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Agenda

« Objectives, Motivation, and Target
« Current image type summary reports
» Require concepts and tools

 |terate over configurations
- Analyze the kernel and root fs for bloat
- Identify configuration changes
- Rebuild and compare reports

« Summary

* Next steps
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Objectives

Reduce raw image size

Reduce static memory use

Reduce dynamic memory use

e Minimize boot time
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Motivation

System-on-chip
« On-die memory is expensive in terms of real-estate and power usage

Mass market
- Saving pennies on a smaller flash chip translates to real money

Performance
- Smaller images translate to more efficient cache use

Power usage
« Less memory means less power

Smaller images reduce processing due to 10 overhead
- Fewer background services means longer idle states

Boot time
- Smaller images translate to less 10 and decompression time

Reduced development overhead
- Smaller images contain less unnecessary code to build and validate
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Real-World Examples

D | g |ta I Camera Thank you to the individuals who shared their experiences on
the Yocto mailing list to generate these examples.
« 10 MB memory

« Critical boot time

Medical devices
« 8 MB flash
- 4 MB memory

Network boot RAM FS

 No flash on device
« Entire FS in RAM

Small headless systems

- 8 MB SPI flash
- MMC/SD for additional storage

Partitioned flash

- Smaller parallel NAND
- Larger MMC/SD
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Target

Generate a Kernel + RootFS in under 4MB

Boot in under 8MB
« (4MB would be better)

Boot to shell in under 2 seconds

* Maintain ipv4 functionality

* Avoid an initial RAM disk
* (No cheating by building everything as modules)

* We'll use gemux86 for the purposes of this exercise
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Sato: Size Report

* Contents * Memory Report
 Linux kernel - RAM: 128 MB
« Eglibc - Early boot: 9.8 MB
- Udev  Login: 82.3 MB
* Login - Kernel Freed: 444 KB
- X Server

- Sato Desktop and Applications - Boot Time

- Kernel*; 4.26s
* Size Report - Sato Desktop: 21.9s
- BzImage: 4.0 MB
* RoOtFS: 118.0 MB
- Total: 122.0 MB

* At “Freeing unused kernel memory”
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e Contents

Minimal: Size Report

 Linux kernel

« Eglibc
- Udev
* Login

* Size Report

- Bzlmage:
* ROOtFS:
- Total:

ELCE Prague 2011

* Memory Report

- RAM:

- Early boot:
 Login:

« Kernel Freed:

* Boot Time

4.0 MB - Kernel:
11.0 MB (-107.0 MB) « Login:
35.0 MB
15.0 MB

www.yoctoproject.org

32 MB
8.6 MB
15.8 MB
444 KB

3.84s
9.5s
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Components

* Root filesystem * Linux kernel

- Packages « Policy
* Boot « Subsystems
: Libra.ries. - Architecture
« Applications . Drivers

- Package configuration
 Filesystem

9/47
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Guiding Principles

Prepare a budget

« Linux Kernel: 1 MB
« Root FS: 3 MB

Don't sweat the small stuff (90% rule)

Avoid difficult to maintain hacks
- At first anyway...

* Leverage device specific options

Develop in a separate layer
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Concepts: Storage

ELF Sections

- text: the code itself

- data: initialized data

« bss: uninitialized data

Image Size

 Includes text and data sections only, not bss.

Measure size in blocks with df (not in bytes with du)
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Concepts: Memory

e Static Memory
« The text, data, and bss sections.

* Dynamic Memory
« Memory allocated at runtime
- Stacks
- Hashtables
- Allocators
- Page Cache
- Reservations

* Temporary Memory
- Decompression
- _init__
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Tools

* |dentify, quantify, and record your changes

- ksize.py
- dirsize.py
- merge_config.sh

$ bitbake -u depexp —-g core-—-image-*

* Scripts available here until merged upstream
« http://dvhart.com/darren/yocto/tiny/
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http://dvhart.com/darren/yocto/tiny/

Minimal: Root FS

$ cat dirsize-100k.1log

645004 ./lib/udev

1047940 ./usr/lib/1libgio-2.0.50.0.2800.8
1036944 ./usr/lib/libglib-2.0.50.0.2800.8
249756 ./usr/lib/libgobject-2.0.50.0.2800.8

137012 ./sbin/udevadm
133132 ./sbin/udevd
115932 ./sbin/v86d

1044480 ./etc/dev.tar

Displayed 7968656/9850251 bytes (80.90%)
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ELCE Prague 2011

Package
genextZfs-native

gettext
gettext-native

git-native

glib-2.0-native
gmp-native
gnu-config-native
gperf-native
gtk-doc-native
guilt-native
gzip-native
help2man-native
initscripts
inputproto
kbproto
kern-tools-native
|dconfig-native
libgee
libgpg-error

libice

Glib?

$ bitbake -u depexp -g core-image-minimal

Dependency Explorer (on rage)
Runtime Depends
glib-2.0
glib-2.0-dev

Build Depends
autoconf-native
automake-native
dbus
gettext-native
glib-2.0-native

gnu-config-native

Reverse Depends

glib-2.0

www.yoctoproject.org
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Minimal - Stage 1

Reduce size with minimal impact on features
We can get by with devtmpfs and mdev
We don't need a VGA display, we have serial

Drop udev and v86d

VIRTUAL-RUNTIME dev_manager =

MACHINE ESSENTIAL_EXTRA _RDEPENDS qgqemux86 = ""
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Filesystem Options

* Minimal builds ext3 by default

* ext3 requires a 1k block journal
- 1 MB with 1024 byte blocks (instead of 4096)

* If we don't need the journal, we can save 1 MB by
using ext2
- 5.3 MB ext3
+ 4.0 MB ext2

* For a small image, you are most likely going to use
JFFS2 or UBIFS anyway
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Stage 1: Size Report

* Contents * Memory Report
 Linux kernel - RAM: 32 MB
« Eglibc - Early boot: 8.6 MB
« Login  Login: 15.7 MB

« Kernel Freed: 444 KB

* Size Report

+ bzImage: 4.0 MB (minimal)  Boot Time

* rootfs: 4.0 MB (-7.0 MB) « Kernel: 3.54s
« mediHes: 35-0MB - Login: 7.19s
- Total: 8.0 MB (-7.0 MB)
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$ cat dirsize-30k.log

1457504 ./lib/libc-2.13.s0

691588 ./sbin/ldconfig

602752 ./bin/busybox

Displayed 3553628/3878774 bytes (91.62%)
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Stage 1: Kernel

$ s -s bzImage
4064 bzImage-gemux86.bin

$ cat ksize.log
Linux Kernel total |

vmlinux 9657412

drivers/built-in.o 2549250
net/built-in.o 1194464
kernel/built-in.o 1033129
fs/built-in.o 948917
sound/built-in.o 699821
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Stage 1 - Stage 2

* 91.62% of the Root FS is composed of:
« Eglibc
« Busybox

* 66.53% of the Kernel image is composed of:

* Drivers

- Networking
- Core kernel
* Filesystems
- Sound

* Bound to be more fluff in the kernel image
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drivers total
drivers/built-in.o 2549250

drivers/net/built-in.o 499378
drivers/usb/built-in.o 256540
drivers/md/built-in.o 245896
drivers/acpi/built-in.o 245894
drivers/ata/built-in.o 198861

drivers/scsi/built-in.o 123556
drivers/input/built-in.o 115474
drivers/pci/built-in.o 105975
drivers/ide/built-in.o 104091
drivers/video/built-in.o 95058
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Drivers
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Networking

net total |
net/built-in.o 1194464

net/ipv4/built-in.o 364644
net/core/built-in.o 196473
net/sunrpc/built-in.o 178398
net/mac80211/built-in.o 152576
net/wireless/built-in.o 131551
net/xfrm/built-in.o 52381
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Core Kernel

kernel total |

kernel/built-in.o 1033129
kernel/*.o 535934

kernel/trace/built-in.o 305798
kernel/time/built-in.o 94008
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Filesystems

fs total |
fs/built-in.o 948917
fs/*.0 319243
fs/nfs/built-in.o 230495
fs/ext3/built-in.o 104159

fs/lockd/built-in.o 56621

fs/quota/built-in.o 22937
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sound/built-in.o 699821

sound/core/built-in.o 212882
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Linux Kernel Config Fragments

Entire defconfigs make it difficult to quantify cost of
individual options

Better to assemble config fragments

Avoid modules and the initial RAM disk

Start with allnoconfig

Merge fragments with merge_config.pl
- Generates a .config
- Warns on overrides
- Warns on missing CONFIG_ options
(possibly due to missing dependencies)
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Minimal Linux Kernel Config

e Start with the bare minimal « QEMU “hardware”

for an x86-32 machine: support
- defconfig (x86_ 32 allnoconfig) - ata.cfg
- core.cfg - €1000.cfg
- smp.cfg - floppy.cfg
* rtc-pc.cfg  usb.cfg
* Some basic policy: » vga.cfg
. serial.cfg - intel-hda.cfg
- devtmpfs.cfg
- sysfs.cfg
- ext2.cfg
- ext3.cfg
- net.cfg
- vt.cfg
- fb.cfg
- debug.cfg

ELCE Prague 2011 www.yoctoproject.org 28/47



Stage 2: Size Report

* Contents * Memory Report
 Linux kernel - RAM: 32 MB
« Eglibc - Early boot: 4.49 MB
« Login  Login: 9.37 MB

 Kernel Freed: 240 KB

* Size Report

- BzImage: 1.8 MB (-2.2 MB)  Boot Time
* RooOtFS: 4.0 MB (stage 1) - Kernel: 0.90s
- Total: 5.8 MB (-2.2 MB) - Login: 3.38s
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$ 1ls -s bzImage

4064 bzImage-gemux86.bin

$ cat ksize.log
Linux Kernel

vmlinux

drivers/built-in.o
sound/built-in.o

fs/built-in.o

ELCE Prague 2011

Stage 2: Kernel

total
5214442

1285171
559278

456887
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Stage 2 -» Stage 3

* 91.62% of the Root FS is composed of:
« eglibc
* busybox

* 44.13% of the Kernel image is composed of:

« drivers
« sound
* Filesystems

* Let's see what we can shave off from each

ELCE Prague 2011 www.yoctoproject.org
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Kernel: Only the Essentials

* Drop everything but the essentials for boot, serial
console, and networking

* Drop from policy
- vt.cfg

- ext3.cfg
- fb.cfg

* Drop from Qemux86 “Hardware” support

- floppy.cfg

-« usb.cfg

« vga.cfg

- intel-hda.cfg
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Root FS: Busybox

* Drop all the vt services from busybox, this needs a
simple patch to avoid opening tty devices

* Drop ipv6 and all the Linux module utilities

* Use a busybox bbappend recipe and a new defconfig
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Root FS: eglibc

libc-1ibm libc-crypt
libc-posix-regexp
libc-inet libc-nis
libc-utmp libc-getlogin

DISTRO_FEATURES_LIBC

DISTRO_FEATURES

${DISTRO FEATURES LIBC}

Dropping 'who' and tools like 'grep' and 'sed' allow the
removal of libc-posix-regexp, libc-utmp, and libc-
getlogin, but start to limit functionality
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Root FS: System Services

Drop tinylogin, modutils-initscripts, and netbase

Define a new image type, core-image-tiny which is built
using a new task-core-tiny task

RDEPENDS task-core-tiny = "base-files base-passwd \
busybox initscripts"
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Stage 3: Size Report

* Contents * Memory Report
 Linux kernel - RAM: 32 MB
« Eglibc - Early boot: 3.42 MB
- Busybox shell  Login: 6.66 MB

« Kernel Freed: 220 KB

* Size Report

- BzImage: 1.2 MB (-0.6 MB)  Boot Time
* RootFS: 3.2 MB (-0.8 MB) « Kernel: 0.60s
- Total: 4.4 MB (-1.4 MB) « Shell: 2.13s
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Now What?

* Kernel
« networking
- SMP
- ACPI
- SysV IPC, Futexes
* Printk

* Eglibc
- networking
* regular expressions

* To get below 4.0 MB, we should look at uclibc

ELCE Prague 2011 www.yoctoproject.org 37/47



Stage 3 - Stage 4

Switch to uclibc

DISTRO FEATURES NET = "ipv4 nfs"

${DISTRO_FEATURES NET}

TCLIBC = "uclibc"
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Stage 4: Size Report

* Contents * Memory Report
 Linux kernel - RAM: 32 MB
 Uclibc - Early boot: 3.42 MB
- Busybox shell  Login: 5.84 MB

« Kernel Freed: 220 KB

* Size Report

- BzImage: 1.2 MB (stage 3)  Boot Time
 ROOtFS: 1.5 MB (-1.7 MB) - Kernel: 0.61s
- Total: 2.7 MB (-1.7 MB) « Shell: 2.07s
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Stupid Small

* You can go further still if « Memory Report
you want - We removed printk and proc!

« Drop networking support
(uclibc and kernel)

« Cripple Busybox (grep, network ° Boot Time
tools, etc)  Shell; 1.28s

« Cripple Linux kernel (acpi, smp,
ipc, futex, printk)
* You have lost a lot of

- Size Report functionality to get here

* bzImage: 585K (-0.7 MB)
* rootfs: 1.1MB (-0.4 MB)
- Total: 1.6 MB (-1.1 MB)
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Image Size by Stage

Image Size

18
16
14
12

10 = Kernel + RootFS

Megabytes

0
Minimal Stagel Stage2 Stage3 Stage4 Stage5
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Memory Usage Summary

Memory Usage

18

16

14

12

10 M Login
I .Early

Minimal Stagel Stage?2 Stage3 Stage4

Megabytes

N B~ » [e¢]

o

ELCE Prague 2011 www.yoctoproject.org 42/47



Boot Time Summary

Boot Time

10

= Kernel
--Login

Seconds

0
Minimal Stagel Stage? Stage3 Stage4 Stage5
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Next Steps

* Bitbake config fragments

- Incorporate config fragment management from the Yocto Project kernel
tools into the Bitbake recipe

* Distribution package feature mechanism

* Prepare a distro package feature configuration mechanism for fine
tuning recipe configs, such as bitbake and linux-yocto.

- Eglibc and uclibc have similar mechanisms, but may need to be
modified for a consistent implementation across recipes.

* Define one or more poky-tiny distributions and images
« Your input is needed here
« Do we define a no-network image?

- Do we define a smaller graphical image?
« Perhaps something with directfb instead of X
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Resources

Yocto Project and Meta-Tiny
« http://www.yoctoproject.org
 http://git.yoctoproject.org/cgit.cgi/user-contrib/dvhart/meta-tiny

ELCE 2010 Videos
- The Right Approach to Minimal Boot Time by Andrew Murray

 http://free-electrons.com/blog/elce-2010-videos/
Andi Kleen's Memory Usage Papers

« http://halobates.de/memorywaste.pdf

+ http://halobates.de/memory.pdf

Phil Blundell's meta-micro layer
 http://cgit.openembedded.org/meta-micro/
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Legal

INFORMATION IN THIS DOCUMENT IS PROVIDED IN CONNECTION WITH INTEL®
PRODUCTS. EXCEPT AS PROVIDED IN INTEL'S TERMS AND CONDITIONS OF
SALE FOR SUCH PRODUCTS, INTEL ASSUMES NO LIABILITY WHATSOEVER, AND
INTEL DISCLAIMS ANY EXPRESS OR IMPLIED WARRANTY RELATING TO SALE
AND/OR USE OF INTEL PRODUCTS, INCLUDING LIABILITY OR WARRANTIES
RELATING TO FITNESS FOR A PARTICULAR PURPOSE, MERCHANTABILITY, OR
INFRINGEMENT OF ANY PATENT, COPYRIGHT, OR OTHER INTELLECTUAL
PROPERTY RIGHT.

Intel may make changes to specifications, product descriptions, and plans at
any time, without notice.

All dates provided are subject to change without notice.

Intel is a trademark of Intel Corporation in the U.S. and other countries.
*Other names and brands may be claimed as the property of others.
Copyright © 2011, Intel Corporation. All rights are protected.
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