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" 32101942 O|F Al
" 32071502 ACHS
" 32131689 U Hd&
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vgaromi
romimage:

megs: 8
bo

, cylinders=40,

ay: 200

: 300000

/home/(Zt+12] 0t0|C])/(Project dir)/build/.bochsrc

177 GENERAL_OPTS := -0 -Wall S(EXTRA_C_OPTS) -fno-stack-protector

178 CC_GENERAL_OPTS := S(GENERAL_OPTS)

/home/(A+12] 00| C])/(Project dir)/build/Makefile
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ELF Parsing

GeekOS

¥ (Project dir)/src/geekos/userseg.c

" Int Load User Program()
S lst1 A} oh= O 2| Datalt LengthE 7|82 2 5t0| ELF HeaderS
%10 ¢ & 2 8= BIY 22 struct Exe_Format2| LiE= &= otLt.
v (Project dir)/include/geekos/elf.h

" struct Exe Format
struct Exe_Segment segmentListiEXE_MAX SEGMENTS]
: Segment 1 24| & e St
Int numSegments : ELF It 2| Segment 7{4=
ulong_t entryAddr
: ELF I} Q| Entry Point A (E21H A2 ZETH QY
" struct Exe_Segment
ulong_t offsetinFile : Segment 2| X
ulong_t lengthinFile : Segment Z 0|
ulong_t startAddress : Segment2| 0|2 2| A|&F F£4
ulong_t sizeInMemory : Segment2| | 22| AtE = 7|

rr

74)
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ELF Parsing

GeekOS

v (Project dir)/include/geekos/user.h

" struct User_Context
char *memory : Process& {2} A|#HO} 5t= M| 22| 37t
ulong_t size : ProcessE A A{ot= 0| 22| 27|
ulong_t entryAddr : Process?2| A|2&F A~ (Entry Point)
ulong_t argBlockAddr : Process?| QIZ} ZY(Argument)s Y= FA4
ulong_t stackPointerAddr : Process2| Stack &7t A[&F FA

v Process®| Stack &7t m K
U OF O| =0 HE= SUHE Z5F &8 &+ UL
v M IR E Process?| A =ME 4o EH g2 &+ U=
Stack &2710{| Clict AFE &2|& &1 QCHH tackPomterAddr9|
AHE %’ﬁ.Oﬂ Ciistoqd Ofafier 4~ ULH.
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ELF Parsing

m GeekOS

v (Project dir)/src/geekos/userseg.c

" struct User_Context* Create User Context(ulong_t size)

*'Z'E,EE Process ‘4 0| 0] User ContextO]| Cf

3_.C_?_O|'
Input OJZF 252 Memory SizeS S=6tC}.
Process?| SegmentOf| CHSt 27|31E EEst

oF dd=

U20,

Process’/t AtE35t11 At 5= Memory2| 27|& 7| 245
User_ContextOf| Clist 4 HA Mdst] =27|=t
User Context 7+=2%|2] memory —’FS size 37|08t

==
=

rg% Ol &0

FER==Ls

User Context 7+ *|2| IdtDescriptor H4-= AIIocate_Segment_Descriptor()

3142 0|83t0] SEBHCY,

oT 2

Process M0 A A ELF Parsing2 A|2H0| =
ProcessO]| CHst Context AHA THA|Z| A&

dpot CHEA| R L L.
SR
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ELF Parsing

B GeekOS
v Key Point
" Create_User Context() A|&F 2+4 29F
1. struct User_Context H4= A/MH510] &
2. struct User_Context2| memory B0 Clist] Bl 57t =&
3. struct User_Context?| size H0f 0| 22| 37| &S
4. struct User_Context?| IdtDescriptorS AllocateSegment_Descriptor()
ote5 Sol &%
. Init_LDT_Descriptor()S €510 Process0j| CHSt LDT 27|35}
6. Init_ Code_Segment_Descriptor(), Init_ Data_Segment_Descriptor()& =5t
Process®| LDT 2t0|| Segment Descriptor Z7|3t

7. struct User_Context2| IdtSelector, csSelector, dsSelector=
Selector()S =5t LDT 2! Segment Descriptordj| Cliat IndexE &

8. struct User_Context H4-E dist

9)]
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ELF Parsing

® GeekOS - Hint

User_Context* Create_User_Context(ulong_t size)

iflag = Begin_Int Atomic():

2 Yo Sete?
M 2 A2

2
N

rc

3
¥ rio
N _|u

ector(0, , Get_Descriptor_Index(pUserContext->ldtDescriptor));
elector(3, , 8);
Selector(3, , 1);

pUserContext-srefCount =

pUserContext;
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ELF Parsing

® GeekOS
v Key Point

* ELF FormatOf| 7|25t @+=0{&l Executable File2 7| 2401 A8 S
ELF Headerdj| &1 Q7| - 20f Z7|0f| Parsing ot= 40| O 2L ¢t

* ELF HeaderOf| CHSt 2= HZ3} £ Q7| THEH| ELF Format HEj 2
|0 = Executable File2 25 =25t HeaderS X|L|11 Q2.

= SegmentQ| 'A|2t FA'QL'TAV|'E HESHH 7HAQI0F 5t2, 2 SegmentQ]
A7|& &4tsto] Process?t At&sh= O|22| 27[& Z2d5H0F e

= User ContextE & BF 11 QFA] ParsingstO] 7tA42 Segment2| Offset=
0|85t H|22|S XAl A|HOF otCt.

startAddress lengthinFile lengthinFile lengthinFile
(Segment 0) (Segment 1) (Segment 2)

Segment O Segment 1 Segment2 | UUTTTY
offsetinFile offsetinFile offsetinFile offsetinFile
(Segment 0) (Segment 1) (Segment 2) (Segment 3)
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ELF Parsing

® GeekOS - Hint

Load_User Progrdm( *exeFileData, ulong_t exeFilelLength,
xeFormat, *command,

numdrga =
[h long_t argblock

2. Segment 37|

B B2 1Y A HR. Parsing

Get_Argument_Block_Size(command, &numargs, &argblocksize);

stackvaddr = Round_Up_To_Page(maxsegsize); 3 D.I EE AI-
argvaddr = stackvaddr + DEFAULT_USER_STACK_SIZE; | —l—

totvaddrsize = argvaddr + Round_Up_To_Page(argblocksize);

4. User Context
A 4 o2e| 2|

g 322 Y FHMIL.

Format_Argument_Block(( erContext)->memory + argvaddr, numargs,
argvaddr, comm

(*pUserContext)->entryAddr = exeFormat->entryAddr;
_ arguaddr; 5. User Context 4%

nterAddr = totvaddrsize;
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EDF Scheduler

= Scheduling

v CPUO{|A Context Switching= sl|F= 222491 0|{f = 2+2t9]
CoreOtCt 2{7tA| Process= 2f= A|7|7| &gt Z40|C}.

v €35t CPUOJIM Hz2t1 22l 2Ok Thel= 2t A|2H & Processo|
Ciiot Codes HOIEIE A2 & 4= QU= [0 CHSHA LIEFLHD,
Scheduling®| Time Tick2t&= & 2tEICY,

Signal Signal Signal Signal
= = = = >
| > Time

Hz

CPUQ| Hz7} =013 2 Task9| &t £ =7t 2 0|RE
TickO| 8= 7|0 =240l B8-S 20[7| IZO|C}.
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EDF Scheduler

= Scheduling Policy

v Earliest Deadline First Scheduling
" Z129| Task”/f 7tA| 1 U= 2U=2I0f| TetM 2| z=o| Al A7t 2.

* SchedulerOf| A AlSiE|= Task?| Execution Time2} Deadline0f| 2|aHAq
Aol =AM 7F B A 2|0 CHA[H 22 28289| Task7| S5t Halik=

o = =
25 sl 4 Qict

Al A1 A2 A3 Ad AS
7
- Task A M Task B % Task C el 81| B2 | 83 | B4 ]
High Criticality Low Criticality Low Criticality s m ?‘E m
40 sec to deadline 35 sec to deadline 30 sec to deadline EDF| A1 Bil £ A2 | B2 [Gei A3 Ba [ A4 [C3 As| B4 ]
] I I I

25 sec fo execute 25 sec to execute 10 sec to execute
0 10 20 30 40 50 60 70 B0 90 100 110 120 130 140

Order of Execution %IIIII" Deadline times: Time (msec) —

A:0-30-60-90-120-150
B:0-40-80-120-160
C:0-50-100-150

Scheduler?} OjHH |2 <t tjOICt DeadlineO| 72t S Task&E &
M2{ x{2|5t= 20| EDF Scheduler?| z|cf 2+ 0|Ct.
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EDF Scheduler

m GeekOS

v

EDF Scheduler?| 2<20|= 7|£2| Round-Robind{|A A
HeSS T4t 0|= 385te s HAA AZSHOf
EDF SchedulerE A|25t7| Mof| ZOtoF &t 2

= Context Switchingdj| Cliet £&

" GeekOSO{| A Round-Robin SchedulerS |al] A2 =l H4

" EDF Schedulerg 2H57| ¢|5t0 HHHOF & &

" EDF Scheduler?| Algorithm
EDF SchedulerOj|A S2ot &

= 2t2t90| ProcessOlC}t Execution time, Deadlined| Clist A2 & %2k ot A

UM EUE ELF Parsing 2= 2116l A User Context -0

I
'EI-EE ZO-IEE AI—OIol- /\ OIEE _/IEZO-I %I-l__||:|-_

_I_

SE|AUD
FLICF

II°|'
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EDF Scheduler

GeekOS

v (Project dir)/src/geekos/timer.c

" void Timer_Interrupt_Handler()
Scheduling 2f¢S 42list7| 2[5t Hali=l=
A&st7| ?lol| +85H0F 5t= B
v (Project dir)/include/geekos/kthread.h

" struct Kernel _Thread
GeekOSO|| M= 8tH o = Thread2t ! 2/6tX|8t Kernel Thread=
2+2+ SHLEC| ProcessE ££517| T20]| ProcessO]| Cli{ st ScheduleS
22| ot7/| flet 89| Atz 2t A 2retA|C.
volatile ulong_t numTicks : ProcessOfC et&off£7| 2|ot Tick 7H4~
int priority : ProcessOf| Cist @M &2
int currentReadyQueue : Process”’t 34l 2| z|5t11 /= Queuel| HS

ol

~2 M, Scheduler Policy2

I

Scheduler 222 LIE Algorithmoi| Tt T8 22t CHR= #40] 2247}
Ch2 2pA0f HIsHA Al o2 HLct,
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EDF Scheduler

GeekOS

¥ (Project dir)/src/geekos/kthread.c

" void Schedule()
Scheduler0i| 2|50 Process& 22lict= &40[H,
LHELO| Switch_To Thread ()0 2|5HA A 25510 Q= Processd| CHst
ContextS #{&elt 0| CtE ProcessE A A7 |= £2 d= E=Ct

" struct Kernel Thread™ Get_Next Runnable()
ot LHS0l| A Scheduling 4243 Aelg 4~ Q11 O| =0 2HE ProcessZ
MERSt= dets HEott.
7|20 Als 142 Find_Best()& S50 ReadyQueue LS 2| Process&
22 & ProcessOf S{{dE|= Kernel_Thread #H+5 getoliF&= Aes +ASL
£ =, Remove Thread()& =50 ReadyQueuedj|A| ProcessO|| sl Ex|=
Kernel _Thread H4-E | 7ot dats £3l5H7| = SHC

" struct Kernel _Thread” Find_Best()

- 12} Queue LHEO| EA5t= Kernel_Thread H4= S0 A{ Priority7t 4| =2

HeS MESSHA BHetsl &C0.

T 2 "
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EDF Scheduler

® GeekOS

v (Project dir)/include/geekos/kthread.h
" void Enqueue_Thread()
£ 4 Thread_Queued|| Kernel _Thread H4E 7}of
" void Remove Thread()
£ 4 Thread_Queue?| Kernel Thread H4E A AHsl|== et
" void Switch_To Thread()
Process®| Kernel_ThreadS MEHSIO Context Switch 213 4~3li5}
AlA| &4 16 222 AssemblyZ 24 5|0 lowlevel.asm0f| 42| |0
v (Project dir)/src/geekos/syscall.c
" static int Sys_SetSchedulingPolicy() — SetSchedulingPolicy()
Scheduling Policy 2! Tick| 7i14& A5t7| oM At L= et

= oT
struct Interrupt_State2| ebx, ecx H4-0f| =AIE LT & QA 422 ALE
(AHHIH FE2 2 2olE 2)

4N
rr
ook

— A
- e
@)

0jo ook

AN

T T oo oo
PolicyQ| =3l THA|0|| (Ct2tA Kernel ThreadZ Priority0]| (Ch2tA] A& SHA|
Hi2| = offOF & HL2-d0| ULY.

v Scheduler0f| R/ A Queues Zt2|ot= S22 AIC5| S0t EE2O Z A
A
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EDF Scheduler

GeekOS - Semaphore

v (Kernel dir)/src/geekos/syscall.c
" static int Sys_CreateSemaphore() — CreateSemaphore()
- Kernel)| M AtE35t= SemaphoreE M/dot= et
static int Sys P() — P()
-+ KernelO| A SemaphoreE z|=ot= a4
static int Sys_ V() — V()
+ KernelO|| & SemaphoreE Btlot=
static int Sys DestroySemaphore() — DestroySemaphore()
+ KernelO| A SemaphoreE Qi0j= et

static int Sys_Wait() — Wait()
- KernelO||A| Process’t Z2=%|7|E€ 7|Ct2|= &4

20| A Semaphore7t LR35t AL System CallS

v Scheduler?| 7|9
[&ol= A0| 7t=oltt.

IZ-I x-”ZI- |-0:| A
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EDF Scheduler

® GeekOS - Hint

*) UM_SEMAPHORE * sizeof aphore*));
UM_SEMAPHORE ; i++) {
( maphore*)Malloc(si

m[i]-=waitQuel
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EDF Scheduler

® GeekOS - Hint

Interrupt_State* state) = v Interrupt_State* state)

Sem

if(sem[sem_1id]->count <= 8) if(sem[sem_id]->count <= 0)
{

1

if(sem[sem_id]-=count > 8) if(sem[sem_id]->count >

_ {
sem[sem_1id]-=count--; sem[sem_id]->count--;

5 -

4

Wait(&sem[sem_id]->waitQueue); Wait( m[sem_1id]-=waitQueue);

Interrupt_State* state)

(sem[sem_id]->avail ==
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EDF Scheduler

m GeekOS

v EDF Scheduler Operating Sequence

Process& £0j
Execution Time, Deadline &2 27}

!

DeadlineS

Thread?

ProcessE Ai/Mdgt wfo
Execution Time, Deadline? |2

oS0l

!

o°='

Scheduling &

JAS 7222
Schedullng BFAl M EH

|

Thread queue?|
Thread=2 X3
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Paging

= Memory

v Virtual Memory
m 2+2+O| ProcessOtCH A5, Hardware2} Software AO|Of| 2| %]
Itet F4 Z7H0|C
" Memory2| 87t0] 771 US FR0l|= Physical Memory2t HZ &|X|Tt,
02| 2 A0|= 2| Storage?t HZA0| &|7| = FIC}. (Swap 271
¥ Physical Memory
= A ComputerO|| M A2 E|= MemoryO|H OS2| 32bit, 64bit Mode2]
2+0[0f whefA] QIA0] 7tsot 2T Capacity /| A|et4 O|Ct.

)

rol

® Operating System
v OSO0|| A<= Virtual MemoryO{| CiSt Physical Memory2| &S
2e2|stA| ElCt.

v CPU= MMU(Memory Management Unit)E £ot0{ Virtual Address&
Physical Address= H2t5IC}
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Paging

= Paging
v Paging2 7|22 2 Memory2 25 Z2 37|2| Block2 2 ™A 50

2&ot= 7

=
v 25t 37|12 712! BlockS Paget 0|0F7|5HH, Virtual MemoryS
Page T2 2 L5101 Physical Memory+= Page 37|2} &2 Framel =
LH-O1 M AFRBHLY
v 2t2+9| Page= Framell 42 0|2 &/ =Yt Framelt HALZ| =

-1 1

021 71| Page?} =AHS 4~ RULY.

E

VPFN n

—  » PFENnN

—» PFN1

\\

VPFN 1
VPEN O

— » PFNO

Virtual Memory Page Table Physical Memory
(RAM)
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Paging

Page Table

v Page Table2 Process?| Page ZEE 4| Z&otl Z2F Process?]
Virtual Address”} Physical Address2} ({2 H HEE|| U= R|=

LIEILH = E|O|=O]Ct.
v 2t219| Process— ¢t 7l|2| Page Table A~F5tC}.

Z2MA A
Page 7 _EE*‘“& a'L PFN logical physical
Wl Ho[X| E|o| & | _ m address address f0000 . . . 0000
Page 5 ] Frame 4 e "'IFLLl L‘_IJ_LLI_'
W —» Frame 3 Al ke Rk
W Frame 2 p{ e
Page 2 L 3| Frame L _
Page 1 =2 02| ;
_ physical
7h4 o 22| memory

page table
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Paging

= Page Table
¥ Page Table2 IndexZ= Page Number& LIEILH, L2 Paged|
el Framel| A|2f A5 LIEHHHCY.
v GeekOSO| M= 2EHH| Page Tables F1&i5HA| EICt.
" Page Directory Entry, Page Table Entry

Linear Address Memory
Task
C P U Linear > Directory | Table Offset
Address Code Segment
A Page Directory Page Table Page Data Segment
CR3 Physical
Register Page Directory - Page Table Address Stack Segment

Entry “ Entry “

\

Daeyeon Son



Paging

B GeekOS
¥ (Project dir)/src/geekos/paging.c
" void Init_ VM(struct Boot_Info *bootinfo)

GeekOS2| Paging 7|5 =7t A|41t £33 HYote &40|0, ofid &+E
A|Afstd Virtual Memory2| 27|t 1H40| &t25|H T2 X E = ZF ECY,

Page Directory, Page Table2| Index0|| (= Page =H 1 Address A A0
CHSHA & &het 4|40 2+%|= £=0|C}.
GeekOSOf| M= 2EHA| T H2|5tH = 7| T Z0f| T 2|9 2 4= 2Lt
Paging 7| & *{2|st= ClE 258 25 ItYsl0oF S &4 2l Mechanisma
Olaie 4 UL
v (Project dir)/include/geekos/paging.h

" typedef struct pde t
Kernel2| Page Directory EntryQ| Atz Z

" typedef struct pte t

Kernel2| Page Table Entry2| At 2=
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Paging

= GeekOS
v (Project dir)/include/geekos/paging.h
" typedef struct pde t

{
uint_t present:1;
uint_t flags:4;
uint_t a
uint_t rese
uint_t

global
kernelIn

pde t2} pte t&=
TN A0 A D HH
MY St Atz 2 L}

uint_t
uint_t
uint_t
uint_t dir ]
uint_t pteAttribute:1;
uint_t globalPage:1;
uint_t kernelln 5
uint_t pageBaseAddr:

} pte_t;
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Paging

GeekOS
¥ (Project dir)/include/geekos/paging.h
* #define NUM_PAGE_TABLE ENTRIES
© GeekOS AA0|M A5l Rl 2|CH Page Table 74~
#define NUM_PAGE_DIR_ENTRIES
- GeekOS A0 M AsliRl 2|CH Page Directory 7l4
#define PAGE_ALLIGNED ADDR(x)
Pagel| AddressE& 2EZ 2 =2 127t ShiftE 50 LIEFH 2}
ulong_t Get Page Fault Address()
Page Fault7| 2H4l3H S o] Memory Address& Btat
#define VM_WRITE
pde_t £= pte_t2| Flag §15=0] M50 S Page s7t=
Write7} 7tsot== £d= H
#define VM_READ

pde_t FE= pte_to| Flag #14:0f| 41015101 3T Page 37+
Read7t 15512 448 MAS 4 I}
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Paging

m GeekOS

¥ (Project dir)/include/geekos/paging.c
" void Page Fault_ Handler()

Page Fault’t 245t 2 O Handlingst= &t
Interrupt”t 2rAst 0|=
IHHSH0] 2 2[oh=

" void Init_Paging()
Paging File0{| CH

=)
T
St

=

P
% OHOH-——I'

rol

| ot

oll

age AddressE 7422+ 9

£ ot AI=22E =79t
Paging FileOf C{st XAt2+ 2= Get_Paging_Devic

<t Error codeS

AAZL.

es() g-= 215H0]

Paging Filea T/d5t= DeV|ce Disk Blockl| He| =S AIT{E 1

A2 &4 ol 2 FICY

" int Find_Space On_Paging_File()

A% 0ll= slie Page?| IndexE ghet
5SSt}

" void Free_Space_On_Paging_File()

Find_Space_On_Paging_File() &+8 S50 &t

= O

G ol Al AIHZEL

Q12431 27| D129 Page 017 872 Paging File 2Hj1&
5111, 019 B710| 22

=

- _I_
fon

ro
ol
4n
il
23
_o'ﬂ
rr

= Page 0| f &7t
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® GeekOS - Hint

Init_VM( Boot_Info *bootInfo)

B

; 1<NUM_PAGE_DIR_ENTRIES ; i++)

1 _ == :
R R ECCT - N

; j<NUM_PAGE_TABLE_ENTRIES ; j++)

g B2 4 FUSMIL.

F"P.GEiﬁ-.LLICNEDiP.[

Enable_Paging(kpd
Install_Interrupt_Handler (PAGEFAULT_INT, & Fault_Hand
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