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� Division by zero Exception � 
� Debug Ecxeption � 
� Non maskable interrupt Exception � 
� Breakoint Exception � 
� into detetcted overflow Exception � 
� Out of bounds Exception � 
  Invalid opcode Exception � 
! No Coprocessor Exception � 
" Double fault Exception #$� 
% Coprocessor segment overrun Exception � 
�� Bad TSS Exception #$� 
�� Segment not present Exception #$� 
�� Stack fault Exception #$� 
�� General protection fault Exception #$� 
�� Page fault Exception #$� 
�� Unkown interrupt Exception � 
�  Coprocessor fault Exception � 
�! Alignement check Exception (only on 486+) � 

�" Machine check Exception (only on  
Pentium/586+) � 
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const int pic1= 0x20; 
const int pic2= 0xA0; 
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//ICW1: need ICW4, pic2 present, edge detection 
outb(pic1, 0x11); 
outb(pic2, 0x11); 
   
//ICW2: remap pic1 to use vectors from 0x20 (32) 
//      remap pic2 to use vectors from 0x28 (40) 
outb(pic1+1, 0x20); 
outb(pic2+1, 0x28); 
 
//ICW3: pic2 uses IRQ2 
outb(pic1+1, 4); 
outb(pic2+1, 2); 
 
//ICW4 
outb(pic1, 1); 

  outb(pic2, 1); 
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��
�������A�����r{��-/+��d̀cb?����������-��L��������<�

��
��
��
��
��
��
��
��
�
�

��������r�%����-���Q̀d�̀QfgbOP��y�
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class Interrupt { 
 public: 
  virtual void handle(regs *r, int vector, int errorCode)=0; 
}; 
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:�!�D��­���
Q̀dQ<Q��� �� �}��5
�s�����s�����
��.��y�2
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#include "pic.h" 
 

2�
+,
�������/��z!�����2����{�
const int pic1= 0x20; 
const int pic2= 0xA0; 

����#k��5��2�
+,
����²�L���Z/��n�µQ$��%������
����[�"�)��
 

void initPIC() { 
  
 //ICW1: need ICW4, pic2 present, edge detetction 
 outb(pic1, 0x11); 
 outb(pic2, 0x11); 
  
 /*ICW2: remap pic1 to use vectors from 0x20 (32) 
 ***  remap pic2 to use vectors from 0x28 (40) 

isrs.s 
�'()����	*����*+,�

�-.*�)�� 
isr0, isr1, isr2... 

isr.cpp 
�/�����0�����	*��11 
isrDispatch 

call isrDispatch 
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 * */ 
 outb(pic1+1, 0x20); 
 outb(pic2+1, 0x28); 
  
 //ICW3: pic2 uses IRQ2 
 outb(pic1+1, 4); 
 outb(pic2+1, 2); 
  
 //ICW4 
 outb(pic1+1, 1); 
 outb(pic2+1, 1); 
  

�?�������®/�̂ �=�
1�T4	j�,��|�4������[�"�q�L��2!���-�9��������'/��������s�
 

 //mask all irqs initially 
 setPIC1Mask(0xF); 
 setPIC2Mask(0xF); 
}  
 

�0-��
���gQ��)?�������®/�̂ ��	"�W'�+!�����0 �)T4,���������2
:�!�V��)?�������v̂ �0�����G�S����
 

// disable irqs specified in mask 
void setPIC1Mask(BYTE mask) { 

�T4,����������!�,���Pc��gQ�����#k�T4!�)�r3#������5����r+,�����
� V���µ����/5���9�k��C�V�<�����0 
G��0���
���?�������v̂ �=>��7�,!��

 outb(pic1+1, mask); 
} 
 

\/������r+,
����5%�����2+������%����������0�-�
 
void setPIC2Mask(BYTE mask) { 
 outb(pic2+1, mask); 
} 
 

�.#�yk����#k���-|�!�)?�������������2-�
�L��������½?��������!�L��½��nr+,
���9�k��<�w��-�9�5!�vx���G5���
.#�y���tAB����#k�r�!�9�	<��

 
void acknowledgePIC1() { 

�.#�yk�0�����n������5����r+,�����
� ����� ��5�����µ'�����/5�����C��j���B��
�+��������	��'��C���\"�
N̈a�QfcÒ�̀O���nq���

 
 /* EOI is sent by writing the OCW2 (=0x20 
  * non specific EOI in our case)to 0x20 port*/ 
 outb(pic1, 0x20); 
} 
 

�:!"��%�£����r+,
���.#�yk����#k���-|�!�\/������r+,
������	��'�
 
void acknowledgePIC2() { 
 // we must send EOI ti both controllers 
 outb(pic1, 0x20); 
 outb(pic2, 0x20); 
}  

�
��
��

�z�
��Q̀d<Off������-��'�>k����������������R/-����1���������R�x����������2
:�!�
PgahicdQ.�� �̂��tAB���

��
��
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#include "system.h" 
#include "interrupt.h" 
 


��������z!���tw�"����4����[���)zR/�
 
struct IDTEntry { 
 WORD offset_1;   // offset 0..15 
 WORD segment;      // segment selector 
 BYTE reserved:5;   
 BYTE flags:3;      // 0 for interrupt/trap gates  
 BYTE type:5;        // type of gate   
 BYTE dpl:2;         
 BYTE present:1;     
 WORD offset_2;  
} __attribute__((packed)); 
 

�04%
���9�k�0
,�����������5��n��p�
 
struct IDTR { 
    WORD limit; 
    DWORD base; 
} __attribute__((packed)); 
 
 
#define MAX_ENTRIES 256 
 

���R/
������1��
 
IDTEntry idt[MAX_ENTRIES]; 
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static Interrupt* handlers[MAX_ENTRIES]; 
IDTR idtr; 
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void IDTSetup() { 
  
 memset((BYTE*)&idt, 0, sizeof(IDTEntry)*MAX_ENTRIES); 
  
 idtr.base = (DWORD)&idt; 
 idtr.limit = sizeof(IDTEntry)*MAX_ENTRIES-1; 
 asm volatile ("lidt %0" :: "m"(idtr)); 
} 
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extern "C" void IDTsetHandler(int vector, DWORD handler, int dpl) { 

lcObNd�2���.#/�,-�K/+��K"�T4!����������
 
 if(vector < 0 || vector >= MAX_ENTRIES) { 
  return; 
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 } else if(!handler) { 
  memset((BYTE*)&(idt[vector]), 0, sizeof(IDTEntry)); 
 } else { 
  idt[vector].segment = 8; 
  idt[vector].offset_1 = handler & 0xFFFF; 
  idt[vector].offset_2 = (handler>>16) & 0xFFFF; 
  idt[vector].type = 14; //gate's type = interrupt gate 
  idt[vector].dpl = dpl & 3; 
  idt[vector].present = 1; 
 } 
} 
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extern "C" void isrDispatch(regs r, int vector, int errorCode) { 
 if(vector < 0 || vector >= MAX_ENTRIES) 
  return; 
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 if(handlers[vector]) 
  handlers[vector]->handle(&r, vector, errorCode); 
} 
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void registerHandler(BYTE vector, Interrupt *interrupt) { 
 handlers[vector] = interrupt;  
} 
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void unregisterHandler(BYTE vector) { 
 handlers[vector] = (Interrupt*)null;  
} 
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%macro PUSHS 1-* 
 %rep %0 
  push %1 
  %rotate 1 
 %endrep 
%endmacro 
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push eax 
push ebx 
push ecx 
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%macro POPS 1-* 
 %rep %0 
  %rotate -1 
  pop %1 
 %endrep 
%endmacro�
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pop ecx 
pop ebx 
pop eax 
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%macro proc 1 
global %1, _%1 
%1:  
_%1: 
%endmacro 

�z�:��.
������0�L%����5̧ �°
��cahfdNO�
%define endproc  
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%macro c_call 1 
 %ifdef LEADING_USCORE 
  call _%1 
   %else 
  call %1 
   %endif 
%endmacro 
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%macro c_extern 1-* 
%rep %0 
 %ifdef LEADING_USCORE 
  extern _%1 
   %else 
  extern %1 
   %endif 
 %rotate 1 
%endrep 
%endmacro 
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isr0: 
 push dword 0 
 push dword�0 
 jmp isrCommon 
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isr1: 
 push dword 0 
 push dword�1 
 jmp isrCommon 
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isr8: 
 push dword 8 
 jmp isrCommon 

��
�.��S���� ���#�+������+��F�̂s�������
���=�
1����� ����+
!�K»��³�=�/-����"��
��¢¢.�-�

��5̧ �°
������:!"���B��L�
���~��r�!"#��
 ���
��

%macro INTR 1 
isr%1: 
 push dword 0  ; pushes dummy error code 
 push dword %1  ; push the vector 
 jmp isrCommon 
%endmacro 
 
;; interrupts that push error code 
%macro INTR_EC 1 
isr%1: 
 push dword %1  ; push the vector 
 jmp isrCommon 
%endmacro 
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INTR 0 
INTR 1 
... 
INTR_EC 8 
... 
INTR 41 
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%macro MAKE_INTR 2 
%assign i %1 
%rep (%2-%1+1) 
 INTR i 
 %assign i i+1 
%endrep 
%endmacro 
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MAKE_INTR 0,7 
 
INTR_EC 8  
INTR 9   
INTR_EC 10  
INTR_EC 11  
INTR_EC 12  
INTR_EC 13  
INTR_EC 14 
 
MAKE_INTR 15, 47 
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isrCommon:  
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PUSHS eax,ebx,ecx,edx,edi,esi,ebp,ds,es,fs,gs,ss 
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  mov ax, 0x10 
  mov ds, ax 
  mov es, ax 
  mov fs, ax 
  mov gs, ax 
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 POPS  eax,ebx,ecx,edx,edi,esi,ebp,ds,es,fs,gs,ss 
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 add esp, 8  
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iret 
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void isrDispatch(regs r, int vector, int errorCode);�
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ecx�
edx�
edi�
esi�
ebp�
ds�
es�
fs�
gs�
ss�
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struct regs { 
 DWORD ss, gs, fs, es, ds; 
 DWORD ebp, esi, edi, edx, ecx,�
��          ebx, eax; } 
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�void IDTsetHandler(int vector, DWORD handler, int dpl)�
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push 0 
push isr5 
push 5 
call IDTsetHandler 
add esp, 12 
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%macro setHandler 1 
 push dword 0  ;; dpl=0 
 push dword isr%1  ;; handler = isr%1 {isr0, isr1...} 
 push dword %1  ;; interrupt vector 
 c_call IDTsetHandler 
 add esp, 12 
%endmacro 
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proc initISRS 
 push ebp 
 mov ebp, esp 
  
 %assign i 0 
 %rep 48 
  setHandler i 
 %assign i i+1 
 %endrep 
  
 leave 
 ret 
endproc�
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extern "C" void kmain(DWORD magic, multiboot_info *mbi) { 
 GDTSetup(); 
 
 IDTSetup(); 
 initPIC(); 
 initISRS(); 
 sti(); 
  

Video v; 
 v.clear(); 
  
 printMemInfo(v, magic, mbi); 
  
 while(1); 
}�
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void registerHandler(BYTE vector, Interrupt *interrupt)�
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class Exception : public Interrupt 
{ Video* out; 
  
public: 
 Exception(Video *v);  
 void handle(regs* r, int vector, int errorCode); 
};�
�
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const char *messages[] = 
 { 
     "Division By Zero", 
     "Debug", 
     "Non Maskable Interrupt", 
  ...�  
 }; 
 
Exception::Exception(Video* v) 
{ 
 out = v; 
} 
 
 
void Exception::handle(regs* r, int vector, int errorCode) { 
 out->printf("Exception %s\n", messages[vector]); 
 out->printf("eax: %x, ebx: %x, ecx: %x, edx: %x\n", 
  r->eax, r->ebx, r->ecx, r->edx); 
  
 while(1); 
} 
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... 
 
printMemInfo(v, magic, mbi); 
  
Exception exc(&v); 
for (int i = 0; i < 32; ++i) { 
 registerHandler(i, &exc); 
} 
volatile int a = 5/0;�

��
�2-������=����Z/�����B�COcfb̀Na
����������L4�-�0+�����
 �G��4%��r{���2-���9�k��V<��

��
��
%3��5��7/��-�~�x��Z/���H�]������9�����
��������'�T5%�����
-��̀l������<�
�S��

A������\7����\A��
�����������-��<��
�+�����
����� 	�lNigb̀ic�2-�r1��
���=�
��9�	�
�
��������	�u���~�x���J�,�������,-<��

��
�� ���0
��%���
1�����g�c�̀ic>k�=-�$��%���&#������
£�����9�k�.�!�4�������
����'�

�MÃo��
��

CPPFLAGS = -c -fno-builtin -fno-rtti -fno-exceptions 
 
.PHONY:  clean 
 
OBJS = multiboot.o main.o video.o gdt.o isr.o isrs.o exception.o pic.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 $@ 
  
  
%.o: %.s 
 nasm -f elf  -DLEADING_USCORE $< -o $@�
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class Timer: public Interrupt 
{ WORD _phase; 
 Video* out; 
  
public: 
 Timer(Video *v);  
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 void handle(regs* r, int vector, int errorCode); 
 void setPhase(WORD phase); 
} 
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static long long nb=0; 
static int sec=0; 
 

G5�
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static int base = 1193180; 
 
Timer::Timer(Video* v) 
{ 
 out = v; 

ÂfPgQc�����-��'�G-�x�%���\A���77�������
 

 _phase = 20; 
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 setPhase(_phase); 
} 
 
void Timer::setPhase(WORD phase) { 
 
 _phase = phase; 
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 int divisor = base / phase; 
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 cli(); 
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 outb(0x43, 0x34); 
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 outb(0x40, divisor & 0xff); 
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 outb(0x40, divisor>>8); 
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 sti();  
}�
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void Timer::handle(regs* r, int vector, int errorCode) { 
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 nb++; 
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 if((nb� % _phase) == 0) { 
   

�=3/
����'���-���������/����7���T�+��)����,����y�S������{��	k�K|x�q����j�=3/
���7/���r{��y�S����'�
$��%����

 
  int x = out->x(); 
  int y = out->y(); 
  out->moveTo(0,24); 
  out->printf("%u secondes elapsed", ++sec); 
  out->moveTo(x,y); 
 } 
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 acknowledgePIC1(); 
} 
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... 
Exception exc(&v); 
for (int i = 0; i < 32; ++i) { 
 registerHandler(i, &exc); 
} 
//volatile int a = 5/0; 
 

�������WS���̀�cd�?��������L4�
�����
 �G�4%��r{����j��?�������v̂ �\"��%�£��������������r+,-��'�q�
 
Timer t(&v); 
registerHandler(32,&t); 
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setPIC1Mask(0xFE); 
 
while(1); 
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CPPFLAGS = -c -fno-builtin -fno-rtti -fno-exceptions 
 
.PHONY:  clean 
 
OBJS = multiboot.o main.o video.o gdt.o isr.o isrs.o exception.o pic.o 
timer.o 
 
 
all: kernel.elf 
 
kernel.elf: $(OBJS) link.lds 
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 ld -T link.lds $(OBJS) -o kernel.tmp 
 objcopy -O elf32-i386 kernel.tmp kernel.elf 
 $(RM) kernel.tmp 
 "C:\Program Files\WinImage\winimage.exe" floppy.img /i kernel.elf /h 
  objdump.exe -D kernel.elf > log.txt 
  
clean: 
 $(RM) $(OBJS) 
  
  
%.o: %.cpp 
 g++ $(CPPFLAGS) $< -o $@ 
  
video.cpp: system.h video.h 
main.cpp: system.h 
exception.cpp: exception.h system.h 
timer.cpp: timer.h system.h pic.h 
isr.cpp: isr.h system.h 
 
  
%.o: %.s 

�

 nasm -f elf  -DLEADING_USCORE $< -o $@�
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