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VM	layout



Threads	in	xv6

• You	may	treat	thread	as	a	process	which	shares	the	code,	data,	heap,	
file	descriptors,	etc.	with	the	parent	process.	They	are	actually	the	
same	from	scheduler’s	perspective,	i.e.	the	thread	is	also	placed	into	
ptable,	just	as	normal	process.
• When	we	call	clone(void(*fcn)(void *), void *arg) at	
user	space,	a	thread	is	created,	and	the	thread	will	execute	the	
routine	fcn(void *arg).	But	how	does	the	thread	know	which	
routine	to	run?



Demo1	:	X86	calling	conventions

• Easy	piece	of	code
• But	do	you	really	
understand	what	happens	
under	the	hood?



Useful	tools

• objdump dumps	the	assembly
• gdb can	step	into	assembly	line	
by	line
• How	to	debug	a	user	program?		

• add-symbol-file fs/demo 
0x2000

• How	to	get	the	register	info?		
• info register esp
• i r esp (for	short)



printf(1, "Main : %d\n", worker(3));

0x9ffd8

0x9ffd4

0x9ffd0

0x9ffcc

0x9ffc8

0x9ffc4

0x9ffc0

0x9ffbc

0x9ffb8

0x9ffb4

0x9ffb0

ebp

esp



sub $0xc,%esp

0x9ffd8

0x9ffd4

0x9ffd0

0x9ffcc

0x9ffc8

0x9ffc4

0x9ffc0

0x9ffbc

0x9ffb8

0x9ffb4

0x9ffb0

esp

ebp



push $0x3

0x9ffd8

0x9ffd4

0x9ffd0

0x9ffcc

0x9ffc8

0x9ffc4

0x9ffc0 3

0x9ffbc

0x9ffb8

0x9ffb4

0x9ffb0

esp

ebp



call 2036 <worker>

0x9ffd8

0x9ffd4

0x9ffd0

0x9ffcc

0x9ffc8

0x9ffc4

0x9ffc0 3

0x9ffbc 0x201b

0x9ffb8

0x9ffb4

0x9ffb0

esp

ebp

Where	does	this	addr come	
from?



push %ebp

0x9ffd8

0x9ffd4

0x9ffd0

0x9ffcc

0x9ffc8

0x9ffc4

0x9ffc0 3

0x9ffbc 0x201b

0x9ffb8 0x9ffd8

0x9ffb4

0x9ffb0

esp

ebp



mov %esp,%ebp

0x9ffd8

0x9ffd4

0x9ffd0

0x9ffcc

0x9ffc8

0x9ffc4

0x9ffc0 3

0x9ffbc 0x201b

0x9ffb8 0x9ffd8

0x9ffb4

0x9ffb0

esp ebp



mov 0x8(%ebp),%eax 

0x9ffd8

0x9ffd4

0x9ffd0

0x9ffcc

0x9ffc8

0x9ffc4

0x9ffc0 3

0x9ffbc 0x201b

0x9ffb8 0x9ffd8

0x9ffb4

0x9ffb0

esp ebp

eax : 3



add $0x1,%eax

0x9ffd8

0x9ffd4

0x9ffd0

0x9ffcc

0x9ffc8

0x9ffc4

0x9ffc0 3

0x9ffbc 0x201b

0x9ffb8 0x9ffd8

0x9ffb4

0x9ffb0

esp ebp

eax : 4



pop %ebp

0x9ffd8

0x9ffd4

0x9ffd0

0x9ffcc

0x9ffc8

0x9ffc4

0x9ffc0 3

0x9ffbc 0x201b

0x9ffb8 0x9ffd8

0x9ffb4

0x9ffb0

esp

ebp

eax : 4

How	does	ebp know	it	should	
go	back	where	it	was?



ret

0x9ffd8

0x9ffd4

0x9ffd0

0x9ffcc

0x9ffc8

0x9ffc4

0x9ffc0 3

0x9ffbc 0x201b

0x9ffb8 0x9ffd8

0x9ffb4

0x9ffb0

esp

ebp

eax : 4 Where	are	we	when	we	
return?	Where	is	the	return	
value	stored?	



add $0x10,%esp

0x9ffd8

0x9ffd4

0x9ffd0

0x9ffcc

0x9ffc8

0x9ffc4

0x9ffc0 3

0x9ffbc 0x201b

0x9ffb8 0x9ffd8

0x9ffb4

0x9ffb0

esp

ebp

eax : 4



sub $0x4,%esp

0x9ffd8

0x9ffd4

0x9ffd0

0x9ffcc

0x9ffc8

0x9ffc4

0x9ffc0 3

0x9ffbc 0x201b

0x9ffb8 0x9ffd8

0x9ffb4

0x9ffb0

esp

ebp

eax : 4



push %eax

0x9ffd8

0x9ffd4

0x9ffd0

0x9ffcc

0x9ffc8 4

0x9ffc4

0x9ffc0 3

0x9ffbc 0x201b

0x9ffb8 0x9ffd8

0x9ffb4

0x9ffb0

esp

ebp

eax : 4



push $0x27cd

0x9ffd8

0x9ffd4

0x9ffd0

0x9ffcc

0x9ffc8 4

0x9ffc4 0x27cd

0x9ffc0 3

0x9ffbc 0x201b

0x9ffb8 0x9ffd8

0x9ffb4

0x9ffb0

esp

ebp

eax : 4



push $0x1

0x9ffd8

0x9ffd4

0x9ffd0

0x9ffcc

0x9ffc8 4

0x9ffc4 0x27cd

0x9ffc0 1

0x9ffbc 0x201b

0x9ffb8 0x9ffd8

0x9ffb4

0x9ffb0

esp

ebp

eax : 4 Oops,	overwritten! Is	it	fine?



call 2417 <printf>

0x9ffd8

0x9ffd4

0x9ffd0

0x9ffcc

0x9ffc8 4

0x9ffc4 0x27cd

0x9ffc0 1

0x9ffbc 0x202e

0x9ffb8 0x9ffd8

0x9ffb4

0x9ffb0

esp

ebp

eax : 4

Our	old	friend	again!



What	we	know:

• The	arguments	of	the	function	are	pushed	into	call	stack	in	the	
reverse	order.
• The	return	address,	i.e.	the	address	of	the	next	instruction	after	
return	is	pushed	into	call	stack	at	last.	Thus,	we	will	always	get	this	
address	when	call	stack	pops,	i.e.	when	function	returns.
• In	the	function,	the	arguments	can	be	retrieved	from	“pointer	
arithmetic”	of	%ebp,	like	0x8(%ebp).
• The	return	value	of	a	function	gets	stored	in	the	general	purpose	
register,	e.g.	%eax.
• Some	reminiscence:	how	does	fork()return	2	values?



Demo2	



Some	general	guidance

• For	clone(),	it’s	just	analogous	fork() and	exec()combined
• The	fcn routine	never	returns.	It’s	just	like	exec().	That’s	why	we	need	a	
fake	return	address,	i.e.	0xffffffff,	which	is	of	course	an	invalid	virtual	
address.	OS	will	trap	and	thus	kill	this	thread.

• For	join(),	it’s	just	analogous	to	wait()
• If	you	can	understand	the	difference	between	process	and	thread,	
then	you	can	easily	figure	out	what	to	modify	based	on	the	given	
codes	in	xv6.



About	condition	variables

• cond_wait(cond_t *cv, lock_t *lk)
• Assert lk is required
• Put the caller to sleep on specific channel!
• Release lk
• Wait for lk to be released again
• Reacquire lk

• sleep(void *chan, struct spinlock *lk)



• cond_signal(cond_t *cv)
• Wake	up	the	matching	thread

• wakeup(void *chan)

About	condition	variables


