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The Plan

1 ) A  v e r y  b r ie f h is t o r y  o v e r v ie w

2 ) T h e  d e v e lo p m e n t p r o c e s s

3 ) G u e s s e s  a b o u t th e  fu t u r e
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H is to r y



  

An extremely rushed his tory of 
the Linux kernel

0 .0 1 S e p te m b e r , 1 9 9 1  
1 .0 .0 M a r c h , 1 9 9 4
1 .2 .0 M a r c h , 1 9 9 5
2 .0 .0 J u n e , 1 9 9 6
2 .2 .0 J a n u a r y , 1 9 9 9
2 .4 .0 J a n u a r y , 2 0 0 1
2 .6 .0 D e c e m b e r , 2 0 0 3



  

2 .6 .1 4 O c to b e r  2 7 , 2 0 0 5
2 .6 .1 5 J a n u a r y  2 , 2 0 0 6
2 .6 .1 6 M a r c h  1 9 , 2 0 0 6
2 .6 .1 7 J u n e  1 7 , 2 0 0 6
2 .6 .1 8 S e p te m b e r  1 9 , 2 0 0 6
2 .6 .1 9 N o v e m b e r  2 9 , 2 0 0 6
2 .6 .2 0 F e b r u a r y  4 , 2 0 0 7
2 .6 .2 1 A p r i l 2 1 , 2 0 0 7
2 .6 .2 2 J u ly  ??, 2 0 0 7
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T h e  p r o c e s s



  

Kernel releases  are...

F a s t!

N e w  k e r n e ls  e v e r y  2 -3  m o n th s



  

Kernel releases  are...

M a jo r

E v e r y  r e le a s e  h a s
M a jo r  n e w  fe a tu r e s
In t e r n a l A P I c h a n g e s



  

Kernel releases  are...

P r e d ic t a b le

E x p e c t 2 .6 .2 3  a r o u n d  O c to b e r



  

The release cycle



  

The release cycle



  



  

Who does  this  work

S in c e  2 .6 .1 7  (J u n e , 2 0 0 6 ):
P a tc h e s  a c c e p te d  f r o m  2 1 0 0  d e v e lo p e r s
3 0 ,1 0 0 c h a n g e s e t s  to ta l
O v e r  2  m il l io n  l in e s  o f c o d e  c h a n g e d
O n ly  1 0  c o n t r ib u te d  >=  1 %  o f p a t c h e s
L a r g e s t c o n t r ib u to r :

6 8 0  c h a n g e s e t s
2 .3 %  o f th e  to t a l



  

Who funds  this  work

U n k n o w n 2 7%
R e d  H a t 1 4 %
IB M   8%
N o v e l l   7 %
L in u x  F o u n d .   5%
H o b b y is t s   5%
In te l   4 %
O r a c le   2%
G o o g le   2%

S G I 2 %
M IP S  T e c h . 1 %
H P 1 %
C o n s u l t a n t s 1 %
N o k ia 1 %
A s ta r o 1 %
M o n ta V is t a 1 %
L in u x  N e tw o r x 1 %
Q lo g ic 1 %



  

For more information

➔ G r e g  K H , T h u . 1 0 :0 0 , E m p e r o r



  

What the process  does  well

Q u ic k ly  m o v e s  c h a n g e s  to  u s e r s



  

What the process  does  well

K e e p s  d is t r ib u t o r s  c lo s e r  to  th e  m a in l in e



  

What the process  does  well

E x c e l le n t t r a c k in g  a n d  m e r g in g  o f p a t c h e s



  

What doesn't work so well



  

What doesn't work so well

“T h e  o v e r a l l q u a l i t y  o f 2 .6 .2 1  is  p r e t t y  
h o r r i f ic .”
-- D a v e  J o n e s , F e d o r a  k e r n e l m a in ta in e r



  

What doesn't work so well

J o b s  n o b o d y  w a n t s  to  d o
B u g  t r a c k in g
D o c u m e n ta t io n
F ix in g  r e a l ly  d i f f ic u l t b u g s



  

What's  being done

B e t t e r  b u g  t r a c k in g

S ta b i l iz a t io n  r e le a s e s

A u to m a te d  te s t in g
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W h a t 's  c o m in g

#i n c l u d e  <d i s c l a i me r . h >



  

The next kernel

2 .6 .2 2  is  d u e  la te r  th is  m o n th

F e a tu r e s
m a c 8 0 2 1 1  w ir e le s s  s ta c k
U B I –  f la s h -a w a r e  v o lu m e  m a n a g e m e n t
IV T V  v id e o  tu n e r  d r iv e r s
N e w  C F Q  I/O  s c h e d u le r
N e w  f i r e w ir e  s ta c k
e v e n t f d () s y s te m  c a l ls
S L U B  a l lo c a to r



  

S calability



  

S calability

T o d a y 's  s u p e r c o m p u te r  is  to m o r r o w 's  
la p t o p .



  

The leading edge

5 1 2  p r o c e s s o r s  w o r k s  w e l l

4 0 9 6  s t i l l n e e d s  s o m e  w o r k
H ig h ly -c o n te n d e d  lo c k s
P e r -C P U  d a ta  s t r u c tu r e s

S L U B  a l lo c a to r



  

For more information

➔ C o r e y  G o u g h , T h u r s  1 1 :0 0 , K in g
➔ M a r t in  B l ig h , T h u r s  1 4 :0 0 , E m p e r o r
➔ M e l G o rm a n , F r i 1 4 :0 0 , E m p e r o r
➔ P e te r  Z i j ls t r a , F r i 1 5 :0 0 , E m p e r o r
➔ C h r is t o p h  L a m e te r , S a t 1 0 :0 0 , E m p .



  

The other s ide of scalability

S m a l l a n d  e m b e d d e d  s y s t e m s
R e d u c e  d a ta  s t r u c tu r e s
E l im in a te  u n n e e d e d  s u b s y s te m s
G o o d  p o w e r  m a n a g e m e n t
...



  

Filesystems

D is k s  a r e  g e t t in g  la r g e r
B u t n o t fa s te r

U s e  o f f la s h  s to r a g e  is  in c r e a s in g

L in u x  f i le s y s t e m s  a r e  g e t t in g  o ld



  

The fsck problem

W h o le -d is k  r e a d  t im e  is  in c r e a s in g
-> f i le s y s te m  c h e c k  t im e  in c r e a s in g



  

Fixing fsck

c h u n k f s  / t i le f s
S u b d iv id e  f i le s y s te m s
O n ly  c h e c k  p a r t s  th a t w e r e  in  u s e
➔ c h u n k f s  B O F , F r i. 1 8 :0 0 K in g



  

Btrfs

A  c o m p le t e ly  n e w  f i le s y s te m
E x te n t-b a s e d
S u b v o lu m e s  a n d  s n a p s h o t t in g
C h e c k s u m m in g
O n l in e  f s c k  p o s s ib le
O f f l in e  f s c k  fa s t b y  d e s ig n



  

ext4

T h e  s u c c e s s o r  to  e x t3

F e a tu r e s
4 8 -b i t b lo c k  n u m b e r s
E x te n t s
N a n o s e c o n d  t im e  s ta m p s
P r e -a l lo c a t io n  / d e la y e d  a l lo c a t io n
J o u r n a l c h e c k s u m s
O n l in e  d e f r a g m e n ta t io n

➔ A . M a th u r , F r i 1 1 :0 0 , R o c k h o p p e r



  

Reiser4

T h e  s u c c e s s o r  to  r e is e r f s

F e a tu r e s
Im p r o v e d  p e r f o rm a n c e
L o w -le v e l “p lu g in s ”
F i le s y s te m -a s -d a ta b a s e

S ta tu s : s t a l le d
N e e d s  a  n e w  c h a m p io n



  

LogFS

A  n e w  f la s h -o r ie n te d  f i le s y s te m

F e a tu r e s
O n -m e d ia  d ir e c t o r y  t r e e
“W a n d e r in g  t r e e ” lo g  s t r u c tu r e
S t r o n g  p e r f o rm a n c e



  

Virtualization

R u n n in g  in d e p e n d e n t s y s te m s  a s  g u e s t s
H ig h -r e l ia b i l i t y  s y s te m s
S e r v e r  c o n s o l id a t io n
S e c u r i t y

“N o t ju s t a  w a y  o f e x t r a c t in g  m o n e y  f r o m  
v e n tu r e  c a p i t a l is t s ”



  

Xen

C o m m e r c ia l d e v e lo p m e n t

F e a tu r e -r ic h

S h ip p e d  b y  s o m e  d is t r ib u t o r s

S lo w  to  g e t in t o  th e  m a in l in e
M a y  c h a n g e  in  2 .6 .2 3



  

Lguest

A .k .a . th e  “R u s t y v is o r ”

E x t r e m e ly  s im p le , fu l l v i r t u a l iz a t io n

P r o b a b le  fo r  2 .6 .2 3

➔ R u s t y  R u s s e l l , F r i 1 0 :0 0 , E m p e r o r



  

KVM

K e r n e l V i r t u a l M a c h in e

F u l l v i r t u a l iz a t io n  w i t h  h a r d w a r e  s p t .
L iv e  m ig r a t io n  w o r k in g

M e r g e d  in  2 .6 .2 0
S t i l l s ta b i l iz in g  p o s t 2 .6 .2 2



  

For more information

G e n e r a l v i r t u a l iz a t io n
➔ J u s t in  F o r b e s , W e d  1 6 :0 0 , E m p e r o r
➔ J u n  N a k a j im a , F r i 1 2 :0 0 , K in g

K V M
➔ A v i K iv i t y , W e d  1 1 :0 0 , E m p e r o r
➔ R y a n  H a r p e r , W e d  1 5 :0 0 , E m p e r o r
➔ L . Io n k o v , T h u  1 6 :0 0 , E m p e r o r



  

Containers

L ig h tw e ig h t v i r t u a l iz a t io n

A l l g u e s t s  s h a r e  th e  h o s t k e r n e l

S e v e r a l p r o je c t s  g o in g



  

S upporting containers

C o n ta in e r s  c o m p l ic a te  th e  c o d e

In d i r e c t io n  fo r  a l l g lo b a l r e s o u r c e s
P r o c e s s e s
D e v ic e s
F i le s y s te m s
S y s te m  t im e

R e s o u r c e  m a n a g e m e n t n e e d e d  to o



  

S upporting containers

M u l t ip le  c o n ta in e r  A P I s  w o n 't f ly

P r o je c t s  m u s t w o r k  to g e th e r
...a n d  th e y  a r e  w o r k in g  to g e th e r

S o m e  p ie c e s  m e r g e d  n o w

S o m e  c o m in g  s o o n
G e n e r ic  p r o c e s s  c o n ta in e r  m e c h a n is m



  

For more info

➔ P a u l M e n a g e , W e d  1 1 :0 0 , K in g
➔ H . P ö tz l , W e d  1 2 :0 0 , E m p e r o r
➔ B a lb i r  S in g h , F r i 1 4 :0 0 , F jo r d la n d



  

CPU scheduling

O n c e  i t s e e m e d  l ik e  a  s o lv e d  p r o b le m ...



  

CFS

T h e  C o m p le t e ly  F a i r  S c h e d u le r

D u m p  c o m p le x  in te r a c t iv i t y  h e u r is t ic s
U s e  a  s im p le r  fa i r n e s s  a lg o r i t h m

2 .6 .2 3
...m a y b e



  

Threadlets

A s y n c h r o n o u s  s y s t e m  c a l ls

I f a  s y s te m  c a l l b lo c k s
C o n t in u e  in  a  n e w  th r e a d
C o l le c t th e  r e s u l t s  la t e r

➔ Z a c h  B r o w n , F r i 1 0 :0 0 , K in g



  

Real time

H a r d  r e a l t im e !

M u c h  o f th is  w o r k  a l r e a d y  m e r g e d
M u te x e s
P r io r i t y  in h e r i t a n c e
H ig h -r e s o lu t io n  t im e r s
T ic k le s s  k e r n e l



  

Real time –  what's  left

S le e p in g  s p in lo c k s

In t e r r u p t h a n d le r s  in  th r e a d s

➔ S te v e n  R o s te d t , T h u  1 5 :0 0 , K in g



  

Network channels

...n o t th is  y e a r



  

Wireless  networking

T h e  m a c 8 0 2 1 1  s ta c k  h a s  b e e n  m e r g e d
(F o rm e r ly  D e v ic e s c a p e )

D r iv e r s  a r e  a  l i t t le  s lo w e r

V a r io u s  o p e n  is s u e s
R e g u la t o r y  c o m p l ia n c e



  

Wireless  drivers

G r e a t s u p p o r t f o r  m a n y  a d a p te r s

B ig g e s t g a p : A th e r o s
...a n d  it 's  in  th e  w o r k s



  

Video drivers

T h e  b ig g e s t r e m a in in g  p r o b le m  a r e a

In t e l : s u p p o r t e d
N v id ia : n o t s u p p o r t e d

n o u v e a u .f r e e d e s k to p .o r g
A T I : 

R 2 00 , R 3 00 w e l l s u p p o r t e d
R e v e r s e -e n g in e e r e d  R 5 0 0 d r iv e r  o u t



  

W h a t a b o u t th e  c lo s e d -s o u r c e  d r iv e r s ?



  

Closed-source drivers

...t h r e a te n  o u r  f r e e  o p e r a t in g  s y s t e m .



  

Power management

L o t s  o f h a r d w a r e  h a s s le s

M a n y  is s u e s  in  u s e r  s p a c e

T h in g s  a r e  g e t t in g  b e t t e r
T ic k le s s  k e r n e l
D r iv e r s  b e in g  f ix e d
P o w e r  to p

➔ L e n  B r o w n , T h u  1 5 :0 0 , E m p e r o r



  

Tracing

D t r a c e  e n v y



  

Tracing

C o m in g  s o o n : u t r a c e
N e w  in -k e r n e l m o n i t o r in g  / c o n t r o l
2 .6 .2 3 ?

L a te r :
K e r n e l m a r k e r s
L in u x  t r a c e  to o lk i t
S y s te m T a p

➔ J a m e s  K e n is t o n , W e d  1 6 :0 0 , E m p e r o r



  

Participation

I t  w o r k s  b e s t w h e n  e v e r y b o d y  jo in s  in
G e t c o d e  in to  th e  k e r n e l e a r ly

T h is  is  h a r d  fo r  s o m e  c o m p a n ie s
I n t e r f a c in g  w it h  th e  c o m m u n i t y  is  h a r d
N o  b e n e f i t to  m a in l in e  in c lu s io n  s e e n
S im p le  la c k  o f u n d e r s t a n d in g

C o n t in u e d  w o r k  to w a r d  u n d e r s t a n d in g



  

GPLv3

I t 's  (a lm o s t) o f f ic ia l
J u n e  2 9

R e la t iv e ly  u n p o p u la r  in  k e r n e l c i r c le s

T h e  k e r n e l is  e x p l ic i t ly  G P L v 2

A  c h a n g e  to  G P L v 3  w o u ld  b e  d i f f ic u l t



  

Questions?

s l id e s  a t h t t p ://lw n .n e t/ta lk s /o ls 2 0 0 7 /



  

Who oversees  this  work
N o n -a u th o r  s ig n o f f s  s in c e  2 .6 .1 7 :

L in u x  F o u n d a t io n 2 1 %
G o o g le 2 1 %
R e d  H a t 1 6 %
N o v e l l 1 0%
u n k n o w n   8%
IB M   6%
h o b b y is t s   4%
In te l   4 %
S te e lE y e   2%
C is c o   1 %
M IP S  T e c h n o lo g ie s   1 %



  

Event handling API

M a n y  s y s te m s  h a v e  a n  e v e n t A P I
n o t L in u x

e v e n t f d  g e t s  u s  c lo s e r
2 .6 .2 2

k e v e n t s  r e m a in  o n  th e  h o r iz o n



  

Low-level support

p a r a v i r t _ o p s
T h e  c o m m o n  h y p e r v is o r  in te r f a c e
M e r g e d  in  2 .6 .2 0
E v o lv in g  s t i l l

V M I
V M W a r e  h y p e r v is o r  in t e r f a c e
2 .6 .2 1



  

Closed-source drivers

...a r e  b u g g ie r



  

Closed-source drivers

...l im i t o u r  c h o ic e s



  

Closed-source drivers

...c a n n o t b e  s u p p o r t e d



  

Closed-source drivers

...d o  n o t g iv e  b a c k  to  th e  k e r n e l



  

Closed-source drivers

...c a n  s lo w  k e r n e l d e v e lo p m e n t



  

Closed-source drivers

...a r e  o f q u e s t io n a b le  le g a l i t y


