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1.0 INTRODUCTION

This document provides detailed information on the software build framework for the BCM963xx xDSL
router or IAD device reference design platforms. Developers may use the framework to build a software
image including both Linux kernel and user applications. Under the framework, developers have the
flexibility to choose a variety of configurations as well as software components for different platforms such
as the BCM96345R or BCM96345GW etc. tailored to their specific needs and feature set. For example, if
a developer does not need firewall or NAT, they can exclude it from the build configurations to obtain a
smaller image size. The file specifying build configurations for a hardware platform is called a platform
build profile. This framework is generic and designed with scalability, meaning future platforms can be
added with little effort. \

-
o
| \

2.0 THE ARCHITECTURE OF BUILD FRAMEWORK

In the framework, kernel, drivers, user. applrcatrons and confrguratrdn frles are separated into different
directories. The top-level Makefile contmts the’ Whole bund process according to the chosen profile of a
build. The next page shows the whole source code Structure

kernel directory is the Linux kernel source drrectory as weII as board support package (BSP) for
BCM963XX boards -3.0. re{ease uses 2 6. 8. :t Lmux kérnel.

bcmdrrver’s drrectory mcludes both BroadCom proprretary and GPL Ircensed drrver code. opensource sub-

userapps dtrectory |Sthef user space application source directory. opensource sub-directory contains GPL
licensed- ‘code. from the public domain. broadcom sub-directory contains the proprietary code developed
by Broadcom.

targets directory is the place to hold different build profiles for different hardware platforms. Several
default profiles are included in this directory such as 96345R, 96348GW etc. Developers can create their
own profiles in this directory using a GUI-based tool. Each profile corresponds to a sub-directory in the
targets directory. The sub-directory must have the same name as that of the profile. The final target root
file system and flash images generated by the build process for a chosen hardware platform are also
included in the sub-directory.
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/opt/bcm963xx
Makefile Top-level makefile
kernel Linux Kernel code
bcmdrivers Broadcom driver code
opensource ( GPL licensed <\jr!v\ér
broadcom Br(?ad‘co}n ‘p‘rop‘)’r:iétalry (,jri;/er \cg\d?\
userapps ] ) U‘ser‘_ apbl‘icatio;‘\wc;(’)de
opensou;—c_e‘; \\ . ‘ ‘I \ - GPL Ii‘ceﬁse‘d u;er application code
¢ brpédc\om | ‘Brc;édgom proprietary user application code

————  targets

Target profiles and rootfs materials

i — fs.src Common rootfs build materials
—  fs.bin Binary rootfs build materials
—  boardparms Board parameters for different boards
— cfe cfe binaries for different boards
—  defaultcfg Default configurations built into image
—  buildFS, makeDevs Common rootfs build scripts
—  96345R...

L 96345R Build profile for 6345R board
cfe CFE bootloader code
hostTools Tools running on the host to build image
docs Development documents and manuals
toolChains GNU/UCLIBC toolchain for MIPS
images Place to hold the built images with timestamp
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3.0 PLATFORM BUILD PROFILE

A platform build profile specifies various configuration items when building a software image for a board.
It is a central and single place to create configurations for a build. When developers need to build a
customized image, they need to create a build profile and specify configurations. Note that a hardware
board may have any number of build profiles, with different configurations specified.

3.1 Supported configuration items

The value of each configuration item should be specified in the build profile. Current supported
configuration items include (but not limited to): \

e Chip ID (6345, 6348 and 6338) o
e Target board flash size, flash block size, Number of MAC address and defaqu conng flle
e ADSL standard (ANNEX_A, ANNEX_B, ANNEX CUrSADSL)

e Broadcom drivers such as ADSL ATM Ethernet USB Wu*eless or V0|ce g

1
'

-

e User applications R - P
e Toolchain such as cumpller C I|brar|es or pthread support
. /"Kernei netfllter ) )

‘\ 0 FJ rewal]

'
'
————— !

\ ‘\_o/';’ALGs (Application Level Gateway)
o0 Event Logging such as intrusion detection
0 Special module combination for remote access in PPP IP extension mode
o Kernel debugging
e Root file system type (SQUASHFS, CRAMFS or NFS)
e Phonel/voice signaling (SIP or MGCP)
e  SOAP for chip diagnostics

3.2 Use GUI to create a build profile

The build framework provides a GUI interface to make the configuration process easier.

Within a build profile, a form of “name=value” is used to specify a configuration item. Different values
have different meanings.

For kernel drivers and modules:
e "m" means “build the driver as kernel module”

e "y" means “statically link with kernel”

e "# .. is not set" means “do not build the driver”
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For user applications:
e "dynamic" means that the user application will be built as an executable
e static" means the user application will be built as a static library

e "#..isnotset" means” do not include the application in the build

For other configuration options: LA

e "y"means that the option is enabled R TN

e "# ...is not set" means the option is disabled. O T VA

-\
P —— \ 7N \ \ Y \ v
- ~o PEEY \ \ L \

nfig, then a GUIlnterface appears.

\ \ .

At the top-level of source code directory,_type make men uco

\ (S} - - \ -
' .- P N . v ]

| <« S Y -
\ Loy § N [N NN Nt 1 -

=n

g
-

sohgw @songwang:~fdevelview - 3hell No. 3 - Konsole

]

Session Edit View Settings Help

Broadcom Commengine xDSL Software Configuration

firrow keys navigate the menu. <Enter> selects submenus --—->. Highlighted letters are
hotkeys. Pressing <Y> includes. <N> excludes. <M> modularizes features. Press
<Esc><Esc> to exit. <?> for Help. Legend: [#] built-in [ 1 excluded <M> module < >

module capable

Clip selection ———3
oard flash selection --——>
DSL standard selection --——>
river selection --—->

N tfilter selection -——>
oot file system selection -———>
oolchain ———>
ser application selection --—->
ebug —->
ebUI language selection -——>

oad software build profile
ave software build profile as ...

<Select> < Exit > < Help >

[ hew [ ) shen | 20 she o, 2| 1) shell o 3| 220 shell o, 4
(Lol New ||| ¢ y y y

By selecting “Load software build profile”, you can load an existing profile, such as 96345GW or
96345R, and then you can modify configurations and select “Save software build profile as...” to create
your own platform build profile. You can also start from scratch to create a profile. Following steps show
how to create a customized profile based upon 96345GW profile.
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By default, the 96345GW profile supports all the neftfilter features including NAT and firewall. In this
example, we show how to create a profile that does not support NAT and firewall, but it needs remote
access in PPP IP extension mode. Consequently, the user applications, upnp and reaim (transparent
proxy of AOL/MSN messenger) are not needed, and are excluded from the new build profile.

Step 1.
Load BCM96345GW profile by selecting “Load software build profile”,

)

songw @songwang:~fdevelview - Shell No. 3 - Konsole : @ g

Session Bdit View Settings Help

Broadcom Commengine xDSL Software Configuration

Enter the name of the profile you wish to load.
Leave blank to abort.

{96345[31-!

< Help >

D_New' 120 shen | 2 shel o2 | (200 shel o3| B shell o4
Step 2:

Select “Netfilter selection”. NAT, firewall and ALGs are all supported by the default BCM96345GW
profile.
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3)
(|

sohgw @songwang:~fdevelview - 3hell No. 3 - Konsole

{[m]
(B4}

Session Edit View Settings Help

Broadcom Commengine xDSL Software Configuration

firrow keys navigate the menu. <Enter?> selects submenus ———>. Highlighted letters are
hotkeys. Pressing <Y> includes. <N> excludes. <M> modularizes features. Press
<{Esc><{Esc> to exit. <?> for Help. Legend: [#] built-in [ 1 excluded <M> module < >

module capable

<I> Netfilter/firewall/nat

<M> irewall support

<M> N T support

<M> TP ALG

<M> 323 ALG

<M> RC ALG

<H> IRECTX 8 ALG

<M> indows Media Player ALG
<H> PTP ALG

<H> NP ALG

<H> ALK ALG

<M> ogging events

< > emote access support in PPP IP extension

<Select> < Exit > < Help >

— — — —
owﬁm%mmeﬁwmsﬁmm4

Step 3:

Clear “Firewall support”, “NAT support” and “Logging events” by pressing space or “n”, and then
select “Remote access support in PPP IP extension” by pressing “m” if built as kernel modules or “y” if
built as statically linked with the kernel.

Note:

When “Firewall support” is enabled, several netfilter kernel modules will be built into the root file system
including ip_tables.o, ipt_state.o, iptable_filter.o, ipt. TCPMSS.o.

When “NAT support” is enabled, several netfilter kernel modules will be automatically built into the root
file system including ip_tables.o, ip_conntrack.o, iptable nat.o, ipt. MASQUERADE.o, ipt REDIRECT.o.
You can enable those ALG modules as well, such as H.323 (ip_conntrack_h323.0, ip_nat_h323.0).

When “Remote access support in PPP IP extension” is enabled, several neffilter kernel modules will be
built into the root file system including ip_tables.o, ip_conntrack.o, iptable_nat.o, iptable filter.o and
ipt. TCPMSS.o
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songw @songwang:~fdevelview - Shell No. 3 - Konsole

Session Edit View Settings Help

Broadcom Commengine xDSL Software Configuration

Airrow keys navigate the menu. <Enter> selects submenus ——->. Highlighted letters are
hotkeys. Pressing <Y> includes. <N> excludes. <M> modularizes features. Press
{Esc><{Esc> to exit. <?> for Help. Legend: [#] built-in [ 1 excluded <M> module < >

module capable

<M> N tfilter/firewall/nat
< > irewall support
<> NT support

<0 opging events
<> Remote access support in PPP IP extension

<Select> < Exit > < Help >

..... ] — ] =
D_New"[ 20 snen | 2 shei o, 2 | 20 shen o3 | 20 shen o4

Step 4:

Select “Exit” and go back to the main menu. Select “User application selection”. All the included
applications for the BCM96345GW board are listed.
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n

[}
[E4]

songw@songwang:~/commengine/songw_dev_view/CommEngine.hijacked - Shell No. 2 - Konsole

figuration

Arrow keys navigate the menu. <Enter> selects submenus --->. Highlighted letters
hotkeys. Pressing <¥Y> includes, <N> excludes, <M> modularizes features. Press
<Esc><Esc> to exit, <?> for Help. Legend: [*] built-in [ ] excluded <M> module < >
module capable

r'nam:i.c:r RFC2684 Bridge and Routing mode control utility
<dynamic> ridge control utility

<dynamic> onfiguration manager for BCM&345

[ ] upport Command Line Interface

< > onfiguration manager for BCM6352

<dynamic> Ptables

<static> PPD

<static> ransparent proxy for ROL/MSN messenger
<dynamic> NS Relay Probe

<static> HCP

<dynamic> PNP

<dynamic> usvybox

<dynamic> FTP image upgrade utility

<dynamic> TM control utility

<dynamic> DSL control utility

<dynamic> ireless control utility

< > DNMP

< > oice application

[ ] cap server

<dynamic> ynamic Routing Daemon RIP

< Exit > < Help >

=] Ml i |

Ry T e T e [
A e =% e g =t
Mew | develview develview-kernel deuelview-user Shell |Shell No. 2

Step 5:
Clear “Transparent proxy for AOL/MSN messenger” and “UPNP” by pressing space or “n”,
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songw@songwang:~/commengine/songw_dev_view/CommEngine.hijacked - develview - Konsole

nfiguration

Arrow keys navigate the menu. <Enter> selects submenus --->. Highlighted
letters are hotkeys. Pressing <¥> includes, <N> excludes, <M> modularizes
features. Press <Esc><Esc> to exit, <?> for Help. Legend: [*] built-in [ ]
excluded <M> module < > module capable

<dynamic> FCZ684 Bridge and Routing mode control utility
<dynamic> ridge control utility

<dynamic> onfiguration manager for BCM&345

[ 1] upport Command Line TInterface

< > onfiguration manager for BCM&352

<dynamic> Ptables

<static> PPD

< > ransparent proxy for AOL/MSN messenger

<dynamic> NS Relay Probe

<static> HCP

usybox

FTP image upgrade utility
TM control utility

DSL control utility
ireless control utility

application
cap server
<dynamic> ynamic Routing Daemcn RTIP

<gelect> < Exit > < Help >

Y e = =1 = ==

L 5 : =i =
Mew_ || develview develview-kernel develview-user Shell Shell No. 2

Step 6:

Select “Exit” and go back to the main menu. Select “Save software build profile as...” and then type
“my96345GW".
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3

songw @songwang:~fdevelview - Shell No. 3 - Konsole B E K

ll

Session Edit View Settings Help

Broadcom Commengine xDSL Software Configuration

Enter a profile name to save. Leave blank to
abort.

{m996345(il-l

< Help >

[ o [ T
D_New.l ) shel | 20 shet o2 | 2 shel Mo. 3| 1250 shel o, 4

After the profile named “my96345GW” is saved, a new directory “my96345GW"” is created under “targets”
directory and the profile named “my96345GW"” is also created. You can use the new profile to build your
customized image by following commands described in the next section.

4.0 BUILD IMAGES WITH PROFILE

”

The image created by the build process is located in the"/opt/lbcm963xx/targets/<profile_name>
directory. The same image is copied to “/opt/lbcm963xx/images” directory, but with a build timestamp and
version tag attached to the file name for archive purposes.

Since we may build different images with different configurations in one place, it is required to specify the
profile name in all the following build commands.

4.1 Image build commands

The following commands list how to build the image under different circumstances.
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1. Build image
$make PROFILE=<profile name>

2. Build kernel and final image only
$make PROFILE=<profile name> kernel

If you just change a kernel file and then build an image, you should use this command. This saves build
time.

3. Build kernel modules and final image only
$make PROFILE=<profile name> modules ) U
If you just change kernel module code such as Broadcom proprietary drwers nj ’qcnﬁggiyers\}‘t\)i*oad\com”
directory and then build an image, you should use this command. o PR

4. Build applications and final image onIy
$make PROFILE=<profile name>; app , <
If you just change a user appllcatlorn flle and then buﬂd an image you should use this command.

5. Buud flnal |mage onIy y \
$make PROFILE—<prof|Ie name> bU|Id|mage

—————

If you jUSt change aconﬁguratmn file such as a file in “fs.src” directory, you should use this command.

6. Clean up aII directories

$make PROFILE=<profile name> clean

7. Clean up kernel and modules only

$make PROFILE=<profile name> kernel_clean

8. Clean up applications and target only

$make PROFILE=<profile name> app_clean

4.2  Build image with default settings

Default settings (configurations) are quite desirable for end-users because they do not need to configure
the software themselves and thus it makes customer support easier. A developer can specify which
default settings file to be included in the image by using GUI-based "make menuconfig” when creating a
build profile.

The steps are:

JU

Broadcom Corporation
Page 12 Document 963XX-SWUM100-x



Linux Software Build Guide B BCM963xx

1. Select "Board configuration selection"

2. Select "default settings file name" and type in the file name. The file must be located in
"targets/defaultcfg” directory.

After the default settings file is specified, the build framework will copy the file from "targets/defaultcfg”
directory to the target root file system, which is "fs/etc/default.cfg”. When the xDSL router boots, it will use
the default settings in that file to properly configure itself. =

Note that the design of default settings support is backward compatible, which.means that a default
settings file is optional. If you do not want a default settings file and do not speelfy it |n your prof|le
everything stays the same as before (the default settings are empty.) { \ - . \

The way to generate a default settings file for adding into the build framework is easy Just use WebUI to
configure all the settings that are expected to’ be ingtaded, in the default settrngs “then select
"Management/Settings/Backup" to export the settrngs to a/Tile. Put the frle under "“targets/defaultcfg”
directory for including when burldrng an tmage In thrs Way, tJne defaUIt séttings file can include any
possible configurations. W v

4.3 Hash Iayout and |mage S|ze report

After the profrle is spet:rfred and the rrnage built, the Iayout and size information of all the components in

ppppp

remarnrng free space
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= songw@songwang:~/develview - develview - Konsole

(]
)

Tnput File Na
output File N

addvtoken: output file si

Trr

N;W' develview develview-kernel develview-user Shell Shell Mo. 2

4.4  Other image build materials

In the targets directory, the fs.src sub-directory has configuration files and scripts that need to be copied
into the target root file system when the image is built. The fs.bin sub-directory may contain binaries to be
included in the root file system. In this case, the binaries (kernel modules or user applications) must be
organized in the same way as the root file system is organized.

The "buildFS" script specifies how to build the final root file system, i.e., how to pull out the necessary files
in "fs.src" into the "fs" directory. The "makeDevs" script specifies how to create the device files in the
target root file system.

For each profile, its directory "targets/<profile name>/fs" directory which is generated by the build
process, contains the final target root file system.

5.0 ADD AN APPLICATION TO THE BUILD FRAMEWORK

This section describes how to add a new application to the "userapps" directory. We will use a simple
application ‘reaim’ as the example.

JU

Broadcom Corporation
Page 14 Document 963XX-SWUM100-x




Linux Software Build Guide B BCM963xx

Note that the “static” here implies that an application will be built as a static library. It is useful if you want
to build the application as the busybox applet. It DOES NOT mean that the application is a self-contained
application that statically links in C library code.

5.1 Steps to add applications

Step 1:

Add your application code under the directory ‘'userapps”. If your application is based on publlc domam
code, you may put it under “opensource” directory, otherwise under “\broadcom" dlrectory \The
recommended way to add opensource code is to add the original source tar baII such ag’ reaim.tar. bzz
under opensource, add a directory such as reaim, and then only add whateVer code you modrfred under
that directory. In this way, it is easier to track the frles you modrfred \ -

Step 2:

Modify the Makefile in your applrcatron 50urt;e drreotory by addrng dynamrc and 'static' target. The
following lists the Makefile of ‘FRAIm": i \ A

#############################################################
CFLAGS— —s O'é"fomlt frame pointer
LDFLAGSw -WI -allow shlib-undefined
ifeq ($(strip $(BUILD_REAIM)), static)
CFLAGS +=-DBUILD_STATIC
endif
all: reaim
install:
install -m 755 reaim $(INSTALL_DIR)/bin
$(STRIP) $(INSTALL_DIR)/bin/reaim
dynamic: reaim install

static: reaim.a

reaim: reaim.c
$(CC) $(CFLAGS) $(LDFLAGS) -0 reaim reaim.c
reaim.a: reaim.c
$(CC) $(CFLAGS) -c -0 reaim.o reaim.c
$(AR) rcs reaim.a reaim.o
clean:
rm -f reaim reaim.o reaim.a
B AR
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‘dynamic’ target builds dynamic-linked executable application, ‘reaim’. 'static’ target builds a static library,

for example, 'reaim.a”.
In CFLAGS, '-Os' to enable optimization for size. (If -Os causes problem, go back to -O2)

Step 3:
Modify the source file that contains the 'main’ function like the following:

#ifdef BUILD_STATIC

int reaim_main(int argc, char *argvl[])

#else e
int main(int argc, char *argv(]) o TN
#endif ] )
Step 4: SN T T

In all your profiles, define whether your application is going to'be’ biilt as dynamic-linked or static library,

777\ BUILD "REAIM=dyhamic or BUILD_REAIM=static

' . ' \ [

h ' ' ' \ [
v '

\ N ' '

—————— 4

Step 5: ,: .
Add thé»apﬁiicgﬁbn to the build framework and make it configurable through the GUI 'make menuconfig'.
Add the following line into targets/config.in file:

tristate2 'Transparent proxy for AOL/MSN Messenger' BUILD _REAIM

Step 6:
In the top-level Makefile, add the following:

e Add your application source directory to either SUBDIRS OPENSOURCE or
SUBDIRS BROADCOM

e Add your application name to either OPENSOURCE_APPS or BROADCOM_APPS
e Add the target to make your application, for example
ifneq ($(strip $(BUILD_REAIM)),)
reaim:
$(MAKE) -C $(OPENSOURCE_DIR)/reaim $(BUILD_REAIM)
else
reaim:

endif
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If you added the application as opensource code following the recommended way in step 1, you need to
add one more line before $(MAKE) command to untar the original source code tar ball.

cd $(OPENSOURCE_DIR); (tar xkfj reaim.tar.bz2 2> /dev/null || true)

e Export the variable BUILD_<YOURAPPNAME> such as BUILD REAIM at the end of the
Makefile so that the variable is accessible throughout all the Makefiles in the build framework.

e
< \
\ \
\
\
\ \
\
\
\
\
) \ \
-7 PETLEN \ \
A N \
KA PPt . . [N \
RERY R N [N \
, \ 27T [ [N \
v (SR [ LY \
\ T \ . \ \
s v \ [P DR \
f Vo [ DR \
PUTOREY PR v v N LT
. N N \ N L, N\ -
PN NN \ \ Y No-v
< v \ o ’
- LAY \ \ NN e
PR . \ - v \ \ NN
.- N \ . \ L \
\ \ - ~ \ ! \ \ \ \ -
\ . \ .-
\ \ / NN Yo Voo v
- \ \ / RS o N \ \ .
.- \ LR N -
\ \ v ' s v \ -
o= \ =3 v [Pt PN Vo \
. [N , Vo v PRELSEN v o
, Voo ' L e N Voo
0 .- -~ - R e N \
' ( Pl N VoA < -
' -
L N O A P A
\ \ (Y \ \ [N ,
- [N v v LN e
- A N ) \ Selo-
LTI \ N \
. RN \ \ [ N \
PV AN \ \ Vo N oo
\ \ \ -
< v N \ AN S
\ _ \ \ \ [
P, PO \ N VN \ \ \ --
L N i RN (SN NI \ \ \
. \ \ \ \ -
. \
g AN / N [N Vo \ ‘-
/ - ; ' RS v [N Vo 2
/ TN LT ' N o [N N
' / . ' \ Vo [N \
| ' ' \ \ [ N LT
\ ' v TR VoL
\ \ \ \ | o o
\ \ remm pY [ VPt
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