  (loc>>8) & 0xFF); 
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void Video::scroll(int dy) 
{ 
    if(dy > 0) 
    { 
        // Move the block from the second line to up 
        memcpy (mem, mem + (dy * width * 2),  

(height – dy) * width * 2); 
 

// blank the bottom lines of the screen 
int loc = (height-dy)*width*2; 
for (int i=0; i < dy*2; i+=2) 
{    
  mem[loc+i] = ' '; 
  mem[loc+i+1] = _attribute; 
} 

} 
} 
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void Video::clear() 
{ 
  for (int x=0; x<width; ++x) 
  { 
    for (int y=0; y<height; ++y) 
    { 
      put(' '); 
    } 
  } 
 
  _x = 0; 
  _y = 0; 
  updateCursor(); 
} 
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#include <system.h> 
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struct GDTEntry 
{ 
    WORD limit_1;               // segment limit bits 0->15 
    WORD base_1;                // segment base address bits 0->15 
    BYTE base_2;            // segment base address bits 16->23 
     
    BYTE type:4;            // segment type 
    BYTE system:1;          // descriptor type 
    BYTE dpl:2;             // descriptor privilige level 
    BYTE present:1;         // segment present in memory 
         
    BYTE limit_2:4;             // segment limit bits 16->19 
    BYTE avl:1;             // available bit 
    BYTE zero:1;            // zero field for 32 bit architecture 
    BYTE db:1;              // D/B field 
    BYTE granularity:1;     // Granularity field 
         
    BYTE base_3;                // segment base address bits 24->31 
} __attribute__((packed)); /* this attribute ensures the structure  
                              generated by the compiler will be exactly  
                              the same size as the above (ie no optimization) */ 
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struct GDTR { 
    WORD limit; 
    DWORD base; 
} __attribute__((packed)); 
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// Declare a GDT with 10 entries, and the GDT pointer  
#define MAX_ENTRIES 10 
GDTEntry gdt[MAX_ENTRIES]; 
GDTR gptr; 
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void setGDTEntry(int num,  bool isCode, int dpl) 
{       if(num>= MAX_ENTRIES) 
                return; 
    // Setup the descriptor base address: 0 
    gdt[num].base_1 = 0; 
    gdt[num].base_2 = 0; 
    gdt[num].base_3 = 0; 
 
    // Setup the descriptor limits : 0xFFFFF (*4 ko see granularity flag) 



    gdt[num].limit_1 = 0xFFFF; 
    gdt[num].limit_2 = 0xF; 
 
    // setup flags 
 
    gdt[num].type = (isCode)?0xb:0x3);       
    gdt[num].system = 1;    // decriptor type = code/data 
    gdt[num].dpl = (dpl & 3); // same as (dpl modulo 3) to ensure dpl always < 3 
    gdt[num].present = 1; 
         
    gdt[num].avl = 0; 
    gdt[num].db = 1;  // D/B: 32 bit segment type 
    gdt[num].zero = 0; 
    gdt[num].granularity = 1; 
} 
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void GDTSetup() 
{ 

����6	
�k������p
$����j� �����2O!1����2.3�8���	
P°�¦�
����/* Setup the GDT pointer and limit */ 
    gptr.limit = (sizeof(GDTEntry) * MAX_ENTRIES)-1 ; 
    gptr.base = (DWORD)&gdt; 
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    //First gdt entry must be null 
    BYTE *entry = reinterpret_cast<BYTE*>(gdt); 
    memset(entry, 0, sizeof(GDTEntry));     
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    setGDTEntry(1, true, 0); 
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    // setup a data segment with dpl=0 
    setGDTEntry(2, false, 0); 
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����//load the new GDT into GDTR and then update the segment registers 
    asm volatile ("lgdt %0          \n\ 
                 ljmp $8,$1f      \n\ 
                 1:               \n\ 
                 movw $16, %%ax    \n\ 
                 movw %%ax,  %%ss \n\ 
                 movw %%ax,  %%ds \n\ 
                 movw %%ax,  %%es \n\ 
                 movw %%ax,  %%fs \n\ 
                 movw %%ax,  %%gs" 
                :: "=m"(gptr)); 
}�
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extern "C" void kmain(DWORD magic, multiboot_info mbi)  
{ 

GDTSetup(); 
 Video v; 
 char *devices[] = { "floppy A", "hard disk"}; 

v.clear();         
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        if(magic != MULTIBOOT_MAGIC) { 
                v.printf("Assalamou Alaikoum but not from grub\n"); 
                v.printf("Invalid magic number %x\n", magic); 
        } else { 
                v.printf("Assalamou Alaikoum from grub\n"); 
        } 
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        if (mbi->flags & 1) { 
       v.printf ("Lower memory = %uKB\n", 
                 (unsigned) mbi->mem_lower); 
  v.printf ("Upper memory = %uKB\n", 
                 (unsigned) mbi->mem_upper); 
    }     
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char bootdvc = ((unsigned) mbi->boot_device >> 24) & 0xf; 
char *boot = (bootdvc)?devices[1]:devices[0]; 
if (mbi->flags & 2) 
    v.printf ("Boot device = %s\n", boot);         

������while(1); 
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CPPFLAGS = -c -Wall -fno-builtin -nostdlib -nostdinc -ffreestanding 
 
.PHONY:  clean 
 
OBJS = multiboot.o main.o video.o gdt.o 
 
 
all: kernel.elf 



 
kernel.elf: $(OBJS) link.lds 
 ld -T link.lds $(OBJS) -o kernel.tmp 
 objcopy -O elf32-i386 kernel.tmp kernel.elf 
 $(RM) kernel.tmp 
   
clean: 
 $(RM) $(OBJS) 
  
  
%.o: %.cpp 
 g++ $(CPPFLAGS) $< -o $@ 
  
video.cpp: system.h video.h 
main.cpp: system.h video.h 
gdt.cpp: system.h 
 
  
multiboot.o: multiboot.s 
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objcopy -O elf32-i386 kernel.tmp kernel.elf 
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ld -T link.lds $(OBJS) -o kernel.elf 
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dd if=image_file of=/dev/fd0 conv=notrunc 
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default 0 
 
#Entry 0: 
title Arabian OS 
root (fd0) 
kernel /kernel.elf 
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