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Goals

m Introduce you to what it’s like to work on a production
operating system

m Shed some light on how Linux in particular is developed

m Give you a starting point if you're interested in working on
Linux



What is Linux?

m Operating system kernel
written by Linus Torvalds,
first released in 1991

m Free and open source
(GNU GPLv2)
m General-purpose
m Desktops, servers,
smartphones,

embedded systems
m x86, ARM, MIPS, ...




What is Linux? (cont.)

m Huge software
engineering endeavor
m For4.3:
m Over 50,000 files
m Almost 20,000,000
lines of code

m About 1600 developers
and 200 companies

A index : kernel/git/torvalds/linux.git _
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Requisites for Working on the Kernel

1 Technical knowledge
2 Familiarity with the development process
3 Motivation
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Technical Requirements

mC

m Unixshell
m Git

m Optional

m Specific domain knowledge, e.g., filesystems, schedulers,
memory management
m Scripting, working with VMs



Development Process: Maintainers

m Kernel source tree divided into subsystems with different
maintainers, submaintainers

us Torvalds

Al Viro (fs/) Chris n (fs/burfs/) l) e Miller (ne A Andrew Morton (mi /1
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Mainline

4.4 merge window
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Development Process: Release Cycle Summary

m Mainline
m Linus Torvalds’s 1inux.git tree
m Merge window
m Weekly release candidates
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Development Process: Release Cycle Summary

m Mainline
m Linus Torvalds’s 1inux.git tree
m Merge window
m Weekly release candidates
m Stable
m Greg Kroah-Hartman’s 1inux-stable tree
m Backports of bug fixes for recent releases
m Longterm
m Greg Kroah-Hartman, others
m Backports of select versions for years
m Next
m Stephen Rothwell’s 1inux-next tree
m Integration tree combining everything maintainers have in their
own trees for the next merge window



Motivation

m Can’treally help you with
this one




Finding Something to Work On

m Decide on a few specific
subsystems

m Code cleanup (coding
style, whitespace)

m Follow the mailing lists
m Try the release candidates
m Reproduce bugs




[[nsandn‘l@mew ~/Dropbox/Homework /CSES51/551ws master]
$ ag sendfil
ERR: error in pthread_setaffinity_rp(): Invalid argument
[[nianng@mew ~/Dropbox/Homework/CSES51/551ws master]

$
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Case Study

The pthread_setaff. function sets the CPU affinity mask of the thread thread to the cPU set pointed to by cpuset

np()
T the £all s5 Succeseril, nd the throad 55 mot cUrrently ruing on ene of the CoUs in tousse, then St 1 miosced f
one of thuse CPUs

ETINVAL (pthread_setaffinity np()) The affinity bit mask mask contains o processors that are currently physically on the
stem and permitted to the thread according to any restrictions that may be imposed by the “cpuset' mechanism
described in cpuset(7).
ETNVAL (pthread_setaffinity_np()) cpuset specified a CPU that was outside the set supported by the kernel. (The kernel
configuration option CONFIG NR CPUS defines the range of the set supported by the kermel data type used to repre-
sent CPU sets

RN Ge



Case Study

21 free(opts.query);
20 opts.query = word_regexp_query;
19 opts.query_len = strien{opts.query);
18
17 compile_study (Sopts.re, Gopts.re_extra, opts.query, pcre_opts, study opts);
16 ¥
15
14 if (opts.search_stream) {
13 search_stream(stdin, "");
12 1 else
11 for (i =0; 1< wnrksrs _Llen; i++) {
10 workers[i].id =
9 int rv = pthrsad cr‘sats(&(wnrkers[)] thread), NULL, Gsearch_file worker, &(workers[i].1id));
8 if (rv 1= 0
7 die('error in pthread_create(): %s", strerror(rv));
6
5 #if defined(HAVE_PTHREAD_SETAFFINITY_NP) && defined (USE_CPU_SET)
4 opts.use_thread_affinity
3 cpu_set_t cpu_set;
2 CPU_ZERD(&cpu_set) ;
1 CPU_SET(1 % num_cores, &cpu_set);
144 rv = fthread_seTaffinity_| np(wnrksrs[)] thread, sizeof (cpu_set), &cpu_set);
1 af (rv 1=0)7{
2 die("error in pthread setaffinity np(): %s", strerror(rv));
3
4 log_debug("Th to CPUSi', 1, i);
5 }oelse {
6 Tog_debug (" Th
7
8

#else
s Log_debug("No CPU affimity

10 #endif
11

12 for (i = 0; pathsli] 1= NuLL; i++) {
13 Tog_debug ("searching path %s for %s", paths[il, opts.query);
14 symhash = NULL;

init, Jgr\nre(mnt ignores, "", 0);
= {.stldev =01};

,
21 if (opts.one_dev &5‘( lstat(pathsh], &s)

2 Tog_err (TFail ice inforn path &s. Skipping...", pathslil);

144,22
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Case Study

[Losandova Tinux/Tinux.git]

§ git bisect start v4.1-rcl v4.0

Bisecting: 5576 revisions left to test after this (roughly 13 steps)

[6c373ca89399c5a3f 7ef210ad8f63dc3437da345] Merge git://git.kernel.org/pub/scm/linux/kernel/git/davem/net-next

[osandova TinuxyLinux. gi t]
[5 git bisect run ~/Dropbox/linuxsbugs/affinity-einval/bisect.sh >/dev/null 261
(losondove  ~/Tinta/Loni o)

§ git bisect log
# bad: [b787fs8c36d4obbldo23sf 403813641efa74a031] Linux 4.1-rcl
# good: [3928804455fb23f09157341d3ba7db6d7ae6e276] Linux 4.0
git bisect start 'v4.l-rcl' 'v4.0'
# bad: [6c3 764210237 634c3437d2345] Merge git://git.kernel .org/pub/scn/linux/kernel/git/daven/net-next
g)t bisect bad 6 a3f7ef 21 0ad d
# bad: [e55e7f627052b55e5(:5571ce573e5234c91ﬁ‘c50] Merge branch 'timers-nohz-for-linus' of git://git.kernel.org/pub/scm/linux/kernel/g|
]t/tlp/t)
git bisect bad 595e7f627062b55e66597]ceE73e6234c9]ch50
# bad: [ focasg77ef
egkh/driver-core
qit bisect
# bad: [1a370f4cdg5e056ds5efshf 1a183880e70195e59] Merge tag 'edac_for_4.1' of git://git.kernel.org/pub/scm/linux/kernel/git/bp/bp
git bisect bad 1a370f4cd95e056d55ef5h{1a183880270195¢59
# bad: [7fd56474db326f7a6df0e2ade3a9600cc083absh] Merge branch ' timers-core-for-linus' of git://git.kernel.org/pub/scm/linux/kernel/g
1t/tip/ta
git bisect bad 7fd56474db326f7a6df 0e2ade3a9600cC083abob
# good: [900360131066f192c82311a098d03d6ac6429220] Merge tag 'for-linus' of giti//git.kernel.org/pub/sem/virt/kvm/kvm
git bisect good 900360121086f102c82311a008d03d6acE425e 20
# good: [979081e7440056da28bl9e57ac 20098caf49103] ACPI/PAD: Use explicit broadecast control function
git bisect good 979081e7440056da28b10eS7act20008caT 49103
# bad: [62a935b256f68a71697716595347209b5275426] sched/core: Drop debugging leftover trace_printk call
git bisect bad 62a935h256f58a71687716505347200f b5275426
# good: [bSbass0d1d61ddc5308c7d492cbeaa3aces508d71] sched: Make scale_rt invariant with frequency
git bisect good bShagE0d1ds1ddc5308c7dAc2cheaa3abe508d7
# good: [dfbcad1f247997e57048a53755611c82d792924] sched: Optimize freq invariant accounting
git bisect good dfbcaqlf347997e57048a53755611c8e2d792924
# good: [07c54f7a7ff77bba7bae26e566969e9cab6Tb0c6] sched/core

Merge tag 'driver-core-4.1-rcl' of git://git.kernel.org/pub/sem/linux/kernel/git/gr

: Remove unused argument from init_[rt|dl]_rq()
git bisect good 07c54f7a7ff77bb47bae26e566969e5cabsfboce
# bad: [3c18d447b3b36a8d3c90de37dfbd363cdbe85d0a] sched/core: Check for available DL bandwidth in cpuset_cpu_inactive()
g1t bisect bad 3c18d447b3b36a6d3c90dc37dfbd363cdb6ESd0a

# good: [4cdS7f97135840f 63743192380 8da3edbeaded] sched/deadl)he Always enqueue on previous rq when dl_task_timer () fires
git b)sect good 4cds7f97135840f 637431 c92380c8dasedbed:

e oo Somni s (a1 beadmb b A seB0ae s oaaesedbaesdos] sched/cora: Chsck for availdble DL bandwidth in cpuset_cpu_inactive()
Togandove - ~/Linux Linus. i ]
s




Case Study

commit 3c18d447b3b36a8d3c00dc37dbd363cdb6EE0a
Author: Juri Lelli <juri.lelligarm.com=
Date Tue Mar 31 09:53:37 2015 +0100

sched/core: Check for available DL bandwidth in cpuset_cpu_inactive()

Hotplug operations are destructive w.r.t. cpusets. In case such an
operation is performed on a CPU belonging to an exlusive cpuset, the
DL bandwidth information associated with the corresponding root

domain is gome evem if the operation fails (in sched_cpu_inactive())

For this reason we need to move the check we currently have in
sched_cpu_inactive() to cpuset_cpu_inactive() to prevent ussless
cpusets reconfiguration in the CPU_DOWN_FAILED path.

Signed-off-by: Juri Lelli <juri.lelligarm.com
Signed-off-by: Peter zijlstra (Intel) <peterz@infradead.org>

Ce: Juri Lelli <juri.lelliggmail. com>

Link: http://lkml.kernel.org,/r/1427792017-7356- 2- git-send-email- juri . lelli@arm. com
Signed-off-by: Ingo Molnar <mingo@kernel.org>

diff --git a/kernel/sched/core.c b/kernel/sched/core.c
index 4c49e75ca24d..28h0d75a8273 100644
=== a/kernel/sched/core.c
H+ b, kelne]. s(he‘l core.c
,13 static int sched_cpu_active(struct notifier_block *nfb,
stat)c int schsd |_cpu_inactive(struct notifier_blocl
Unsigned long action, void *hcpu)
{

E unsigned long flags;
- Tong cpu = (Long) hepu;
- struct dl_bw +dl_b;

switch (action & ~CPU_TASKS_FRozEN) {
case CPL_DOWN_PREPAF
- Set_cpu_active(cpu, false);

- /* explicitly allow suspend */
- 1f (! (action & CPU_TASKS | FROZEN)) {
- bool overflow;

- int cpus;

B reu_read_lock_sched();
d1_b = dT_bw_of(cpu);




static int _init migration_init(void)
@@ -7006,7 +5993,6 G@ static int cpuset_cpu_active(struct notifier_block *nfb, unsigned long action,
*/

case CPU_ONLINE:
case CPU_DOWN_FATLED:
cpuset_update_active_cpus(true);
break;
default:
@@ -7018,5 +6994,32 G0 static int cpuset_cpu_active(struct notifier_block *nfb, unsigned
static int cpuset_cpu_inactive(struct notifier_block *nfb, unsigned long act:
void *hcpu)

long action,

{

- switch (action) {
+ unsigned Llong Flags;
+ Tong cpu = (lung)hcpu,
- struct dl_bw *dl_b
N
+ switch (action & ~CPU TASKS FROZEN) {

case CPL_DOWN_PREPARE:

-+ T+ explicitly allow suspend *
+ 1f (1laction & cuujAsstszN)) {
+ bool overflow;
+ int cpus;
N
+ reu_read_lock_sched ();
+ dLb = dT_bw_of (cpu);
N
+ raw_spin_Lock_irqsave(&dl_b->lock, flags);
+ cpus = dT_bw_cpus(cpu);
+ overflow ¥l _overflow(dlb, cpus, 0, 0);
+ raw_spin_unTock irqrestore (&dl_b->lock, flags);
N
+ reu_read_unlock_sched() ;
N
+ if (overflow) {
+ trace princk (*hotplug failed for cou slut, cpu);
+ return notifier_from_errno(-EBUSY);
+ i
.

cpuset_update_active_cpus(false) ;

reak;
case CPU_DOWN_PREPARE_FROZEN:




Case Study

Date: Mon, 4 May 2015 03:09:36 -0700

From: Omar Sandoval <osandov@osandov.coms
Ingo_ Molnar <mingogredhat.com>, Peter Zijlstra <peterzginfradead.org>, Juri Lelli <juri.lelligarm.coms,

inux-kernel@vger.kernel.org
Cc: omar Sandoval <osandovgosandov. com>
subject: [PATCH] schedfcore: Fix regression in cpuset_cpu_inactive for suspend
X-Mailer: git-send-email 2

Commit 3¢18d447b3b3 ("sched/core: Check for available DL bandwidth in
cpuset_cpu_inactive()"), a SCHED_DEADLINE bugfix, had a logic error that
caused a regression in setting a CPU inactive during suspend. I ran into
this when a program was failing pthread_setaffinity np() with EINVAL after

a suspendtwake up. A simple reproducer

$ ./a.
sched_setaffinity: Success
$ systemctl suspen

[wake up from suspend]

$ ./a.out
sched_setaffinity: Invalid argument

Where ./a.out is:

#define _GNU_SOURCE
#include <errno.h>
#include <sched.h>
#include <stdio.h>
#include <stdlib.h=
#include <string.h>
#include <unistd.h>

int main(void)
{

Long num_cores;

cpu_set_t cpu_set;

int ret;

num_cores = sysconf (_SC_NPROCESSORS_CNLN) ;

CPU_ZERO(&cpu_set) ;

CPU_SET (num_cores - 1, &cpu_set);

errno = 0;

ret schd setafhnt {getpid(), sizeof(
1




Case Study

#include <errno.h>
#include <sched.h=
#include <stdio.h>
#include <stdlib.h=
#include <string.h=
#include <unistd.h=

%nt main(void)

Tlong num_cores;
cpu_set_t cpu_set;
int re

num_cores = sysconf (_SC_NPROCESSORS_ONLN) ;
cPU_zeRO(scpu_set);

CPU_SET (num_cores - 1, &cpu_set);

err 0;
ret = sched_setaffinity(getpid(), sizeof(cpu_set), &cpu_set);
perror(*sched_setaffinity");
return ret ? EXIT_FAILURE : EXIT_SUCCESS;

3

The mistake is that suspend is handled in the action
CPU_DCWN_PREPARE_FROZEN case of the switch statement 1
cpuset_cpu_inactive. However, the commit in question masked o

ut
CPU_TASKS_FROZEN from the action, making this case dead. The fix is
straightforward.

Fixes: 3c18d447b3b3 ("sched/core: Check for available DL bandwidth in
cpuset_cpu_inactive()")

Signed-off-by: Omar Sandoval <osandov@osandov.com>

This applies to v4.1-rc2.

I'm not familiar with this part of the kernel at all, but this Seems
Right (TM). If it isn't, consider this a bug report-plus.

Thanks !

kernel/sched/core.c | 28 ikttt
1 file changed, 12 insertions(+), 16 deletions
1 [PATCH]




Case Study

date active
[

git a/ / / - b/
dex fe22f7510bce. .ecf05hf30525 100644
/ / core.c
Static int cpuset_cpu_inactive (struct notifier_t
unsigned Long Hags,
Tong cpu = (long)hepu;
struct dl_bw *dl_b;
+ 18
+ int cpus;
switch (action & ~CPU_TASKS_FROZEN) {
+ switch (action)
case CPL_DOWN_PREPARE:
7+ explicitly allow suspend */
1f (Ilaction & CPU_TASKS_FROZEN)) {
0ol overflow;
int cpus;
- reu_read_Lock_sched ();
. d1_b = dl_bw_oflcpu);
+ reu_ ack_schad(7;
+ dl_b W_ ;
rau_spin lock_irgsave(sdl_b->Lock, flags);
cpus = dT_bw_cpus(cpu) ;
- overflow dl overtlow(dl _b, cpus, 0, 0);
- raw_spin, unlock srarestore (&d{ bo=Tock, flags);
+ Lock, s
N
.
+ wu e
. reu_read_unlock_sched() ;
+ rcu_read_unlock_sched ()3
if (overflow)
return notifier_from_errno(-EBUSY);
T
-+ if (overflow)
+ turn notifi

block *nfb, unsigned long action,




Case Study

From: Ingo Molnar mingogkernel.org>

org>
¢ Uinux-kernelgvger-kernel org, Peter Zijlatra a.p.zijlstragehello.nls, Thomas Gleixner <tglxglinutronix.des, Andrew Horton
<akpnglinux-foundation. org>

subject: [GIT PULL] scheduler fixes

User-Agent: Mutt/1.5.23 (2014-03-12)

Linus,

Please pull the latest sched-urgent-for-linus git tree from:

git://git.kernel.org/pub/scm/linux/kernel/git/tip/tip.git sched-urgent-for-linus

# HEAD: b71

3 schedfcore: Fix regression in cpuset_cpu_inactive() for suspend

Two fixes: a suspend/resume related regression fix, and an RT priority
boosting fix

Thanks,

Omer Sandoval (1):
ched/core: Fix regression in cpuset_cpu_inactive() for suspend
Thomas Gleixner (1

ched: Handle priority boosted tasks proper in setscheduler()

include/linux/sched/rt.h | 7 44++---
kernel/locking/rtmutex.c | 12 ++++++-----
kernel/sched,/core. ¢ | 54 4+bbbbbbbb bbb bbb

3 files changed, 37 insertions(+), 36 deletions(-)

diff --git a/include/Linux/sched/rt.h byinclude/linux/sched/rt.h
ndex 6341f5he6e24. .230b172df6el 100644

a/ 1||(l||(|e hmlx 5(I|e(l |
by:

-

@@ static ]M]l\v int rt_task(struct task_struct *p)
NFLG AT MUTEXE
Ingo Molnar




Where to Go From Here

Look at Documentation/HOWTO

Build and install a kernel from scratch

Watch “Write and Submit your first Linux kernel Patch” on
YouTube

Take the Eudyptula Challenge
Read LWN.net

Email me at osandov@osandov.com


https://git.kernel.org/cgit/linux/kernel/git/torvalds/linux.git/tree/Documentation/HOWTO
https://www.youtube.com/watch?v=LLBrBBImJt4
http://eudyptula-challenge.org/
https://lwn.net/
mailto:osandov@osandov.com

