Opening a Linux Kernel
in CLion IDE

Installing the build tools

Before you start, it's a good idea to make sure you have all the necessary prerequisites
installed, and that you can build the kernel from your console (without CLion). On
Debian/Devuan/Ubuntu Linux systems, you need to

run apt-get install build-essential as root.

Getting the source code

Next, head to https://www.kernel.org and pick a 4.x or 5.x kernel tarball. Building an
ancient 2.2.x or 2.4.x kernel on modern systems is possible, but may require extra
tinkering. Alternatively, you can pull the most up to date Git master from
https://qgit.kernel.org/pub/scm/linux/kernel/git/torvalds/linux.git.

Bootstrapping

Now you need to make sure the project is both clean (meaning it doesn’t contain any
binaries that have already been built from source) and ready for build (meaning you’ve
carried out all required configuration steps):

e make distclean iS necessary as it removes any previously built binaries and
object files;

e make defconfig creates the default . config file in the project directory. You can

go ahead and copy over the . config from your running Linux kernel, or run

make menuconfig instead and make any customizations (like enabling a specific

driver or file system module, e.g. Btrfs);

e running make clean after this is still desirable, as make defconfig and
make menuconfig both build a small number of binaries;

e don'trun make distclean once you have the .config file, as it will get deleted
and you'll have to start over.

e don't build the kernel manually (nake bzImage and/or make modules)once
you've run make clean, as CLion needs a clean project state.

To summarize the above, use this shell one-liner and you’ll be all set:

make distclean defconfig clean

Creating a CLion project

Now we're ready to open the kernel in CLion (note you need version 2020.2+).



https://www.kernel.org/
https://git.kernel.org/pub/scm/linux/kernel/git/torvalds/linux.git
https://www.jetbrains.com/clion/

But first let's adjust the memory settings. This step is probably unnecessary if you only
intend to build the kernel (make bzImage). Butif you want to run make modules too
(and you probably do), then increasing the heap size of the JVM is a good idea. Navigate
to Help — Change Memory Settings and set the heap size to 4096 MB, or if you can, 8192
MB:

O|E Memory Settings X
hemory setlings will be applied after restart.

Maximum Heap Size: | 4096 WB (current value: 4096)

Changes will be saved to 'home/bass/ config/JetBrains/CLion2020 2/clionfd vmoptions'

Save and Restart Close

Once you've started CLion with the new memory settings, open Makefile from the
project root:

OE 0pen File or Project x

#® O S @G Show path

v Dglinues 4
arch
& Dlock
= cers
& Crypto
& Documentation
u drivers
fs
include

>

>

>

>

>

>

>

>

> Lginit

> Dgipc

> Ligkermnel

> lglb

> LICENSES

> lgmm

> lignet

> g samples

» g scripts

> g Security

> [igsound

> Ligtools

> ligusr

> Dgvirt

COPYING

CREDITS

Khbuild

Keonfig

MAINTAINERS
file

= README

Drag and drop a file into the space above to guickly locate it in the tree




and select “Open as Project’:

M E 0Open Project x

hWlakefile is a project file.
Would you like to open this project?

Open as Project DpenasEile Zancel

Next, CLion will ask whether you want to clean the project. Accept the defaults, and CLion
will run make clean before analyzing the project structure:

OE Loading Project b 4
Clean project

hake target to run: - clean

Import works best on a clean project. When run on an uncleaned project, reload will miss all the unchanged
files.




After a short while, the build tool window will tell you that the project analysis is complete.
There will be multiple warnings, from both GNU Make and CLion itself, but you can ignore

those:
Build:  Sync
a ¥ linux-5.4: finished at 21 07 2020 1446 27 = 908 ms
Analysing makefile
Cleaning project 45738 ms
» Collecting project infarmation 125572 ms
Mo rule to make target 'scriptsfesdract-cert’, needed by 'centshd09_certificate_list'
e [Makefile: 1652; certs] Error 2
Mo rule to make target ‘cryptofasymmetric_keysi509 asnl ¢, needed by ‘cryptofasymmetric_keysid09.asn1.0'.
Mo rule to make target ‘cryptofasymmetric_keysfi509 asn1 h', needed by ‘cryptofasymmetric_keysid09.asn1.0'.
Mo rule to make target ‘cryptofasymmetric_keysix508_akid asnl ¢’ nesded by ‘crypto/asymmetric_keysid09_akid asnl.of
Mo rule to make target ‘cryptofasymmetric_keysiS09_akid asni ', needed by 'cryptofasymmetric_keysica09_alkid asnl o
Mo rule to make target ‘cryptofasymmetric_keysfpkes7 asnl o', needed by 'cryptofasymmetric_keys/pkes7 asnt o
MNarule to make target ‘cryptofasymmetric_keysipkes7.asn1 b, needed by 'cryptofasymmetric_keysipkes? asnt.o’
[scriptsitdakefile build:509: crypto/asymmetric_keys] Error 2
Mo rule to make target 'cryptofrsapubkey asn ', needed by 'cryptofrsapubkey.asnt .o’
Mo rule to make target ‘crypto/rsapubkey asnl b, needed by 'cryptofrsapubkey.asnl.o’.
Mo rule to make target ‘cryptofrsaprivikey.asn1.c', needed by ‘cryptofrsaprivikey.asnl.o'.
Mo rule to make target ‘cryptofrsaprivikey.asn1 h', needed by ‘cryptofrsaprivikey.asnl.o’.
[Makefile 1652 crypta] Error 2
Ma rule to make target 'driversividec/logoflogo_linux_clut?24 o', needed by 'driversividec/ogo/built-in a'
[scriptaiMdakefile build 509 driversivideadogo] Error 2
[scriptsitdakefile build:509: driversividea] Error 2
[Makefile: 1652; drivers] Error 2
Make execution failed with exit code = 2
Searching for build targets 1s7ms
Configuring project
Incorrect file specified: '='. Command 'scripts/basicflixdep scriptsfbasic/ fixdep d scripts/basiciflixdep 'gce -Wp -MD scriptsibasic! fixdep d -VWall Wmissir
Incarrect file specified =" Command 'scripts/basicfixdep archix86itools/ relocs_32 o d archixG6ftoolsirelocs_32 o 'gee -Wp -MD archi86#tools/ relocs_=
Incarrect file specified =" Command 'scripts/basicffixdep archix86itools/ relocs_64 o d archix6ftoalsirelocs_64 o 'goe -“Wp -MD archi86#tools/ relocs_£
Incorrect file specified: =" Command 'scriptsfbasicffixdep arch/x86/tals/ relocs_common.o.d archi@bioolsirelocs_common.o 'gee W -WD archidBito
Incorrect file specified: =", Command 'scriptsfbasicffixdep scripts/selinudgenheaders! genheaders d scripts/selinux/genheadersigenheaders 'goc -Wp -M
Incorrect file specified: =", Command 'scriptsfbasicffixdep scripts/selinudmdpd mdp.d scripts/selinudmdp/mdp 'gee W -MD scripts/selinudmdpd mdp.d -
Incorrect file specified: =" Command 'scripts/basicffixdep scripts/ kallsyms d scriptsfkallsyms 'gec -Wp -MD scriptsd kallsyms.d -Wall -Wmissing-prototype
Incorrect file specified: ="' Command 'scripts/basicfixdep scripts/ pnmtologo.d scripts/pnmtologo 'gee Wi -WD scripts! pnmitologo.d -Wall Wmissing-pre
Incorrect file specified: ="' Command 'scripts/basicflixdep scripts/ conmakehash.d scriptsfconmakehash 'gee -Wp -WD scripts/.conmakehash.d -Wall -Wr
Incorrect file specified: =" Command 'scripts/basicflixdep scripts/ sonextable d scriptsfsortextable 'gec Wp -MD scripts/ sortextable d -Wall Wmissing-p
Incarrect file specified =" Command 'scripts/basicffixdep scripts/ asn1_compiler d scriptsfasn1_compiler 'goc -Wp -MD scripts/ asn1_compiler d -Wall -
Incarrect file specified =" Command 'scripts/basicffixdep scripts/ extract-cert d scriptsfesdract-cert 'gec -Wp -MD scripts/ extract-cert d “Wall WWmissing-r
Incorrect file specified: =", Command 'scriptsfbasicffixdep scripts/mod! empty.o.d scriptsimodfempty o 'gee -Wp -WMD scriptsfmodf empty.o.d -nostding -ic
Incorrect file specified: =" Command 'scriptsfbasicffixdep scripts/mod/ mk_elfconfig.d scriptsimodimk_elfconfig 'gec -Wp -WD scriptsimod! mk_elfcanfig
Incorrect file specified: =", Command 'scriptsfbasicffixdep scripts/mod/ modpaost.o.d scriptsfmodimodpost o 'gee -Wp -MD scriptsfmod/ modpost.o.d -We
Incorrect file specified: ="' Command 'scripts/basicfixdep scripts/mod/ devicetable-offsets s.d scripts/modfdevicetable-offsets s 'gec -Wp -MD scripts/mc
Incorrect file specified: ="' Command 'scripts/basicfixdep scripts/mod/ fileZalias.o.d scriptsfmodfileZalias.o 'gec -Wp -MD scriptsimod/ fileZalias.o.d -We
Inrarrect file snerified '=' Cammand 'serintefhasic fivden eerintefmndf sumversion o A serintsfmndisumversinn n 'nee 380 A0 serintsfmodf somsersinn
O 6 Problerns B Terminal |~ S\ Build = iE TODO

Indexing symbols will take quite some time:

Updating symbols. .. ee—
e — ]



At this point, CLion has used the default Make targets to analyze the project. Let’s adjust
these values. Navigate to File — Settings — Build, Execution, Deployment — Makefile:

f= Settings
Wakefile Build, Execution, Deployment » Makefile For current project
Keymap Toolchain: Use Default .
Plugins Build options: --jobs=6

~ Build, Execution, Deployment

hakefile

Make targets and arguments used to extract information about the project

Arguments: -—just-print --print-directory —--keep-going
Build target.  all

Cleantarget.  clean

? Cancel Apply

The Arguments field contains the Make switches used to analyze the project. Since the
Linux kernel uses the Kbuild build system on top of GNU Makefiles, let's add v=1 for extra
verbosity: this will aid CLion in analyzing the project. This is not mandatory for the kernel,
but will definitely help a lot with other Kbuild-based projects, such as QEMU, BusyBox, Git
or Apache NuttX.

Also,
--just-print --print-directory --keep-going
can be shortened to -nwk, so the resulting Make arguments will look like this:

Arguments:  -nwk v=1

The a1l make target is just an alias for bzImage, so by default the project will include the
kernel image but not the modules. Let’s correct this (note the uppercase T in bzImage):


https://www.kernel.org/doc/html/latest/kbuild/index.html
https://github.com/qemu/qemu
https://github.com/mirror/busybox
https://github.com/git/git
https://github.com/apache/incubator-nuttx

Build target  bzlmage modules

Here’s the overall view of the settings panel with all our changes:

OE Settings X
e Makefile Build, Execution, Deployment » Makefile For current project Reset
Keymap Toolchain: Use Default -

i Build options: --jobs=@

~ Build, Execution, Deployment

Malke targets and arguments used to extract information about the project

Arguments:  -nwk V=1
Build target. | bzimage modules

Cleantarget  clean

? Cancel Apply




In order for our changes to be applied to the project, invoke Tools — Makefile — Reload
Makefile Project. The project will be reloaded with the updated settings applied:

Eile Edit View Navigate Code Refactor Build Run VCS  Window Help
= H o <« Add Configuration. Tasks & Contexts %
k3] Project Source Files Save a.s Live Template.
= Save File as Template
a v ~fdocsiprogrammingleitestsimake-output-par SPDX-License-Identifier: GPL-Z.0
pr IDE Scripting Console
— L @ @ d-line Launch
reate Command-line Launcher .
b block linux/fs/extd/acl.c
> certs Create Desktop Entry
> crypto XL Actions > .
P Copyright (C) 2001-2003 Andreas Gruenbacher, <agruen@suse.de>
» drivers Stack Trace or Thread Durmp l
M R fs of 4t Deployment >
autofs
> debugfs Et::PS;H StESS\Oﬂ nclude <linux/quotaops.h>
[ >
> devpts nclude "extd_jbdz.h"
> efivaris i aclude "extd.h"
5 exportfs Compilation Database hclude "xattr.h"
v ext4 Makefile e akefile Project
¢ aclc 13 Change Project Root
woaclkh 14 IE S Clean and Reload Malefile Projsct
¢ balloc.c
= pitmap.c 15 * Convert from filesystem to in-memory representation.
= block_validity ¢ le *
o dirc 17 % static struect posix _acl *
woeddn 18 extd acl from disk(const void *value, size t size)
i extd_extents h 19 {
o ©xtd_jod2.c 20 const char *end = (char *)value + size;
W oextd_jbd2h q
21 int n, count:
o exdentsc ) N
% exterts_status.c 22 struct posix_acl *acl;
o extents_status.h 23
¢ filec z4 if (lwvalue)
¢ fsmap.c 25 return NULL;
w fsmaph 26 if (size < sizeof (extd acl header))

If you modify any kernel flags, updating your . config file, this is the action you should
invoke in order for CLion to reflect the changes.

Troubleshooting

If Makefile support in CLion doesn’t work for you, feel free to contact us at
clion-support@jetbrains.com.

You can also try opening the Linux kernel as a compilation database project instead. You'll
need a compilation database generator like compiledb or bear (bear is best for the
Linux kernel).

Just as you did with Makefile, run

make distclean defconfig clean

Next, from the project root, generate the compile commands. json file by running
bear make V=1 bzImage modules

This will take a while, as the whole project will be built.

Finally, open the resulting compile commands.json as a project in CLion.


mailto:clion-support@jetbrains.com
https://github.com/nickdiego/compiledb
https://github.com/rizsotto/Bear
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