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Dynamics of Kernel Development
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Dynamics of Kernel Development
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Kernel Documentation
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What’s available?

In-Tree External
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What’s available?

In-Tree External

» Comments and Kerneldoc

» Documentation/

» Git commit messages

/
* clocksource_khz2mult - calculates mult from khz and shift
* @khz: Clocksource frequency in KHz

* @shift_constant: Clocksource shift factor

*

*

*

Helper functions that converts a khz counter frequency to a timsource
multiplier, given the clocksource shift value

*/

static inline u32 clocksource_khz2mult(u32 khz, u32 shift_constant)

ux-kernel.net




What’s available?

In-Tree External

» Comments and Kerneldoc

» Documentation/

» Git commit messages

sx.txt - specialix SX/SI multiport serial driver readme.
Copyright (C) 1997 Roger Wolff (R.E.Wolff@BitWizard.nl)

SECTEEN T

Introduction

This file contains some random information, that I like to have online
instead of in a manual that can get lost. Ever misplace your Linux
kernel sources? And the manual of one of the boards in your computer?

ux-kernel.net




What’s available?

In-Tree External

» Comments and Kerneldoc

» Documentation/

» Git commit messages

commit 2087a1ad822cd3a68b73338457047fcc54da726b
Author: Gregory Haskins <ghaskins@novell.com>
Date: Fri Jun 27 14:30:00 2008 -0600

sched: add avg-overlap support to RT tasks

We have the notion of tracking process-coupling (a.k.a. buddy-wake) via
the p->se.last_wake / p->se.avg_overlap facilities, but it is only used
for cfs to cfs interactions. There is no reason why an rt to cfs
interaction cannot share in establishing a relationhip in a similar
manner .

Because PREEMPT_RT runs many kernel threads as FIFO priority, we often
times have heavy interaction between RT threads waking CFS applications.
This patch offers a substantial boost (50-60%+) in perfomance under those
circumstances.

Mauerer,




What’s available?

In-Tree External

» LKML and others

» Websites: 1wn.net,
kernelnewbies.org, ...

» Books and Articles
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What’s available?

In-Tree External

» LKML and others

» Websites: 1wn.net,
kernelnewbies.org, ...

» Books and Articles

LinuChanges

Kernel development
Know whatto sk
[LWN subseriber-only content] CLICK NOW:
m

Li
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What’s available?

In-Tree External

» LKML and others

» Websites: lwn.net,
kernelnewbies.org, ...

» Books and Articles

Essential Linux
Device Drivers

inux Kernel
rchitecture
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What’s available?

In-Tree External

» Comments and Kerneldoc » LKML and others
» Documentation/ » Websites: 1wn.net,
» Git commit messages kernelnewbies.org, ...

» Books and Articles

» Available? Location?
» Uptodate? Complete?

www.linux-kernel.net W. Mauerer, Chasing the Penguin



Summary

v What’s good What’s bad

» Huge amount of » Focus on people already
documentation available intimate with the code
» Implicit documentation in git » Implicit documentation in git
» Documentation » No consistent style
infrastructure available » Very fragmented and
scattered
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Outline

Understanding the Kernel
Documenting new Features
Analysis Tools
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Documenting new features

Completely Fair Scheduler High Resolution Timers
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Documenting new features

Completely Fair Scheduler High Resolution Timers

» Turbulent emergence

» Completely replaces old
scheduler

» Considerable in-tree
development after merge
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Documenting new features

Completely Fair Scheduler High Resolution Timers

» Turbulent emergence » Long external development

» Completely replaces old » New foundation for existing
scheduler framework

» Considerable in-tree » Merged at very mature
development after merge state
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Documenting new features

Completely Fair Scheduler High Resolution Timers

» Turbulent emergence » Long external development

» Completely replaces old » New foundation for existing
scheduler framework

» Considerable in-tree » Merged at very mature
development after merge state

... also with respect to documentation!
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High Resolution Timers

Tick with
Time = B events
. | Tick w/o events
oo | n.. 0N | i . High resolution
Jiffie 1234 1235 1236 1237 1238 1239 event
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High Resolution Timers
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High Resolution Timers

CPU1

CPU2

clock_base[0]

clock_base[1]

Status info

cb_pending

clock_base[0]

clock_base[1]

Status info

cb_pending

hrtimer_bases

i

Red-black-tree

=

. REN _ Expired timers pending
to be processed

struct hrtimer_clock_base

struct
hrtimer

Callback pending
list
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for pax
while
i
if
braak,
continue:
i xe
af
i

@_.

High-resolution
clock interrupt

hrtimer_interrupt
Move to expired list

Select expired
timers -
Execute directly
Reprogram hardware for next event

Process pendin:
run_hrtimer_softirg timers pending

HRTIMER_SORTIRQ

asing the Penguin



High Resolution Timers

Available Challenges

» Orthogonal patch structure » Introduce conceptual parts
» Component submission » Disentangle alternatives
» Design Documentation » Prioritise important against

unimportant code
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Completely Fair Scheduler

Time ordered
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Completely Fair Scheduler

Virtual clock replacement

static inline s64 entity_key(struct cfs_rq *cfs_rq,
struct sched_entity *se) {
return se->vruntime - cfs_rq->min_vruntime;

min_vruntime f

O O OO0O0

N <
vruntime ﬁ vruntime%
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Completely Fair Scheduler

Conclusions

» Code history can ease documentation
» |dentify stable components
» Reduce complexity
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Analysis Tools
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Analysis Tools
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LXR Source Code Cross Reference

©) DXRInUXRemelsched.c Mol Frefox IS
File Edit View History Bookmarks Tools Help

-@ (3} [ nitp/xt inux noinue2.6.26 S/kemelsched c#La141 <[> 2y
~)SUSE LINUX [)Reference £)Maps and Directions %) LXR remote Q) LXR penrose

asnlinkage void _sched schedule (void)
t

Struct task_struct *prev, *next;
unsigned long *switch_coun
struct rq

int cpu;

need_resched
preenpt_disable();
- Fgrsicsrar o
(cpu);

)
e et
prev = rq-ocurr:

switch count =

Sprev->nivesv;

release_kernel lock (prev) ;
need_resched_nonpreenptible

schedule_debug (prev);
hrtick_clear(rg);

o’
* Do the rq-clock update outside the rq lock:

*/
local_irg dlssble);
update_rq_clock(ra);
S Tock Tora sLoct}:
Clear_tsk need_resched (prev);

if (prey-

>state &6 | (preempt_count() & PREEMPT_ACTIVE)) {
if (unlikely(signal pending_state (prev->state, prev)))
Drey->state = TASK_FUNNING:

else
deactivate_task(rg, prev, 1);
Switch_count = Gprev->nvesy;

3

#ifdef CONFIG_SHP
1f (prev->sch >pre_schedule)

‘prev >sched_class-Spre.schedule (ra, prev);

#endif

i tuldely trg-on ruming)
idle_balancelcpu, ra);

prev->sched_class->put_prev_task(rg, prev);

W. Mauerer, Chasing the Penguin
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LXR Source Code Cross Reference

CIES
Flle Edit View Hitory Bookmarks Tools Help
- - @ (3} [ nttp/nxtinux noinuc+v2.6.26 5/+cote=schedule <[> 2y
~)SUSE LINUX [)Reference £)Maps and Directions %) LXR remote Q) LXR penrose
i 26265 ]

LXR [linux/ v

Documentation Code search: schedule

arch Function

block kemel/sched.c, line 4141 [usage.

crypto Local variable
drivers fs/xfsflinux-2.6/xfs buf.c. line 1023 usage
18 fs/xisflinux-2.6/xfs_buf.c. line 1102 jusage
= line 3706 usage..]
include line 3706 usage..)
init line 3706 [usage..]
ipe line 3706 usage..|
kemel line 3706 usage..]

b line 3706 usage..]
- line 3706 usage..|
mm line 3706 jusage..]
net line 3706 usage..]
samples sound/pci/rme9652/hdspm.c, line 3431

scripts lusage..)

sound/pci/rme9s52/hdspm.c, line 3431

security, T

sound sound/pci/me9652/dspm.c, line 3431

ust usage ]
- sound/pci/me9652/dspm.c, line 3431
vir usage i’
gitignore 867 2008-07-13 12:51:38 0700

mailmap 3696 2008-07-13 12:51:38 -0700
COPYING 18693 2005-10-27 15:02:08 -0700
CREDITS 92729 2008-07-13 12:51:38 -0700
Kbuild 2465 2008-07-13 12:51:38 -0700
MAINTAINERS 100983 2008-07-13 12:51:38 0700
Makefile 55083 2008-09-08 08:40:40 -0700 -
Done |
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(K)GDB and DDD
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)GDB and DDD

& DDD: Momewolfganglimix26.24-umkernel schedc.

s
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prey = risurr:
Switch_count = sprev-onivesw;

soorrel Tock(pron):
need_resthe L narpremE b6

Schedule_dsbug(pra);

” o
3o the rarclock updats autside the ra lock:
Toca_ira_disgble();
—update_ra_clock(rp):
Sinodktireloc):
clear_tok_need_resched(prev);
D if Grevostate t8 t(proemt_count() 8 PRECWT ACTIVEY) (
T Gl ket (Cprevorstate TERRUETISLE) 85
ety stonel sendinoGored ) ¢
prev-rstats = THSKANNTIG
‘
(agb) noxt. ‘|
Breakooint 3, schedule () at kernel fsched. c:3653
(ab) ] 5
X Updating st isplays done. r)
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(K)GDB and DDD

Andrew Morton on KGDB

| used kgdb continuously for 4-5 years until it broke. | don’t think | ever
used it much for “debugging” as such. | used it more for general
observation of what’s going on in the kernel. And for confirmation of
what’s going on (ie: testing that the actual state matches the expected

state).
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Git and GUIs
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How it all fits together

LXR\
GDB Data
UML
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How it all fits together

LXR LXR
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Outline

Social Aspects
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From: Con Kolivas

Ooh you have a vm patch that helps swap on the desktop! I can help you
here with my experience from swap prefetch.

Get it reviewed and have noone show any evidence it harms
Find hundreds of users who can testify it helps
Find a way of quantifying it.

@R W N R

Merge into mainline.

www.linux-kernel Mauerer, Chasing the Pe




From: Con Kolivas

Ooh you have a vm patch that helps swap on the desktop! I can help you
here with my experience from swap prefetch.

Get it reviewed and have noone show any evidence it harms
Find hundreds of users who can testify it helps
Find a way of quantifying it.

@R W N R

Merge into mainline.
There, that should get you as far as 4. I haven’t figured out what 4

is yet. I believe it may be goto 1;
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Linus on smelly pets

Ok, so now that I’ve insulted you and your pets (they’re
ugly!), show me wrong, and then call me a d*ckhead.
(‘“Linus - you’re a d*ckhead, and you didn’t understand the
problem, so you’re a stupid d*ckhead. And my pet may be
ugly, but yours smells bad!’’).
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From: Rusty Russel

-#define ARRAY_SIZE(x) (sizeof(x) / sizeof ((x)[0]))
+#define ARRAY_SIZE(arr) (sizeof(arr) / sizeof ((arr) [0]) \

+ + sizeof (typeof (int[1 - 2*!!__builtin_types_compatible_p(typeof (arr), \
+ typeof (%arr[0]))]))*0)

Reply from Linus Torvalds

Rusty, that’s a work of art.

However, I would suggest that you never show it to anybody ever
again. I’m sure that in fifty years, it will be worth much more. So
please keep it tightly under wraps, to keep people from gouging their
eyes out"W W"W"W"W"W"W make a killing in the art market.

Mauerer,



Improved patc

0K, many people complained that it needed a comment. Good point!
Add comment to ARRAY_SIZE macro.
diff -r 933e410f204f include/linux/kernel.h
--- a/include/linux/kernel.h Sat Mar 10 09:55:31 2007 +1100
+++ b/include/linux/kernel.h Sat Mar 10 09:55:53 2007 +1100
<at> <at> -35,6 +35,7 <at> <at> extern const char linux_proc_banner[];
#define ALIGN(x,a) __ALIGN_MASK(x, (typeof(x))(a)-1)
#define __ALIGN_MASK(x,mask) (((x)+(mask))&" (mask))
+/* GCC is awesome. */
#define ARRAY_SIZE(arr) (sizeof(arr) / sizeof ((arr) [0]) \
+ sizeof (typeof (int[1 - 2%!!__builtin_types_compatible_p(typeof (arr), \
typeof (&arr [0]))]))*0)

Mauerer,




Thanks for you attention!




A Comparison: Allocating Memory

Everybody needs memory

» Core OS service
» Stable interface (introduced ~ v0.98)
» Documentation situation representative
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FreeBSD

@ malloc(9) - MozilaFirefox <2>.

CIREY
Eile Edit View History Bookmarks Tools Help
- -@ freebsd orgcgiiman. ORELEASE ~[»] = Q
[)0penSUSE @hGtting Started 63 Latest Headines A LR local THLEO
mLLoc(s) FreosD Kernel Developer’s Hanual mLLoc(s) -
e
loc, MALLOC, free, FREE, reatloc, realloct, WALLOC_DEFINE
TALLOE ECLARE - ernel menory manbgenent rodtines
snges1s
Finclude <sys/types.h>
#include <sys/matloc. >
nallo_type “type. int Flags):
HALLOC_DECLARE( tpe);
#include <sys/paran.h
#include <sys/malloc.h>
#include <sys/kernel hs
HALLOC_DEFINECtype, shor taese
oescaIPTION
e stiec() fncrion stecates i tan s sevory 10 ket adoress
for an object whose size 12 Tpecifiza by
The free() function releases nenory at addr et s previousty
Sllocated by BALoCO) for racuse. The memory i3 nat seroed T
WL then free() does nothing
e realloc) sunction changes the size ot the previousty tocated wen-
enced by acar The contents of the neno
naneed vy o the asscr of he new and o1 Sries, Wote ot e
Veturnea value may Gifrer from sddr. If the requesicd nemory camot be
alocated, WULL 13 recurned and the nenory referenced by oot 13 va
inerons. 17 S S WL e TG fnction seves 1o
o malloc() for the specified =
The reallocf() function 15 1dentical loc() excent that 1t w11t
Tree" e Bucead Rownter inen the FenucRted merory caneat be BLLocated
The KALLOC() macro variant 15 functionally eauivalent to
(space) = (castymalioc((u_Long) (size). type, Tlogs)
Dane 3

www.freebsd.org/cgi/man. cgi?query=malloc\&apropos=0\&sektion=0\&manpath=FreeBZL+7.0-RELEASE\&format=html
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Mac OS

0 Kit Device Driver

Design Guidelines. i Developer Connection [Search
Advances Sech
5 ror
= 6 tag ot wamner comaethos
Introduction
v The lbkern C+ Runtime oy > Guides > The e G+ Funtime >

« Creation ofthe Rurtine Systens | 5 Hde 100 <Previus age Nt Fage >

stion ana
Desiruction
« Obect ospecton and
Oynani Casing
» Bnery Compaiity Object Creation and Destruction
+ ke Collecton and

Contaner Classes

et G consutors and -
. e otmaly. Tiny ncouir b, e emals Gos e, rre
B ow ah an slosason o fub i)
* LS T sabnpromio dsontet fhkr's G eyl OSUAGss s st et of 3 st he s 6t n
s G o 31055 These
g e becaens oy slotone et e o o alocaionofobecs sl s SR weudy i 12 o nchon
orianer Classes Becausethe 1n1t return a bool, velum an error
fogrichcek
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fon About Drivers.
« Wemationsizing Kernel
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v For the frstmacro, 05Dec 1areDe faul t5 tructors declares the G- macro as
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» Developing a Device Driver to |
Run on an| L by Conpany_detver_MyDeiver)
Glossary S 000
Revision History. )
Index
Your lass mplementaon mustnckds s comanin-deine” macr,os0e 1 e fnds tructors. and destruct
OsWetaCia on a1 107) orth clas: el TUnfime fping SyStem. 050e 1 neHe t3C La==Ands truc tor fakes as

developer.apple.com/documentation/DeviceDrivers/Conceptual/WritingDeviceDriver/CPluPlusRuntime/chapter_2_
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Windows

@ ExAlocatoPoolWithTag - Mozila Firefox <2>

Eile Edit View History Bookmarks Tools Help

-»-@ {2} @ Http:/imsdn. microsoht com/en-us/librarylms795389.aspx =[] [O] [

openSUSE @b Getting Started 53 Latest Headines O LXR local TELEO

unted states - enatn + | vicosotcom | welcome| somin

msdn, T

Microsoft Developer Networl

Home. upport Gommunity

5 printer riendly Version Send 8 add Conent

Click to Rate and Give Feedback fi/irfr 3
Getting Started with Windons Drivers [ 3
[ Kemel-Hode Driver Architecture
[ Desion Guide

Windows river Kit: Kemel-Hade river Architecture

B Reference ExAllocatePoolWithTag
[ Standard Driver Routings
[5) ENrreE AR The ExAllocatePoolWithTag routine allocates pool memary of the specified type and returns a painter to the alocated block.

Summary of Kernel-Hode
Object Manager Routines pte
Memory Manager Routines PR —

Process and Thread Manag Do T
1/0 Manager Routines B

Power Manager Routines parameters
Foolyse

1 Speciiesthe ype of pool memry to llcate. Each allocation code path should use  uniaue pool tag to help debuggers and verfirs deniy the code
Secasity Rafarance woria ath, You can modify the PoolType value by using a bitwise OR with the POOL_RAISE_IF_ALLOCATION_FAILURE fiag. This flag causes an exception to be.
Core Kernel Library Suppg raed fhe request cn e s

Configurton Manager xuj\

Kernel Transaction Manag

L allocations frequently. The POOL_COLD_/ ALLDCAYIDN ﬂn is un\y m ory and is nm\nme fm Microsoft W\ndnws P and later operating 5YSt(m5 Fora
= 1 (for example, 'Tagl’). The string is usually specified in reverse order (for example, '1gaT’). The ASCII value of each ch:

[ ExAcquireSharedstarv, between 0 and 127. Every allocation code path should use a unique pool tag to ensure zhal debuggers and verifiers identify a distinct nHa:nled block

[ ExAllocateFromipage: Return Value

@ ExtlocatepoolWithaug

NumberOfBytes is PAGE_SIZE or greater, 3 page-aligned buffer s allocated. Memory allocations of PAGE_SIZE or less do not cross page boundaries. Memory.
Slocaion f oo o FAGES128 e ek o poge shaned bt o oignedon n &-ove Boundr

ExAllocatePoolWithTag </

Done.

msdn.microsoft.com/en-us/library/ms796989.aspx

www.linux-kernel.net W. Mauerer, Chasing the Penguin



msdn.microsoft.com/en-us/library/ms796989.aspx

Perl

PERLGUTS (1) Per] Programmers Reference GuidePERLGUTS (1)

Memory Allocation

It suggested hat you s the rsion of mllo that s disbutdwith Per. It keeps

o iy Honerr o some s,y cae s o o e

Newix, polscer, munber, cype);
solaet, i
Nows (3, Potiter, mmber

o)

“Thes thres acrosar used 0 ity ot menmory:

o i ok who calld
ST ry problems. However, lmcurmmwdc
makes no s of i etur (most M«mw. now s run-ime memry

er). o this agument can b

newy allocated memry.

newly allocaied memary
Renew(pointer, number, typel;
Renewe (pointer, number, £yos
safefres (pointar

v wihth excepion of ot nesding e -agie cookie” argumen.

Nove (source, dest, munber, type) |
Copy(source, desc, mumber, type)

copy. o

Per will move, copy, o 20 ot mmbex mstances of the size f the £ype data s
fure (sing the a1 2e0F function)

Petio
ormal” imple-
meaitons 1015 eed This ivolves creting & new abHAcio aye h then s
Al
Whatkind of sdio i being vsed.

www.linux-kernel.net

W. Mauerer, Chasing the Penguin



Linux

Chapter 5. Memory Management in Linux
Prev

z

Chapter 5. Memory Management in Linux

Table of Contents

The Slab Cache
User Space Memory Access
More Memory Management Functions

The Slab Cache

kealloc — allocate memory for an array. The memory is setto zero
kmalloc_node — allocate memory from a specific node

kzalloc — allocate memory. The memory is set to zero,

kzalloc node — allocate zeroed memory from a particular memory node.
kmem_cache_create — Create a cache.

kmem_cache_shrink — Shrink a cache.

kmem_cache_destroy — delete a cache

kmem_cache_alloc — Allocate an object

kmem_cache free — Deallocate an object

Kiree —free previously allocated memory

Prev Next
cre_ceitt Home kealloc

www.kernel.org/doc/htmldocs/kernel-api/ch05.html
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kmalloc_node
rev The Slab Cache

z

Name
kmalloc_node — allocate memory from a specific node
Synopsis
vord * kmalloc_node (size_t size,
ofp_t flags.
int node);
Arguments
how many bytes of memory are required.
flags
the type of memory to allocate (see kealloc)
node

node to allocate from.
Description

knaLoc for non-local nodes, used to allocate from a specific node if available. Equivalent to knatioc in the non-NUMA single-node case.

Prev Up Next
kealloc Hom: kzalloc

www.kernel.org/doc/htmldocs/kernel-api/ch05.html
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Linux

kealloc
The Slab Cache

I

2
4
2

Name

kealloc — allocate memory for an array. The memory is set to zero.
Synopsis

vota * kealloc (size_t
size_t size,
gfp_t flags)

Arguments

number of elements.
element size.
riags

the type of memory to allocate.

Description

The f1ags argument may be one of:

GFP_USER - Allocate memory on behalf of user. May sleep.

GFP_KERNEL - Allocate normal kernel ram. May sleep.

Gre_iTowic - Allocation will not sleep. May use emergency pools. For example, use this inside interrupt handlers.

are_t1cHuser - Allocate pages from high memory.

www.kernel.org/doc/htmldocs/kernel-api/ch05.html
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