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1. Introduction

MKLINUXIMG isatool that creates a RAM image with a second stage boot |oader for LEON SPARC systems
that sets up MMU and away for the kernel to populate the device tree and continues to boot the Linux kernel.

Loading and running a Linux kernel is different on different architectures, on SPARC the kernel communicates
with the loader, the SPARC OPENPROM, to get information about the system (frequency, number of CPUSs, etc.)
and for early boot operations like console UART output before the APBUART driver in Linux isinitialized. The
OPENPROM provides the Linux kernel a device tree with nodes containing settings. The resulting device tree
can be investigated via files with binary representation under / pr oc/ devi ce-tr ee. One can aso view the
OPENPROM parameters astext filesin/ pr oc/ openpr omafter mounting a special file system:

$ nount -t openpronfs none /proc/openprom

Theloader isalso responsible for setting up the MMU and the CPUs before entering the kernel at avirtual address
of 0xF0004000.

mklinuximg is a shell script which will build a OPENPROMvO compatible PROM for a LEON Linux kernel.
The ELF image created thus contains a PROM and a Linux Kernel for RAM. The RAM image can then be run
directly from GRMON or as input to MKPROM2. The loader will create a device tree on the fly using AMBA
Plug & Play, an optional XML file and other input parameters. Thus, MKLINUXIMG can be used both to create
general kernel images that can be used by different boards/CPUSs, as well as creating kernel images with highly
specific device trees with board specific details.

1.1. Requirements

Some of the requirementsin order to run mklinuximg are listed below.
* native GCC compiler
 gparc-linux toolchain in PATH, or pointed out via CROSS_COMPILE environment variable
* bash and standard UNIX commands
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2. Installing

The mklinuximg utility can be downloaded from the Frontgrade Gaisler web site a  https//
download.gaisler.com/anonftp/linux/linux-2.6/kernel/mklinuximg-x.y.z.tar.bz2  [https://download.gaisler.com/
anonftp/linux/linux-2.6/kernel/] .

Once the source is downloaded it is extracted and the path to the newly created mklinuximg command directory
is added to the PATH variable. In the example below the utility isinstalled to/ opt

$ cd /opt

$ tar -xf nklinuxing-2.0.20.tar.bz2
$ rm nkl i nuxi ng

$ In -s nklinuxinmg-2.0.20 nklinuxing
$ export PATH=$PATH: / opt/ k! i nuxi mg

2.1. MKLINUXIMG under Buildroot

In our Buildroot release, MKLINUXIMG isdownl oaded and installed internal ly by Buildroot whenitisconfigured
to be used.
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3. Syntax and usage

This section describes the syntax of invoking mklinuximg. After building the Linux kernel the resulting imageis
foundinar ch/ spar ¢/ boot / i mage under the build directory for Linux 3.4 or older and in v i nux under
the build directory from Linux 3.5 and later. Thisimageis used as "linux-image" input into mklinuximg.

The resulting image is normally linked to start of RAM, the location of RAM can be set by the -base option. The
PROM/loader will be located at the first 16kbytes and the Linux kernel will be at a 0x4000 offset.

The kernel command line can be set using the -cmdline option. After loading the RAM image produced
by mklinuximg, the kernel command line is placed in physica memory at the address of the symbol
_boot args_cndl i ne_I nma. It can there be changed by the bootloader, or e.g. by GRMON or TSIM with the
wmems command, before execution of the image is started. After execution of the RAM image has started it will
be moved and no longer possible to override.

The PROM givesthe kernel the ethO MAC address, it can be set with the -ethmac option.

The SMP Linux kernel needs one extra IRQ for soft-IRQ generation communication between CPUs (1P1), the
default is determined by the kernel to IRQ13. However, it can be changed by adding the "-ipi IRQ_NUM" flag to
mklinuximg. The -ipi optionis only for SMP kernels.

The option -amp is a string used to create a device node property named ampopts for a specific AMBA corein
the OPENPROM devicetree. The property can be read by the device driver and a certain operation may be taken,
for example only use 3 timersinstead of all 5 available timers. The property isfor AMP systems where resource
allocation or other AMP related should change the device drivers operation. Thisis very seldom used, and only
for AMP systems.

Below is the mklinuximg command output:

nklinuxing |inux-inmge out-file [optional paraneters]...

I'i nux-i mage l'inux image, for Linux 3.4 and ol der |inux-dir/arch/sparc/boot/image.
and for Linux 3.5 and newer |inux-dir/vminux.
out-file output inmage that can be upl oaded using GRMON or run in TSIM

optional paraneters:
- base baseaddr optional baseaddress. The default is 0x40000000.
-cndline string kernel parameter string. Default is "consol e=ttyS0, 38400".
-freq frequency optional frequency paranmeter in case if it cannot be retrieved fromthe Tiner scaler.
-anp string optional string of format idxO=val O:idxl=vall:... that sets for core index
n property anpopts to value n. Exanple 0=4:1=6 will set core index 0's anpopts to 4
and core index 1's anpopts to 6.
-ethmac string set the ethernet mac address as 12 dgt hex. Default: 00007ccc0145
-ipi irg_num I RQ nunber used by Linux SMP for |Pls. May not be shared. Allowed values: 1..14
-ioarea ioarea GRLI B AMBA Pl ug&Pl ay 1/ O AREA Base address. Defaults to Oxfff00000
-uartidx index Sel ect UART by index for PROM Console. Default O (first UARTO)

- maxcpu num Di sabl e/ Limt nunmber of Linux CPUs 1..8 (default 8)
-nCpu nane Use -ntpu=nane instead of the default -nctpu=leon3.

Specify '-' to not pass on any -ntpu, getting the default of the tool chain.
-wakecpus mask Wake the disabled/limted CPUs in bitmask, above the ones specified by -maxcpu.
- wakedi scpus Wake all the disabled/linmted CPUs above the ones specified by -nmaxcpu.
--version Print version of nklinuxing
-xm file Specify an xml file that adds extra properties and nodes to the device tree.
-flat Create a flat device-tree.

- gr gpi o- nopr obe Do not probe grgpio cores (otherw se nklinuxing probes grgpio cores for info).
-grgpi o-nbits comma-separated-|ist
Provi de nunmber of lines for grgpio cores (in scan order).
- grgpi o-i mask comma- separ at ed- | i st - of - bi t masks
Provi de the i mask generic (which gpio lines can generate interrupts)
for grgpio cores (in scan order).
-grgpi o-i rqgen conmma- separ at ed-1i st
Provide the irqgen generic for grgpio cores (in scan order).

-cflags string Add conpilation flags. Can be used nultiple tines.

-symfil ename Export debug information for nklinuxing to file.

-strip Strip output inmage of synbols and debug information.

-startupheap sz Set startup heap size in bytes. Menory |ater reclainmed by the kernel.

- pronheap sz Set prom heap size in bytes. Never reclaimed by the kernel.

-pronstack sz Set prom and startup stack size in bytes. Never reclained by the kernel.
-wat chdog Enabl es and adds device tree information for the GPTI MER wat chdog ti ner.

If a GRWATCHDOG core is found, MKLINXUXIMS will handle the challenge/response
protocol during boot but not add any device tree infornation
-wat chdog- user-tinmeout timeout_sec
Set the user-tinmeout for the GPTI MER wat chdog whi ch overrides the
default tinmeout (30 seconds).
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-cl ockgat e Enabl es cl ock gating related device tree additions for supported conponents.
- pi nMux Renoves cores fromthe device tree that cannot be routed due to

pin nultiplexing settings detected on boot.
-hrtimers Provi de device tree information for using high resolution tiners in Linux.

-dbg-uart addr
Set address to APBUARTO, for use before AVMBA Plug & Play scan (default: 0x80000100).
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4. XML syntax and usage

Using the -xml option of mklinuimg, the prom tree can be changed to remove core nodes, to add and remove
properties to core nodes and to add subtree nodes to core nodes.

Below is the documentation on the xml format (output from scanxml -d):

The xm file format consists of the follow ng tags:
- <mat ches>

- <match-core>
- <del - core>

- <mat ch- bus>
- <corel abel >
- <add- node>

- <add- prop>

- <del - prop>

- <int>

- <corehandl e>
- <string>

- <match-root >
- <nodel abel >
- <nodehand| e>

<mat ches>

Top level tag
Valid children:
- <match-core>
- <del - core>
- <mat ch- bus>
- <match-root >

<mat ch- cor e>
Matches a core. There are two variants:
1) Matching on vendor and device (and optionally index)
A mandatory "vendor" attribute is set to match the core's AVMBA Pl ugé&Pl ay
vendor nunber and a nmandatory “"device" attribute is set to match the
core's AMBA Pl ug&Pl ay device nunmber. The values for these two can be
witten wither in two possible ways, either as nunbers (C style decinal,
octal and hexadeci mal notations are supported) or as the defined
constants in include/anbapp_ids.h. If there is nore than one core in the
systemwi th the same vendor:device ID, an optional "index" attribute can
be set to select which one of those counting fromO in the AVBA Pl ug&Pl ay
scan order. If the "index" attribute is not set all cores with the given
vendor : device I D are matched.
2) Matching on coreindex
A mandatory "coreindex" attribute is set to the AVBA Pl ug&Pl ay i ndex
nunber of the core.
Valid as a child of:
- <mat ches>
Valid children:
- <corel abel >
- <add- node>
- <add- prop>
- <del - prop>
- <nodel abel >

<del -core>
Del etes a core fromthe promtree. There are two variants with "vendor",
"devi ce" and optional "index" attributes on one hand and a "corei ndex"
attribute on the other hand, just as for the <match-core> tag.

Valid as a child of:

- <mat ches>

No valid children

<mat ch- bus>
Mat ches a bus. A mandatory "bus" attribute names the bus nunber to nmatch
Valid as a child of:
- <mat ches>
Valid children:
- <add- node>

<cor el abel >
A mandatory "nane" attribute sets a |abel for the parent core that is used
by <corehandl e> tags added el sewhere to be able to reference that parent
core. Only one corel abel can be set per match and the | abel nane needs to be
uni que anong all corel abel s and nodel abel s.

Valid as a child of:

- <mat ch-core>

No valid children

<add- node>
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Adds a child node to the promtree node of the natched core, or parent node
when nested withing an <add-node>. The value of the mandatory "name"
attribute names the node. Furthernore, this adds, under this node, a string
property with the name "name" with that same val ue.

Valid as a child of:

- <mat ch-core>

- <mat ch- bus>

- <add- node>

- <mat ch-root >

Valid children:

- <add- node>

- <add- prop>

- <nodel abel >

<add- pr op>
Adds a property. A mandatory "nane" attribute nanes the property. A property
can be of three different kinds: enpty, integer or string. A property
becones enpty if it has no child tags. Child tags of type <int> <corehandl e>
or <nodehandl e> makes the property integer type, whereas child tags of type
<string> nekes it string type. Setting nore than one child tag naekes the
property an array of values, but it can only have integer type or string
type val ues, not both.

If the name attribute matches an existing property of the core, the new
value will replace the old value. This can even change the property from one
type to another.

Valid as a child of:
- <mat ch-core>

- <add- node>

Valid children:

- <int>

- <cor ehandl e>

- <string>

- <nodehandl e>

<del - prop>
Del etes a property. A mandatory "nane" attribute names the property that is
to be del eted.

Valid as a child of:

- <match-core>

No valid children

<int>
An integer value of an added property. The character data between the
starting <int> and the ending </int> needs to be a valid integer (C style
deci nal, octal and hexadecimal notations are supported).

Valid as a child of:

- <add- prop>

No valid children

<cor ehandl e>
An integer value of an added property that contains the address of the prom
tree node of the referenced core. To reference a core that is |abeled using
the <corel abel > tag, the "ref" attribute should have the value of that
label. If the "ref" attribute is omtted, the corehandle will reference the
core that the property is a descendant of.

Valid as a child of:

- <add- prop>

No valid children

<string>
An string value of an added property. The character data between the
starting <string> and the ending </string> is taken as the string val ue.
Valid as a child of:
- <add- prop>
No valid children

<mat ch- r oot >
Mat ches the root node.
Valid as a child of:
- <nmat ches>
Valid children:
- <add- node>

<nodel abel >
A mandatory "nane" attribute sets a |abel for the parent node that is used
by <nodehandl e> tags added el sewhere to be able to reference that parent
node. Only one nodel abel can be set per node and the |abel name needs to be
uni que anong all nodel abel s and corel abel s.

Valid as a child of:

- <mat ch-core>

- <add- node>

No valid children

<nodehand| e>
An integer value of an added property that contains the address of the prom
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tree node of the referenced node. To reference a node that is |abeled using
the <nodel abel > tag, the "ref" attribute should have the value of that

| abel .
Valid as a child of:
- <add- prop>
No valid children

Below is an example file showing how to use the xml format:

<?xm version="1.0"?>
<mat ches>
<l--

Mat ch core by vendor: devi ce: i ndex

Strings for vendors and devices can be found in include/anbapp_ids.h or witten nurerically

>

<mat ch- core vendor =" VENDOR_GAI SLER' devi ce=" GAl SLER_APBUART" i ndex="0">
<!-- Add single integer property value -->
<add- prop name="i nt prop">
<i nt >1024</i nt>
</ add- prop>

<!-- Add single string property value -->
<add- prop name="strprop">

<string>Test string</string>

</ add- prop>

<!-- Add array of integers -->

<add- prop name="intarray">
Deci mal notation supported -->
<i nt >Oxabcdef </int> <!I--

<int>17</int> <!--

<int>015</int> <!--

Hexadeci mal notation supported -->

Cctal notation supported -->

<l-- Corehandle to itself, i.e. address of prom node of the matched core -->
<cor ehandl e/ >

<!-- Corehandle to core with corel abel named "nunero-quattro" -->

<corehandl e ref="nunmero-quattro"/>

<!-- Nodehandl e to node wi th nodel abel naned "anodel abel " -->

<nodehandl e ref="anodel abel " />

</ add- prop>

<!-- Add array of strings -->

<add- prop name="stringarray">
<string>String arrays</string>
<string>are sonetinmes useful </string>
<string>for multiple</string>
<string>conpatible strings</string>

</ add- prop>

<l-- Add enpty property -->
<add- prop nanme="enptyprop"/>

<!-- Add nodes with properties and subnodes -->

<add- node nane="newnode" >

<add- prop nanme="newnode- p1">

<int>1</int>
</ add- prop>

<add- prop nanme="newnode- p2" >

<int>2</int>
</ add- prop>

<add- node nanme="subnodel"> <!-- Child of newnode -->
<add- prop nanme="subl-pl">

<int>3</int>
</ add- prop>

<add- prop nanme="subl-p2">

<i nt>4</int>
</ add- prop>

<add- node name="subsubnode"> <!-- Child of subnodel -->
<add- prop name="subsub-p1"/>

</ add- node>
</ add- node>

<add- node nanme="subnode2"> <!-- Another child of newnode -->
<add- prop name="sub2-pl">
<string>Lorem i psunx/string>

</ add- prop>
</ add- node>
</ add- node>

<add- node nane="anot her node" >
<nodel abel nanme="anodel abel " />

</ add- node>

</ mat ch- core>
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<I--
Mat ch core by absol ute core index
-->
<mat ch-core corei ndex="4" >
<add- prop nanme="core-four"/>

<!-- Label that a corehandl e references to introduce an integer value of the
address of the promnode of this core. -->
<cor el abel name="nunero-quattro"/>

<!-- Replaces the existing "version" property with a different one
(even of a different type in this case). -->
different type even -->
<add- prop nanme="versi on">
<string>
Version is now a string!
</string>
</ add- prop>

<l-- Delete the description property -->
<del - prop name="description"/>

<add- prop name="descri pti oni sgone"/>
</ mat ch- cor e>

<I--
Match core by vendor:device but matching all indices by not stating any
index. This also serves as an exanple of using nuneric values to match
vendor and device (in this case VENDOR _GAl SLER and GAl SLER _APBUART) .
-->
<mat ch-core vendor="1" devi ce="0xc">
<add- prop nanme="apbuarts">
<string>That's us</string>
</ add- prop>
</ mat ch- cor e>

<I--
Renove the promtree node of the first GASLER GPIO core (if present).
This is a match type of its own.

-=>

<del - core vendor =" VENDOR_GAI SLER' devi ce="GAl SLER GPI O' i ndex="0"/>

<l--
Add a node appearing under AMBA bus 0
-->
<mat ch- bus bus="0">
<add- node nane="extrabusnode" >
<add- prop nanme="acor ehandl e">
<!-- Corehandl es works fromhere as well -->
<cor ehandl e ref="nunero-quattro"/>
</ add- prop>
<add- prop nanme="anodehandl e" >
<!-- Nodehandl es works fromhere as well -->
<nodehandl e ref="anodel abel " />
</ add- prop>

</ add- node>
</ mat ch- bus>

<l--
Put a new node right under the root node
-->
<mat ch-r oot >
<add- node nanme="extra_root_node">
<add- prop name="extra_prop">
<string>extra val ue</string>
</ add- prop>
</ add- node>
</ mat ch-r oot >
</ mat ches>
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5. Support
For support contact the support team at support@gaiser.com.

When contacting support, pleaseidentify yourself in full, including company affiliation and site name and address.
Please identify exactly what product that is used, specifying if it is an IP core (with full name of the library
distribution archive file), component, software version, compiler version, operating system version, debug tool
version, simulator tool version, board version, etc.

The support serviceisonly for paying customers with a support contract.
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Frontgrade Gaisler AB
Kungsgatan 12

411 19 Goteborg
Sweden
frontgrade.com/gaisler
sales@gaisler.com

T: +46 31 7758650

F: +46 31 421407

Frontgrade Gaisler AB, reserves the right to make changes to any products and services described herein at any time without
notice. Consult the company or an authorized sales representative to verify that the information in this document is current before
using this product. The company does not assume any responsibility or liability arising out of the application or use of any product
or service described herein, except as expressly agreed to in writing by the company; nor does the purchase, lease, or use of
a product or service from the company convey a license under any patent rights, copyrights, trademark rights, or any other of
the intellectual rights of the company or of third parties. All information is provided as is. There is no warranty that it is correct or

suitable for any purpose, neither implicit nor explicit.

Copyright © 2025 Frontgrade Gaisler AB
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