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BIOS Data
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CPU-owned
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• start.S
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• global variable init_ram_pages
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Basic Page Table
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Why to map the first 64MB of virtual memory

0x00000000 (0B)

0x04000000 (64MB)

Virtual Address Space

0xc4000000 (3GB+64MB)

0xc0000000 (3GB)

Physical Address Space

If not map the first 64MB of virtual
memory…

• In raw mode, PC is roughly 0x20000

• The address of pintos_init is about 0xc0020000

• If turn on protected mode before
jumping to pintos_init

• cannot call pintos_init normally for the
erroneous address translation

• If jump to pintos_init before
turning on protected mode

• jump over 0xc0000000 without address
translation on

PC

pintos_init (will turn on protected mode)

call pintos_init



Basic Page Table

page dir index 2

page directory

• Only map 64MB and multiplex page
tables

• Virtual addresses 0xc0000000 + y and y
should be translated to physical address y

• They have different indices of page
directory, same index of page table and
offset

• 1 page directory:

• 1 * 4KB = 4KB

• 16 page tables:

• 64MB/4MB * 4KB = 64KB

• the rest mapping: not used so far
page table

addr1: 0xc1234567 à 0x01234567
addr2: 0x01234567 à 0x01234567

page dir index 1

page table index 1,2

0x01234567

offset1,2
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• about pintos_init()

• Memory management: palloc_init, malloc_init,
paging_init

• Page allocator (palloc)

• Hand out memory in page-size or page-multiple
chunks

• Free memory starts at 1MB and runs to the end of RAM

• System memory is divided into two pools called
kernel pool and user pool respectively.The user pool 
should be used for allocating memory for user processes 
and the kernel pool for all other allocations.

• By default, half of system RAM is given to kernel pool
and half to the user pool

• Until lab3, all allocations should be made from the 
kernel pool
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• about pintos_init()

• Initialize the interrupt system

• See section Interrupt Handling / more till lab2

• timer: timer interrupts handled in devices/timer.c
timer_interrupt

• run_actions

• Parses and executes actions specified on the kernel 
command line
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Struct thread

Address Space

stack

stack pointer

magic
…

status
tid

(sizeof(thread) B)

the beginning
of page (0B)

• Memory layout of a running thread

• Struct thread represents a thread or a user process

• Every struct thread occupies the beginning of its own page 
of memory

• The rest of the page is used for the thread's stack

the end
of page (4kB)

grows
downward



Struct thread

Address Space

stack

stack pointer

magic
…

status
tid

(sizeof(thread) B)

the beginning
of page (0B)

• Caveats

• Struct thread must not be allowed to grow too big

• Kernel stack must not be allowed to grow too large

• the size of non-static local variables should not be too
large

• Add new struct members before magic

the end
of page (4kB)

grows
downward



Initialization of the first thread

• The first thread is initialized in thread_init

• The struct address of the first thread depends on %esp, which is
initialized in loader.S BIOS ROM

0x00100000 (1MB)

0x000F0000 (960kB)

BIOS Data
0x00000600 (1536B)

0x00000400 (1024B)
CPU-owned

0x00000000 (0B)

Pintos Loader
0x00007e00 (31.5kB)

0x00007c00 (31kB)

Pintos Kernel
0x000a0000 (640kB)

0x00020000 (128kB)

PC’

page tables 
for startup

0x00010000 (64kB)
page directory 

for startup0x0000f000 (60kB) kernel stack
and initial thread struct0x0000e000 (56kB)



Struct thread

• some handy interfaces

• threads/thread.h
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Switching thread in Pintos

• Function schedule() is responsible for switching threads

• When

• schedule() is called only by three public thread functions:

• thread_block(), thread_exit(), thread_yield()

• How (from a thread’s perspective)

• When a thread calls schedule(), try to find another thread to run and switch to it

• When a thread returns from schedule(), it is scheduled again

other threads to run

schedule()
{

…

}
threadA
perspective

schedule thread A again

ready to switch

rescheduled



Source code

• schedule()

• Before calling schedule(), make sure interrupts are
disabled

• Record the current thread in cur

• Determine the next thread to run (next)

• Call switch_threads(cur, next) to do the actual switch



Source code

• switch_threads(cur, next)

return addr%esp

magic
…

status
tidthe beginning

of page (cur)

the end
of page …

cur
next

thread cur



Source code

• switch_threads(cur, next)

magic
…

status
tidthe beginning

of page (cur)

the end
of page …

cur
next

thread cur

%edi%esp

%esi
%ebp

return addr
%ebx



Source code

• switch_threads(cur, next)

20

24
magic

…
status

tidthe beginning
of page (cur)

the end
of page …

cur
next

thread cur

%edi%esp

%esi
%ebp

return addr
%ebx

cur

next

save the stack pointer of cur



Source code

• switch_threads(cur, next)

20

24
magic

…
status

tidthe beginning
of page (cur)

the end
of page …

cur
next

thread cur

%edi
%esi
%ebp

return addr
%ebx

cur

next

save the stack pointer of cur

magic
…

status
tidthe beginning

of page (next)

the end
of page …

cur
next

thread next

%edi%esp

%esi
%ebp

return addr
%ebx

restore the stack pointer of next



Source code

• switch_threads(cur, next)

20

24
magic

…
status

tidthe beginning
of page (cur)

the end
of page …

cur
next

thread cur

%edi
%esi
%ebp

return addr
%ebx

cur

next

save the stack pointer of cur

magic
…

status
tidthe beginning

of page (next)

the end
of page …

cur
next

thread next

%esp return addr

restore the stack pointer of next



Source code

• schedule()

• Before calling schedule(), make sure interrupts are
disabled

• Record the current thread in cur

• Determine the next thread to run (next)

• Call switch_threads(cur, next) to do the actual switch

• Returning from switch_threads means the thread 
is scheduled again

• Return value is the previous thread

• Call thread_schedule_tail(prev)



Source code

• thread_schedule_tail(prev)

• Mark the new thread status as running

• Reset the thread_ticks

• If the thread we just switched from (except 
initial_thread) is in the dying state, free its thread 
page



Source code

• next_thread_to_run(void)

• Chooses and returns the next thread to be scheduled 

• Should return a thread from the run queue, unless the run queue is empty

• If the run queue is empty, return idle_thread which is created by thread_start() in
pintos_init()
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Create a new thread in Pintos

• Usually, we call thread_create to create a new thread

• What do we expect thread_create to do?

• Thread A calls thread_create to create thread B and return

• Thread B starts running when scheduled for the first time, well…

• switch_threads will execute several pop instructions and ret

• The stack frame for the thread_func to run may have not been formed yet

• Leverage some fake stack frames!



Create a new thread in Pintos

• Utilize 3 frames: kernel_thread_frame, switch_entry_frame, switch_threads_frame

magic
…

the beginning
of page

the end
of page aux

function
%eip (NULL)

next
cur

%eip (to switch_entry)
%ebx
%ebp
%esi
%edi

%eip (to kernel_thread)

thread scheduled for the first time

%esp

kernel_thread_frame

switch_entry_frame

switch_threads_frame



Create a new thread in Pintos

• The thread is scheduled for the first time

magic
…

the beginning
of page

the end
of page aux

function
%eip (NULL)

next
cur

%eip (to switch_entry)
%ebx
%ebp
%esi
%edi

%eip (to kernel_thread)

thread scheduled for the first time

%esp



Create a new thread in Pintos

• The thread is scheduled for the first time

• Return from switch_threads and execute switch_entry

magic
…

the beginning
of page

the end
of page aux

function
%eip (NULL)

next
cur

%eip (to kernel_thread)

thread scheduled for the first time

%esp



Create a new thread in Pintos

• The thread is scheduled for the first time

• Return from switch_threads and execute switch_entry

magic
…

the beginning
of page

the end
of page aux

function
%eip (NULL)

prev

%eip (to kernel_thread)

thread scheduled for the first time

%esp



Create a new thread in Pintos

• The thread is scheduled for the first time

• Return from switch_threads and execute switch_entry

• Return from switch_entry and execute kernel_thread

• enable interrupt

• call function(aux)

• call thread_exit()

magic
…

the beginning
of page

the end
of page aux

function
%eip (NULL)

thread scheduled for the first time

%esp
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Synchronization

• disable interrupts

• semaphore

• lock

• based on semaphore

• condition and monitor

• optimization barrier *



Today

• Lab0 Booting review

• Struct thread

• Switching thread

• Create a new thread

• Synchronization

• List

• Lab1 tasks

• Q & A



• doubly linked list

• an empty list

• a list with 2 elements

• a list of complex struct

• embed a list_elem in the struct

• manipulate the inner list_elem

List in Pintos

head tailNULL NULL

head elem1NULL elem2 tail NULL

head

elem1NULL elem2

tail

NULL

struct
thread

struct
thread



List in Pintos

• example: ready_list

• list_entry: convert pointer to LIST_ELEM
into the pointer to the struct containing it



List in Pintos

• some handy interfaces

• lib/kernel/list.h
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Lab1Task 1: Alarm Clock

• hint

• Synchronization

• Read FAQ



Lab1Task 2: Priority Scheduling

• hint

• Consider all the scenarios where the priority must be enforced

• 2 types of yield

• Read FAQ



Lab1Task 2: Priority Scheduling

• hint

• Implement priority donation only for locks but priority scheduling for all!

• Read FAQ
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• hint
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Lab1Task 2: Priority Scheduling

• hint

• Implement priority donation only for locks but priority scheduling for all!

• Read FAQ



Lab1Task 3: Advanced Scheduler

• hint

• When to update

• How to update

• Read FAQ



About tests

• All the test code in lab1 run as part of the kernel

• Efficiency Problem

• esp. mlfqs-load-60, mlfqs-load-avg

• load_avg is dynamically updated and sensitive to the some
properties, e.g., the number of threads that are either
running or ready to run at time of update

• If your implementation is not efficient, then it will effect the
system properties and the final output

• The acceptable error range for load_avg is within ±2.5 which
can be known from .ck file.
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Thanks for
your listening.


